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10 GENERAL INFORMATION

Introduction

This workshop manual has been designed to
provide assistance in the service and overhaul of
Lovol Phaser and 1000 Series engines.

Most of the general information which is
included in the relevant User's Handbook
(sections 1 to 9) has not been repeated in this
workshop manual and the two publications
should be used together.

Where the information applies only to certain engine
types, this is indicated in the text.

When reference is made to the "left" or "right" side
of the engine, this is as seen from the flywheel end
of the engine.

Special tools have been made available and a list of
these is given in section 25. Reference to the
relevant special tocls is also made at the beginning
of each operation.

Data and dimensions are included at the end of
each section.

Read and remember the "Safety precautions".
They are given for your protection and must be
used at all times.

Danger is indicated in the text by two methods:
Warning! This indicates that there is a possible
danger to the person.

Caution: This indicates that there is a possible
danger to the engine.

Note: |s used where the information is important,
but there is not a danger.

10.02
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10 GENERAL INFORMATION

Engine identification

The Lovol Phaser and 1000 Series engines have
been designed for specific applications, as shown
below: .

= Phaser for automotive applications.

+ 1000 Series for agricultural and industrial
applications

Each series consists of both four and six cylinder
engines, each of which will have four basic engine
types - naturally aspirated, compensated,
turbocharged and turbocharged/intercooled.

There are different models in each series.

Phaser engines are named according to their
approximate power output, for example:

Phaser\110T - four cylinder engine rated at 106 bhp
"T" indicates that the engine is turbocharged.
Phaser\210Ti - six cylinder engine rated at 210 bhp
"Ti" indicates that the engine is turbocharged and
intercooled.

1000 Series engines are identified by a system of
numbers and letters, for example:

1006-6TW - six cylinder engine of six litres

"TW" indicates that the engine is turbocharged and
.intercooled.

In this workshop manual, the different engine types
are indicated by their code letters. These are the
first two letters of the engine number as indicated
below:

Code letters Engine type
AA Four cylinder, naturally aspirated
AB Four cylinder, turbocharged
AC Four cylinder, compensated
AD Four cylinder,
turbocharged/intercooled
AE Four cylinder,

turbocharged/intercooled designed
to conform to the USA emission

legislation

AG Four cylinder, naturally aspirated
with belt driven water pump.

AH Four cylinder, turbocharged with
belt driven water pump.

YA Six cylinder, naturally aspirated.

YB Six cylinder, turbocharged.

YC Six cylinder, compensated.

YD Six cylinder,
turbocharged/intercooled.

YE Six cylinder,

turbocharged/intercooled designed
to conform to the USA emission
legislation

L PAD43

The engine number is stamped on a label which is
fastened to the left side (A1) or rear (A2) of the
cylinder block.

Further information about the engine number
system can be found in the relevant user's
handbook.

Note: If you need parts, service or information for
your engine, you must give the complete engine
number to your Lovol distributor.

10.04
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GENERAL INFORMATION 10

General safety precautions

These safety precautions are important. You

must refer also to the local regulations in the

country of use. Some items only refer to specific

applications.

* Only use these engines in the type of application
for which they have been designed.

Do not change the specification of the engine.
- Do not smoke when you put fuel in the tank.

+ Clean away fuel which has been spilt. Material
which has been contaminated by fuel must be
moved to a safe place.

+ Do not put fuel in the tank while the engine runs
(unless it is absolutely necessary).

» Do not clean, add lubricating oil, or adjust the
engine while it runs (unless you have had the
correct training; even then extreme care must be
used to prevent injury).

» Do not make adjustments that you do not
understand.

« Ensure that the engine does not run in a location
where it can cause a concentration of toxic
emissions.

» QOther persons must be kept at a safe distance
while the engine or auxiliary equipment is in
operation.

+ Do not permit loose clothing or long hair near
moving parts.

+ Keep away from moving parts during engine
operation. Warning! Some moving parts cannot
be seen clearly while the engine runs.

+ Do not operate the engine if a safety guard has
been removed.

= Do not remove the filler cap of the cooling
system while the engine is hot and while the
coolant is under pressure, because dangerous
hot coolant can be discharged.

+ Do not use salt water or any other coolant which
can cause corrosion in the closed circuit of the
cooling system.

» Do not allow sparks or fire near the batteries
(especially when the batteries are on charge)
because the gases from the electrolyte are highly
flammable. The battery fluid is dangerous to the
skin and especially to the eyes.

= Disconnect the battery terminals before a repair
is made to the electrical system.

= Only one person must control the engine.

« Ensure that the engine is operated only from the
control panel or from the operators position.

- If your skin comes into contact with high-
pressure fuel, obtain medical assistance
immediately.

Diesel fuel and lubricating oil (especially used
lubricating oil) can damage the skin of certain
persons. Protect your hands with gloves or a
special solution to protect the skin.

Do not wear clothing which is contaminated by
lubricating oil. Do not put material which is
contaminated with oil into the pockets of clothing.

Discard used lubricating ail in a safe place to
prevent contamination.

Ensure that the control lever of the transmission
drive is in the "out-of-drive” position before the
engine is started.

Use extreme care if emergency repairs must be
made in adverse conditions.

The combustible material of some components
of the engine (for example certain seals) can
become extremely dangerous if it is burned.
Never allow this burnt material to come into
contact with the skin or with the eyes.

Read and use the instructions relevant to lift
equipment which are given on page 10.06.

Always use a safety cage to protect the operator
when a component is to be pressure tested in a
bath of water. Fit safety wires to secure the
plugs which seal the hose connections of a
component which is to be pressure tested.

Do not allow compressed air to contact your
skin. If compressed air enters your skin, obtain
medical help immediately.

Turbochargers operate at high speed and at high
temperatures. Keep fingers, tools and other
objects away from the inlet and outlet ports of
the turbocharger and avoid contact with hot
surfaces.

Fit only genuine Loval parts.

Lovol Phaser/1000 Series
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10 GENERAL INFORMATION

Safety
Engine lift equipment

The maximum weight of the engine without coolant,
lubricant or a gearbox fitted will vary for different
applications. It is recommended that lift equipment
of the minimum capacity listed below is used:

Four cylinder engines ...... 500 Kg (1100 Ibs)
Six cylinder engines  ....... 600 Kg (1320 Ibs)
Before the engine is lifted:

- Always use lift equipment of the approved type
and of the correct capacity to lift the engine. It is
recommended that lift equipment of the type
shown in (A) is used, to provide a vertical lift
directly above the engine lift brackets (A1).
Never use a single lift bracket to raise an engine.

« Check the engine lift brackets for damage and
that they are secure before the engine is lifted.
The torque for the setscrews for the engine lift
brackets is 44 Nm (33 Ibf ft) 4,5 kgf m.

« To avoid damage to the rocker cover, ensure
that there is clearance between the hooks and
the rocker cover.

= Use lift equipment or obtain assistance to lift
heavy engine components such as the cylinder
block, cylinder head, balancer unit, flywheel
housing, crankshaft and flywheel.

10.06
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GENERAL INFORMATION 10

Safety

Viton seals

Some seals used in engines and in components

fitted to engines are made of Viton.

Viton is used by many manufacturers and is a safe

material under normal conditions of operation.

If Viton is burned, a product of this burnt material is

an acid which is extremely dangerous. Never allow

this burnt material to come into contact with the
skin or with the eyes.

If it is necessary to come into contact with

components which have been burnt, ensure that

the precautions which follow are used:

= Ensure that the components have cooled.

« lUse Necprene gloves and discard the gloves
safely after use.

» Wash the area with calcium hydroxide solution
and then with clean water.

« Disposal of components and gloves which are
contaminated must be in accordance with local
regulations.

If there is contamination of the skin or eyes, wash

the affected area with a continuous supply of clean

water or with calcium hydroxide solution for 15-60

minutes. Obtain immediate medical attention.

Lovol Phaser/1000 Series 10.07
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BASIC ENGINE DATA 11A

Basic engine data 11A
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11A BASIC ENGINE DATA

Basic engine data

Number of cylinders:

- AA, AB, AC, AD, AE, AG, AH
-YA, YB, YC, YD, YE
Cylinder arrangement
Cycle
Direction of rotation

Induction system:

- AA, AG, YA
- AB, AH, YB
-AC, YC
- AD, AE, YD, YE
Combustion system
Nominal bore
Stroke

Compression ratio:

- AA, AG, YA
- Certain YA engines
- AB, AC, AD, AH, YB, YC, YD
- AE, YE
- Certain AD engines

Cubic capacity:

Four cylinder engines
Six cylinder engines

Firing order:

Four cylinder engines
Six cylinder engines

Valve tip clearance (cold):

- Inlet
- Exhaust

Lubricating oil pressure (minimum at maximum engine speed and
normal engine temperature):

- Engines without piston cooling jets
- Engines with piston cooling jets

In-line
...... Four stroke
Clockwise from the front

Naturally aspirated
Turbocharged
Altitude compensated
Turbocharged/intercooled
Direct injection
100 mm (3.937 in)
127 mm (5.000 in)

18.5:1
{751
16.0:1
175
1Z:25:ar 17:5:1

4 litres (243 in3)
6 litres (365 in3)

0,20 mm (0.008 in)

0,45 mm (0.018 in)

207 kpa (30 Ibfin2) 2,1 kgt/cm2
280 kpa (40 Ibf/in2) 2,8 kgf/cm2

11A.02
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RECOMMENDED TORQUE TENSIONS 11B
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11B RECOMMENDED TORQUE TENSIONS

Recommended torque tensions

The torque tensions below apply to components lubricated lightly with clean engine oil before they are
fitted.

Torque

Description Tr;g:d Nm bf f kgf m
Cylinder head assembly
Setscrews, cylinder head 1/2 UNF (see section 12)
Fasteners, rocker shaft brackets:
- Aluminium brackets Mi2 40 30 41
- Cast iron and sintered steel brackets Mi2 75 55 715
Cap nuts, rocker cover Mi2 20 15 2.1
Cap nuts, aluminium rocker cover (with shim washer) Mi12 30 22 3,0
Setscrews, inlet manifold to cylinder head M10 44 33 45
Nuts (plated), exhaust manifold to cylinder head M10 44 33 45
Nuts (non-plated), exhaust manifold to cylinder head M10 50 37 ail
Setscrews, engine lift bracket M10 44 33 4,5
Piston and connecting rod assemblies
Nuts, connecting rods 1/2 UNF 125 92 12,7
Seiscrews, connecting rods 1/2UNF 155 114 15,8
Banjo bolts, piston cooling jets. 3/4 UNF 20 15 2,0
Crankshaft assembly
Setscrews, main bearings (4 cylinder engines) 5/8 UNF 250 185 26,0
Setscrews, main bearings (6 cylinder engines) 5/8 UNF 265 196 27,0
Setscrews, crankshaft pulley 7/16 UNF 115 85 11,8
Setscrews, viscous damper to crankshaft pulley M12 75 55 7,6
Cap screws, viscous damper to crankshaft pulley M8 35 26 3.6
Cap screws, rubber bonded damper to crankshaft pulley M8 35 26 3,6
Setscrews, rear oil seal housing to cylinder block M8 22 16 2.2
Torxscrew, rear oil seal housing to cylinder block M8 22 16 2,2
Cap screws, bridge piece to cylinder block Mé 16 12 1,6
Cap screws, rear oil seal housing to bridge piece M8 18 13 139
Cap screws, rear oil seal housing to bridge piece M6 13 10 1:3
Torxscrew, rear oil seal housing to bridge piece M8 18 13 1,9

11B.02 Lovol Phaser/1008eries
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RECOMMENDED TORQUE TENSIONS 11B
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11B RECOMMENDED TORQUE TENSIONS

Torque
Description Thigad 5 |

size m bf ft kgf m
Lubrication system
Plug, lubricating oil sump 3/4 UNF 34 25 3,5
Setscrews, oil pump to front bearing cap M8 22 16 2,2
Setscrews, cover for oil pump M8 28 21 2,9
Fasteners, lubricating oil sump M8 22 16 2,2
Cooling system
Setscrews, fan drive housing to timing case M10 e 33 4,5
Setscrews, fan drive pulley to hub M8 22 16 2,2
Setscrews, fan drive pulley to hub M10 44 33 45
Setscrews, fan M8 22 16 2,2
Connector, oil cooler to oil filter head 3/4 UNF 58 42 58
Setscrews, coolant pump to timing case M8 22 16 2,2
Nut, auxiliary coolant pump pulley 1/2 UNF 70 52 7.1
Setscrew, intercooler flange to inlet manifold M6 7 5 0,7
Setscrew, intercooler body to inlet manifold M8 22 16 202
Flywheel and housing
Setscrews, flywheel to crankshaft 1/2 UNF 105 77 10,7
Setscrews, cast iron flywheel housing to cylinder block M10 44 33 4,5
- Stamped 8.8 M12 75 55 7.6
- Stamped 10.9 M10 63 46 6,4
- Stamped 10.9 M12 115 85 3 5T
Setscrews, aluminium flywheel housing to cylinder block M10 70 52 ol
Setscrews, flywheel housing to cylinder block (paper joint) M10 70 52 Tl
Electrical equipment
Fuelled start aid to induction manifold 7/8 UNF 31 23 35l
Port heater aid to induction manifold M22 60 44 6.1

11B.04 Lovol Phaser/1008eries
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RECOMMENDED TORQUE TENSIONS 11B

Torque
D ioti Thread

RREHERA size Nm bfft | kgfm
Auxiliary equipment
Nut, compressor drive gear:
- 6,4 mm (0.25 in) thick 3/4 UNF 80 59 8,2
-10 mm (0.4 in) thick 3/4 UNF 130 95 1303
Nuts for gears of auxiliary drive assembly:
- 6,4 mm (0.25 in) thick 3/4 UNF 80 59 8.2
- 10 mm (0.4 in) thick 3/4 UNF 130 95 13,3
Nut for gears of auxiliary drive assembly M20 130 95 13,3

Lovol Phaser/1000 Series 11B.05
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CYLINDER HEAD ASSEMBLY 12
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12 CYLINDER HEAD ASSEMBLY

General description

In a diesel engine there is little carbon deposit and
for this reason the number of hours run is no
indication of when to overhaul a cylinder head
assembly. The factors which indicate when an
overhaul is necessary are how easily the engine
starts and its general performance.

The cylinder head assembly has two valves fitted
far each cylinder, each fitted with double or single
valve springs, according to the engine application.
The double springs have damper coils which are

fitted towards the top face of the cylinder head.

In most engines the face angle of the valves is 45°,
but some engines have inlet valves with a face
angle of 30°. The angle of the valve seats in the
cylinder head are either 46° or 31°.

The valves move in phosphated guides which can
be renewed. The exhaust valve guide has a counter
bore at the bottom and is a little longer than the
inlet valve guide.

Both valve stems are fitted with oil seals which fit
over the top of the valve guides.

Turbocharged engines and some naturally aspirated
engines have valve seat inserts fitted in the cylinder
head for both inlet and exhaust valves. Engines
which do not have valve seat inserts fitted as
standard, in production, can have them fitted in
service.

12A.02
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CYLINDER HEAD ASSEMBLY 12

Rocker cover

To remove and to fit 12A-01

Engines are supplied with either an aluminium
rocker cover (A) or with rocker covers made of a
composite material (12A.04/A). The aluminium
cover on some engines, has a dust seal which is
fitted between the rocker cover and the induction
manifold. The dust seal of the compaosite rocker
cover is fixed permanently to the side of the rocker
cover with adhesive. s

To remove

1 Disconnect the breather pipe.

2 Remove the cap nuts (A2) together with the steel
washers and the shim washers (12A-04/A) from the
top of the rocker cover.

3 Lift off the rocker cover and the joint. For
aluminium covers, remove the rocker cover dust
seal (At).

Caution: When the rocker cover is fitted, the cap
nuts are tightened onto the nuts of the rocker
brackets. During removal of the cap nuts, it is
possible to loosen the nuts of the rocker brackets.
The nuts of the rocker brackets should be tightened
to the correct torque every time the cover is
removed.

Lovol Phaser/1000 Series 12A.03
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12 CYLINDER HEAD ASSEMBLY

To fit

1 Check the seal of the oil filler cap (A1), the
sealing washers (A5b), the steel washer (A3) and, if
fitted, the shim washer (A4) for the cap nuts (A2).

2 Check the condition of the rocker cover joint (A8)
and of the dust seal (A7). If necessary, the joint and
the seal can be removed and renewed.

3 Clean the joint face of the cylinder head and fit
the rocker cover together with the dust seal.

4 Fit the sealing washers, the steel washers, the
shims (if fitted) and the cap nuts.

Caution: Damage to the sealing washer can occur
if the cap nut is not tightened centrally through the

sealing washer and the rocker cover. If the sealing
washer is damaged it must be renewed.

5 Tighten the cap nuts to 20 Nm (15 Ibf ft)
2,1 kgf m.

Notes:

« The latest engines have an additional shim
washer (A4) fitted between the cap nut sealing
washer and the steel washer for the cap nut. If
shim washers are fitted to aluminium rocker covers,
tighten the cap nuts to 30 Nm (22 Ibf ft) 3,0 kgf m.
If shim washers are fitted to composite rocker
covers, tighten the cap nuts to 20 Nm (15 Ibf ft)

2,1 kgf m.

« Some earlier 1000 Series engines have a rocker
cover joint that has a ribbed bottom face. When this
joint is fitted, ensure that the flat face of the joint is
towards the rocker cover.

12A.04
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CYLINDER HEAD ASSEMBLY 12

Rocker assembly

To remove and to fit 12A-02

To remove

1 Remove the rocker cover, operation 12A-01.

2 Release evenly and gradually the fasteners of
the rocker shaft brackets; begin with the end
brackets and move toward the centre. Remove the
tasteners and the washers and lift off the rocker
assembly.

Note: The washers between the fasteners and the
rocker brackets have been removed on the latest
engines and new flange faced nuts and setscrews
have been fitted.

3 Remove the rubber oil seal (A) from the oil
supply connection or from the oil supply hole in the
cylinder head.

To fit

1 Fit a new rubber oil seal in the oil supply hole in
the cylinder head.

2 Check that the push rods fit correctly in the
sockets of the tappets. Fit the rocker assembly;
ensure that the oil supply connection is fitted
correctly into the oil seal. Check that the ends of
the adjustment screws fit correctly in the sockets of
the push rods.

3 Fit the washers (if fitted) and fasteners of the
rocker shaft brackets and tighten the fasteners
evenly and gradually; begin with the inner fasteners
and work towards the end fasteners. Tighten the
fasteners evenly to the correct torque according to
the material of the rockershaft brackets:

Aluminium 40 Nm (30 Ibf ft ) 4,1 Kgf m.
Castiron 75 Nm (55 Ibf ft) 7,6 Kgf m.

Sintered steel 75 Nm (55 Ibf ft) 7,6 Kgf m.

Lovol Phaser/1000 Series 12A.05
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12 CYLINDER HEAD ASSEMBLY

Rocker assembly

To dismantle and to assemble 12A-03

To dismantle

1 Remove the clips from both ends of the rocker
shaft. Ensure that the ends of the rocker shaft are
not damaged. Release the location screw (A1) for
the oil supply connection.

2 Dismantle the assembly and make a note of the
position of each component to ensure that they can
be assembled more easily.

To assemble

1 Ensure that the oil holes in the rocker shaft and
in the rocker levers are not restricted.

2 Lubricate the components with clean engine
lubricating oil before assembly. Assemble the
components in the correct order (A) and ensure
that the location screw (A1) for the oil supply
connection is fitted correctly in the rocker shaft. Fit
the clips to the ends of the rocker shaft.

To inspect and to correct 12A-04

To inspect

1 Clean and inspect all the components for wear
and any other damage. Check the clearance of the
rocker levers on the rocker shaft. If the clearance is
larger than 0,13 mm (0.005 in), renew the rocker
lever bush and/or the rocker shaft.

To correct

1 To renew the rocker lever bush, press out the
old bush with a suitable mandrel.

2 Align the lubrication hole of the new bush on the
same side as the rocker lever lubrication hole and
press the bush into position.

3 Ream the bush in the rocker lever to give a
clearance on the rocker shaft of 0,03/0,09 mm
(0.001/0.004 in). Clean thoroughly the bush and
check that the oil hole is free from debris.

Note: The rocker levers used on some low rated
engines do not have bushes.

12A.06
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Valve tip clearances

To check and to adjust 12A-05

Notes:

= The valve tip clearance is measured between the
top of the valve stem and the rocker lever (A). With
the engine hot or cold, the correct clearances are
0,20 mm (0.008 in) for the inlet valves and

0.45 mm (0.018 in) for the exhaust valves. The
valve positions are shown at (B).

« The sequence of valves from number 1 cylinder
is shown in the table below. Number 1 cylinder is at
the front of the engine.

Four cylinder engines

1 Rotate the crankshaft in the normal direction of
rotation until the inlet valve (B8) of number 4
cylinder has just opened and the exhaust valve (B7)
of the same cylinder has not closed completely.
Check the clearances of the valves (B1 and B2) of
number 1 cylinder and adjust them, if necessary.

2 Set the valves (B3 and B4) of number 2 cylinder
as indicated above for number 4 cylinder. Then
check / adjust the clearances of the valves (B5 and
B6) of number 3 cylinder.

3 Set the valves (B1 and B2) of number 1 cylinder.
Then check / adjust the clearances of the valves
(B7 and B8) of number 4 cylinder.

4 Set the valves (B5 and B8) of number 3 cylinder.

Then check / adjust the clearances of the valves
(B3 and B4) of number 2 cylinder.

Cylinder 1 2 8 &
and
Valve number 1 2 3 4 5 6 i 8

Valve
| = Inlet | E E | | E E |
E = Exhaust
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Six cylinder engines

1 Rotate the crankshatft in the normal direction of
rotation until the inlet valve (A12) of number 6
cylinder has just opened and the exhaust valve
(A11) of the same cylinder has not closed
completely. Check the clearances of the valves
(A1 and A2) of number 1 cylinder and adjust them, >
if necessary. = R

N IR Y NN
D OE OE

2 Set the valves (A4 and A3) of number 2 cylinder
as indicated above for number 6 cylinder. Then
check / adjust the clearances of the valves

(A9 and A10) of number 5 cylinder.

3 Set the valves (A8 and A7) of number 4 cylinder.
Then check / adjust the clearances of the valves
(A5 and A6) of number 3 cylinder.

4 Set the valves (A1 and A2) of number 1 cylinder.
Then check / adjust the clearances of the valves
(A11 and A12) of number 6 cylinder.

5 Set the valves (A9 and A10) of number 5
cylinder. Then check / adjust the clearances of the
valves (A3 and A4) of number 2 cylinder.

6 Set the valves (A5 and A6) of number 3 cylinder.
Then check / adjust the clearances of the valves
(A7 and A8) of number 4 cylinder.

Cylinder
and
Valve number 9 2 3 4 5 6 7 8 9 10 | 11 12

Valve
| = Inlet E E | E E | E E

E = Exhaust
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Valve springs

To change the valve springs
(with cylinder head fitted) 12A-06

Special tools:

Valve spring compressor, PD.6118B

Stud adaptor used with PD.6118B, PD.6118-7
Setscrew adaptor used with PD.6118B, PD.6118-8

Note: Paragraphs 1 to 12 refer to a change of valve
springs for a single cylinder.

Warning! Wear eye protection during this operation.
1 Remove the rocker cover, operation 12A-01.

2 Rotate the crankshaft in the normal direction of
rotation until the inlet valve of the relevant cylinder
has just opened and the exhaust valve has not fully
closed. In this position the piston will be at
approximately top dead centre (TDC).

3 Remove the rocker assembly, operation 12A-02.

4 Fit the valve spring compressor (A1) and the
relevant adaptor (A2 or A3).

5 Compress the valve spring(s) and remove the
collets. Ensure that the valve springs are
compressed squarely or damage to the valve stem
can occur.

Caution: Do not rotate the crankshaft while the
valve springs are removed.

6 Release the valve spring compressor and
remove the valve spring caps and valve spring(s).

7 Put the new valve springs in position. If double
valve springs are fitted, ensure that the closed
damper coils are towards the cylinder head
(12A.16/A4).
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8 Fit the valve spring caps.

Caution: Ensure that the vaive springs are
compressed squarely or damage can occur to the
valve stem. )

9 Fit the valve spring compressor, compress the
valve springs and fit the collets. Remove the valve
spring compressor.

10 Fit the rocker assembly, operation 12A-02.

11 Check the valve tip clearances, operation
12A-05.
12 Fit the rocker cover, operation 12A-01.
Note: If other or all of the valve springs are to be
changed, they can be changed two cylinders at a
time. The pairs of cylinders are:

For 4 cylinder engines: 1 and 4, 2 and 3

For 6 cylinder engines: 1 and 6, 2 and 5, 3 and 4

If the rocker assembly has been removed, piston

TDC can be found as follows:
1 Fit the valve spring compressor and compress
the valve springs to open the valve.
2 Rotate the crankshaft, by hand, in the normal
direction of rotation until the pisten touches the
valve.
3 Continue to rotate the crankshaft, and at the

same time, release pressure on the valve spring
compressor until the piston is at TDC (A).
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Cylinder head assembly remove the coolant by-pass connection and the
hose.

To remove and to fit 12A-07 16 Disconnect the coolant temperature sender
unit.

17 For turbocharged and some naturally aspirated

To remove : D ;

four cylinder engines: Remove the oil cooler,
1 Drain the cooling system. operation 21A-07A.
2 Disconnect the battery terminals. 18 Remove the rocker cover, operation 12A-01.
3 Remove the air filter/cleaner hose at the 19 Remove the rocker assembly, operation
induction manifold. 12A-02.
4 For engines fitted with turbochargers: Remove 20 Remove the push rods.

the air filter/cleaner hose at the compressor inlet of
the turbocharger.

5 Remaove the pipe which is fitted between the
fuelled starting aid in the induction manifold and the
fuel filter. Disconnect the electrical connection.

6 For engines fitted with a boost control device:
Remove the boost control pipe which is fitted
between the induction manifold and the top of the
fuel injection pump.

7 Remove the induction manifold.

8 For engines fitted with turbochargers: Disconnect
all connections to the turbocharger and remove the
turbocharger, operation 18A-01.

9 Remove the exhaust manifold.

10 Remove the low-pressure fuel pipes which are
fitted between the fuel injection pump and the fuel
filter.

Note: Where a Bosch fuel injection pump is fitted,
keep the fuel outlet banjo bolt with the fuel injection
pump.

Remove the fuel pipe fitted between the fuel lift
pump and the fuel filter. Remove the fuel filter
bracket together with the fuel filter.

11 Remove the high-pressure fuel pipes.

Caution: Where access to the fuel infection pump
outlet unions is possible, ensure that a separate
spanner is used to prevent movement of the fuel
infection pump outlets when the connections of the
high-pressure pipes are released. Fit suitable
covers to all open connections on the fuel injection
pump.

12 Remove the atomiser leak-off pipe.

13 Remove the atomisers, operation 20A-02. Fit
suitable covers to the nozzles and the open
connections.

14 If a compressor is fitted: Remove the coolant
pipe which is fitted between the cylinder head and
the compressar. Then remave the coolant pipe
which is fitted between the by-pass connection and
the compressor.

15 Release the clip of the coolant by-pass hose at
the cylinder head. Release the setscrews and
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21 Release the cylinder head setscrews evenly
and gradually in the reverse sequence to that
shown in (A or B). Check the setscrews for
distortion with a straight edge (C1) held along the
setscrew (C2). If there is a visible reduction in the
diameter of the thread (C3) that has not been in
engagement with the cylinder block, the setscrew
must be discarded.

Caution: Do not use a lever to segparate the
cylinder head from the cylinder block.
22 Remove the cylinder head and putiton a

surface that will not damage the face of the cylinder
head.
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To fit

Special tools:

Angle gauge, to tighten cylinder head setscrews,
MS.1531 ;

1 Clean the bottom face of the cylinder head and
top face of the cylinder block. Ensure that there is
no debris in the cylinder bores.

Note: Certain engines have two location pins (A1),
one at each end of the cylinder head, pressed into
the cylinder block to hold the cylinder head gasket
in the correct position before the cylinder head is
fitted.

Caution:

= To avoid damage to the cylinder head gasket,
ensure that the location pins are pressed in the
cylinder block before the cylinder head is fitted.

» The cylinder head gasket must be fitted without
Jointing compound.

2 Put the cylinder head gasket in position; It is
stamped "FRONT TOP" for correct assembly (A).

3 To ensure the cylinder head is fitted into the
correct position, fit two suitable 1/2 UNF guide
studs (B1) in positions 15 and 20 (12A.12/B) or
positions 25 and 30 (12A.12/A). Put the cylinder
head in position.

4 Lightly lubricate the threads of the cylinder head
setscrews and the thrust faces of the setscrew
heads. Engage some of the setscrews in their
correct positions and remove the guide studs.
Engage the remainder of the setscrews in their
correct positions.

5 Gradually and evenly tighten the setscrews to
110 Nm (80 Ibf ft) 11,1 kgf m in the sequence
shown in (12A.12/A or B).

6 Repeat paragraph 5 to ensure that all the
setscrews are tightened to the correct torque.
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7 Tighten the setscrews, in the correct sequence,
a further part of a turn according to the length of
the setscrews, see (12A.12/A or B). Short
setscrews (S) must be turned a further 150°

(2.5 flats). Medium length setscrews (M) must be
turned a further 180° (3 flats). Long setscrews (L)
must be turned a further 210° (3.5 flats). A special
tool (A) can be used for this operation.

Fit the tool between the socket and the handle.
Position the stop (A1) against a suitable protrusion
on the cylinder head to prevent movement of the
degree dial in a clockwise direction. Rotate the
pointer to align with the relevant angle on the

~ degree dial for the length of setscrew. Tighten the
setscrew until the pointer on the tool is aligned with
the zero position on the degree dial.

If no tool is available, make a suitable mark on the
cylinder head in line with a corner of each setscrew
(B). Make another mark, at the correct angle
(counter-clockwise), on the edge of the flange of
each fastener according to the length of the
setscrew. Tighten each setscrew in the correct
sequence until the marks on the flange are next to,
and in line with, the marks on the cylinder head.

8 Put the push rods in position. Ensure that the
end of each push rod fits correctly in the tappet
socket.

9 Fit the rocker assembly, operation 12A-01.
10 Set the valve tip clearances, operation 12A-05.
11 Fit the atomisers, operation 20A-02.

12 Fit the high-pressure fuel pipes; tighten the
connection nuts to 22 Nm (16 Ibf ft) 2,2 kgf m.

Caution: Where access to the fuel injection pump
outlet unions is possible, ensure that a separate
spanner is used to prevent movement of the fuel
injection pump outlets when the connections of the
high pressure pipes are tightened.

13 Fit the fuel filter and the bracket. Fit the low-
pressure fuel pipes between the fuel injection pump
and the fuel filter.

14 Fit the coolant by-pass connection; tighten the
setscrews and hose clip.

15 If a compressor is fitted: Fit the coolant pipe
between the cylinder head and the compressor.
Then fit the pipe between the coolant by-pass and
compressor.

16 For turbocharged and some naturally aspirated
four cylinder engines: Fit the oil cooler, operation
21A-07A.
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17 Fit the exhaust manifold. The manifold joints are
fitted without jointing compound.

18 For engines fitted with turbochargers: Fit the
turbocharger, operation 18A-01.

19 For four cylinder engines: Fit the induction
manifold. Ensure that the manifold joints for the
front and rear positions are fitted with the notch at
the top left when the manifold is fitted to the
cylinder head (A). The manifold joint for the centre
position can be fitted either way. Fit the joints
without jointing compound.

For six cylinder engines: Fit the induction manifold.
Ensure that the joints are fitted with the notch at the
top and the straight edge towards the centre (B). Fit
the joints without jointing compound. Some of the
latest six cylinder engines are fitted with a one
piece induction manifold joint.

20 Fit the fuel pipe between the fuel filter and the
fuel lift pump.

21 Fit the fuel pipe between the fuel filter and the
fuelled starting aid in the induction manifold.
Connect the electrical connection to the cold start
device.

22 For engines fitted with boost control devices: Fit
the boost control pipe between the induction
manifold and the top of the fuel injection pump.

23 Fit the electrical connection to the coolant
temperature sender unit.

24 Connect the coolant outlet and the hoses for
the cab heater. Tighten the clips.

25 Fill the cooling system.

26 Connect the air filter/cleaner.

27 Connect the battery.

28 Eliminate air from the fuel system, see section
20.

29 Start the engine and run it at low speed. Check
that oil flows from the holes in the rocker levers. If
the oil flow is correct, fit the rocker cover, operation
12A-01.

Note: It is not necessary to tighten the cylinder
head setscrews again with the engine hot or after a
limited period in service.

Lovol Phaser/1000 Series
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Valves and valve springs

To remove and to fit 12a-08 [l

Special tools:

Valve spring compressor, PD.6118B
Stud adaptor, PD.6118-7
Setscrew adaptor, PD.6118-8

To remove

1 Remove the cylinder head, operation 12A-07.

2 Clean the bottom face of the cylinder head and
check the depth of the heads of the valves below
the face of the cylinder head, see operation 12A-09.

3 Make a suitable mark on the heads of the valves
to ensure that the valves can be fitted in their
original positions, if they are to be used again.
Warning! Wear eye protection during this operation.
Caution: Ensure that the valve springs are
compressed squarely or the valve stem can be
damaged.

4 Use the valve spring compressor and the
relevant adaptor to compress the valve spring(s)
and remove the collets.

5 Release the valve spring compressor and
‘remove the valve spring cap, valve spring(s), valve
stem seal and the valve seat washer.

6 Repeat items 4 and 5 for the other valves.

To fit

Note: The components of the valve assembly are
shown in A. Certain engines are fitted with single
valve springs.

1 Lubricate the valve stems (A7 and A8) with clean
engine oil and fit the valves in their respective
guides.

2 Fit the spring seat washers (A6). Fit new valve
stem seals (A5) on the valve guides. If double valve
springs are used, fit the inner and outer valve
springs (A3 and A4) on the spring seat washers
with their damper coils toward the cylinder head. If
single valve springs are used, the spring does not
have a damper coil and it can be fitted with either
end to the cylinder head. Fit the valve spring caps
(A2).

Warning! Wear eye protection during this operation.

Caution: Ensure that the valve springs are
compressed squarely or damage can occur to the
valve stem.

3 Use the valve spring compressor and the
relevant adaptor to compress the valve spring(s)
and fit the collets (A1).
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To inspect and to correct 12A-09

Special tool:
Gauge, valve depth, PD.41D
Dial gauge for use with PD.41D, PD.208

1 Check the depth of the valves below the face of
the cylinder head before the valve springs are
removed.

2 Ensure that the heads of the valves and the
bottom face of the cylinder head are clean.

3 Put the valve depth gauge on the face of the
cylinder head and zero the dial gauge.

4 Carefully put the valve depth gauge in position
over the head of each valve (A) and make a note of
the measurement. The maximum depth, in service,
is given in the data and dimensions.

5 If a valve is below the depth limit, check the
valve depth with a new valve in position. If the valve
depth is still below the limit and a valve seat insert
is fitted, the insert must be renewed.

6 Where a valve seat insert is not fitted, the bottom
face of the cylinder head can be machined to
reduce the valve depth, or an insert can be fitted,
operation 12A-14.

Caution: If the bottom face of the cylinder head is
to be machined, ensure that the thickness, of the
cylinder head will not be less than 102,48 mm
(4.035 in) after the cylinder head has been
machined.

7 Check the valves for cracks. Check the stems of
the valves for wear and for correct fit in their valve
guides.

8 Check that the seat faces of the valves are not
badly burnt or damaged. Seat faces of valves which
are damaged can be ground on a special machine.
Valves which have only a little damage can be
lapped to their valve seats. When new valves are
fitted, the valve depths must be checked, see
paragraph 1.

9 Check that the load on the valve springs is
correct at their fitted length, see the data and
dimensions. Fit new valve springs at every
complete engine overhaul.
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Valve guides

To inspect 12A-10

To check the valve guides for wear: The maximum
clearance (A5), between the valve stem and the
bore of the guide is 0,13 mm (0.005 in) for inlet
valves and 0,15 mm (0.006 in) for exhaust valves. If
the clearance, with a new valve fitted, is more than
the limit, then a new valve guide (A4) must be

fitted.

It is recommended that the procedure given below
is used to check the valve guide clearance:

1 Put a new valve in the valve guide.

2 Put a dial test indicator with a magnetic base
(A1) onto the face of the cylinder head

3 With the valve lifted 15,0 mm (0.6 in) and the
gauge (A2) in contact with the edge of the valve
head (A3), move the valve radially away from the
gauge. With the valve held in this position, set the
gauge zero.

4 Move the valve radially across the axis of the
cylinder head towards the gauge. Make a note of
the reading on the gauge. If the reading is equal to
or greater than the data given below, a new valve
guide (A4) must be fitted.

Maximum permissible clearance with a valve lift of
15,0 mm (0.6 in) :

« Inlet guide 0,24 mm (0.009 in)

«  Exhaust guide 0,32 mm (0.013)
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To remove and to fit 12A-11

Special tools:

Remover/replacer for valve guides (main fool),
PD.1D

Adaptor used with PD.1D, PD.1D-1A

Adaptor used with PD.1D and PD.1D-1A, PD.1C-6

To remove

1 Fit the adaptor (A4), PD.1D-1A, into the
remover/replacer tool (A3), PD.1D.

2 With the adaptor fitted to the tool, put the spacer
(A5) in position on the tool. Pass the adapter
through the valve guide and put the spacer and toal
in position on the valve seat.

3 Fit the attachment (A7) to secure the adapter to
the valve guide.

4 Hold the top handle (A1) and turn the bottom
handle (A2) clockwise to pull the valve guide out of
the cylinder head.

To fit

1 Clean the parent bore in the cylinder head for the
valve guide.

2 Lubricate the outer surface of the new valve
guide (B6) with clean engine lubricating oil.

3 Fit the adaptor (B5), PD.1D-1A, into the
remover/replacer tool (B3), PD.1D.

4 With the adapter fitted to the tool, put the spacer
(B4) in position on the tool. Pass the adaptor
through the cylinder head and put the spacer and
tool assembly in position on the valve seat.

5 Put the valve guide in position on the adaptor
and fit the distance piece (B7), PD.1C-6. Fit the
attachment (B8) to secure the valve guide to the
adaptor..

6 Hold the top handle (B1) and turn the bottom
handle (B2) clockwise to pull the valve guide until
the distance piece contacts the cylinder head.

7 When the valve guide is fitted correctly, the top
of the valve guide will have a protrusion of

15,10 mm (0.594 in) above the valve spring seat.
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Cylinder head

To inspect and to correct

12A-12

1 Remove the cylinder head assembly, operation
12A-07.

2 Remove the thermostat housing.

3 Inspect the cylinder head for signs of gas or
coolant leakage.

4 Remove the valve springs and the valves,
operation 12A-08.

5 Clean the face of the cylinder head and the
passages for coolant and for lubricating oil. The
water jacket can be cleaned with a special solvent
which must be used in accordance with the
manufacturer's instructions.

6 Test the cylinder head for leaks at the pressure
given in the data and dimensions.

7 When the cylinder head is thoroughly clean,
check it for cracks. Examine carefully the areas
around the valve seats and around the holes for the
atomiser nozzles.

8 The bottom face of the cylinder head can be
machined if: there is distortion, see paragraph 9;
there are deep scratches; or, for engines without
valve seat inserts, the valve depths are below the
service limit.

9 Use a straight edge and feeler gauges to check
the cylinder head for distortion across and along its
bottom face, see the data and dimensions. If the
distortion is more than the limit given in the data
and dimensions, the bottom face can be machined.

Caution: Remove only the minimum material and
ensure that the thickness of the cylinder head will
not be less than 102,48 mm (4.035 in) after the
cylinder head has been machined.

Notes:

« On AE and YE engines the protrusion of the
atomiser nozzle below the bottom face of the
cylinder head must not be mare than 4,82 mm
(0.190 in).

+ The nozzle protrusion must be measured with
the nozzle seat washer fitted.

Caution: After the cylinder head has been
machined the valve seats must be corrected to give
the correct valve head depth. It is advisable o work
to the minimum limit to allow for later wear.

10 Check the valve seats for wear and for damage.

11 Before any work is done on the valve seats,
new valve guides must be fitted, operation 12A-11.

12 Where there is little damage, the valve and
valve seat can be lapped. When the valve seats are
lapped keep the seat as narrow as possible and
ensure that all the compound used to lap the valve
and the seat is removed.

13 More badly damaged valve seats can be
corrected by use of the cutter tool, operation
12A-13, or new inserts can be fitted, operation
12A-14.

12A.20
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To correct a valve seat
with a valve seat cutter 12A-13

Special tools:

Cutter for 46° inlet valve seats, MS.281*

Cutter for 31° inlet valve seats, MS.642

Cutter for exhaust valve seats, MS.275*

Pilot for use with valve seat cutters, MS.150-9.5*
Handle set for use with valve seat cutters, MS.67B*

“Included in set of adjustable cutters for valve seats,
MS.73

1 Before any work is done on the valve seats, new
valve guides must be fitted, operation 12A-11.

2 Fit the pilot in the valve guide and tighten the
pilot.

3 Select the relevant cutter. Set the blades of the
cutters to the diameter of the valve seat to be cut.
Fit the cutter on the pilot and fit the handle (A).
Ensure that the cutter is not allowed to fall on to the
seat as this can damage the blades.

4 Carefully turn the cutter in a clockwise direction.
Remove only the minimum material to ensure a
good seat. Keep the seat as narrow as possible.

5 When the seat is cut, remove the cutter and the
pilot. Remove any debris from the area of the valve
seat and the port.

6 Fit the valve and lightly lap the valve and the
seat.

7 Check that the valve depth is within limits, see
data and dimensions.

Note: If a valve seat has become too damaged or
too worn to correct, a valve seat insert can be

fitted, operation 12A-14. Turbocharged engines and
some naturally aspirated engines have valve seat
inserts fitted as standard and these inserts can be
renewed.
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To fit valve seat inserts 12A-14

1 Remove the valve guide and clean the bore into
which the guide is to be fitted.

2 Fit new valve guides, operation 12A-11.

3 With the bore of the new valve guide used as a
pilot, machine the recess in the cylinder head to the
dimensions shown in data and dimensions at the
end of this section, or machine out the old insert.
Remove all debris and clean the insert recess.

4 [f the bottom face of the cylinder head has been
machined, the insert will have to be surface ground
on the back face to ensure that there is no
protrusion of the insert above the bottom face of
the cylinder head. After the back of the insert has
been ground, ensure that the outer edge of the
back face has a 0,9/1,3 mm (0.035/0.051 in)
chamfer at 30° to the vertical.

5 With the bore of the valve guide used as a pilot,
and with the rear face of the insert towards the
cylinder head, press in the insert with the valve seat
insert tool, see data and dimensions. Do not use a
hammer on the insert and do not use lubrication.
Use a hydraulic press or a hand press in one
continuous movement. Ensure that the bottom of
the insert is in contact with the bottom of the
recess.

6 Cut the valve seat at an included angle of 887
for 46° valve seats aor 118° for 31° valve seats,
operation 12A-13, and lap the valve on to the valve
seat. Ensure that the depth of the valve head below
the face of the cylinder head is within the
production limits, see data and dimensions. Work
as near as possible to the minimum figure to allow
for future wear on the valve seat.

12A.22
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Data and dimensions

Note: This information is given as a guide for personnel engaged on engine overhauls. The dimensions
which are shown are those which are mainly used in the factory. The information applies to all engines,
unless an engine type code is shown.

Cylinder head

Angle of valve seat:

~EXNAUSE :srs ps suioaea su sonnin s peseus e senns ol pEotues e 46° (88° included angle)
=MREY v smen i s siramEs S 46° (88° included angle) or 31° (118° included angle)
Diameter of parent bore for valve guide . ................... 15,87/15,89 mm (0.6247/0.6257 in)
LEAKTESUOIBEELIE o v wvierwision 5 sinesiarans 5o a6 saorss s o aramns 200 kPa (29 Ibf/in2) 2,04 kgf/cm2
HEadthICKNEsS  oimcron s wmmmmin s ommmms e nsismms 5 o 102,79/103,59 mm (4.047/4.078 in)
Minimum permissible thickness after head face has been machined .......... 102,48 mm (4.035 in)
SAE: YEBNUINES"  rmmmn o viemsiamns s spmmms ob s A W See operation 12A-12
Inlet valves

Digmeteraf valVeStem . vosum s s vossiun s i s s i s 9,46/9,49 mm (0.3725/0.3735 in)
Clearanceinvalveguide ....... ... ..o iiiiiiiiniannennn. 0,02/0,10 mm (0.0008/0.0039 in)
Maximum clearance invalve guide . .......... ...ttt 0,13 mm (0.005 in)
Diameterofvalvehead .............c.ciiiiiiieiiinenn.. 44.86/45,11 mm (1.766/1.776 in)
AnOleobvaINETIABE: . v o sonsermn s wssmee 1 wneerins e R, ol 45° or 30°
Overall Iength ..o e et 122,66/123,07 mm (4.829/4.845 in)
Seal arrangement .. ... i ve i se s e B GE s 98 diees Rubber seal fitted to valve guide

Depth of valve head below the face of cylinder head AA, AB, AC, AD(1), AG, AH, YA(2), YB, YC:

Note: The inlet valve depth for certain engine types fitted with valve seat inserts can vary. The complete
engine number must be quoted when spare parts are ordered.

- ProdUhon IS & cumaspin o5 mamms s on sesianse oo e o s 1,27/1,60 mm (0.050/0.063 in)
= SEVIGETINIE & s wvmauose s semsn 58 56 ExEmm a5 S EGTERD YRR s 1,85 mm (0.073 in)
(1) AD vehicle applications fitted with an intercooler .. ............ 1,37/1,68 mm (0.054/0.066 in)
(2) YA engines fitted with original valve seatinserts ............... 1,37/1,68 mm (0.054/0.066 in)
Depth of valve head below the face of cylinder head YD(1):

- Production BmiS  cawnen i cvmenn ss wwmmrens s i S i 1,37/1,68 mm (0.054/0.066 in)
(1) Engine bulld BsENRBOBAT  ox commio s simmsomat s i o oo 1,27/1,60 mm (0.050/0.063 in})
- AE, YE engines:

- Production limits . ... e 1,37/1,62 mm (0.054/0.064 in)
- Production limits (for30°valves) ..........c.cevevimonononannn. 1,27/1,76 mm (0.050/0.069 in)
- Service limit (for 30° valves) ..ottt e e 2,01 mm (0.079 in)

Lovol Phaser/1000 Series 12A.23
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Exhaust valves

Diameter of valve Stem ... ..o i i e 9,43/9,46 mm (0.371/0.372 in)
Clearance invalve guide: .. s e it vis v svimme s oy Gsiiesps e 0,05/0,13 mm (0.002/0.005 in)
Maximum clearance invalve guide  ....... ...l 0,15 mm (0.006 in)
Diameter of valve head .......... T A e B ) 37,26/37,52 mm (1.467/1.477 in)
ANQIE of VAIVE TACE  wuiavs vv wosvmin o dinminaiie s SvEiaie s 0 Sielalleim sa waliaioms e wieies 45°
Overall [BNGth  seseais o svmaaime e vameurs o me s i o 123,07/123,57 mm (4.845/4.865 in)
Sadl arrangement wocas ss smesenn b ssEEeE G GEEREORE e o Rubber seal fitted to valve guide

Depth of valve head below face of cylinder head AA, AB, AC, AD(1), AG, AH, YA(2), YB, YC:

Note: The exhaust valve depth for certain engine types fitted with valve seat inserts can vary. The
complete engine number must be given when spare parts are ordered.

= Produchon IMItS: . vue s e s smmimn i vie simsimie vin sn vt a0 s Seona sins 1,28/1,60 mm (0.050/0.063 in)
SISBIVICEIIMIE © v vrains s wrisimsmomin s womimnon mn B a G A O TS S 1,85 mm (0.073 in)
(1) AD vehicle applications fitted with an intercooler ............... 1,47/1,79 mm (0.058/0.070 in)
(2) YA engines fitted with original valve seatinserts ............... 1,47/1,79 mm (0.058/0.070 in)
Depth of valve head below face of cylinder head AE, YD(1), YE:

-Production imits .. ..over i i et 1,47/1,79 mm (0.058/0.070 in)
(1) Engine build list YD 80571 .. ... .cveirieniiininninnnnn 1,28/1,60 mm (0.050/0.063 in)
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Maximum permissible distortion of cylinder

head (A)

Four cylinder engines

Al .... 0,08mm (0.003in) e fl%o e

2 voe DIRTEINEEN ©0/60/0BE006/60

A3 .... 0,15mm (0.006 in) ‘ - o i
0 __~ a o{pa [ I 9]

Six cylinder engines

Al .... 0,13mm (0.005in)

A2 .... 0,25mm (0.010in)

A3 .... 0,25mm (0.010in) £ PADE?

Dimensions of recesses for valve seat inserts

(B)

Inlet

B1 .... 7.19/7,32 mm (0.283/0.288 in)

B2 .... 51,22/51,24 mm (2.0165/2.0175 in)

B3 .... Radius 0,38 mm (0.015 in) maximum

Exhaust

B1 .... 9,52/9,65mm (0.375/0.380 in)

B2 .... 42,62/42,65 mm (1.6780/1.6790in)

B3 .... Radius 0,38 mm (0.015 in) maximum

Lovol Phaser/1000 Series
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Valve seat insert tool (A)

Inlet (for 45° valves)

- J— 1,59 mm (0.083 in)
AZ s 19,05 mm (0.750 in)
T [ 6,35 mm (0.250 in)
Ad L. 76,20 mm (3.00 in)
AB 37,26/37,28 mm (1.467/1.468 in)
T T, TR 51,00/51,23 mm (2.008/2.017 in)
£ — 0,79 mm (0.031 in)
AB ..... 1,59 mm (0.063 in)
A ..... 1,59 mm (0.063 in)
A10 .... 9,45/9,47 mm (0.372/0.373 in)
Inlet (for 31° valves)
Al Ll 1,59 mm (0.063 in)
A2 ... .. 19,05 mm (0.750 in)
A3 ..... 3,00 mm (0.118 in)
AR i 76,20 mm (3.00 in)
A5, wwi e 35,30/35,60 mm (1.390/1.402 in)
A6 ..... 43,94/43,99 mm (1.730/1.732 in)
A7 o o 0,79 mm (0.031 in)
7.: S 1,59 mm (0.063 in)
AY. s 1,59 mm (0.063 in)
CA10 ... 9,45/9,47 mm (0.372/0.373 in)

Exhaust (for 45° valves)

A 1,59 mm (0.083 in)
A2 ... .. 19,05 mm (0.750 in)
A3 ..... 7,92 mm (0.312 in)
Ad ... .. 76,20 mm (3.00 in)
A5 ... .. 32,58/32,84 mm (1.283/1.293 in)
A6 ..... 42,39/42,62 mm (1,669/1.678 in)
A7 ... .. 0,79 mm (0.031 in)
A8 . .... 1,59 mm (0.063 in)
A9 ... 1,59 mm (0.063 in)
A0 . ... 9,45/9,47 mm (0.372/0.373 in)
12A.26
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CYLINDER HEAD ASSEMBLY 12

Valve guides

[sidediamietar | kives BRDLE Y o, o s simgeon s wmelesios 9,51/9,56 mm (0.3744/0.3764 in)
Outside digmeter Tisush wi hiiiaiis i saeams s Saewaiin 15,90/15,91 mm (0.6260/0.6265 in)
Interference fit of valve guide incylinderhead .................. 0,03/0,07 mm (0.0012/0.0027 in)
Overall length:

i 1] JCPONNERAN W o T S OSSO S SO, o1 A B e R 57,94 mm (2.281 in)
~EXAEUSY sn s svivamus v smsamims 56 seRoeie s ST W R SE i 61,10 mm (2.406 in)
Protrusion from bottom of recess forvalve spring  ............ ... .. ...... 15,10 mm (0.594 in)

Double valve springs - outer

FitlEQIENOI e simieere sos wmviem e sso b o sz plot Bt el S oA Le 35,8 mm (1.41 in)
Load atfittedlength s v s smman s v svan an on s o s 176/195 N (39.5/43.7 Ibf) 18/20 kgf
NUMber of 8CHVE GOIIS ...ttt ittt et e e ittt s e e e 3.6
NUMbErof QaMPErCoIE .. cu cmans o cn wnisien 56 505 e Sim ais s S meaans sisbi i s g 1
Directionof coils .. ..ot Left hand - damper coil to cylinder head

Double valve springs - inner

FIHEA SOOI « cowimiminr sov mmintomin noq sisimimse s win smsssyniie s Snmmemme smesyesa s 34,0 mm (1.34 in)
Load atfitted length .. ... ... oo e 89/104 N (20/23 Ibf) 9/11 kgf
NUMBberof actiVEIGOIS . .vreis s mmmimsias s smenmimens sie SmomiBliE £ BeERE 56 o5 sToiae R 4.9
Number of damperiGoils .. .. v «oe se coes s 58 0 Ga@a o6 5 ameian o SRR e SelNETE v 1
BDirection 0f colls:  ...coce oo ciaimioivs 6 95 ShanG v aplmss Right hand - damper coil to cylinder head

Single valve springs

FHQOIEOOIN. o soeimmin sun s s mmesims nas 5w w0 Sed it B8 SWAE F 40,0 mm (1.57 in)
Load atfittedlength .. ... .. ... iiiiiiiiininnnnn 312/344 N (70.1/77.3 Ibf) 31,8/35,1 kgf
Numberof ActIVe.GONIS . ... isws 37 reeiess v soiaiians e S@ehiadls dw sl 15 o0 oot o5 e 4.5
Numberof damper:colls i s ssms o s caEpi o G0 aeiEn 37 Sr@EaEs 55 SRteRas T NonERegs 0
Direclion ol COIIS:  svcmmun s o aiinii ii Emedie e SR FSalen we SRmivmiG 2 ke 2 Left hand
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Tappets

Diameter of tappetstem . i cuviies s sumaiis wn daiemines s 18,99/19,01 mm (0.7475/0.7485 in)
Diameter of tappet bore in cylinderblock ................... 19,05/19,08 mm (0.7500/0.7512 in)
Clearance of tappet incylinderblock . ......... ... ........... 0,04/0,09 mm (0.0015/0.0037 in

Rocker shaft
QUISIAS dIBMBIEE . .o v 2 sl siiiis ¥ IEEETE 35 Goalilin 19,01/19,04 mm (0.7485/0.7495 in)

Rocker levers and bushes

Diameter of parentbore forbush . .......... ... ... ... ... 22,23/22,26 mm (0.8750/0.8762 in)
Outside diameterofbush . ... ... ... ... i .. 22,28/22,31 mm (0.8770/0.8785 in)
Interference fit of bush inrocker lever . ..... ... ... ......... 0,020/0,089 mm (0.0008/0.0035 in)
Internal diameter of fitted bush whenreamed ................ 19,06/19,10 mm (0.7505/0.7520 in)
Clearance between rocker lever bush and rocker shaft  ............ 0,03/0,09 mm (0.001/0.0035 in)
Maximum permissible clearance between

rockerlever biish and rockarshHaft’ . s cowvsin su vaasisss s swsraiis she e 0,13 mm (0.005 in)
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Piston and connecting rod assemblies 13
General description . ........ ... ... . i 13A.02
Big end bearing

13A-01 To remaveandI0Tit: - .. v oo o chmomme s s e b s o 13A.03
18A:02 TOINSPECE wo:: sis s immainn ves & vans oo S Bl PR L 13A.04
Piston and connecting rod assembly

13A-:03 To remove andiorfit - .. e hin, » cotirmal bhonanistge n R el s 13A.05
13A-03A To check the piston height above the cylinder block ... ....... 13A.08
13A-03B To check the height grade of a Fastram piston  .............. 13A.09
Piston rings

13A-04 Toremoveandtofit ............ ..ot 13A.10
Piston and connecting rod assembly

13A-05 Todismantle andioassemble .......................... 13A.11
Piston and piston rings

13A:06  TOINEPEEE [ s s oo it m B b s et B e 13A.12
Connecting rod

18A=07 | ToiNSPOCEE Ml vils = v ol s & i o 270 2 abeis H55 & Siele Sobe 13A.13
Small end bush

13A-08 Toremoveandtofit ........ ... ..o ioiiiiiinnannn.. 13A.13
Piston cooling jets

13A-09 Toremoveandtofit = . o0mfiaes cin S i § s i e st o 13A.14
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General description /\aomﬁ‘““\

The pistons used in Phaser and 1000 Series i \“

engines have either a "Quadram"” (A) or a t.\ Y
(R\\ .

"Fastram" (B) combustion chamber in the top of

~ ]
the piston. These combustion chambers are b\& === "{7
designed to give an efficient mix of fuel and air. % “——%

The latest engines have pistons, with a "Fastram” e

combustion chamber and are availabie with different /T

height grades. At

The pistons have two compression rings and an oil \ "f’_/l//

control ring. The groove for the top ring has a hard g _

metal insert to reduce wear of the groove. Axial h _ PAOTO

location of the fully floating gudgeon pin is by
circlips.

Expansion controlled pistons have a steel insert in
the piston skirt.

Turbocharged engines which are rated higher than
2300 rev/min have an anodised area on the top
face of the piston. i s
Turbocharged engines have cooling jets fitted in the T 7N
cylinder block to spray lubricating oil onto the inner /
surface of the pistons,

The connecting rods are machined from "H"
section forgings of molybdenum steel. The
connecting rods of turbocharged engines have

wedge shaped small ends. Generally, the location

of the bearing caps to the connecting rods is mace
by serrations (C1) and the cap is retained by two
nuts and bolts (C)

On some turbocharged engines, used in vehicle
applications, the location of the bearing cap to the
connecting rod is made by dowels (D1) fitted in the
bearing cap (D). The taces of these connecting
rods and caps are flat and the caps are retained by
two setscrews.

Note: Always use the engine identification number
to order new parts

13A.02 Lovol Phaser/1008eries
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Big end bearing

To remove and to fit 13A-01

To remove

1 Drain the engine lubricating oil.

2 Remove the lubricating oil sump, operation
19A-03.

3 Remoave the lubricating oil strainer and suction
pipe, operation 19A-04 or remove the balancer unit,
operation 14A-10.

4 Rotate the crankshaft until the relevant
connecting rod is at its lowest position.

5 Release the nuts and remove the bearing cap.
Remove the bolts from the connecting rod. If the
bearing cap is retained by setscrews, the location
of the bearing cap will be by two dowels. To
remove these bearing caps, release the setscrews
by approximately four rotates. Lightly hit the heads
of the setscrews with a soft face hammer to
separate the connecting rod from the bearing cap.
Remove the setscrews and the bearing cap.

6 Remove the lower half of the shell bearing from
the cap, but keep it with its relevant cap.

7 Carefully push the connecting rod up the cylinder
bore just enough to allow access to the upper half
of the shell bearing. Remove the bearing from the
connecting rod. Keep the bearings from the
connecting rod and cap together.

Caution: Do not allow the connecting rod to hit the
piston cooling jet, if fitted.

Lovol Phaser/1000 Series
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To fit

1 Clean the bearing faces of the connecting rod
and the crank pin.

2 |f the cap has dowels for location on the
connecting rod, ensure that the dowel protrusion is
3,0/4,5 mm (0.12/0.18 in) above the butt face.
Clean the complete bearing and lubricate the
bearing surface and the crank pin with clean engine
lubricating oil. Fit the upper half of the shell bearing
to the connecting rod; ensure that the location tag
is fitted correctly in its recess (A1). Fit the
connecting rod to the crankpin; ensure that the
assembly number on the connecting rod is on the
same side as the other connecting rods.

3 Clean, lubricate and fit the lower half of the shell
bearings into the cap; ensure that the location tag is
fitted correctly in its recess (A1). Fit the connecting
rod bolts with the flat side of the head of the bolts
towards the connecting rod. Fit the cap to the
connecting rod. Ensure that the assembly number
on the cap is the same as that on the connecting
rod and that both of the assembly numbers are on
the same side (B).

4 Tighten the fasteners gradually and evenly to the
recommended torque of 155 Nm (114 Ibf ft)

15,8 kgf m for setscrews, or 125 Nm (92 |bf ft)

12,7 kgf m for nuts.

5 Ensure that the crankshaft rotates freely.

6 Fit the lubricating oil strainer and suction pipe,
operation 19A-04 or fit the balancer unit, operation
14A-10.

7 Fit the lubricating oil sump, operation 19A-03 and
fill the sump to the correct level with lubricating oil
of an approved grade.

To inspect 13A-02

Check the bearings and the crank pin for wear or
other damage.

13A.04
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Piston and connecting rod

To remove and to fit 13A-03

To remove

1 Drain the lubricating oil and the cooling system.

2 Remove the cylinder head assembly, operation
12A-07.

3 Remove all carbon from the top of the bores of
the cylinder liners.

4 Remove the lubricating oil sump, operation
19A-03.

5 Remove the lubricating oil strainer and suction
pipe, operation 19A-04, or remove the balancer
unit, operation 14A-10.

6 Remove the big end caps and the big end
bearings from the connecting rods, operation
13A-01.

Caution: Do not allow the connecting rods to hit
the piston cooling jets, if fitted. If a cooling jet is hit,
check its alignment, operation 13A-10, and renew
it, if necessary.

7 Turn the connecting rods 90° to prevent contact
with the piston cooling jets. Push the pistons and
the connecting rods out through the top of the
cylinder liners. Keep the bearings and caps
together to ensure that they can be fitted in their
original positions.

8 Inspect the crank pins for damage.

Lovol Phaser/1000 Series
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To fit

Special tools:
Piston replacer tool, PD.206

1 Ensure that the piston, the cylinder bore, the
crank pin and the big end of the connecting rod are
clean. Lubricate the piston and the cylinder liner
with clean engine lubricating oil.

2 Rotate the crankshaft until the relevant crank pin
is at its lowest position. Lubricate the crank pin with
clean engine lubricating oil.

-3 Fit the upper half of the shell bearings to the
connecting rod. Ensure that the location tag is fitted
correctly in its recess. Lubricate the bearing with
clean engine lubricating oil.

4 Put the piston replacer tool in position at the top
of the relevant cylinder. The tool has a tapered bore
to compress the piston rings when the piston and
connecting rod assembly is fitted. Ensure that the
smaller end of the tapered bore is towards the face
of the cylinder block.

5 Put the piston ring gaps 120° apart. Pass the
connecting red through the piston replacer tool and
allow the piston to enter the tool. The arrow or
"FRGNT" mark on the top of the piston must be
towards the front of the engine. In this position the
c¢ombustion bowl in the top of the piston will be
towards the fuel injection pump side of the engine.

6 Push the piston and connecting rod assembly
through the piston replacer tool (A) and onto the
crank pin. If piston cooling jets are fitted, the piston
and connecting rod assembly must be rotated to
ensure that the connecting rod will not hit the piston
cooling jet as the assembly is fitted. When the
connecting rod has passed the piston cooling jet,
rotate the connecting rod until the arrow or
"FRONT" mark on top of the piston is towards the
front of the engine (B).
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7 Clean the connecting rod cap and the lower half
of the shell bearings. Fit the bearing to the cap;
ensure that the location tag is fitted correctly in its
recess. Lubricate the bearing with clean engine
lubricating oil. Fit the cap and ensure that the
assembly number is the same as that on the
connecting rod and that the numbers are on the
same side. Fit the fasteners; ensure that the flat
side of the head of the bolts is towards the
connecting rod. When the fasteners are nuts, new
nuts must be fitted. Tighten the fasteners gradually
and evenly to the recommended torque of 155 Nm
(114 Ibf ft) 15,8 kgf m for setscrews, or 125 Nm
(92 Ibf ft) 12,7 kgf m for nuts.

8 Check that the crankshaft will rotate freely.

9 Check the piston height above the top face of
the cylinder block, operation 13A-05.

10 Fit the lubricating oil strainer and suction pipe,
operation 19A-04 or fit the balancer unit, operation
14A-10.

11 Fit the lubricating oil sump, operation 19A-03.

12 Fit the cylinder head assembly, operation
12A-07.

13 Fill the sump to the correct level with lubricating
oil of an approved grade.

14 Fill the cooling system.

Lovol Phaser/1000 Series
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To check the piston height
above the cylinder block 13A-03A

Special tools: ‘
Piston height tool, PD.41D
Dial gauge for use with PD.41D, PD.208

Put the piston height tool on the face of the cylinder
block and rotate the gauge dial to the zero position.
Rotate the crankshaft until the piston is
approximately at top dead centre (TDC). Carefully
put the tool over the top of the piston with the
plunger of the gauge in contact with the piston
above the axis of the gudgeon pin (A). Rotate the
crankshaft to bring the piston 1o its highest position
and make a note of the gauge indication.

For engines fitted with "Quadram" pistons, the
piston height above the face of the cylinder block
should be 0,14/0,36 mm (0.005/0.014 in).

For engines fitted with "Fastram" pistons, grades A
to L, the piston height above the top face of the
cylinder block should be 0,38/0,50 mm
(0.015/0.020 in)

Notes:

« Two "Quadram" piston heights can be used in
the factory: "H" - high, "L" - low. In service only
"L" pistons are supplied. If an "L" piston is used
instead of an "H" piston, the height may be up to
0,18 mm (0.0075 in) below the bottom limit.

« The top of the piston should not be machined.

+ If the original piston is used, ensure that it is
assembled to the correct connecting rod and is
used in the original cylinder.
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To check the height grade
of a "Fastram" piston 13A-03B

For engines fitted. with earlier "Fastram "pistons
there are five height grades (A to E) of piston in
production and in service.

The latest "Fastram" pistons are supplied in six
height grades (F to L) in production and in service.
Identification of the height grade is by the letter for
each piston which is stamped on the top of the
piston (A). The letter A or F is the highest grade
and letter E or L is the lowest grade. The difference
between the grades is 0,045 mm  (0.0018 in).

If a new piston is fitted, ensure that it is of the
correct height grade. The height grade can be
checked by measurement, from the centre of the
gudgeon pin to the top of the piston (B1). The
dimensions for each grade are listed in the table
below:

Piston grade Pigton hgight Lz_atest
Gt dimension equivalent
(mm) grade
A* 70,334 G
B* 70,289 H
c* 70,244 J
B 70,199 K
E* 70,154 L
F 70,391
G 70,345
H 70,299
d 70,253
K 70,207
L 70,161

* Earlier engines

Note: The earlier piston grades A to E are now not
supplied as a spare part. The latest equivalent
grades G to L shown in the table above are to be
used instead.

Piston rings

To remove and to fit 13A-04

The piston used in the Phaser and 1000 Series
engines have two compression rings and an oil
control ring. All the piston rings are above the
gudgeon pin. Piston rings have different design
features. To ensure that the correct type is
obtained always use the engine identification
number to order new parts.

FRCIOTMOUO®E> )
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Caution: Only expand the ring gaps enough fo
ensure that the ends of the rings do not damage
the piston when the ring is removed or put into
position.

To remove

Remove the piston rings with a suitable ring
expander. Keep the rings with their relevant piston.

To fit

Use a suitable piston ring expander to fit the piston
rings.

1 Fit the spring of the oil control ring in the bottom
groove with the latch pin inside both ends of the
spring (A). Fit the oil control ring over the spring
(B2, C2 or D3). Ensure that the ring gap is at 180°
to the latch pin.

2 Fit the cast iron ring with the taper face

(B1 or C1) to the second groove with the word
"TOP", or the manufacturer's symbol, towards the
top of the piston.

New second rings have a green identification mark
which must be on the left of the ring gap when the
ring is fitted and the piston is upright.

The second ring on some engines has an external
step (D2) at the bottom of the tapered face.

3 Fit the chromium plated top ring, the
manufacturer's symbol or the word 'TOP' must be
towards the top of the piston.

New top rings have a red or blue identification mark
which must be on the left of the ring gap when the
ring is fitted and the piston is upright.

The top ring on some engines has an internal step
(D1) on the top face.

4 Ensure that the ring gaps are 120° apart.
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PISTON AND CONNECTING ROD ASSEMBLIES 13

Piston and connecting rod assembly

To dismantle and to assemble 13A-05

To dismantie

1 Remove the piston rings, operation 13A-04.

2 Remove the circlips which retain the gudgeon
pin.

3 Put a mark on the piston to indicate the cylinder
number as shown on the connecting rod. Put the
mark on the piston on the same side as the mark
on the big end to ensure that they are assembled
correctly (A).

4 Push the gudgeon pin out by hand. If the
gudgeon pin is tight, heat the piston to 40/50°C
(100/120°F) for easy removal of the gudgeon pin.

To assemble

1 Clean the bore of the small end bush and
|ubricate it with clean engine lubricating oil.

2 Fit a new circlip in the circlip groove of one of
the gudgeon pin bosses. Ensure that it fits correctly
in the groove.

3 With the piston upside down, put the connecting
rod in position with the recess for the location of
the big end bearing (B1) on the same side as the
lug on the gudgeon pin boss (B2). If the original
piston is used, ensure that it is assembled to the
correct connecting rod and is used in the original
cylinder. Engines with "Fastram” pistons have six
piston height grades, if a new piston is fitted,
ensure that it is of the correct height grade, see
operation 13A-03.

4 Lubricate the gudgeon pin bosses with clean
engine lubricating oil and push in the gudgeon pin
towards the circlip. If the gudgeon pin is a tight fit in
the piston, heat the piston to 40/50°C (100/120°F)
before the gudgeon pin is fitted.

5 Fit a new circlip in the groove in the other
gudgeon pin boss. Ensure that it fits correctly in the
groove.

6 Fit the piston rings, operation 13A-04.
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Piston and piston rings

To inspect 13A-06

1 Check the piston for wear and other damage.

2 Check that the piston rings are free to move in
their grooves and that the the rings are not broken.

3 Remove the piston rings, operation 13A-04, and
clean the piston ring grooves and the piston rings.
4 Fit new piston rings in the grooves and check for
wear of the grooves with feeler gauges (A).
Compare the piston ring clearance in the groove to
that given for new components in the data and
dimensions and renew the piston, if necessary.

Note: Some pistons have a tapered top groove and
the piston ring is wedge shaped (13A.10 C/D);
when this occurs the top piston ring clearance
cannot be checked by this method.

5 Clean all carbon from the top of the cylinder
liners. Fit the piston rings in the top part of the
cylinder liner and measure the ring gap with feeler
gauges (B). The coil spring must be fitted to the oil
control ring when the gap of this piston ring is
measured. The piston ring gaps for new
components are given in the data and dimensions.
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PISTON AND CONNECTING ROD ASSEMBLIES 13

Connecting rod

To inspect 13A-07

1 Check the cannecting rod for distortion (A).

Note: The large and small end bores must be
square and parallel with each other within the limits
of +/- 0,25 mm (0.010 in) measured 127 mm

(5.0 in) each side of the connecting rod axis on a
test mandrel. With the small end bush fitted, the
limits are reduced to +/- 0,06 mm (0.0025 in).

2 Check the small end bush for wear or for other
damage and renew it, if necessary.

3 Check the fit of the gudgeon pin in the small end
bush and check the gudgeon pin for wear, see the
data and dimensions.

Small end bush

To remove and to fit 13A-08

1 Press out the old bush with a suitable adaptor.

2 Clean the connecting rod bore and remove any
sharp edges.

3 Press in the new bush. Ensure that the
|ubrication hole in the bush is on the same side as,
and is aligned with, the hole in the top of the
connecting rod.

4 Ream the bush to get the correct clearance
between the gudgecn pin and the bush, see the
data and dimensions.

Note: On turbocharged engines the small end is
wedge shaped. After the small end bush has been
fitted, machine the bush to the shape of the small
end and remove any sharp edges.
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Piston cooling jets

To remove and to fit 13A-09

To remove

Release the valve assembly and remaove the piston
cooling jet assembly (A).

Note: The crankshaft is removed in A to show
clearly the piston cooling jet.

To fit

1 Check that the ball moves freely against spring
pressure in the valve assembly and that the jet tube
is not damaged. Renew the valve assembly and/or
the body as necessary.

2 Fit the piston cooling jet; ensure that the
assembly is fitted correctly on the dowel in the
cylinder block. Tighten the valve assembly to
20 Nm (15 Ibf ft) 2,0 kgf m.

To check the jet alignment 13A-10

Insert 2 1,70 mm (0.067 in) diameter rod, of
suitable length, into the jet. If a suitable rod is not
available, reduce the end of a thicker rod to

1,70 mm (0.067 in) diameter for a length of

16,00 mm (0.630 in). When the rod is inserted into
the jet it must extend out of the top of the cylinder
within the area shown in B.
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PISTON AND CONNECTING ROD ASSEMBLIES 13

Data and dimensions

Note: This information is given as a guide for personnel engaged on engine overhauls. The dimensions
which are shown are those which are mainly used in the factory. The information applies to all engines,

unless an engine type code is shown.

Pistons - Naturally aspirated engines:
TPBE i s somcommss, mos e oitin v Sro e temaoans s oasptds s
Diameter of bore for gudgeon pin
Height of piston above top face of cylinder block . .
Width of groove for top ring
Width of groove for second ring
Width of groove for third ring

Pistons - Turbocharged engines:

TV 1035 5w miiaiisim =ik wimiesaiaes S0 St #h o
Diameter of bore for gudgeon pin
Height of piston above top face of cylinder block . .
Width of groove for top ring
Width of groove for second ring
Width of groove for third ring

Pistons - Turbocharged AE, YE, AD* engines:

TVPE: e wim msmsn s smimgroess zon srobmbien 25 do
Diameter of bore for gudgeon pin
Difference between height grades
Height of piston above top face of cylinder block :
Width of groove for top ring
Width of groove for second ring
Width of groove for third ring

Piston cooling jets - Turbocharged engines:

Valve open pressure

"Quadram" combustion bowl, controlled
expansion, inserted top ring groove
34,928/34,934 mm (1.3751/1.3754 in)
0,14/0,36 mm (0.005/0.014 in)
2,57/2,59 mm (0.101/0.102 in)
2,55/2,57 mm (0.100/0.101 in)
4,03/4,06 mm (0.1587/0.1598 in)

"Quadram" combustion bowl, controlled expansion,
inserted top ring groove, reduced diameter top land
38,103/38,109 mm (1.500/1.5004 in)
0,14/0,36 mm (0.005/0.014 in)
Tapered
2,56/2,58 mm (0.1008/0.1016 in)
4,04/4,06 mm (0.1591/0.1598 in)

"Fastram" combustion bowl, controlled expansion,
inserted top ring groove, high top ring groove
39,7003/39,7009 mm (1.5355/1.5358 in)
.................... 0.046 mm (0.0018 in)
0,38/0,50 mm (0.015/0.020 in)
Tapered
2,56/2,58 mm (0.1008/0.1016 in)
4,04/4,06 mm (0.1591/0.1598 in)

178/250 kPa (26/36 Ibf/in2) 1,8/2,6 kgf/cm?

*110 Ti and 135 Ti AD lists are fitted with pistons which are designed for use in emission controlled areas.

Some of these pistons are non-expansion controlled.

Lovol Phaser/1000 Series
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Piston rings - Naturally aspirated engines:

TOp COMPressSION NG i« i s Vi o i S et il

Barrel face, molybdenum insert, with

a chamfer at the top of the inner face

Second compPrassion fNG  sow s i ss amams sd e v s Sislaisssi s o

Qil SEFAPBITING. v susms o0 cpmeae @ BREmEss w8 SERmES e
Witth BFIORITIAG: . v vs vovasarb it siosisin s owmoraimg a siess S v
Width'of S8CONd NG .o seslasc v vomuams wa o snm v eimasme
Width of third ring
Clearance of top ring in groove .. ..o ii i
Clearance of second ring iN groove .. ...vvvvvnen v iienee e
Clearance of thirdring ingroove  ......... ... .. i
Gap of IORING .. o commrmisine oo moegoms s 2 WA PR 5 05 SREEE S BF 83
Gap of second ring
Gap of third ring

Piston rings - Turbocharged engines:

Top COMPression fiNG . ... cvvvrenrnrensear e nerasss

Second COMPrESSioN MNG ... ovun vttt iinnn e e innnnes

QI SCrapBtaing. . .. ... %5 o5 foane: o DEsevEs i paed ¢

WIdth O IOp NG soes o memunis of FRaes et o8 s e W s Rnens o uwe

Width of second fifig. &= ve svvises o2 sxmeans v wwariess v aiess
Widthof thitdriig"  suwemes 0 smamam e smen s s snETEHE

Clearance of top ring ingroove . ... ......c.cviviviviniiiniianen e

Clearance of second ring in groove . ........oiiiunvrararannnn
Clearance of third ringingroove ..........ooiiiiianrnnennen..
GADOIMGPITIY o e menmin s sum wmisens i sas s o wp winsbam oo o

Gap of top ring with internal step ... ... ..o
Gapofsecond ring ... ..t iiiit s

For second rings with external SUBI . yeoriimis s 20 sionaimns s sn sesigait U §
Gap of third ring

oo Taper face, cast iron
Coil spring loaded, chromium faced

2,48/2,49 mm (0.097/0.098 in)
2,48/2,49 mm (0.097/0.098 in)

3,98/3,99 mm (0.1566/0.1571 in)

0,08/0,11 mm (0.003/0.004 in)
0,06/0,09 mm (0.002/0.003 in)
0,04/0,08 mm (0.002/0.003 in)
0,40/0,85 mm (0.016/0.033 in)
0,30/0,76 mm (0.012/0.030 in)
0,38/0,84 mm (0.015/0.033 in)

Barrel face, molybdenum insert, wedge
Al Taper face, cast iron
Coil spring loaded, chromium face

Wedge
2,48/2,49 mm (0.097/0.098 in)
3,98/3,99 mm (0.156/0.157 in)
Wedge
0,07/0,11 mm (0.003/0.004 in)
0,05/0,08 mm (0.002/0.003 in)
0,35/0,80 mm (0.014/0.031 in)
0,35/0,70 mm (0.014/0.028 in)
0,30/0,76 mm (0.012/0.030 in)
0,40/0,85 mm (0.016/0.033 in)
0,38/0,84 mm (0.015/0.033 in)

13A.16
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PISTON AND CONNECTING ROD ASSEMBLIES 13

Connecting rods - Naturally aspirated engines:

TYPE: . coeimmsia 56 SvmEigss 66 50 Cinnm i e LRl S S Silongls 'H' section, square shape small end

Location of cap to:onneetng 1o wiei e wvsiman wi ssmeisdiend e ssmei i a bt o & Serrations
Diameter of parent bore forbigend . .........c..c.oiiiin.n. 67,21/67,22 mm (2.6460/2.6465 in)
Diameter of parent bore forsmallend  ............ .. ... .. ... 38,89/38,92 mm (1.531/1.532 in)
Length betweencentres ..............ciivvrivinneennns 219,05/219,10 mm (8.624/8.626 in)
Connecting rods - Turbocharged engines:

TYDE: = o romee s G s/ 0% anolsans B iRian o e 'H' section, wedge shape small end

Location of cap to cennecting rod:

- Vohicle-applicationg .. v comosn o ws wemmars e weenms e g waisine o Flat joint face with dowels
~NORNVBNICIE ApPIICAHONS: .« oo vie 55 soaimEam e wnmsie e s sl e e e e Serrations
Diameter of parent bore forbigend . ....... ... .. ... 67,21/67,22 mm (2.6460/2.6465 in)
Diameter of parent bore forsmallend  ............. .. ........ 42,07/42,09 mm (1.656/1.657 in)
Length betweencentres . ....... .. ... ... iiiiiiiiiia.n 219,05/219,10 mm (8.624/8.626 in)

Connecting rod bearings

Type:

- Naturally aspirated engines: . ............ ... covn.. Steel back, aluminium/tin bearing material
- Turbocharged engines: . ............... Steel back, lead bronze bearing material with lead finish
Width:

- Naturally aspirated engines: .........coveveiiii ... 31,62/31,88 mm (1.245/1.255 in)
- Turbocharged engines: . .......oiieiiiniininianenenonns 31,55/31,88 mm (1.240/1.255 in)
Thickness at centre of bearings:

- Naturally aspirated engines: . .......... cocviviiiiiann.. 1,835/1,842 mm (0.0723/0.0725 in)
- Turbocharged engines: . .........civiiiivierenenan.nn 1,835/1,844 mm (0.0723/0.0726 in)
Bearing clearance:

- Naturally aspirated engines: ... i 0,035/0,081 mm (0.0014/0.0032 in)
~ TUThOBhATgEdENGINBES o s e o wsarman. 56 98 ol e wamirss 0,030/0,081 mm (0.0012/0.0032 in)
Available undersize bearings ....... -0,25 mm (-0.010 in); -0,51 mm (-0.020 in); -0,76 mm (-0.030 in)
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Gudgeon pins - Naturally aspirated engines:

s IR« . ... - . 4 SO ot = . . . RS Fully floating
Outside diameter . .........c.vivinirinnsrernrnennn 34,920/34,925 mm (1.3748/1.3750 in)
Clearance fit in pIStoN bOSS .. ... ..ot 0,003/0,014 mm (0.0001/0.0006 in)
Gudgeon pins - Turbocharged engines:

g 57 S U 5 ¢ N SO SR S Rl B - oo ¢ Fully floating
Outside diameter . ........cviini i 38,095/38,100 mm (1.4998/1.5000 in)
-AE,YEand 110 Tiand 135 TiADlists .................. 39,694/39,700 mm (1.5628/1.5630 in)
Clearance fitin pistonboss ...........ccoviiiiiinnnnnnns. 0,003/0,014 mm (0.0001/0.0006 in)
Small end bushes - Naturally aspirated engines:

TYPE s oniwin s siovmmsonsns sm spogsamsasiags piee se Steel back, lead-bronze or lead-bronze tin bearing material
Qutside diameter . ... e 38,94/39,03 mm (1.535/1.536 in)
Inside diameter (reamed) ......... ... 34,94/34,96 mm (1.3758/1.3765 in)
Clearance between bush in small end and gudgeonpin ......... 0,020/0,043 mm (0.0008/0.0017 in)
Small end bushes - Turbocharged engines:

THOE: 1 rmvmenbi-bhnse skl o e esiarahee star S msnata S malesiins Steel back, lead bronze bearing material
- AE, YE, and certain AD lists™ ............c.ciiiinn Steel back, lead bronze tin bearing materials
OlnsidodIEMeter . i s i v o v S0ESE 5 v SuasEs 42,16/42,19 mm (1.6600/1.6613 in)
Inside diameter (reamed) ....... ..l 38,12/38,14 mm (1.5008/1.5015 in)
-AE,YEandcertain AD lists* ........... ..ot 39,719/39,738 mm (1.5637/1.5645 in)
Clearance between bush in small end and gudgeon pin  ......... 0,020/0,043 mm (0.0008/0.0017 in)
SNEIWE  sovnes wes i im i s wis s &5 e B Goemn 0,010/0,035 mm (0.0004/0.0014 in)
Cerain ADNIBEE ® i s courns s swesng e eaveman wa s 0,023/0,044 mm (0.0009/0.0017 in)

*AD lists which are subject to emission legislation
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Crankshaft assembly 14

Generadl deseripHon .. . o s i o cww v en s mii e siaie v s e s e e s 14A.03

Crankshaft pulley

14A-01A To remove and to fit - four cylinder engine types ~ ............ 14A.04
Crankshaft pulley and damper
14A-01B To remove and to fit - six cylinder engine types  ............. 14A.05
T4A01C TOTMSPBOL * s v ¢ wms v o ot b Wi & dui m o wiwls & vl e 14A.07
Rear oil seal assembly
14A-02A To remove and to fit - engines which have the standard seal ... 14A08
14A-02B To remove and to fit - engines which have a flywheel housing
ThAETSIOIIAIBE:  ox s = whon e Mmoo fo e o i N 14A.09
14A-03A To renew the rear oil seal - engines which have the standard seal 14A.11
14A-03B To renew the rear oil seals - engines which have a flywheel housing
thatisoilfilled .« vwn v oons wmm 5 sue o comks s o b o e S8 14A.12

Thrust washers

14A-04  To check crankshaftend-float .............. ... ... ... ... 14A.14

14405  Toremove andlofit .« « oo« b e i i et oo 14A.15

Main bearings

14A-06  To remove and to fit (with the crankshatft in position) — ......... 14A.16

4807 TOINSPECE sz » v woan o v w0 Sl & s wi b eeie ol w5 5 45 b 14A.17

Crankshaft

14A-08 Toremoveandtofit .......... ... .00, 14A.18

14800 TOINSPECE ... 5 5 5 s won & A & swll i e o o 2 s SR 14A.21
Continued
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Balancer unit

14A-10 Toremoveandtofit ........ ... . ... . .. . it 14A.22
14A-11 Todismantleandtoassemble ........ ... .o i, 14A.23
14A12 ToANSPEET ~w v wavaoen s v = sme o comm sets v Sl s e & e mete 14A.28
14A-13  Toremove and to fit the needle roller bearings for the drive shaft 14A.29
14A-14  To remove and to fit the bushes for the balance weights ... .... 14A.30
Dataand dimensions . ......... ... ... i 14A.31
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General description

The crankshaft is a chrome-molybdenum forging
which has five main journals for four cylinder
engines and seven main journals for six cylinder
engines. .

End-float is controlled by two half thrust washers on
both sides of the centre main bearing.

The main bearings have steel backs with a
aluminium/tin bearing material except the centre
main bearing of six cylinder engines, which has a
bearing material of lead bronze with a lead finish.
The main bearing caps are made of cast iron or
spheroidal graphite (SG) iron.

Note: The bearing material of all the main bearings
used on Phaser 210Ti engines is lead bronze with a
lead finish.

The front and the rear oil seals are Viton lip seals
with a dust lip to the outside of the main lip and
with oil return grooves on the face of the main lip.
Engines which have a flywheel housing that is oil
filled have an arrangement which uses two "Viton"
lip seals. These seals are narrower than the
standard seal and are fitted back to back on the
crankshaft palm. They do not have a dust lip.

Warning! Read the safety precautions for "Viton"
seals on page 10A.07.

The crankshaft pulley of the four cylinder engine,
usually fitted without a damper, is held in position
by a plain thrust block and three setscrews. The
nose of the crankshaft is serrated for location.

The location of the front pulley of six cylinder
engines is by a key in the crankshaft noseand the
pulley is-held in position by a tapered rings
arrangement (A).

An integral damper, with a rubber insert (AB) is built
into the pulley of early six cylinder engines and
some four cylinder engines. Later six cylinder
vehicle engines have a separate plate damper
which has an outer plate (B2), bonded by a rubber
insert (B1) to an inner plate (B3) and fastened to
the rear face of the crankshaft pulley. The latest six
cylinder engines have a viscous damper (C2) which
is fastened to the front or rear face of the pulley
(C1). All of the dampers are designed for the
suppression of torsional vibrations in the engine
crankshaft.

A balancer unit is fitted to certain four cylinder
engines which have rigid mountings or which are
part of the chassis or frame. The purpose of the
balancer unit is to reduce the effect of the
out-of-balance forces to a satisfactory condition.

Lovol Phaser/1000 Series 14A.03
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Crankshatft pulley

To remove and to fit - four cylinder
engines ; 14A-01A

On certain engines a water immersion seal (A) is
fitted to the timing case cover, see operation
15A-02. The water immersion seal has a flexible
front lip that protrudes onto the boss of the
crankshaft pulley. The plastic mandrel (A1) supplied
with the seal must be fitted to the seal immediately
the crankshaft pulley is removed. This will ensure
that the front lip of the seal will retain its correct
shape. |f the mandrel is not available, use the seal
adaptor PD.170-8 which is part of the seal replacer
tool PD.170.

Zn
|
— g
@

To remove

1 Remove the drive belt(s), operation 23A-04.

2 Release the three setscrews which hold the
pulley and remove the setscrews, the thrust block
and the pulley.

3 Clean the components and check for damage.
Renew damaged components.

To fit

1 Putthe pulley in position on the crankshaft.
Lubricate lightly the threads of the setscrews with
engine lubricating oil. Lubricate the main lip of the
seal with clean engine oil. Fit the hub and the
setscrews and tighten the setscrews gradually and
evenly to 115 Nm (85 Ibf ft) 11,8 kgf m.

2 Check each setscrew again to ensure that they
are still to the correct torque.

3 Fit the drive belt(s), operation 23A-04.
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Crankshaft pulley and damper

To remove and to fit - six cylinder
engines X 14A-01B

Consumable products:
Retainer (oil tolerant)

Caution: A viscous damper (C2) should be
renewed if there is impact damage to the outer
casing or if there is leakage of the viscous fluid
from the cover plate. Check the area around the
holes for the damper fasteners for damage.

To remove

1 Remove the drive belts, operation 23A-04.

Warning! The crankshaft pulley and damper
assembly is heavy and must be given support
before removal.

2 Release the fasteners which secure the clamp
ring (C3) for the damper to the pulley, if one is
fitted, and remove the damper.

3 Remove the three setscrews and the thrust block
(B4). If the pulley is not free, do not use an
extractor to remove the pulley. Hold a wooden
block against the inner hub of the pulley and with a
hammer, lightly hit the wooden block towards the

rear (A) to loosen the tapered rings.

To fit

1 If the damper is fitted to the rear face of the
pulley, fit the damper to the pulley with its inner
flange against the rear face of the pulley. If a
viscous damper is fitted, put the damper in position
on the face of the pulley (C1). Fit the clamp ring
(C3) or the washers.

Notes:

+ On some engines the viscous damper is fitted to
the rear of the pulley.

= If a clamp ring with a chamfer on the outside : - = a8
edge of the ring is used, ensure that the chamfer is
towards the damper when the ring is fitted. Clamp

rings may be fitted to viscous or plate dampers.

Apply Retainer (oil tolerant) to the

cap screws (A4) for the clamp ring and tighten the
cap screws gradually and evenly to 35 Nm

(26 Ibf ft) 3,6 kgf m. For viscous dampers fitted with
M12 setscrews tighten the fasteners to 75 Nm

(55 1b ft) 7.6 kgf m.
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Caution: Do not use a degreasing solution.

2 Clean thoroughly the nose of the crankshaft, the
bore of the pulley and the tapered rings
components. Do not expand the tapered rings.

3 Put the pulley on the crankshaft with the key
engaged and push the pulley towards the rear.

4 Fit the spacer (B1), then the inner ring (B2) and
then the outer ring (B3). Ensure that the ring gaps
are not aligned.

Caution: Extreme difficulty in pulley removal can
occur if the tapered rings are not fitted correctly.

5 Lubricate lightly the "O" ring (B5) and the
threads and the thrust faces of the setscrews with
clean engine oil. Put the thrust block (B4) and
setscrews in position.

6 While the pulley is pressed to the rear, tighten
the setscrews gradually and evenly to 115 Nm

(85 Ibf ft) 11,8 kgf m. Apply the torque again to
ensure the pulley is fully tightened.

7 Fit the drive belts, operation 23A-04.
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To Inspect 14A-01C

1 When an integral pulley and damper (A) or a
separate plate damper (B) is fitted. The assembly
should be renewed if:,

« The rubber insert (A6) or (81) between the hub
and the outer ring is split.

+ The rubber insert is damaged by oil or salvents

= There is movement of the pulley or outer ring on
the hub.

Check the area around the holes for the damper
fasteners for cracks or wear.

Caution: Do not use excessive force to lever the
damper away from the engine.

2 Remove any paint or dirt in four positions 90°
apart on the face (A7) or (B2) of the damper, above
the rubber insert. Use a lever to move the damper
forward and eliminate the crankshaft end-float. Fita
dial test indicator on the front cover of the timing
case. Measure the alignment of the damper face at
four locations, 90° apart. The maximum

permissible difference between the maximum and
minimum figures obtained is:

= Integral pulley and damper 0,18 mm (0.007 in).
+ Separate plate damper 0,60 mm (0.024 in).

3 Remove any paint or dirt from the circumference
of the damper. Fit a dial test indicator on the front
cover of the timing case.

4 Rotate the crankshaft slowly one complete
revolution and measure for run-out on the
circumference of the damper with the dial test
indicator. The maximum permissible difference
between the maximum and minimum figures
obtained is:

« Integral pulley and damper 0,12 mm (0.005 in).
» Separate plate damper 0,80 mm (0.032 in).

5 A viscous damper (C1) must be renewed if there
is impact damage to the outer casing or if there is
leakage of the viscous fluid from the cover plate.
Check the area around the holes for the damper
fasteners for damage.
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Rear oil seal assembly - engines which
have the standard seal

To remove and to fit - 14A-02A

Special tools:
Replacer tool for rear oil seal, PD.145D
Consumable products:

Threadlock
Silicone rubber sealant

1 Remove the drive components from the rear end
of the engine.

2 Remove the flywheel and the flywheel housing,
see section 22.

3 Remove the setscrews and the cap screws from
the housing and remove the housing and seal
assembly.

4 Inspect the seal for wear or for damage to the
main lip and renew the seal, if necessary. If there is
only a small scratch across the lip, renew the seal.

5 Clean the faces of the cylinder block, the oil seal
housing and the crankshaft flange.

6 Check that the seal and the outer circumference
‘of the crankshaft flange are not damaged. Where a
new seal has been fitted, check that it is in the
correct position in the housing.

7 Ensure that the two dowels (A4) are fitted in the
cylinder block. Put a new joint (A3) in position on
the dowels, no jointing compound is necessary.

8 Put the seal replacer tool on the crankshaft
flange. Lubricate the crankshaft flange, the main lip
of the seal and the seal replacer tool with clean
engine lubricating oil. The lubrication of the seal is
necessary to prevent damage to the seal when the
engine is first started.

9 Put the seal and housing (A2) on the replacer
tool (A1) and carefully push the assembly into
position on the crankshaft flange and onto the
dowels. Remove the tool, fit the setscrews and the
cap screws. Tighten the setscrews to 22 Nm (16 Ibf
ft) 2,2 kgf m and tighten the cap screws to 18 Nm
(13 Ibf ft) 1,9 kgf m.

Note: On the latest engines two torx screws (B2)
are fitted instead of cap screws. Tighten the torx
screws to 22 Nm (16 Ibf ft) 2,2 kgf m. Two extra
setscrews (B1 and B3) have also been fitted to later
engines.
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Rear oil seal assembly - engines which
have a flywheel housing that is oil filled

To remove and to fit 14A-02B

Special tools:
Replacer tool for rear oil seal, PD.145D
Consumable products:

Threadlock
Silicone rubber sealant

This arrangement for the crankshaft rear oil seal is
for engines which have a flywheel housing that is
filled with oil. This arrangement uses two lip seals
which are narrower than the standard seal and are
fitted back to back on the crankshaft palm. The
front seal (A9) prevents leakage of oil from the
engine and the rear seal (A7) prevents leakage of
oil from the flywheel housing. A cover (A4) and joint
(A2) are used to prevent leakage of oil past the
setscrews which retain the flywheel housing (A1) to
the rear face of the cylinder block. An "O" ring (A8)
is used to seal between the cover and the seal
housing. Oil leakage past the "O" ring or one of the
oil seals will pass through a hole in the seal housing
between the two seals. The oil will then pass
through two cast grooves in the front face of the
flywheel housing. These grooves are in the

4 o'clock and 8 o'clock positions.

To remove

1 Release the setscrews which retain the flywheel
and remove the flywheel (A3).

2 Release the setscrews (A5) which retain the
cover (A4) and remove the cover. On later covers
their are two integral lugs to enable the use of a
lever to remove the cover. Remove the joint (A2)
and clean the joint faces of the cover and flywheel
housing.

3 Release the setscrews and the cap screws and
washers which retain the housing (A11) for the rear
oil seals and remove the housing. Clean the joint
faces of the seal housing and cylinder block.
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To fit

1 Clean the crankshaft palm (14A.09/A8) and
check for wear in the seal location areas. If there is
wear, a "Speedi-Sleeve" (14A.13/A1), part number
21825188, can be fitted, see "To fit and remove a
"Speedi-Sleeve". If a "Speedi-Sleeve" is not
available the crankshaft palm can be machined to
give a minimum diameter of 133,17 mm (5.243 in).
Do not machine the last 2,5 mm (0.10 in) of the
crankshaft palm as this is necessary for flywheel
location. A "Speedi-Sleeve" must not be fitted if the
crankshaft palm has been machined undersize.

2 Ensure that the dowels for the oil seal housing
are fitted in the cylinder block. Put a new joint
(14A.09/A10) in pesition on the dowels, no jointing
compound is necessary.

3 Put the seal replacer tool, which is used for
standard seals, on the crankshaft palm. Lubricate
lightly the crankshaft palm, the seal replacer tool
and the lip of the seals with clean engine lubricating
oil.

4 Put the seal and housing assembly onto the seal
replacer tool and carefully push the assembly onto
the dowels. Remove the seal replacer tool, fit the
setscrews and the cap screws together with their
washers. Tighten the setscrews to 22 Nm (16 Ibf ft)
2.2 kgf m and the cap screws to 13 Nm (10 Ibf ft)
1,3 kgf m.

5 Fita new "Q" ring (14A.09/A6) in its recess in
the seal housing and lightly lubricate it with clean
engine oil.

6 Apply a suitable jointing compound to one side of
a new cover joint to hold the joint in position. Put
the joint in position on the flywheel housing. Put the
cover into position on the joint and fit the
setscrews. New setscrews have a sealant applied
by the manufacturer. If these setscrews are to be
used again, the threads of the setscrews and the
threads in the flywheel housing must be cleaned. A
suitable sealant, for example POWERPART
Threadlock, must then be applied to the setscrew
threads. Tighten the setscrews to 22 Nm (16 Ibf ft)
2,2 kgf. m.

7 Ensure that the location faces of the flywheel
and crankshaft are clean and free from damage. Fit
the flywheel and the setscrews together with their
washers. Tighten the setscrews to 105 Nm

(77 Ibf ft) 10,7 kgf m.

8 |f the starter motor is removed from the engine,
clean the flange face of the starter motor and the
face of the flywheel housing. Apply a 2,0 mm
(0.080 in) continuous bead Silicone rubber sealant
to the flange face of the starter motor near to the
spigot before the starter motor is titted.

Caution: If the engine is to be operated before oil
is added to the flywheel housing, the rear oil seal
must not be fitted until after the engine has run.

14A.10
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To renew the rear oil seal - engines which
have the standard seal 14A-03A

Special tools:
Replacer tool for rear oil seal, PD.145D

There are four positions in which the seal can be
fitted in the housing (A).

Position "1" is used in the factory or if a new seal
is fitted on a new or reground crankshaft in service.

Position "2" is used when a new seal is fitted in

service and the crankshaft flange is worn in position e : S [Pato1 |
I|-! H-

Position "3" is used when a new seal is fitted in
service and the crankshatft flange is worn in
positions "1" and "2".

Position "4" can also be used with a new seal in
service, if a wet clutch is not used and the
crankshaft is new or the crankshaft palm area has
been corrected. Ensure that the seal is fitted square
in the housing.

If all positions have been used it is permissible to
grind the crankshaft flange, see the data and
dimensions.

1 Remove the seal and housing assembly,
operation 14A-02.

2 Put the engine side of the housing on a suitable
support and press out the seal with a suitable
adaptor.

3 Lubricate the outer circumference of the seal and
the bore of the seal housing with clean engine
lubricating oil.

4 Put the engine side of the housing on a suitable
support and put the seal into position on the
flywheel end of the bore with the spring of the seal
towards the housing.

5 Press the seal into the housing to the correct
position with the relevant side of the tool

Lovol Phaser/1000 Series 14A.11



https://truckmanual shub.com/

14 CRANKSHAFT ASSEMBLY

To renew the rear ail seals - engines
which have a flywheel housing that is oil
filled 14A4-03B

Consumable products:
Threadlock

Liquid gasket

Silicone rubber sealant

1 Remove the seals from the housing with a
suitable lever. Ensure that the seal housing is not
damaged. Do not try o press the seals out of the
housing as there is a shoulder in the housing (A).

2 Clean thoroughly the oil seal housing. Inspect the
oil seals for damage. If only a small scratch can be
seen across the lip of the seal, do not fit the seal.

3 Before the oil seals are fitted into the housing
ensure that the correct seal is fitted to the correct
side of the housing. Each of the seals has an arrow
(A2) and (A3) on the flat face of the seal. This
arrow indicates the correct direction of shaft
rotation for the seal.

4 Lubricate lightly the outer circumference of the
front oil seal and the bore of the housing for the
front seal with clean engine oil.

5 With the flywheel side of the seal housing on a
.suitable support, press the new front seal into the
housing. Use a suitable tool which will apply
pressure only to the flat inside face of the seal. Use
only enough pressure to ensure that the flat face of
the seal is against the shoulder in the housing. Too
much pressure could damage the shoulder.

6 Lubricate lightly the outer circumference of the
rear oil seal and the bore of the housing with clean
engine oil.

7 With the engine side of the seal housing on a
suitable support, carefully press the rear oil seal
onto the shoulder in the housing with the same tool
as for the front seal. Ensure that the seal is against
the shaulder in the housing.

Caution: The rear oil seal must not be fitted if the
engine is to be operated before the oil is added to
the flywheel housing. The seal must be fitted to the
seal housing after the engine has been run.
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To fit and remove a "Speedi-Sleeve"

1 Clean the crankshaft palm and remove burrs or
rough areas from the crankshaft palm.

2 Ensure that the sleeve (A1) is clean. Apply a
narrow bead of Liquid gasket around

the bore of the sleeve 5 mm (0.2 in) from the front
face of the flange. The sleeve must be fitted not
more than five minutes after the Liquid gasket has
been applied.

3 Ensure that the crankshatt is fully forward. Use a
suitable adaptor and a hammer to carefully drive the
sleeve onto the crankshaft palm. The sleeve must
be fitted with a clearance of 0,4/0,6 mm
(0.016/0.024 in) between the rear face of the
cylinder block and the front face of the sleeve

flange (A4). Ensure that this clearance is equal all
around the flange of the sleeve. Do not try to pull
the sleeve backwards as damage could occur to

the sleeve.

4 Fit a new joint for the oil seal assembly.
Lubricate lightly the sleeve and the lip of the oil
seals with clean engine oil and fit the assembly. Fit
a new joint to the flywheel housing and fit the
cover. Fit the flywheel.

5 To remove a sleeve, make a deep score with a
sharp scriber along the full length of the sleeve.
Insert the edge of a thin blade at the end of the
score mark. Twist the blade to make a split along
the score mark and pull the sleeve apart. If only the
flange is removed, a recommendation of the sleeve
manufacturer is to spread the sleeve. To do this
use a small hammer and a suitable punch with a
round end. Make one or more lines of small
distortions across the full width of the sleeve. This
should increase the diameter of the sleeve enough
to enable its removal.
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Thrust washers

To check crankshaft end-float 14A-04

The axial movement of the crankshaft is controlled
by two half thrust washers fitted both sides of the
centre main bearing (A). The end-float can be
checked with a feeler gauge between a thrust
washer and the crankshaft (B), or with a dial test
indicator on one end of the crankshaft to check the
movement (C).

If the end-float is more than the tolerance given in
data and dimensions, thrust washers which are
0,019 mm (0.0075 in) oversize can be fitted.

The oversize thrust washers can be fitted to one or
to both sides of the main bearing. They are fitted
instead of the standard size washer, to reduce the
end-float 1o the factory tolerances.

14A.14
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To remove and to fit 14A-05

To remove

1 Drain the Lubridating oil and remove the
lubricating oil sump, operation 19A-03.

2 If necessary, remove the balancer unit, operation
14A-10.

3 If necessary, remove the lubricating oil strainer
and suction pipe, operation 19A-04.

4 Release the setscrews of the centre main
bearing and remove the main bearing cap complete ¥
with the lower half thrust washers. e N B A e
5 Press down one end of each upper half thrust
washer, with a suitable tool made of a soft material
(A1), to slide the washer from its recess. Where
necessary, move the crankshaft to the front or to
the rear to loosen a tight washer.

To fit

1 Lubricate the thrust washers with clean engine
lubricating oil.

2 Slide the upper half thrust washers into their
recesses in the cylinder block. Ensure that the
sides of the thrust washers which have the grooves
are against the crankshaft. T =
3 Fit the lower half thrust washers to the main ; o e
bearing cap with the location tags in their recesses.

4 Ensure that the location thimbles are fitted

correctly in the main bearing cap or in the cylinder

block.

5 Ensure that the bearing is fitted correctly in the
cap and that the the bearing and the crankshaft
journal are clean. Lubricate the bearing with clean
engine lubricating oil.

6 Fit the cap with the location tags of both half of
the shell bearings to the same side (B1). Tighten
the main bearing setscrews gradually and evenly to
265 Nm (196 Ibf ft) 27,0 kgf m for six cylinder
engines. 250 Nm (185 Ibf ft) 26,0 kgf m for four
cylinder engines.

7 Check the crankshaft end-float, operation
14A-04.

8 If necessary, fit the balancer unit, operation
14A-10.

9 |f necessary, fit the lubricating oil strainer and the
suction pipe, operation 19A-04.

10 Fit the lubricating oil sump, operation 19A-03,
and fill it to the correct level with an approved
lubricating oil.
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Main bearings

To remove and to fit (with the crankshaft
in position) 14A-06

If the rear main bearing is to be removed with the
crankshatft in position, the flywheel, the flywheel
housing, the rear oil seal housing and the bridge
piece will have to be removed.

Except for engines with a balancer unit fitted, the
front main bearing can only be removed if a suitable
spanner is available that will enable the torque to be
applied correctly to the setscrews of the main
bearing cap. If a suitable spanner is available, the
front main bearing cap can be removed together
with the oil pump. For six cylinder engines, it will be
necessary to remove the suction pipe and strainer
and the delivery pipe. For four cylinder engines,
gither the balancer unit or the suction pipe and
strainer, the delivery pipe and the relief valve will
have to be removed.

To remove

1 Drain the lubricating oil and remove the sump,
operation 19A-03.

2 Remove all necessary components to get access
to the specific bearing cap.

3 Release the setscrews of the bearing cap and
remove the bearing cap. Remove the lower half of
the shell bearing from the cap.

4 With a suitable tool, push the upper half of the
shell bearing from the side opposite to the location
tag to remove the bearing tag from its recess in the
bearing housing. Carefully rotate the crankshatft to
release the bearing from its housing. Keep the
bearing halves in their relevant positions.

14A.16
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To fit

1 Clean the upper half of the shell bearing and
lubricate the bearing surface with clean engine
lubricating oil.

Caution: Only the upper half of the bearing has
lubrication holes and must be fitted to the side of
the cylinder block.

2 Fit the plain end of the upper half of the bearing
between the crankshaft journal and the side of the
bearing housing which has the recess for the
location tag. Slide the bearing into its housing until
the tag on the bearing is fitted correctly in its
recess in the housing.

3 Clean the lower half of the bearing and cap,
lubricate the bearing surface with clean engine
lubricating oil.

4 Fit the bearing into the cap with the tag of the
bearing fitted correctly in the recess in the cap.

5 Ensure that the location thimbles are fitted
correctly to the cap or to the cylinder block. Fit the
bearing cap with the location tags of both bearings
on the same side (A1).

6 Inspect the setscrews for damage and for
distortion and renew them if necessary. Lightly
lubricate the setscrew threads with clean engine
lubricating oil. Fit the setscrews and the washers
and tighten the setscrews gradually and evenly to
265 Nm (196 Ibf ft) 27,0 kgf m for six cylinder
engines and 250 Nm (185 Ib ft) 26,0 Kgf m for four
cylinder engines.

Note: Washers are not fitted between the
setscrews and the bearing caps on the latest
engines.

7 Ensure that the crankshaft turns freely. If the
thrust washers have been removed and fitted,
check the crankshaft end-float, operation 14A-03.
8 Fit all the components which were removed for
access to the main bearing cap.

S Fit the lubricating oil sump, operation 19A-03 and
fill it to the correct level with an approved
lubricating oil.

To inspect 14A-07

Inspect the bearings for wear and for other damage.
If a bearing is worn or damaged, renew both half of
the shell bearings and check the condition of the
other bearings.
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Crankshaft

To remove and to fit 14A-08

Consumable products:

Silicone rubber sealant
liguid gasket

Warning! Use lift equipment or obtain assistance to
lift heavy engine components such as the balancer
unit, flywheel housing, crankshaft and flywheel.

To remove

1 Before the engine is removed from the vehicle or
from the machine, drain the lubricating oil and the
coolant.

2 Remove the lubricating oil sump, operation
19A-03.

3 Remove the fan, the drive belts, the fan drive
pulley and housing and the coolant pump, see
section 21.

4 Remove the crankshaft pulley, operation
14A-01A or 14A.01B.

5 Remove the alternator and its mounting bracket,
see section 23.

6 Remove the compressor and its drive assembly
or remove the exhauster, see section 24.

7 Remove the timing case cover, operation
15A-01.

8 Remove the fuel injection pump, see section 20.

9 Remove the timing gears and the timing case,
see section 15.

10 Remove the flywheel and the flywheel housing,
see section 22.

11 Remove the rear oil seal housing, operation
14A-02A or 14A.02B.

12 If a balancer unit is fitted, remove it, operation
14A-10. If a balancer unit is not fitted, remove the
lubricating oil suction pipe and strainer, the
lubricating oil pump, the delivery pipe and the relief
valve (four cylinder engines) and the lubricating oil
crossover pipe, if fitted, see section 19.

13 Remove the bridge piece and the rubber seals.
Later engines may not have rubber seals fitted.

14 Hemove the caps of the connecting rods. Keep
the bearings and caps together. Remove the bolts
of the connecting rods and carefully push the
pistons into their bores.

14A.18
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15 Ensure that the tops of the main bearing caps
are stamped with their relevant position number.
Remove the main bearing caps, the lower half of
the shell bearings and the upper and lower thrust
washers. Keep the bearings with their relevant
caps.

16 Lift out the crankshaft. Remove the upper half
of the bearings and keep each bearing with its
relevant lower half and cap.

To fit

1 Ensure that all lubricating oil passages are clean
and free from restriction.

2 Clean the main bearing housings and the upper
half of the bearings. Fit the shell bearings with the
location tags fitted correctly in their recesses.
Lubricate the bearings with clean engine lubricating
oil.

3 Ensure that the main journals of the crankshaft
are clean. Put the crankshaft in position on the
upper bearings.

4 Clean and lubricate the upper half thrust washers
and slide them into their recesses on both sides of
the bearing housing. Ensure that the slotted sides
of the thrust washers are towards the crankshaft.

5 Clean the bearing caps and the lower half of the
bearings. Fit the bearings to the caps with the
location tags fitted correctly in their recesses.
Lubricate the bearings with clean engine lubricating
oil.

6 Clean the lower half thrust washers and lubricate
them with clean engine lubricating oil. Fit the thrust
washers on both sides of the bearing cap for the
centre main bearing.

7 Check that the location thimbles for the main
bearing caps are fitted correctly in the caps or in
the cylinder block. Fit the bearing caps in their
correct positions (as shown by the position number
stamped on the top of the cap) with the location
tags of the bearings on the same side. In this
position the serial numbers stamped on the bearing
caps will be in line. The serial number stamped on
the bearing caps must be the same as the number
stamped on the bottom face of the cylinder block.
The third and fifth bearing caps of six cylinder
engines are not stamped with a serial number.
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8 Fit the setscrews and the washers to the main
bearing caps and tighten the setscrews gradually
and evenly to 265 Nm (196 Ibf ft) 27,0 kgf m for six
cylinder engines and 250 Nm (185 Ib ft) 26,0 kgf m
for four cylinder engines.

Note: Washers are not fitted between the
setscrews and the bearing caps on the latest
engines.

9 For early engines fitted with rubber seals: Clean
the bridge piece and the location areas for the
bridge piece in the cylinder block. Apply a narrow
strip of POWERPART silicone rubber sealant in the
corners and around the thread holes of the bridge
piece seat in the cylinder block. Fit the bridge piece
and the two rubber seals (A). The rubber seals will
be a little higher than the bridge piece when they
are fitted correctly. Use a straight edge (B2) to
ensure that the bridge piece is in line with the rear
face of the cylinder block. Tighten the bridge piece
cap screws (B1) to 16 Nm (12 Ibf ft) 1,6 kgf m.

For later engines fitted with POWERPART liquid
gasket: A bridge piece has been introduced which
uses POWERPART liquid gasket instead of the
rubber seal in the groove at each end of the bridge
piece. The groove at each end of the new bridge
piece is cast and is off-centre. The procedure to fit
the new bridge piece is the same as for the earlier
bridge piece, except for the instructions given
below. Apply a 1/8 in (3.0 mm) bead of
POWERPART liguid gasket along the corner in the
top of the recess in the cylinder block for the bridge
piece.

When the bridge piece is in position and the cap
screws have been tightened, inject

liquid gasket into the groove (C2) at each end of
the bridge piece. Continue to inject sealant until the
groove is completely full and the sealant leaves the
lower groove (C1) at the front and rear of the bridge
piece.

It may be necessary to stop the sealant at one side
of the lower groove in order to ensure it will flow
from the opposite side of the groove.
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Caution: When the sump joint is removed, damage
can oceur to the seal in the grooves of the bridge
piece. If the seal is damaged, apply sufficient
sealant to completely fill the grooves.

Note: Most of the latest engines have setscrews in
place of studs to fasten the sump to the bridge
piece. The threads of the setscrews have a sealant
applied by the manufacturer. When the setscrews
are to be used again, ensure that the threads of the
setscrews and of the bridge piece are clean and a
sealant is applied to the threads of the setscrews.
These instructions would also apply to studs.

10 Fit the connecting rod caps, operation 13A-01.
Rotate the crankshaft two turns to ensure free
movement.

11 If necessary, fit the balancer unit, operation
14A-10. If a balancer unit is not used, fit the
lubricating oil pump, the lubricating oil suction pipe
and strainer, the delivery pipe and the relief valve
(four cylinder engines) and if necessary, the
lubricating oil crossover pipe, see section 19.

12 Fit the rear oil seal housing, operation 14A-02A
or 14A-02B.

13 Fit the flywheel housing and the flywheel, see
section 22.

14 Fit the timing case and the timing gears, see
section 15.

15 Fit the fuel injection pump, see section 20.
16 Fit the timing case cover, operation 15A-01.

17 Fit the compressor and its drive assembly or fit
the exhauster, see section 24.

18 Fit the alternator and its mounting bracket, see
section 23.

19 Fit the crankshaft pulley, operation 14A-01A or
14A-01B.

20 Fit the coolant pump, the fan drive pulley and
housing, the drive belts and the fan , see section
21.

21 Fit the lubricating oil sump, operation 19A-03.
22 After the engine has been installed, fill the

lubricating oil sump to the correct level with an
approved oil. Fill the coaling system.

To inspect 14A-09

Check the crankshaft for wear and other damage.
The maximum permissible wear and ovality on the
crankshaft journals and crank pins is 0,04 mm
(0.0016 in).

The main journals and the crankpins of standard
size crankshafts can be machined to 0,25mm
(0.010 in), 0,50mm (0.020 in) or 0,75 mm (0.030 in)
undersize on diameter, see the data and
dimensions. Special undersize bearings are
available.

If the seal has been used in all of the service
positions, the crankshaft palm can be machined to
remove the wear marks. Further information can be
found in the data and dimensions.
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Signal panel (available for 4 cylinder wit 1.  Put the front end of the crankshaft downward
unit pump engine) vertically and sturdily.
2. Tap the location pins into the pinhole at the
To remove and to fit seventh crank of the crankshaft slightly and
leave the location pins 3cm out of the hole; the
To remove head of the location pin shall not be deformed.
1. Put the front end of the crankshaft downward 3. Align the center hole of the signal panel to the

vertically and sturdily. flange of the seventh crank; and align the
Remove the locking screws of the signal panel. location pinhole of the signal panel to the
At the symmetrical position near the center, location pin and then push the signal panel fully
slightly tap the signal panel from below to up at onto the position.

the symmetrical position with 2 copper rods but 4. Tap the signal panel along the rim with the
carefully not tap the tooth in outer rim of the copper rod and ensure the side of the signal
signal panel until the signal panel loose. panel sticks to the seventh crank closely.
Carefully not damage the flange at the seventh 5.  Fit the locking screws of the signal panel.
crank.

4. Remove the signal panel.

To fit
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Balancer unit

To remove and to fit 14A-10

To remove

1 Drain the lubricating oil from the sump and
remove the sump, operation 19A-03.

Warning! The weight of the unit is approximately
25 kg (55 Ib).

2 Provide a support for the balancer unit before
release of the setscrews from the engine.
3 Release the setscrews and lower carefully the R A e =
balancer unit. Make a note of the positions of the
setscrews of different lengths.

To fit

1 Ensure that the contact faces of the cylinder
block and of the balancer unit are clean and that
the two thimbles (A1) are fitted correctly to the
cylinder block.

2 Set the piston of number 1 cylinder to TDC,
operation 17A-01.

3 Before the balancer unit is fitted, ensure that the
flat faces of the balance weights are level with each
other (B1) and the weights hang down away from
the cylinder block (B2). The timing of the balance
.weights to the drive shaft is correct when the large
hole and small hole in the front of the drive shaft
gear are in the positions shown in the illustration
(B).

Note: If the gear position shown in (B) cannot be
obtained, then the balancer must be partially
dismantled and the timing corrected (14A.26/A).

4 Fit the balancer unit to the cylinder block with the
correct screws in the centre positions of the
balancer frame. Ensure, when the idler and
crankshaft gears are in mesh, that the flat faces of
the balance weight are level with each other and
that they are towards the cylinder block. Check that
the balancer unit is fitted correctly on the thimbles
and fit the remainder of the setscrews in their
correct position. Tighten the setscrews to 54 Nm
(40 Ibf ft) 5,5 kgf m.

5 Rotate the crankshaft through two turns to
ensure that it is free to rotate.

6 Fit the lubricating oil sump, operation 19A-03 and
fill the sump to the correct level with an approved
oil.
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To dismantle and to assemble

14A-11

Consumable products:
Nutlock

To dismantle

1 Remove the balance weight cover (A8).

2 Release the setscrew and remove the idler gear
assembly (A1). Keep the components together as
an assembly to protect the needle roller bearing.

3 Prevent movement of the drive shaft (A2) and
loosen the nut (A4) of the drive gear for the balance
weights (A3). Put a suitable flat distance piece in
position between the nut and the balancer frame.
Turn the nut until it is against the face of the
distance piece. Continue to turn the nut with a
suitable spanner until the Loctite seal on the splines
of the drive shaft is broken and the gear is loose on
the shaft. Remove the nut and the drive gear and
remove the drive shaft. Ensure that the needle
roller bearings are not damaged when the drive
shaft is removed.

4 Release the setscrews which hold the lubricating
oil pump and the suction pipe (A10 and A9) to the
balancer frame and remove the lubricating oil pump
and the suction pipe.

5 Release the setscrews and remove the transfer
plate and joint for the lubricating oil (A7) from the
rear of the balancer unit. Make a note of the
position of the direction arrows on the outside of
the transfer plate (14A.26/B or C) to ensure that it
can be assembled correctly .

14A.24
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Notes:

- The latest oil transfer plate is fitted without a joint
or sealant; always give the correct engine number
when spare parts are ordered.

» There are two plugs in the balancer frame, a
short tapered plug with a hexagonal socket head
and a long plug with a square socket head. These
plugs control the flow of oil through the balancer
frame. The position of the plugs is decided by
which side of the engine the filter is fitted. When
the filter is fitted on the left side, the short plug is
fitted in the side of the balancer and the long plug
is fitted in the bottom (14A.26/B). When the filter is
fitted on the right side of the engine, the short plug
is fitted in the bottom of the balancer and the long
plug is fitted in the side (14A.26/C).

Caution: Removal of these plugs can cause
damage to the threads in the balancer frame and a
new balancer frame would then be necessary.
When a balancer unit is to be fitted, ensure that the
lubricating oil flow through the balancer frame is
correct for the position of the lubricating oil filter.

6 Release the setscrews and remove the rear
cover of the balancer frame (14A.23/A6). A hammer
and a suitable drift will be necessary to remove the
rear cover from the dowels.

7 Remove the balance weights (14A.23/A5).
Ensure that the gear of the driven weight does not
damage the bush in the balancer frame.

8 Dismantle the lubricating oil relief valve,
operation 19A-09.

9 Clean the lubricating oil passages with an
approved kerosene cleaning solution and dry them
with low pressure compressed air.

Lovol Phaser/1000 Series 14A.25



https://truckmanual shub.com/

14 CRANKSHAFT ASSEMBLY

To assemble

1 Ensure that the location thimble (A8) in the rear
of the lubricating oil pump is 5,6/6,4 mm
(0.220/0.252 in) above the rear face of the pump.
Clean the contact faces of the lubricating oil pump
and the balancer frame. Fit the lubricating oil pump
(A186) to the balancer frame and tighten the
setscrews to 27 Nm (20 Ibf ft) 2,8 kgf m.

Note: The latest balancers do not have a thimble
for the oil pump location. The location of the latest
oil pump is by a spigot on the rear face of the

pump.

2 Assemble the lubricating oil relief valve, operation
19A-09.

3 Lubricate the needle roller bearings (A7 and A10)
with clean engine lubricating oil. Fit the drive shaft
(A9) and engage the splines for the lubricating oil
pump with the pump rotor. Ensure that the needle
roller bearing at the front of the balancer frame is
not damaged by the splines on the drive shaft.

4 Clean and dry the splines (A6) and the thread on
the end of the drive shaft. Apply a small amount of
Loctite Nutlock to the splines and to the thread. Fit
the drive gear of the balance weights (A1) with the
flat face of the gear towards the rear of the
balancer unit. Fit and tighten the nut (A2) to 82 Nm
(60 Ibf ft) 8,4 kgf m. To tighten the nut, a peg
spanner must be made to fit into the two holes in
the front of the drive shaft and be suitable for use
with a torque wrench. Fit the peg spanner to the
front of the drive shaft. Hold the nut with a suitable
spanner and apply the torque to the peg spanner.
5 Ensure that the drive shaft turns freely. Check
the end-float of the drive shaft with feeler gauges
between the front face of the drive gear for the
balance weights and the frame (A).
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6 Put the balancer frame upside down on the
bench (A1). Turn the gear of the drive shaft (A3)
until the larger of the two outer holes (A2) - in the
front face of the drive gear - is in the position
shown in (A). Ensure that the drive shaft will not
move from this position. Lubricate the bushes in the
rear of the balancer frame with clean engine
lubricating oil and fit the balance weights in the
position shown in figure A. Ensure that the flats on
the balance weights are level with each other (A4).
With the balance weights in the correct position,
check that the drive shaft is still in the correct
position. o
7 Fit the two dowels to the rear face of the AR ety (0
balancer frame. Lubricate the bushes in the rear
cover of the balance frame with clean engine
lubricating oil. Put the rear cover (14A.24/A4) in
position with the rear spigots of the balance weights
in the bushes of the cover. Hit lightly the rear cover
with a soft face hammer to fit the cover onto the
dowels. Fit the cover setscrews and tighten them to
54 Nm (40 Ibf ft) 5,5 kgt m. Check the end-float of
the balance weights with feeler gauges between the
rear face of the balance weights and the front face
of the rear cover (14A.30/B). The correct end-float
is given in the data and dimensions. Check the
backlash between the drive gear of the balance
weights and the driven gear on the balance weight.
The correct backlash is given in the data and
“dimensicns.

8 Fit the oil transfer plate and the joint, if fitted, to
the rear of the rear cover and tighten the setscrews
to 30 Nm (22 Ibf ft) 3,1 kgf m. Ensure that the plate
is fitted correctly for the oil filter position. The
direction arrow (B or C) indicates the direction of
lubricating oil flow for left side (B) and right side (C)
oil filter positions. The symbols and arrows (B or C)
indicate the position of the plugs in the balancer
frame and the shape of their socket heads. Ensure
that the plug on the bottom face of the frame is just
below the face. If a new frame and plugs are used,
ensure that the plugs are fitted correctly for the oil
filter position and the symbols on the oil transfer
plate.
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9 If necessary, press a new bearing (A14) into the
idler gear (A12). Lubricate the bearing with clean
engine lubricating oil. Fit the hub (A13) into the
bearing and fit the thrust washer (A15) onto the rear
of the hub. Ensure that the threads of the setscrew
are clean and dry. Fit the setscrew through the
assembly and apply a small amount of Loctite
Nutlock to the thread. Fit the assembly to the front
of the balancer unit with the idler gear in mesh with
the gear of the drive shaft (A11). Tighten the
setscrew to 93 Nm (68 Ibf ft) 9,5 kgf m. Check the
end-float of the idler gear with a feeler gauge
between the front face of the idler gear and the hub
(A). Check the backlash between the idler gear and
the drive shaft gear. The correct backlash is given
in the data and dimensions.

10 Fit the balance weight cover and tighten the
setscrews.

11 Fit the suction tube and the joint and tighten the
setscrews.
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To inspect 14A-12

1 Clean all the components before inspection.

2 Check the gear teeth and the splines of the drive
shaft for wear or other damage. Renew the drive
shaft if necessary.

3 Check the idler gear, needle roller bearing, hub
and thrust washer for wear or other damage.
Renew the components if necessary.

4 Check the drive gear for the balance weights for
wear or other damage. Renew the gear if
necessary.

5 Check the balance weights for wear or other
damage. If either balance weight is worn or
damaged, both balance weights must be renewed.

6 Check the needle roller bearings for the drive
shaft for wear or other damage. Renew the
bearings, operation 14A-13, if necessary.

7 Check the bushes for the balance weights for
wear or other damage. Renew the bushes,
operation 14A-14, if necessary.

8 To inspect the lubricating oil pump, see operation
19A-07.
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To remove and to fit the needle roller
bearings for the drive shaft 14A-13

1 Press out the bearings with a suitable adaptor.

2 Clean the parent bores and lubricate them with
clean engine lubricating oil.

3 Make a suitable adaptor to the dimensions given
in (A2). Fit the rear bearing (14A.24/A7) onto the
adaptor with the stamped face of the bearing
towards the shoulder of the adaptor. Press the
bearing into the parent bore in a continuous
movement until the shoulder of the adaptor is
against the front face of the balancer frame. In this
position the front face of the bearing should be
130,0/131,0 mm (5.12/5.16 in) from the front face
of the balancer frame (14A.24/A).

4 Make a suitable adaptor to the dimensions given
in (A1). Fit the front bearing (14A.24/A10) onto the
adaptor with the stamped face of the bearing
toward the shoulder. Press the bearing into the
parent bore in a continuous mavement until the
shoulder of the adaptor is against the front face of
the balancer frame. In this position the front face of
the bearing should be 2,5/3,0 mm (0.01/0.12 in)
from the front face of the balancer frame
(14A.24/A).
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To remove and to fit the bushes for the

balance weights 14A-14

1 Press the bushes out of the balancer frame and
the rear cover with a suitable adaptor.

2 Clean the parent bores and lubricate them with
clean engine lubricating oil.

3 Make a suitable adaptor to the dimensions given
in (A3). Fit a bush onto the adaptor. Press the bush
(B4) into the parent bore in the rear of the balancer
frame (B3), in a continuous movement, until the
shoulder of the adaptor is against the rear face of
the balancer frame. In this position the rear face of
the bush should be 3,25/3,30 mm (0.128/0.130 in)
from the rear face of the balancer frame (B).
Repeat this operation for the other bush.

4 Fit a bush (B1) onto the adaptor and put it into
position at the front end of one of the parent bores
in the rear cover (B2). Press in the bush, in a
continuous movement, until the shoulder of the
adaptor is against the front face of the rear cover.
In this position the front face of the bush should be
3,25/3,30 mm (0.128/0.130 in) from the front face
of the rear cover (B). Repeat this operation for the
other bush.
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Data and dimensions

Note: This information is given as a guide for personnel engaged on engine overhauls. The dimensions
which are shown are those which are mainly used in the factory. The information applies to all engines,
unless an engine fype code is shown.

Crankshaft

Diameter of main journals:

- Four cViinder-engings: - .ss vo swwwions w5 5 samven o o eimmenti— 76,16/76,18 mm (2.998/2.999 in)
- SiXCYINdet eNGINGS < ov 2 svwes v sw wamii o o i s 76,159/76,190 mm (2.9984/2.9996 in)
Maximum wear and ovality on journals and crank pins .. ........ ...t 0,04 mm (0.0016 in)
WIdth oF froBt JOURHAl o v swmmm su o smmoress nEamssai i s 36,93/37,69 mm (1.454/1.484 in)
Width of centre journal ... 44,15/44,22 mm (1.738/1.741 in)
Width of all otherjournals  ........... .. .. .. oL 39,24/39,35 mm (1.545/1.549 in)
Diameterof crank pins ... ... . i 63,47/63,49 mm (2.499/2.500 in)
Widthof crankpins . ... i i e s 40,35/40,42 mm (1.589/1.591 in)
Diameterof flange: .. ......vvrvmns o sramvss b o ovsion o 133,27/133,37 mm (5.247/5.251 in)
Depth of recess for spigot bearing:

= Four evinder enROINES o 5o awammi vi SR pitas v jma e 20,22/20,98 mm (0.796/0.826 in)
- Sixeylinder ENGINES - s co avmmn s ws e 85 56 e i e 14,72/15,48 mm (0.579/0.609 in)
Bore of recess for spigot bearing:

- FOUr eylinder SNEMBS. < camw o swaremin v inlsrosas s 250 Aasm Ses + 46,96/46,99 mm (1.849/1.850 in)
- SiX CYNACEE EAGIIBE 1 sx s vwmien 50 5 2amion sa 5o suimmns s 5is wias 51,97/51,99 mm (2.046/2.047 in)
Crankshaftend-floal .. cowncmn as swsmame on wiwwa w0 s sass s oo 0,05/0,38 mm (0.002/0.015 in)
Mavimur paemissiBlEBndloat .. cweemn sw onm s o s s 0,51 mm (0.020 in)
Fillet radii of journals and crank pins . .......... ..o, 3,68/3,96 mm (0.145/0.156 in)
Undersize journals and crankpins  .................. -0,25 mm (-0.010 in); -0,51 mm (-0.020 in);

.......................................................... -0,76 mm (-0.030 in).

Crankshaft heat treatment:

- Induction hardened . .............. Part numbers 31315662, 31315992, 31315993 and 3131H024
- Nitrocarburised ... ... i e Part numbers 31315661, 31315991 and 3131H022
2GhorENIBEIEE. .. o oo anmie e s S Nokuteqaiel, LR8O USRS L5 s Part number 3131H021

Crankshaft overhaul

Notes:

+ Induction hardened crankshafts need not be hardened after they have been machined undersize.

« Nitrocarburised crankshafts must be hardened again each time they are machined. These crankshafts
must be nitracarburised or, if this process is not available, they can be nitrided for 20 hours. If neither
process is available a new crankshaft, or Power Exchange crankshaft, must be fitted.

= Crankshafts which have been nitrided for 60 hours can be reground 0,25 mm (0.010 in) without the
need to harden them again.

- Check the crankshaft for cracks before and after it is ground. Demagnetise the crankshaft after it has
been checked for cracks.

+ After the crankshaft has been machined remove any sharp corners from the lubricating oil holes.
= Surface finish and fillet radii must be maintained.
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The finished sizes for crankshaft journals (A) which have been ground undersize are given in the table

below:

item

0,25 mm (0.010in)

0,51 mm (0.020 in)

0,76 mm (0.030 in)

75,905/75,926 mm
(2.9884/2.9892 in)

756,651/75,672 mm
{2.9784/2.9792 in)

75,397/75.418 mm
(2.9684/2.9692 in)

63,216/63,236 mm
(2.4888/2 4896 in)

62,962/62,982 mm
(2.4788/2.4796 in)

62,708/62,728 mm
(2.4688/2.4696 in)

39,47 mm (1.554 in) maximum

37,82 mm (1.483 in) maximum

44,68 mm (1.759 in) maximum

40,55 mm (1.596 in) maximum

133,17 mm (5.243 in) minimum

@~ | @ || |

Do not machine this diameter

9

3,66/3,96 mm (0.145/0.156 in)

0D of the Signal panel

ennsnsnsasnnnss 22208, 95/210. 05.mm (8. 266/8. 2707inch)

Surface finish for journals, crank pins and fillet radii must be 0,4 microns (16 micro inches). Surface finish
for seal area of crankshaft palm must be 0,4/1,1 microns (16/42 micra inches).

Lovol Phaser/1000 Series
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With the crankshaft on mountings at the front and rear journals, the maximum run-out (total indicator

reading) at the journals must not be more than shown below:

IJournaI 4 cylinder crankshafts 6 cylinder crankshafts

1 Mounting Mounting

2 0,08 mm (0.003 in) 0,10 mm (0.004 in)
3 0,15 mm (0.006 in) 0,20 mm (0.008 in)
4 0,08 mm (0.003 in) 0,25 mm (0.010 in)
5 Mounting 0,20 mm (0.008 in)
6 # 0,10 mm (0.004 in)
3 . Mounting

Run-out must not be opposite. The difference in run-out between one journal and the next must not be

more than 0,10 mm (0.004 in).

Run-out on the crankshaft pulley diameter, rear oil seal diameter and the rear flange diameter must not be
more than 0,05 mm (0.002 in) total indicator reading.

Main bearings

Four cylinder engines:

Type (All bearings) ..........

Six cylinder engines:

Centre bearing and all Phaser 210Ti bearings

Steel back, 20% tin-aluminium bearing material

........ Steel back, lead bronze bearing

......................................................... material with lead finish

Bearing width

Four cylinder engines:

Steel back, 20% tin-aluminium bearing material

Ceritra BEAMNG: i v smmamin 5d wmeamanies e cemmieine w s 36,32/36,70 mm (1.430/1.445 in)
All'Bthee bBarinds. =« wmwsies v wesmsms w sesmie. T wnei-ulolis 31,62/31,88 mm (1.245/1.255 in)
Six cylinder engines:

Centre:-bBaNNG .- -« wowsinms s sie vinieim wie nie s e se essnie 36,32/36,70 mm (1.430/1.445 in)
All other BeariNgS. ..y w ni speimmn s se s piscs e ats samse mia o 30,86/31,12 mm (1.215/1.225 in)

Bearing thickness at centre

Four cylinder engines:

Allbesbigs ol hr T s o AR 2,083/2,089 mm (0.0820/0.0823 in)

Six cylinder engines:

Centre bearing and all Phaser 210Ti bearings

...... 2,087/2,096 mm (0.0822/0.0825 in)

Al othEr BEALINGS: sovosses s s ssw wis 000 475 o eies sihasi lpis sl 2,083/2,082 mm (0.0820/0.0823 in)

14A.34
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Bearing clearance

Four cylinder engines:
All bearings
Six cylinder engines:

Centre bearing and all Phaser 210Ti bearings
All other bearings
Available undersize bearings

Crankshaft thrust washers
Type
Position
Thickness:
- Standard
- Oversize

Balancer unit

Diameter of drive shaft for front bearing
Diameter of drive shaft for rear bearing
Number of teeth on gear of drive shaft

Backlash from gear of drive shaft to idler gear
End-float of drive shaft
Diameter of bore for front bearing of drive shaft
Diameter of bore for rear bearing of drive shaft
Diameter of bore for idler gear
Diameter of hub of idler gear

End-float of idler gear
Thickness of thrust washer for idler gear
Number of teeth on idler gear
Inside diameter of bushes in balancer frame and end cover (fitted)

0,057/0,117 mm (0.0022/0.0046 in)

0,035/0,110 mm (0.0014/0.0043 in)
0,047/0,117 mm (0.0018/0.0046 in)

-0,25 mm (-0.010 in); -0,51 mm (-0.020 in): -0,76 mm (-0.030 in).

Steel back, lead bronze bearing material

Each side of centre main bearing

2,26/2,31 mm (0.089/0.091 in)
2,45/2,50 mm (0.096/0.098 in)

28,562/28,575 mm (1.1245/1.1250 in)
23,787/23,800 mm (0.9365/0.9370 in)
..................... 21
0,17/0,29 mm (0.007/0.011 in)
0,13/0,30 mm (0.005/0.012 in
34,912/34,937 mm (1.3745/1.3755 in
29,972/29,993 mm (1.1800/1.1808 in
47,64/47,65 mm (1.8755/1.8760 in
38,09/38,10 mm (1.4996/1.5000 in
0,07/0,23 mm (0.003/0.009 in
4,14/4,29 mm (0.163/0.169 in
.................... 37
38,133/38,174 mm
(1.5013/1.5029 in)

)
)
)
)
)
)
: )

Diameter of spigots for balance weights ................... 38,054/38,069 mm (1.4982/1.4988 in)
Fitofspigot IR BUSH ... .ocoemsns oo s o o6 oieiin o 5 5ot 0,064/0,120 mm (0.0025/0.0047 in)
End-float 6f balance weights ..ot o v v vu dmicesn s sneslis 0,19/0,40 mm (0.007/0.016 in)
Backlash of gears on balance weights  ................ ... ... ... 0,10/0,27 mm (0.004/0.011 in)
Backlash of drive gear to spline on balance weight ................ 0,05/0,20 mm (0.002/0.008 in)
Number of téeth-on diVe gEar « v vwn s on vomum i e cammeas on s i S EE SN e e 24
Number of teeth on spline on balance weight .. ... .. o i 16
Lovol Phaser/1000 Series 14A.35
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Timing case and drive assembly 15

General description .= ..cooovi. sivisad. L L sanT e i o 15A.02

Timing case cover

15A-01 " Toremovesandtofit . .. wiil’ e fed tpores aiman cogcai 6 15A.03
Front oil seal

15A-02 . Todemoyve/andifofit. . Dosmmmg | s Semirsiaen s s 15A.04
Idler gear and hub

15A-03A Toremoveanditofit .... .. duiiieio il il ol Tl 15A.06
Compressor idler gear

15A-03B Toremoveandtofit ...... el i w i s 15A.09
Fuel pump gear

15A-04 - Toremoveandtofit .......... olociis ol e ainii 15A.11
Camshaft gear

15A-05 Toremoveandtofit .....: c-iiawrsea i bl ie s 15A.13
Crankshaft gear

15A-06 ~ Toremoveandtofit ..... .o 0 il aas ol cn o 15A.15
Timing case

15A-07 ° Toitemeveandtofit ............ 0 e ol el Seits . 15A.16
Camshaft and tappets

15A-08 :  Toremove andtofit -....... s sl in il 15A.19
Dataand dimensions . ............ . i 0 aaei e g L 15A.21
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General description

The timing case (A) is for engines fitted with a gear
driven coolant pump. The timing case (B) is for
engines fitted with a belt driven coolant pump. The
timing case is made of either aluminium or cast
iron.

The timing gears on most engines are made of
steel, but cast iron gears are used on certain low
rated engines. A power take-off is available on the
left side of the aluminium timing case or from both
sides of the timing case made of cast iron. Some
applications that require a power take-off from both
sides of the timing case can have an idler gear

. assembly that uses needle roller bearings.

The drive from the crankshaft gear passes through
an idler gear to the camshaft gear and to the gear
of the fuel injection pump. The drive from the
crankshaft gear also passes through a lower idler
gear to the gear of the lubricating oil pump or, on
some four cylinder engines, to the gear of the
balancer unit. The gear driven coolant pump is
driven by the gear of the fuel injection pump. The
camshaft and the fuel injection pump run at half the
speed of the crankshaft.

The aluminium cover of the timing case contains
the front oil seal; this is made of vitonand has a
dust lip in front of the main lip. On most engines
the cover has a noise shield fitted to its front face.
‘Warning! read the safety precautions for "Viton"
seals on page 10A.08.

The camshaft is made of cast iron. The cam lobes
and the eccentric for the fuel lift pump are chill
hardened.
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Timing case cover

To remove and to fit 15A-01

To remove

1 Remove the fan, operation 21A-04.
2 Remove the alternator, operation 23A-04.
3 Remove the crankshaft pulley, operation 14A-01.

4 Drain the coolant and remove the coolant pump,
see section 21.

5 Release the setscrews and nuts of the cover and
remove the cover. There is no need to remove the
noise shield from the cover.

To fit

Special tools:
Centralising tool, PD. 163A (6 cylinder engines)
Centralising tool, PD. 162B (4 cylinder engines)

1 Clean the faces of the timing case cover.

2 Put the cover and a new joint in position on the
timing case. Loosely fit two setscrews which are in
opposite locations to hold the cover in position. Fit
the centralising tool in the oil seal housing (A) and
use the special washer and the crankshaft pulley
setscrews to put the cover in its correct position.
Do not overtighten the setscrews. Fit the remainder
of the setscrews and nuts and tighten all of the
cover fasteners to 22 Nm (16 Ibf ft) 2,2 kgf m.
Remove the centralising tool.

Caution: It is important that the cover of the timing
case is centred correctly. If the cover is not
centred, the backlash between the fuel pump gear
and coolant pump gear could be affected. This
could cause the seizure of the fuel injection pump.
3 Fit the coolant pump, see section 21.

4 Fit the crankshaft pulley, operation 14A-01.

5 Fit the drive belts, operation 23A-03 and adjust
the belt tension, operation 23A-02.

6 Fit the fan, operation 21A-04.

7 Fill the cooling system.

Lovol Phaser/1000 Series 15A.03



https://truckmanual shub.com/

15 TIMING CASE AND DRIVE ASSEMBLY

Front oil seal

To remove and to fit 15A-02

A special front oil seal is used in engines where
immersion of the seal in water is possible. The
water immersion seal has a flexible front lip that
protrudes onto the boss of the front pulley. This
front lip prevents the leakage of water past the oil
seal. As the front lip on this type of oil seal is very
flexible, the oil seal must be kept on the plastic
mandrel (A1) supplied with it until the seal is to be
fitted. The plastic mandrel must be fitted to the seal
immediately the crankshaft pulley is removed. This
will ensure that the front lip of the seal will keep its
correct shape.

7
__ 7
iy
7
A

To remove

1 Remove the fan, operation 21A-04 and the drive
belts, operation 23A-03.

2 Remove the crankshaft pulley, operation 14A-01.

3 Remove the oil seal with a suitable lever behind
the main lip of the oil seal. Do not damage the edge
of the oil seal housing.

To fit

Special tools:

Replacer tool for front oil seal (main tool), PD170
Pressure plate for use with PD.170, PD170-1
Sleeve for use with PD.170, PD170-2

Fastener plate for use with PD.170, PD170-3

Adaptor for standard seal for use with PD.170,
PD170-4

Adaptor for water immersion seal for use with
PD.170, PD170-8

The standard seal is fitted to a depth of

6,75/7,25 mm (0.266/0.285 in) from the front face
of the oil seal housing to the flat front face of the oil
seal. If, in service, there is wear in the seal location
area of the crankshaft pulley, the oil seal can be
fitted to a depth of 9,3 mm (0.366 in). The water
immersion seal is fitted to a depth of 8,85/9,35 mm
(0.348/0.368 in) and there is no service position.

:
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1 Clean the oil seal housing. Inspect the new seal
for damage. If a scratch can be seen across the lip
of the seal, do not fit the seal.

2 Lubricate the outer circumference of the oil seal

with clean engine lubricating oil and enter the seal 4\\\ S //‘l' A —
tpendi b e - ) G " \E‘i” ‘
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seal is to be fitted, keep the plastic mandrel (B1) in ..

S AR TSUEL vty Hi . I

fastener plate, PD.170-3, (A3) to the front of the
crankshaft. For the standard seal, put the adaptor,
PD.170-4, (A5) on the nose of the crankshaft and
against the seal. Ensure that the adaptor has the
side stamped 9,3 mm towards the seal. When a
water immersion seal is to be fitted, remove the
plastic mandrel from the seal and fit the adaptor
PD.170-8, (A6). When the adaptor is fitted, ensure
that the front lip of the seal is fully onto the taper of
the adaptor.

Note : The other side of adaptor PD.170-8 can also
be used to fit the standard seal.

Assemble the pressure plate, PD.170-1, (A2)
together with the sleeve, PD.170-2, (A4) onto the
threaded bar, PD.170, (A1). Put the tool assembly : anw ]
in position on the adaptor, PD.170-4 or PD.170-8, S et prene | PA128 |
and tighten the threaded bar onto the stud of

PD.170-3 (A3).

Fit a rod through the hole in the end of the threaded

bar to prevent movement of the bar when the nut is

tightened. Tighten the nut to push the seal into the

housing to the correct depth. If the standard seal is

to be pushed in to the service position, turn the nut

until the face of PD.170-4 is against the face of the

seal housing. If a water immersion seal is to be

fitted, the adaptor, PD.170-8, should also be

pushed fully onto the face of the seal housing.

4 Remove the replacing tool and lightly lubricate

the seal location area of the crankshatft pulley with

clean engine lubricating oil. Fit the crankshaft

pulley, operation 14A-01. If a water immersion seal

has been fitted, either leave the adaptor in position

or fit the plastic mandrel until the crankshaft pulley

can be fitted.

5 Fit the drive belts, operation 23A-03 and adjust

the belt tension, operation 23A-02.

6 Fitthe fan, operation 21A-04.

7
% |
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Idler gear and hub

To remove and to fit 15A-03A

To remove

1 Remove the fan, operation 21A-04.
2 Remove the drive belts, operation 23A-03.
3 Remove the crankshaft pulley, operation 14A-01.

4 If necessary, remove the fan drive pulley,
operation 21A-05.

5 Drain the coolant and remove the coolant pump,
operation 21A-02.

6 Remove the timing case cover, operation
15A-01.

7 Rotate the crankshaft until the marked teeth of
the crankshaft gear, the camshaft gear and the fuel
pump gear are all in mesh with the idler gear. The
marked teeth of the idler gear will not necessarily
be in mesh with the marked teeth of the other
gears because of the different speed of rotation of
the idler gear.

Note: There are no timing marks on the fuel pump
gear of engines fitted with Bosch in-line fuel
injection pumps. When the idler gear is removed,
the fuel pump gear could move. Before the idler
gear is removed, make a temporary mark on a
‘tooth of the fuel pump gear to align with a similar
mark on the timing case. It is not necessary to
mark the fuel pump gear if it is to be removed, as
the timing of the fuel pump will be lost.

8 Release the three setscrews, remove the plate of
the idler gear and remove the gear. The drive gear
of the fuel injection pump may rotate counter-
clockwise when the idler gear is removed.

9 Remove the idler gear hub.

Caution: Do not turn the crankshaft with the idler
gear removed.

10 For engines that use the idler gear assembly
with needle roller bearings - Release the three
setscrews, remove the plate of the idler gear (A1).
Remove the front tisrust washer (A2), the front
spacer (A3) and the gear (A4). Remove the two
needle roller bearings (A5), if these are to be used
again, they should be fitted in their original
positions. Remove the rear thrust washer (A6) and
the rear spacer (A7). Remove the hub (A8).

15A.06 Lovol Phaser/1008eries



https://truckmanual shub.com/

TIMING CASE AND DRIVE ASSEMBLY 15

11 Inspect the gear and the bushes for wear and
other damage and renew as necessary. The gear
and bushes are available as an assembly or
separate bushes are available.

12 If the bushes are to be changed, remove them
with a suitable puller. If a puller is not available,
machine off the face of one of the bushes and
press them out. Press in new bushes, machine the
bores to get the correct clearance on the hub and
machine the faces to get the correct end clearance,
see the data and dimensions.

To fit

1 Use the three idler gear setscrews to ensure the
correct position of the idler gear hub with the
lubrication hole at the top. Push the hub into
position and remove the setscrews.

2 Lubricate the idler gear bushes with clean engine
lubricating oil. Align the timing marks on the idler
gear with the marks on the crankshaft and camshaft
gears. If necessary, rotate the gear of the fuel
injection pump clockwise to align the relevant timing
mark with the marks on the idler gear and slide the
idler gear into position. On engines with gears
which do not have timing marks align the temporary
mark on the fuel pump gear with the mark on the
timing case before the idler gear is fitted. Remove
the marks on the fuel pump gear and the timing
case after the idler gear has been fitted. Check that
all the timing marks are in correct mesh (A), or (B)
for engines fitted with a belt driven coolant pump.
Fit the plate and the setscrews to the idler gear hub
and tighten the setscrews to 44 Nm (33 Ibf ft)

4,5 kgf m.
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3 For engines that use the idler gear assembly with
needle roller bearings - Inspect the components for
wear and other damage and renew them as
necessary. Lightly lubricate the components with
clean lubricating oil before assembly onto the hub.
Fit the hub (A8) as shown in paragraph 1. Put the
rear spacer (A7) in position on the hub. Put the rear
thrust washer (A8) in position on the rear spacer.
Put the bearings (A5) in position on the hub in the
same position as they were originally. Lightly
lubricate the bore and thrust washer faces of the
gear (A4) with clean lubricating oil and put the gear
in position on the bearings. Put the front spacer
(A3) in position on the hub then put the front thrust
washer (A2) in position on the spacer. Put the plate
(A1) in position. The plate has TOP stamped on the
front face as the holes in the plate are not equally
spaced. Fit the setscrews and tighten them to

44 Nm (33 Ibf ft) 4,5 kgf m).

4 Check the idler gear end-float (B) and the timing
gear backlash (C).

5 Fit the timing case cover, operation 15A-01.
6 Fit the coolant pump, operation 21A-02.
7 Fit the crankshaft pulley, operation 14A-01.

8 Where necessary, fit the fan drive pulley,
operation 21A-05.

9 Fit the drive belts, operation 23A-03 and adjust
“the belt tension, operation 23A-02.

10 Fit the fan, operation 21A-04.
11 Fill the cooling system.
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Idler gear and hub for the compressor

The latest compressor is

driven directly from the engine timing case and
does not have an auxiliary drive assembly. The
engine idler gear (A12) drives the compressor gear
(A4) through a separate idler gear (A11/B5) fitted
onto a hub (A9). The hub is fastened to the back of
the timing case (A5) by a bracket (A3).

The idler gear is fitted on a needle roller bearing
(A7) which is fitted onto the hub. The hub has an
"0O" ring (A1) to prevent oil leakage from the rear of
the timing case. The roller bearing and the idler
gear are retained on the hub by a plate (A10) which
is fastened to the idler hub.

To remove and to fit 15A-03B

To remove

1 Remove the fan, operation 21A-04.
2 Remove the drive belts, operation 23A-03.
3 Remove the crankshaft pulley, operation 14A-01.

4 If necessary, remove the fan drive pulley,
operation 21A-05.

5 Drain the coolant and remove the coolant pump,

operation 21A-02.

6 Remove the timing case cover (A6), operation
15A-01.

7 Set the piston of number 1 cylinder to TDC,

operation 17A-01A/B or 17B-01A/B.

Caution: Do not rotate the engine crankshaft or the
compressor crankshaft if the idler gear is removed.
If either of the crankshafts are moved, the
compressor must be timed to the engine.

8 Release the three setscrews (A8). Remove the
plate (A10) which retains the idler gear (A11).
Remove the gear and the needle roller bearing (A7)
from the idler hub (A9).

9 Remove the three cap screws (B3) which fasten
the idler hub to the bracket (B2) at the rear of the
timing case (B1). Remove the idler gear hub.

10 Remove and discard the "O" ring (A1).

11 Inspect the idler gear, needle roller bearing and
idler gear hub for wear and other damage and, if
necessary, renew them.
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To fit

1 Renew the "O" ring (A1). Lightly lubricate the
components with clean lubricating oil before they
are assembled onto the hub.

Check that the four capscrews (B4) which secure
the idler hub bracket (B2) to the timing case are
tightened to the correct torque 35 Nm (26 Ibf ft)
3,5 kgf m.

Fit the hub (A9) with the "O" ring towards timing
case. Fit the three M10 capscrews (B3) and tighten
them to 60 Nm (44 Ibf ft) 6 kgf m). Put the needle
roller bearing (A7) into position on the hub.

Caution: Do not rotate the engine crankshaft or the
compressor crankshatt if the idler gear (B5) is
removed. If either of the crankshafts are moved, the
compressor must be timed to the engine.
2 Lightly lubricate the bore of the gear (A11) with
clean lubricating oil and put the gear in position on
the bearing. Put the plate (A10) in position. Fit the
setscrews (A8) and tighten them to 22 Nm
(16 Ibf ft) 2,2 kgf m.
3 Use the method shown on page 15A.08
illustration B to check the compressor idler gear
end-float and page 15A.08 illustration C for the
timing gear backlash. See the data and dimensions
at the end of this section for the compressor idler
gear end-float and backlash dimensions.

. 4 Fit the timing case cover, operation 15A-01.
5 Fit the coolant pump, operation 21A-02.
6 Fit the crankshaft pulley, operation 14A-01.

7 Where necessary, fit the fan drive pulley,
operation 21A-05.

8 Fit the drive belts, operation 23A-03 and adjust
the belt tension, operation 23A-02.

9 Fit the fan, operation 21A-04.
10 Fill the cooling system.
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Fuel pump gear

To remove and to fit 15A-04

To remove

Special tools:
Gear puller, PD.155C
Adaptors for use with PD.155C, PD.155B-5

1 Remove the fan, operation 21A-04.
2 Remove the drive belts, operation 23A-03.
3 Remove the crankshaft pulley, operation 14A-01.

4 |f necessary, remove the fan drive pulley,
operation 21A-05.

5 For gear driven coolant pumps: Drain the coolant
and remove the coolant pump, operation 21A-02.
Note: It is not necessary to remove the coolant
pump, when the pump is belt driven.

6 Remove the timing case cover, ogeration
15A-01.

Caution: For fuel injection pumps fitted with a
locking screw. Check that the shaft of the fuel
injection pump is not locked, see operations
20D-06B.

7 Rotate the crankshaft until the marked teeth of
the crankshaft gear, the camshaft gear and the fuel
pump gear are all in mesh with the idler gear. The
marked teeth of the idler gear will not necessarily
be in mesh with the marked teeth of the other
gears because of the different speed of rotation of
the idler gear.

8 Remove the nut and the spring washer from the
fuel pump gear.

Notes:

« Early Phaser 210 Ti engines have a spacer
between the gear and the spring washer.

« On certain engine types where the gear is
retained by a plate and four cap screws, release the
four cap screws and remove the plate and then the
gear. Ensure that the plate does not fall when the
cap screws are removed. 5

9 Remove the idler gear, operation 15A-03.

10 Remove the fuel pump gear with the puller and
the adaptors (A). Ensure that the key in the fuel
pump shaft is not lost.

11 Inspect the gear for wear and other damage
and renew it, if necessary.
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To fit

1 Ensure that the key is fitted correctly in the fuel
pump shatft. Fit the gear and the spring washer and
loosely fit the nut. .

Note: Early Phaser 210Ti engines have a spacer
between the gear and the spring washer.

2 Rotate the fuel pump gear (A2) to ensure that
the relevant marked tooth of the fuel pump gear
("4" for four cylinder engines or "6" for six

cylinder engines) will align with the marked teeth of
the idler gear (A). Fit the idler gear, operation
15A-03.

3 Tighten the nut of the fuel pump gear to 80 Nm
(59 Iof ft) 8,2 kgf m. The teeth of the drive gear and
the idler gear should be fully in mesh when the fuel
pump gear is tightened onto the hub of the fuel
injection pump.

Note: On engines fitted with in-line fuel injection
pump, the pump must be put in the static timing
position, see the data and dimensions, before
the gear is fitted. For early engines: When

the gear is fitted, ensure that the B marked on the
gear is to the front. For the latest engines: Ensure
that the letter C (A1) and the last four digits of the
part number marked on the gear are to the front.

4 If a new gear has been fitted, check the
backlash.

‘5 Fit the timing case cover, operation 15A-01.

6 For gear driven coolant pumps: Fit the coolant
pump, operation 21A-02.

7 Fit the crankshaft pulley, operation 14A-01.

8 If necessary, fit the fan drive pulley, operation
21A-05. '

9 Fit the drive belts, operation 23A-03 and adjust
the belt tension, operation 23A-02.

10 Fit the fan, operation 21A-04.
11 Fill the cooling system.
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Camshaft gear

To remove and to fit 15A-05

To remove

Special tools:
Gear puller, PD.155C
Adaptors for use with PD.155C, PD.155B-5

1 Remove the fan, operation 21A-04.
2 Remove the drive belts 23A-03.
3 Remove the crankshaft pulley, operation 14A-01.

4 If necessary, remove the fan drive pulley,
operation 21A-05.

5 Drain the coolant and remove the coolant pump,
operation 21A-02.

6 Remove the timing case cover, operation
15A-01.

7 Rotate the crankshaft until the marked teeth of
the crankshaft gear, the camshaft gear and the fuel
pump gear are all in mesh with the idler gear. The
marked teeth of the idler gear will not necessarily
be in mesh with the marked teeth of the other
gears because of the different speed of rotation of
the idler gear.

Note: The fuel pump gear used on engine types AE
and YE does not have marked teeth.

8 Remove the setscrew and washer of the
camshaft gear. Put a suitable adaptor onto the end
of the camshaft and remove the gear with the puller
and adaptor (A). Ensure that the key in the
camshaft is not lost.

9 Inspect the gear for wear and any other damage
and renew it, if necessary.
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To fit

1 Ensure that the key in the camshatft is fitted
correctly.

2 Remove the idler gear, operation 15A-03.

3 Fit the camshaft gear to the camshaft with the
marked teeth towards the front and the keyway
correctly aligned with the key. If necessary, lightly
hit the gear with a soft face hammer to engage the
key into the keyway.

4 Fit the idler gear with the marked teeth in correct
mesh, operation 15A-03. If the camshaft has to be
turned and a valve hits a piston, disengage the
rocker assembly.

5 Fit the washer and the setscrew for the camshaft
gear and tighten the setscrew to press the
camshatft gear into position. Tighten the setscrew to
78 Nm (58 Ibf ft) 8,0 kgf m. If a new camshaft gear
has been fitted, check the backlash.

6 Fit the timing case cover, operation 15A-01.

7 Fit the coolant pump, operation 21A-02.

8 Fit the crankshaft pulley, operation 14A-01.

9 If necessary, fit the fan drive pulley, operation
21A-05.

10 Fit the drive belts, operation 23A-03 and adjust
the belt tension, operation 23A-02.

11 Fit the fan, operation 21A-04.
12 Fill the cooling system.

15A.14
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Crankshaft gear

To remove and to fit 15A-06

To remove

1 Remove the fan, operation 21A-04.

2 Remove the drive belts, operation 23A-03.

3 Remove the crankshaft pulley, operation 14-01.
4 If necessary, remove the fan drive pulley,
operation 21A-05.

5 Drain the coolant and remove the coolant pump,
operation 21A-02.

6 Remove the timing case cover, operation
15A-01.

7 Rotate the crankshaft until the marked teeth of
the crankshaft gear, the camshaft gear and the fuel
pump gear are all in mesh with the idler gear. The
marked teeth of the idler gear will not necessarily
be in mesh with the marked teeth of the other
gears because of the different speed of rotation of
the idler gear.

Note: The fuel pump gear used on engine types AE
and YE does not have marked teeth.

8 Remove the idler gear, operation 15A-03.

9 The crankshaft gear is a transition fit on the
crankshatft. It may slide off easily or, if it is a tight
fit and the gear is to be renewed, it may be
necessary to remove the crankshaft, operation
14A-08, to remove the gear safely.

To fit

1 The gear can fit easily, or it may be necessary to
heat the gear before it will fit onto the crankshaft. If
the gear is to be heated, heat it in an oven to not
more than 180°C (226°F). If an oven is not
available, heat it in coolant which is at its boiling
point. Do not use a flame as this can cause local
damage. Fit the gear with the timing marks to the
front.

2 Fit the idler gear, operation 15A-03 and ensure
that all the timing marks are correctly aligned.

3 Fit the timing case cover, operation 15A-01.
4 Fit the coolant pump, operation 21A-02.
5 Fit the crankshaft pulley, operation 14A-01.

6 If necessary, fit the fan drive pulley, operation
21A-05.

7 Fit the drive belts, operation 23A-03 and adjust
the belt tension, operation 23A-02.

8 Fit the fan, operation 21A-04.
9 Fill the cooling system.
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Timing case

To remove and to fit 15A-07

Consumable products:
Jointing compound
Nutlock

To remove

1 Remove the fan, operation 21A-04.
2 Remove the drive belts, operation 23A-03.
3 Remove the crankshaft pulley, operation 14A-01.

4 |f necessary, remove the fan drive assembly,
operation 21A-05.

5 Drain the coolant and remove the coolant pump,
operation 21A-02.

6 Remove the alternator together with its mounting
bracket and front support plate.

7 Remove the compressor and drive assembly,
operation 24A-01, if fitted.

8 Remove the timing case cover, operation
15A-01.

9 Rotate the crankshaft until the marked teeth of
the crankshaft gear, the camshaft gear and the fuel
pump gear are all in mesh with the idler gear. The
marked teeth of the idler gear will not necessarily
be in mesh with the marked teeth of the other
gears because of the different speed of rotation of
the idler gear.

Note: The fuel pump gear used on engine types AE
and YE does not have marked teeth.

10 Remove the fuel injection pump, see section
20.

11 Remove the idler gear, operation 15A-03 and
the camshaft gear, operation 15A-05.

12 Remove the setscrews which hold the timing
case to the cylinder block and the setscrews which
hold the sump to the bottom of the timing case.

13 Remove the timing case and the joint, do not
allow the idler gear hub to fall. Ensure that the
camshaft thrust washer is not lost.

15A.16
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To fit

1 Ensure that the sump joint is not damaged. If the
joint is damaged, remove the sump and fit it with a
new joint after the timing case has been fitted. The
front section of the joint can be cut away and the
front section of a new joint fitted, without the
removal of the sump, but extreme care must be
used to prevent possible leaks.

2 If the sump has been removed, fit the idler gear
hub (A2) or (B2) to the front of the cylinder block;
use the three setscrews of the idler gear to hold the
hub in position. Ensure that the oil hole is at the
top.

3 Ensure that the thrust washer for the camshatft is
in position.

4 Fit a new joint for the timing case to the cylinder
block. Cut the bottom ends of the joint to fit
correcily. Apply Jointing compound to the bottom -
ends of the joint.

5 Put the timing case in position. If the sump has
not been removed, fit the idler gear hub, see
paragraph 2. Fit the four setscrews (A1), or three
setscrews (B1) for engines fitted with a belt driven
coolant pump, around the idler gear hub. Ensure
that the bottom of the timing case is correctly
aligned with the bottom of the cylinder block before
the setscrews are tightened. Put the fan drive
assembly and/or the alternator and its front support
plate in position and fit and tighten the remainder of
the setscrews of the timing case. If the front
support plate has been separated from the
alternator bracket, ensure that the right side of the
plate is level with the machined face on the cylinder
block where the alternator bracket is fitted. If a new
timing case is fitted, remove the two studs from the
timing case and clean the threads which fit into the
timing case. Seal the threads with Nutlock and

fit the studs into the new timing case. Remove the
setscrews from the idler gear hub.

6 If necessary, fit the lubricating oil sump,
operation 19A-03, and fill it to the correct level with
an approved oil.
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7 Fit the camshaft gear,operation 15A-05 and the
idler gear, operation 15A-03. Ensure that all the
timing marks are correctly aligned.

8 If the timing case is new and the previous timing
case had a timing mark, put a timing mark on the
new timing case, operation 17A-05 or 17B-05. Fit
the fuel injection pump and the drive gear, see
section 20. Eliminate air from the fuel system, see
section 20.

Note: It is not necessary to mark the timing case if
Bosch fuel injection pump is fitted which has a lock
screw to fasten the drive shaft.

9 Fit the compressor and its drive assembly,
operation 24A-01.

10 Fit the timing case cover, operation 15A-01.
11 Fit the coolant pump, operation 21A-02.
12 Fit the crankshaft pulley, operation 14A-01.

13 If necessary, fit the fan drive pulley, operation
21A-05.

14 Fit the alternator, operation 23A-04 and the
alternator front bracket.

15 Fit the drive belts, operation 23A-03 and adjust
the belt tension, operation 23A-02.

16 Fit the fan, operation 21A-04.
17 Fill the cooling system.

15A.18
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Camshaft and tappets

To remove and to fit 15A-08

To remove

1 Before the engine is removed from the vehicle or
the machine, drain the lubricating oil and the
coolant.

2 Remove the fan, operation 21A-04.

3 Remove the drive belts, operation 23A-03.

4 Remove the crankshaft pulley, operation 14A-01.
5 If necessary, remove the fan drive assembly,
operation 21A-05.

6 Drain the coolant and remove the coolant pump,
operation 21A-02.

7 Remove the alternator together with its mounting
bracket and front support plate.

8 Remove the compressor and its drive assembly
or remove the exhauster, see section 24.

9 Remove the timing case cover, operation
15A-01.

10 Remove the timing gears, operations 15A-03,
15A-04 and 15A-05.

11 Remove the fuel injection pump, see section
20.

12 Remove the timing case, operation 15A-07.

13 Remove the rocker cover, the rocker assembly
and the push rods, see section 12.

14 Remove the fuel lift pump, operation 20A-03.

Note: On some AE and YE engines the fuel lift
pump is fitted to the fuel injection pump and not to
the cylinder block. Where the fuel lift pump is fitted
to the cylinder block on these engines, an adaptor
is fitted between the lift pump and the cylinder
block. The adaptor and lift pump must be removed
before the camshaft is removed.

15 Turn the engine upside down and remove the
lubricating oil sump, operation 19A-03.

16 Remove the camshaft thrust washer (15A.20/A)
and carefully remove the camshaft (A).

17 Remove the tappets.

18 Inspect the camshaft and the tappets for wear

and other damage, also inspect the camshaft bush.
Renew the components as necessary.
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To fit

1 Ensure that all components are clean and are
lubricated with clean engine lubricating oil.

2 Fit the tappets in position.

3 Carefully fit the camshaft.

4 Fit the camshalft thrust washer (A1). Ensure that
it is fitted correctly on the hollow dowel (A2).

5 Fit the timing case together with a new joint,
operation 15A-07.

6 Check that the camshaft end-float is within the
limits shown in data and dimensions.

7 Rotate the camshaft until the cam for the fuel lift
pump is at the minimum lift position and fit the fuel
lift pump, operation 20A-03.

Note: On some engines fitted with a Bosch in-line
fuel injection pump the fuel lift pump is fitted to the
fuel injection pump body and not to the cylinder
block. Where the fuel lift pump is fitted to the
cylinder block on these engines, an adaptor is fitted
between the lift pump and the cylinder block. The
adaptor and lift pump must be removed before the
camshaft is fitted.

8 Turn the engine to an upright position. Rotate the
crankshaft until the keyway in the crankshaft is at
the top. Fit the timing gears, operations 15A-03,
15A-04 and 15A-05, and ensure that all the timing
‘marks are correctly aligned.

9 Fit the fuel injection pump, see section 20.

10 Fit the push rods and the rocker assembly, see
section 12.

11 Set the valve tip clearances, operation 12A-05.
12 Fit the timing case cover, operation 15A-01 and
the lubricating oil sump, operation 19A-03.

13 Fit the coolant pump, operation 21A-02.

14 Fit the crankshaft pulley, operation 14A-01.

15 If necessary, fit the alternator and its mounting
brackets and the fan drive pulley, operation 21A-05.
16 Fit the drive belts, operation 23A-03, and adjust
the belt tension, operation 23A-02.

17 Fit the fan, operation 21A-04.

18 After the engine has been installed: Fill the
cooling system. Fill the lubricating oil sump to the
correct level with an approved lubricating oil.
Eliminate air from the fuel system, see section 20.
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Data and dimensions

Note: This information is given as a guide for personnel engaged on engine overhauls. The dimensions
which are shown are those which are mainly used in the factory. The information applies to all engines,
unless an engine type code is shown.

Timing case and drive assembly

Camshaft

Diameter of number 1 journal . ....... ... ... i, 50,71/50,74 mm (1.9965/1.9975 in)
Digmieter oF NUMBEEZ2OUrnal =« «v i srwe wowimr i o 4 arris i sismisie s 50,46/50,48 mm (1.9865.1.9875 in)
Diameter of number 3 journal:

-Fourcylinderengines .............c..ciiiiiiiiiiiann 49,95/49,98 mm (1.9665/1.9675 in)
-Sixeylinderengines ........ ...l 50,20/50,23 mm (1.9765/1.9775 in)
Diameter of number 4 journal:

sGieylinder < T e e st S e e e AR 49,95/49,98 mm (1.9665/1.9675 in)
Clearanceofalljournals .......... ... cccooiiiiaaann . 0,06/0,14 mm (0.0025/0.0055 in)
Cam lift:

SIRIBE: oormmse o i ket SR BN S SO SRR e 7.,62/7,69 mm (0.2999/0.3029 in)
EXHAUSE wn evie van 600 s midevw svanwmsis ol G s miaEm el e 7.71/7,79 mm (0.3036/0.3066 in)
Maximum permissible ovality and wear on journals — ........................ 0,05 mm (0.021 in)
End-float:

2 Produetion IS ™ L e e Sie cieie vieon mras eimns s, Siaie, b0 pE S e s 2 0,10/0,41 mm (0.004/0.016 in)
= SBrvice Mt & oo svewmn oun @ v oud e e e v e SORSTEIENGS £Ita0G 0,53 mm (0.021 in)
Width of spigot for thrustwasher ........ ... ... oot 5,64/5,89 mm (0.222/0.232 in)
Camshaft thrust washer

TYPE: tieie nie vicn Sioe s n wiae viwie s wine sume ns e Ve Gedi agaecs R o s oie i sl 360°
Depth of recess in cylinder block for thrust washer  ............... 5,46/5,54 mm (0.215/0.218 in)
Thickness of thrustwasher ...... ... .. ... . .. 5,49/5,54 mm (0.216/0.218 in)
Relationship of thrust washer to front face of cylinder block ... ... -0,05/+0,08 mm (-0.002/+0.003 in)
Camshaft gear

NUmBarofteath v con wns sios som s sovina el crateia aon ot Eia S nt i AR SN I 56
Diameterofbore . ... ... . i e e 34,93/34,95 mm (1.3750/1.3760 in)
Outside diameter of hub of camshaft ...................... 34,90/34,92 mm (1.3741/1.3747 in)
Clearance fitof gearonhub ........... .00, 0,008/0,048 mm (0.0003/0.0019 in)
Fuel pump gear

MUMberof tBth « .l i it v v i o smie wmis mmn o OGRS S T s 56
Bore:

BB - vainais we sk visns s s 5 et S A AL 36,00/36,06 mm (1.417/1.419 in)
-AllotherenginetyPes ... ... .ccviinro e ininresonaainnsarsaenomauiug Tapered
Clearance fit on hub:

SAE,NE | .ohiiabort B s S el e s s 0,003/0,075 mm (0.0001/0.0030 in)
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Crankshaft gear

Numberofteeth ......oeiasanin. 0 wbmiodin Basg oo gy A W Sgdeonaiais sl s 28
Diameter of bore ....... R P 47,625/47,650 mm (1.8750/1.8760 in)
Diameter of hub for gear on crankshaft ................... 47,625/47,645 mm (1.8750/1.8758 in)
Transition fit of gear oncrankshaft .................... -0,020/+0,048 mm (-0.0008/+0.0010 in)
Idler gear and hub

NUMberof 168N  .vu v s vmiens w2 ies vas wam & sve i s et nee i e g il 63
Diameterof boreofgear ................... ... ... ..... 57,14/57,18 mm (2.2495/2.2512 in)
~-swmhneedleroller DEeanngs . s mnr wosn sum o v S vl wabs i 69,01/69,03 mm (2.717/2.718 in)
Width of gear and split bush assembly (fitted in position) .......... 30,14/30,16 mm (1.186/1.187 in)
Inside diameter of flanged bushes (fitted in position) ............ 50,78/50,80 mm (1.9999/2.000 in)
Outside diameterofthub ........ ... ... .. ... ... oL 50,70/50,74 mm (1.9960/1.9875 in)
-with needle rollerbearing .............. ... ... . . ..., 54,987/55,000 mm (2.1648/2.1654 in)
Clearance ofbushes:on D ... vow vivn vy v vinie siwm smm suiertib 0,04/0,10 mm (0.0016/0.0039 in)
End float of gear:

=Productonimits | . s siidie s s wmcamime wn s st diahan 0,10/0,20 mm (0.004/0.008 in)
-with needle roller bearngs - .. oo: i van o v ¥a shlaain din s 0,24/0,33 mm (0.009/0.013 in)
SSemvice IMit | o s e wooe b e s smmme s s Sae s Sh e s MR 0,38 mm (0.015 in)
Backlash fOr Al gBAIS . . iusnisne = rircnmisls simen shnys seis ssese somi issa ohas wais 0,08 mm (0.003 in) minimum

Idler gear and hub for the Bendix compressor

Number 6fteBth .o oo V0 0o v v b s sibe vl Ao i U e I i e 32
Diameter of boreof gear .......... .. .. it 55,010/55,025 mm ( 2.1657/2.1663 in)
Gutside diameter ot hub e v s s v svvens in 5 50,000/49,990 mm (1.9960/1.9975 in)
End float of gear with needle roller bearing fitted: . ................ 0,12/0,16 mm (0.005/0.006 in)
Backlashi@ear . iimssss o0f puattanse: S s sl be s T 0.07 mm (0.003 in) minimum
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CYLINDER BLOCK ASSEMBLY 16

Cylinder block assembly 16

General description . .. ... cccaeani e v Sk 16A.02

Cylinder block

16A-01 Toidismantle:andto assemble: :.=. © i st ideiiaic vl i 16A.03
16A-02  TOURSPECt  “ivvssmmmaas v s su s s o e e d S S g 16A.05
Cylinder liner

16A-03° TOIASPECE . vcvwrimvnn o o sl Rt i e 16A.06
16A-04 - Toremove glaze fromthe bore @ . oi iaan cinins i 16A.07
16A-05 Toremove andtofit .. oooininnds S i s aaf e 16A.08
Dataand diMENSIONS:  ..ovvivv v cvivn s v osiin b AR S S 16A.13
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CYLINDER BLOCK ASSEMBLY 16

General description

The cylinder block is made of cast iron and
provides a full length support for the dry liners
which are also made of cast iron. Production liners
are a press fit in the block and service liners are a
transition fit. Both types of liners are honed with
silicon carbide tools to a specially controlled finish
to ensure long life and low oil consumption. The
cylinder liners fitted to some engines have a flame
ring above the flange. A bush is fitted in the
cylinder block for the front camshaft journal and the
other camshaft journals run directly in the block.

16A.02
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CYLINDER BLOCK ASSEMBLY 16

Cylinder block

To dismantle and to assemble 16A-01

Consumable products:
Nutlock

To dismantle

1 Drain the cooling system and the lubricating oil.
2 Remove the engine from the vehicle or machine.
3 Remove the alternator drive belts and the
alternator and its mounting brackets, see section
23.

4 Remove the fan, the fan drive and the water
pump, see section 21.

5 Remove the compressor or the exhauster, where
fitted, see section 24.

6 Remove the fuel filter, the atomisers and the fuel
injection pump, see section 20.

7 Remove the lubricating oil cooler, where fitted,
operation 21A-07.

8 Remove the lubricating oil filter assembly and the
lubricating oil sump, see section 19.

9 |f necessary, remove the turbocharger, operation
18A-01.

10 Remove the fuel lift pump, operation 20A-03 or
20B-03.

11 Remove the starter motor, operation 23B-01.
12 Remove the cylinder head assembly, operation
12A-07.

13 Remove the timing case and the timing gears,
see section 15. Remove the lubricating oil pump
and the pressure relief valve, see section 19, or
remove the balancer unit, operation 14A-10.

15 Remove the piston and connecting rod
assemblies, operation 13A-04.

16 Remove the camshaft and the tappets,
operation 15A-09.

17 Remove the flywheel and the flywheel housing,
see section 22.

18 Remove the rear oil seal assembly and the
crankshaft, see section 14.

19 Remove the piston cooling jets, operation
13A-09, or remove the setscrews and spacers if
jets are not fitted.

20 Inspect the cylinder block, operation 16A-02

Lovol Phaser/1000 Series 16A.03
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To assemble

1 Clean thoroughly the new cylinder block. Ensure
that all the oil passages are clean and free from
debris. ;

2 Remove the threaded plugs from the old cylinder
block and clean the threads. Seal the threads with
Nutlock. or a similar sealant, and fit the threaded
plugs into the new cylinder block.

3 Fit the piston cooling jets, or the spacers and
setscrews where jets are not fitted, operation
13A-09.

4 Fit the crankshaft and the rear oil seal assembly,
see section 14.

5 Fit the piston and connecting rod assembly,
operation 13A-03.

6 Fit the flywheel housing and the flywheel, see
section 22.

7 Fit the tappets and the camshaft, operation
15A-08.

8 Fit the lubricating oil pump and the pressure
relief valve, see section 19, or fit the balancer unit,
operation 14A-10.

9 Fit the timing case and the timing gears, see
section 15.

10 Fit the cylinder head assembly, operation
12A-07.

11 Fit the starter motor, operation 23B-01.

12 Fit the fuel lift pump, operation 20A-03 or
20B-03.

13 If necessary, fit the turbocharger, operation
18A-01.

14 Fit the lubricating oil filter assembly and the
lubricating oil sump, see section 19.

15 If necessary, fit the lubricating oil cooler,
operation 21A-07.

16 Fit the fuel filter, the atomisers and the fuel
injection pump, see section 20.

17 If necessary, fit the compressor or the
exhauster, see section 24.

18 Fit the fan, the fan drive and the water pump,
see section 21.

19 Fit the alternator and its mounting brackets and
the alternator drive belts, see section 23.

20 Install the engine into the vehicle or machine.
21 Fill the cooling system.

22 Fill the lubricating oil sump to the correct level
with an approved lubricating oil.

23 Eliminate air from the fuel system, see section
20. d

16A.04
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To inspect 16A-02

1 Clean the passages for the coolant and for the
oil.

2 Check the cylinder block for cracks and for other
damage.

3 The top face of the cylinder block must not be
machined as this will affect the liner flange depth
and the piston height above the top face of the
cylinder block.

4 Check the camshaft bush for wear. If the bush is
to be renewed, use a suitable adaptor to press it
out of the bare. Ensure that the lubricating oil hole
in the new bush will be towards the front of the
engine, when fitted. Press in the bush with the oil
hole on the same side and aligned with the oil hole
in the block until the front end of the bush is
aligned with the face of the recess.

Lovol Phaser/1000 Series 16A.05
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Cylinder liner

To inspect 16A-03

To ensure the best performance during the life of
the engine it is important that worn or damaged
cylinder liners are renewed. If a change of liner
becomes necessary in service, a service liner is
available.

The condition of a cylinder liner is decided by:

+ The amount and location of any polished areas.
* Wear.

= Damage to the liner wall.

Notes: It will not be necessary to renew the liners
If:

« The honed finish can still be clearly seen.

+ The engine performance and oil consumption is
acceptable.

To check the condition of a cylinder liner

1 Examine the liner surface for cracks and deep
scratches.

2 Check the liner wall for areas where the honed
finish has been polished away. Check especially the
area around the top of the liner bore just below the
carbon ring. In this area, thrust from the top piston
-ring is at its maximum.

Cautions:

+ Damaged or worn liners must be discarded.

+ New piston rings must be fitted when the
cylinder liner is renewed.

+ An engine can have high oil consumption with
very little wear of the liner bores, if the surfaces of
the liners are glazed.

16A.06 Lovol Phaser/1000 Series
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To remove glaze from the bore  16A-04

A tool, known as a "Flex-Hone", is available to
correct the liner surface. This tool can be used with
an electric hand drill at low speed. The pistons and
connecting rods must be removed and the piston
cooling jets, where fitted, must also be removed.
Use covers to protect all engine components from
the debris which is caused during the process.

Caution: Do not use a "Flex-hone" on the cylinder
liners of engine types AE and YE.

1 Grade 80SC Flex-Hone is to be used. A 4 inch
or 4 1/8 inch size Flex-Hone can be used according
to how badly the bore is glazed.

2 New Flex-Hones must be operated in an old liner
before use on an engine to remove all loose
material and sharp edges.

3 Lubricate lightly the liner and the Flex-Hone with
clean engine lubricating oil.

4 Put the tool in position on top of the liner, but do
not press the tool into the liner until the tool is
operated.

5 Operate the tool and move it up and down the
liner bore once a second for 30-50 seconds.
Remove the tool while it rotates.

6 Clean thoroughly the liner bore to remove all dirt
from the operation, use a hard brush and kerosene.
7 Dry the liners and remove carefully all the covers
used to protect the components. Clean thoroughly
all the engine components which have been
affected by debris.

8 Fit the piston cooling jets or the plugs. Ensure
that new piston rings are fitted when the engine is
assembled in accordance with the relevant sections
of this workshop manual.

Caution: After a glazed bore has been corrected,
these recommendations are advised for the first
240 km (150 miles) or 5 hours of operation:

« Do not operate the engine at full load.

« Do not operate the engine at high speed.

« Do not allow the engine to run at low idle
speed for extended periods.

Lovol Phaser/1000 Series 16A.07
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To remove and to fit : 16A-05

Special tools:

Remover/replacer for cylinder liner (main tool), =
PD.150B &

Adaptors for use with PD.150B, PD.150B-17 s s
Depth gauge, liner flange, PD.41D
Dial gauge for use with PD.41D, PD.208

Consumable products: (See Section 10)
Retainer (oil tolerant)
Safety Solvent or a similar product

Where several liners are to be removed or a very
tight production liner is fitted, a press should be
used. Where a single liner is to be removed or the =
crankshaft is to remain in position, a tool for hand
operation is available.

To remove =

1 Drain the lubricating oil and remove the ik
lubricating oil sump, operation 19A-03. -
2 Remove the cylinder head assembly, operation

12A-07. =

3 Remove the piston and connecting rod =
assembly, see operation 13A-03. A = PAoTE

4 Carefully remove the piston cooling jet, where
fitted, operation 13A-09.

5 Rotate the crankshaft to give access to the
cylinder liner. Protect the crank pin.

6 Put the tool (A4) on the top face of the cylinder
block and over the centre of the liner (A5). Ensure
that the base of the tool is not on top of the liner
flange of the next cylinder.

7 Put the bearing (A3) in the recess in the top of
the tool with the flat face of the bearing to the
bottom of the recess.

8 Fit the threaded rod (A2) through the bearing and
the top of the tool until the handle (A1) is in the
recess in the top of the bearing. In this position
adjust the threaded rod until the end is below the
bottom of the cylinder liner. Fit the adaptor
PD.150B-17/1 (A8) onto the threaded rod and
against the bottom of the cylinder liner. Ensure that
the two lugs on the top of the adaptor engage with
the flats on the threaded rod. Fit the washer and
nut and tighten the nut onto the adaptor.

9 Lubricate the ratchet of the handle and the
threaded rod with Shell Spirax oil or an equivalent
oil. Operate the handle and pull the cylinder liner
out of the fop of the cylinder block.
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To fit a service liner

A service liner is a transition fit of +/- 0,03 mm
(+/- 0.001 in) in the parent bore. A special tool will
not be necessary to fit some liners, but where a
liner is a tight fit, tool PD.150B can be used.

Caution: Do not hit a liner with a hammer.

1 Clean thoroughly the parent bore. Clean the top
50 mm (2.0 in) and the recess for the liner flange
with Loctite Safety Solvent or a similar product; use
it in accordance with the manufacturer's
instructions.

2 Clean thoroughly the outer surface of the liner
with Safety Solvent.

3 Lubricate lightly the parent bore with clean
engine lubricating oil, except for the top 50 mm
(2.0in).

4 Engage the cylinder liner (A5) into the parent
bore; ensure that the liner is vertical. Put the
adaptor PD.150B-17/2 (A4) onto the top of the liner
with the shoulder of the adaptor on the liner flange.
Put the bearing (A3) into position in the recess in
the top of the adaptor with the flat face of the
bearing to the bottom of the recess.

5 Fit the threaded rod (A1) through the bearing, the
adaptor and the liner until the handle is against the
recess in the bearing. In this position adjust the
threaded rod until the end is below the bottom face
of the cylinder block.

6 Fit the adaptor PD.150B/6 (A6) onto the threaded
rod; ensure that the flat face of the adaptor is
against the bottom face of the cylinder block. Fit the
washer and the nut; ensure that the threaded rod is
in the centre of the liner and tighten the nut onto

the adaptor.

W _E[. IR -
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7 Lubricate the ratchet of the handle and the
threaded rod with Shell Spirax oil or an equivalent
oil. Operate the handle and press the liner into the
parent bore to within 50 mm (2.0 in) of the fitted
position. Clean the area below the flange of the
liner with Loctite Safety Solvent. Apply
POWERPART Retainer (oil tolerant) to the top

25 mm (1.0 in) of the outer surface of the liner and
under the flange; also apply POWERPART
Retainer (oil tolerant) to the bottom of the flange
recess in the parent bore.

8 Press the liner in to the fully fitted position.
Remove the tool and clean the retainer from the top
of the cylinder block.

9 Allow 15 minutes to elapse before the liner bore
dimension is checked. The retainer will reach full
strength after 6 hours.

The inside diameter of a service liner, when fitted,
should be 100,00/100,06 mm (3.937/3.939 in)

10 Use tool PD.41D to check that the liner flange
is between 0,10 mm (0.004 in) above to 0,10 mm
(0.004 in) below the top face of the cylinder block
(A).

11 Fit new piston rings, operation 13A-04.

12 Fit the piston and connecting rod assembly,
operation 13A-03.

13 If necessary, fit the piston cooling jet, operation
13A-09.

14 Fit the cylinder head assembly, operation
12A-07.

15 Fit the lubricating oil sump, operation 19A-03,
and fill it to the correct level with an approved
lubricating oil.

Caution: After a new service liner has been fitted,
these recommendations are advised for the first
240 km (150 miles) or 5 hours of operation:

+ Do not operate the engine at full load.

Do not operate the engine at high speed.

+ Do not allow the engine to run at low idle speed
for long periods.
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To fit a partially finished liner

The liner is an interference fit in the parent bore. A
special tool will be necessary to fit the liners, tool
PD.150B can be used. If a liner is a very tight fit it
may be necessary to use a hydraulic press.

Caution: Do not hit a liner with a hammer.

1 Clean thoroughly the parent bore of the cylinder
block with an approved degreasing fluid.

2 Examine the parent bore for damage and
corrosion. Damaged cylinder blocks should be
discarded.

3 Clean thoroughly the outer surface of the liner
with an approved degreasing fluid.

4 Apply a small amount of engine oil around the
top of the parent bore to assist the entry of the
liner.

5 Engage the cylinder liner (A5S) into the parent
bore; ensure that the liner is vertical. Put the
adaptor PD.150B-17/2 (A4) onto the top of the liner
with the shoulder of the adaptor on the flame ring
of the liner. Put the bearing (A3) into position in the
recess in the top of the adaptor with the flat face of
the bearing to the bottom of the recess.

6 Fit the threaded rod (A2) through the bearing, the
adaptor and the liner until the handle (A1) is against
the recess in the bearing. In this position adjust the
threaded rod until the end is below the bottom face
of the cylinder block.

7 Fit the adaptor PD.150B/6 (A6) onto the threaded
rod; ensure that the flat face of the adaptor is
against the bottom face of the cylinder block as
shown (A). Fit the washer and the nut; ensure that
the threaded rod is in the centre of the liner and
tighten the nut onto the adaptor.

8 Lubricate the ratchet of the handle and the
threaded rod with Shell Spirax oil or an equivalent
oil. Operate the handle and press the liner into the
fully fitted position.

9 Remove the tool PD.150B and thoroughly clean
the top of the cylinder block.

Lovol Phaser/1000 Series 16A.11
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10 Use tool PD.41D to check that the flange of the
cylinder liner is between 0,10 mm (0.004 in) above
to 0,10 mm (0.004 in) below the top face of the
cylinder block (A).

Notes:

» This measurement must be from the flange (A2)
of the cylinder liner, not the top of the flame ring
(A1).

+ Partially finished cylinder liners must be bored
and then diamond honed and silicon carbide honed
to the finished size to conform to the dimensions in
the data and dimensions at the end of this section.

11 Fit new piston rings.

12 Fit the piston and connecting rod assembly.
13 If necessary, fit the piston cooling jet.
14 Fit the cylinder head assembly.

15 Fit the lubricating oil sump and fill it to the
correct level with an approved lubricating oil.

Caution: After a new cylinder liner has been fitted,
these recommendations are advised for the first
240 km (150 miles) or & hours of operation:

« Do not operate the engine at full load.
« Do not operate the engine at high speed.

= Do not allow the engine to run at low idle speed
for long periods.
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Data and dimensions

Note: This information is given as a guide for personnel engaged on engine overhauls. The dimensions
which are shown are those which are mainly used in the factory. The information applies to all engines,
unless an engine type code is shown.

Cylinder block assembly

Cylinder block

Height between top and bottom faces ................... 441,12/441,33 mm (17.367/17.375 in)
Diameter of parent bore for cylinderliner ................... 104,20/104,23 mm (4.103/4.104 in)
Depth of recess for flange of cylinderliner ...................... 3,81/3,91 mm (0.150/0.154 in)
Diameter of recess for flange of cylinder liner ................ 107,82/107,95 mm (4.245/4.250 in)
Diameter of parent bore for mainbearing  ................. 80,416/80,442 mm (3.1660/3.1670 in)

Camshaft bore diameter:

- Four cylinder engines:

NUumber1 forBush): i v e sne ssme sisn e sitinssbas i s 55,56/55,59 mm (2.188/2.189 in)
NGMBEEEE o sdaei-ben s sons Sian Tl gnmn o e 50,55/50,60 mm (1.990/1.992 in)
NUMDBE S .o coiie cvomn siin wime mimin s st coimgs seait S AR oo w SHRALE T 50,04/50,09 mm (1.970/1.972 in)
- Six cylinder engines:

NUmber1 (forbUSRYT i vt wai S wnm Sttt o aa 55,56/55,59 mm (2.188/2.189 in)
NUMDEEE oot st s e St 3 BESms s s oy il 50,55/50,60 mm (1.990/1.992 in)
NUMBEES: o abia s sie soes wams st ovani v vap e vod Shesssa s b sasiite 50,29/50,34 mm (1.980.1.982 in)
NUMBBIAL .o ciin sheon mri srmes imie s sxmes spssedingd Bl S ST 50,04/50,09 mm (1.970/1.972 in)
Bore of bush for number 1 camshaft journal ................... 50,79/50,85 mm (2.000/2.002 in)

Cylinder liners

Type:

APEOUUCHION. o v v cii o vmin ven manie s mmie ayeis il 5o o S e S St Dry, interference fit, flanged
~SBIVICE. v sims 05 i sumsirasng suseess wriis Saoe S Aans e o S e e Dry, transition fit, flanged
SHSOIVICE  ooos isd simra) s st whaisias ke ssimsin-siiansl sceie ‘ndiior sS0sFanshdts Dry, transition fit, flanged, with flame ring
partdally finished IHeF, - won o vms wws s avs s ses o Dry, interference fit, flanged, with flame ring
- AE, YE, 110Ti and 135Ti AD lists:

< PIOOUCHION oensierad s i e T U Sm SRt Dry, interference fit, flanged, with flame ring
Outside diameter of production liner ....................... 104,25/104,28 mm (4.105/4.106 in)
Interference fit of production liner ............ ... ... ot 0,03/0,08 mm (0.001/0.003 in)
Inside diameter of production liner ........................ 100,00/100,03 mm (3.937/3.938 in)
Transition fit of seVIGElNEr .. ..\ veuvne vai ceniiias vr a0 +/- 0,03 mm (+/- 0.001 in)
Inside diameter of service liner (fitted) ................... 100,04/100,063 mm (3.9385/3.9395 in)
Inside diameter of service liner with a flame ring (fitted) ........ 100,00/100,063 mm (3.937/3.939 in)
Maximum permissible wear of linerbore . ...... ... ... ... ... il 0,25 mm (0.010 in)
Thicknessiof flaNgeis . - wviiomie wis s S ol b, siilber st 3,81/3,86 mm (0.150/0.152 in)
Relative position of top of liner flange to top face of cylinder block ~ ....... 0,10 mm (0.004 in) above

0,10 mm (0.004 in) below

Lovol Phaser/1000 Series 16A.13
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CYLINDER BLOCK ASSEMBLY 16

Partially finished liner

Inside diameter of partially finished liner ................... 99,162/99,415 mm (3.9040/3.9139 in)
Interference fit of partially finished liner in parentbore . ........... 0,025/0,076 mm (0.003/0.001 in)
Hone angle (cross-hatch) ... 0 v o cn ol s i e e o ool e 30°/35°
Final finish grade, silicon carbide (Plateauhone) ........................ 0,65/1,3 micrometers
Inside diameter of finished liner .......................... 100,00/100,03 mm (3.937/3.938 in)

16A.14 Lovol Phaser/1000 Series
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Engine timing

1.7
Bosch EPVE fuel injection pumps . .............. 17A
PT100 Al PE in-line fuel injection pump . ... ... o 17B
stanadyne fuel Injection pump 1 7C

Four cylindesr unit pump 17D
Sixoylinder unit PumD oo e 1 7E
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ENGINE TIMING 17A

Engines fitted with Bosch EPVE
fuel injection pumps 17A

Engine timing

General description: «...o. . v, ifi il Lo TE LR T U 17A.02
17A-01A  To set number 1 piston to TDC on the compression stroke ool g8
17A-01B  An alternative method to set number 1 piston to TDC on

the compression stroke 77 =0 Se e e Uil it o 17A.04
17A-02 Tocheekthe valveitiming: -« 2. - -l oo Fass o iy e 17A.04
17A-03  To check the timing of the fuel injectionpump  .............. 17A.05
17A-04  To check the timing mark of the fuel injection pump .. ... ... .. 17A.07
17A-05  To check the enginetimingmark ........................ 17A.08
Dataand dimensions . ........... ... L ieei i d e 17A.09
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17A ENGINE TIMING

General description

The timing gears are stamped with timing marks to
ensure that they are assembled correctly (A). The
stamped teeth of the crankshaft, the camshaft and
the fuel pump gears will be in mesh with the idler
gear when number 1 piston is at top dead centre
(TDC) on the compression stroke. The marked
teeth of the idler gear may not necessarily be in
mesh in this position, due to the different speeds at
which the gears rotate.The fuel pump gear has
timing marks for four and six cylinder engines.

Notes:

~ » The maximum no load speed (B3) set by Lovol
may be reset by the equipment manufacturer. If the
speed is changed the new speed is shown in the
high idle reset position (B4). The original maximum
no load speed should be eliminated.

~+ The adjustment screw for the maximum no load

speed, is sealed by the manufacturer. The setting
must not be changed, unless approved, as it could
affect the warranty of the engine.

17A.02 Lovol Phaser/1000 Series



https://truckmanual shub.com/

ENGINE TIMING 17A

Engine timing

To set number 1 piston to TDC on the
compression stroke 17A-01A

Special tools:
Valve spring compressor, PD.6118B
Stud adaptor for use with PD.6118B, PD.6118B-7

Setscrew adaptor for use with PD.6118B,
PD.6118B-8

1 Fasten a temporary pointer to the timing case
cover with its tip near to the outer edge of the
crankshaft pulley or damper (A1).

2 Remove the rocker cover, operation 12A-01.

3 Rotate the crankshaft, clockwise from the front,
until the push rod for the inlet valve of the rear
cylinder just tightens.

4 Remove the spring clip and the spacer from the
front of the rocker shaft. Release the fasteners of
the front two pedestals of the rocker shaft and
remove the front rocker lever; tighten the fasteners
of the rocker shaft pedestals.

5 Remove the valve springs from the front valve
with the valve spring compressor PD.6118B and the
adaptor PD.6118-7, for pedestal studs, or the
adaptor PD.6118-8, for pedestal setscrews.

Caution: Fit a suitable collar near the top of the
valve to hold the valve if the crankshaft is rotated
too far.

6 Allow the valve to be held by the top of the
piston.

7 Fasten a dial test indicator with its plunger in
contact with the top of the valve stem (A2) and with
a reading shown on the gauge. Rotate slowly the
crankshaft, clockwise from the front, until the
clockwise movement of the dial gauge pointer just
stops. Make a suitable mark on the crankshaft
pulley or damper to align with the temporary
pointer. Continue to rotate the crankshaft, in the
same direction, until the gauge pointer just begins
to move in a counter-clockwise direction. Make
another mark on the pulley or damper to align with
the pointer. Mark the centre point between the two
marks on the pulley or damper and remove the
other two marks.

8 Rotate the crankshaft approximately 45° counter-
clockwise from the front and then clockwise until
the mark on the pulley or damper is aligned with the
pointer. Number 1 piston is now at TDC on the
compression stroke.

Lovol Phaser/1000 Series 17A.03
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17A ENGINE TIMING

An alternative method to set number 1
piston to TDC on the compression
stroke 17A-01B

1 Fasten a temporary pointer to the timing case
cover (or other suitable position) with its tip near to
the outer edge of the crankshaft damper or pulley.

2 Loosen the setscrews that retain the atomisers.
3 Remove the rocker cover.

4 Rotate the crankshaft clockwise, from the front,
until the push rod for the inlet valve of the rear
cylinder just tightens.

5 Rotate the crankshaft a further 1/8 of a turn
clockwise. Insert a suitable lever between the
rocker lever and the valve spring cap of number 1
inlet valve. Open the inlet valve and put a spacer
approximately 5,0 mm (0.2 in) thick between the
valve tip and the rocker lever.

6 Slowly rotate the crankshaft counter-clockwise
until the piston makes contact with the open valve.
Make a temporary mark on the damper or pulley to
align accurately with the tip of the pointer.

7 Rotate the crankshaft clockwise a few degrees
and remove the spacer between the valve and the
rocker lever. Rotate the crankshaft 1/4 of a turn
counter-clockwise. Put the spacer between the
valve tip and the rocker lever.

8 Slowly rotate the crankshaft clockwise until the
piston makes contact with the open valve. Make
another temporary mark on the damper or pulley to
align accurately with the tip of the pointer.

9 Make a temporary mark at the centre point
between the two marks on the damper or pulley
and remove the other two marks. Rotate the
crankshaft counter-clockwise 1/8 of a rotate and
remove the spacer between the valve and the
rocker lever. Slowly rotate the crankshatft clockwise
until the mark on the damper or pulley aligns
accurately with the tip of the pointer. Number 1
piston is now at TDC on the compression stroke.

To check the valve timing 17A-02

1 Set the piston of number 1 cylinder to TDC on
the compression stroke, operation 17A-01A.

2 Remove the dial test indicator from number 1
inlet valve and fit the valve springs and the rocker
lever. Ensure that the fasteners for the rocker shaft
pedestals are to the correct torque.

3 Rotate the crankshaft, clockwise from the front,
until the inlet valve of the rear cylinder is fully open.
4 Set the valve tip clearance of number 1 cylinder
inlet valve to 1,5 mm (0.059 in).

5 Rotate the crankshaft, clockwise from the front,
until the push rod of number 1 cylinder inlet valve
just tightens. In this position, check if the mark on
the crankshaft pulley or damper is within +/- 2 1/2°
of the temporary pointer. Use the formula below to
find the measurement which is equal to 2 1/2° on
the pulley or damper.

CxP
360

C = circumferance of pulley or damper
P = 2.5 degrees

6 If the timing is more than 2 1/2° out of position,
the timing gears are probably not in correct mesh.

Note: One tooth on the camshaft gear is equivalent
to 23 mm (0.9 in) at the circumference of a pulley
of 203 mm (8 in) diameter. If a large damper is
fitted, one tooth on the camshaft gear is equivalent
to 35 mm (1.4 in) at the circumference of a damper
of 310 mm (12.2 in) diameter, or 37 mm (1.5 in) at
the circumference of a damper of 327 mm (12.8 in)
diameter.

7 Rotate the crankshaft, clockwise from the front,
until the inlet valve of the rear cylinder is fully open.
Set the valve tip clearance of the inlet valve of
number 1 cylinder to 0,20 mm (0.008 in).

8 Fit the rocker cover, operation 12A-01.

9 Remove the temporary pointer from the timing
case and the timing mark from the pulley or
damper.

17A.04
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ENGINE TIMING 17A

To check the timing of the
- Bosch EPVE fuel injection pump  17A-03

Special tools:
Timing gauge adaptor, MS.107

Spanner for flange nuts of fuel injection pump,
PD.239

Note: The procedure given below is suitable for
engines fitted with a Bosch EPVE fuel injection
pump and have a static timing of 10° or more.

1 Set the piston of number 1 cylinder to TDC on
the compression stroke, operation 17A-01. It is not
necessary to fit a temporary pointer
(17A-01/paragraph 1). Instead, the dial of the dial
test indicator (A1) should be set at zero when the
clockwise movement of the pointer stops
(17A-01/paragraph 7).

2 Remove the high-pressure pipes from the fuel
injection pump. Ensure that a spanner is used to
prevent movement of the pump outlets when the
high-pressure pipes are remaved or fitted.

3 Remove the plug and washer from the rear of
the fuel pump and fit the adaptor, number MS.107,
and a suitable dial gauge (A2). Set the dial gauge to
indicate approximately 3,0 mm.

4 Slowly rotate the crankshaft, counter-clockwise
from the front of the engine, until the dial gauge
indicates that the plunger of the fuel injection pump
is at the bottom of its stroke. Set the dial to zero.

5 Slowly rotate the crankshaft clockwise until the
dial gauge on the valve stem indicates the correct
position of the piston before TDC, see data and
dimensions. The timing of the fuel injection pump is
correct if the dial gauge on the pump plunger
indicates 1,0 mm (0.039 in).

6 If the timing is not correct, disconnect the
remainder of the pipes of the fuel injection pump
and loosen the setscrew of support bracket for the
pump.

7 To correct the timing, hold the fuel injection
pump and release the flange nuts; if a compressor
is fitted, it will be necessary to use tool number
PD.239 to release the flange nuts nearest the
cylinder block. If the gauge on the pump plunger
indicates more than 1,0 mm (0.039 in), rotate the
fuel pump counter-clockwise, from the rear of the
fuel pump, until the gauge indication is 1,0 mm
(0.039 in). If the gauge indication is less than

1,0 mm (0.039 in), rotate the fuel pump clockwise
until the gauge indication is 1,0 mm (0.039 in).
Tighten the flange nuts and the setscrew of the
support bracket for the pump.

Lovol Phaser/1000 Series 17A.05
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17A ENGINE TIMING

8 Rotate the crankshaft counter-clockwise
approximately 45°, then slowly clockwise io check
the timing again. Continue to rotate the crankshaft
clockwise and check the TDC position. If the timing
and the TDC are correct, remove the dial gauge
and the adaptor from the fuel injection pump and fit
the washer and the plug. Tighten the plug to 10 Nm
7 lof ft (1,0 kgf m)

9 Fit all the pipes to the fuel injection pump.
Remove the dial test indicator from the cylinder
head and fit the valve springs and the rocker lever.
Set the valve tip clearance to 0,20 mm (0.008 in).
Fit the rocker cover, operation 12A-01.

10 Eliminate the air from the fuel system, operation
20A-08A.

The procedure given below is suitable for
engines fitted with a Bosch EPVE fuel injection
pump which have a static timing of 9° or less.

1 Set the piston of number 1 cylinder to TDC on
the compression stroke, see operation 17A-01B.

2 Measure accurately clockwise around the
periphery of the damper/pulley from the TDC mark
and make a temporary mark to indicate the static
timing angle, see data and dimensions.

Note: 1°is 1,8 mm (0.07 in) at the circumference
of a pulley of 203 mm (8 in) diameter. If a large
damper is fitted, 1°is 2,7 mm (0.106 in) at the
circumference of a damper of 310 mm (12.2 in)
diameter or 2,9 mm (0.114 in) for a damper of 327
mm (12.9 in) diameter.

If a pulley of a different size is fitted use the
formulea below to find the measurement for the
temporary mark for the static timing:

CxP
360
C= circumferance of pulley or damper
P= Static timing angle, refer to the data and
dimensons

3 Remove the high-pressure pipes from the fuel
injection pump and fit the adaptor and dial gauge to
the rear of the pump, see paragraphs 2, 3 and 4 of
operation 17A-03.

4 Rotate the crankshaft counter clockwise for 1/8
of a turn. Slowly rotate the crankshaft clockwise
until the timing mark on the damper/pulley aligns
accurately with the tip of the pointer. With the
crankshaft in this position, the timing is correct if
the dial gauge on the pump plunger indicates

1,0 mm (0.039 in).

5 |f the timing is not correct see paragraphs 6 and
7 of operation 17A-03.

6 Rotate the crankshaft 1/8 of a turn counter-
clockwise, then slowly clockwise to align the timing
mark with the tip of the pointer and check the
timing again. If the timing is correct, remove the dial
gauge and the adaptor from the rear of the pump.
Fit a new washer and the plug and tighten the plug
to 10 Nm (7 Ibf ft) 1,0 kgf m.

7 Fit the fuel pipes to the fuel pump. Remove the

temporary marks from the damper/pulley. Remove
the temporary pointer from the timing case. Fit the
rocker cover, operation 12A-01.

8 Eliminate the air from the fuel system, operation
20A-08A.

17A.06
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To check the timing mark of the fuel
injection pump 17A-04

Special tools:

Pump timing gauge, MS.107

Universal timing gauge, MS.67B

Gear adaptor for use with MS.67B, PD.67-3

Note: Only early Bosch EPVE pumps have a mark
on the flange. The mark was removed when the
locking screw was introduced.

1 Remove the fuel injection pump, operation
20A-06A.

2 Fit the adaptor PD.67-3 to the drive shaft of the
fuel pump (A) and fasten it with the nut of the fuel
pump gear.

3 Release the screw (B3), set the timing tool to the
correct angle, see data and dimensions, and tighten
the screw.

4 Fit the timing tool to the splined adaptor on the
fuel pump drive. Release the screw (B1), slide the
pointer (B2) forward until it is over the centre of the
fuel pump flange and tighten the screw. Rotate the
timing tool and the pump shatft to align the master
spline with the number 1 outlet of the pump

(outlet "C").

5 Remove the plug and the washer from the centre
of the rear of the fuel pump and fit the adaptor
MS.107. Fit a dial gauge to the adaptor and set the
gauge to indicate approximately 2,0 mm (0.080 in).

6 With the fuel injection pump held securely, rotate
the tool and the drive shaft counter-clockwise, from
the drive end, and set the dial gauge to zero when
the pump plunger is at its lowest position. Keep the
fuel pump secure and rotate the drive shaft
clockwise until the gauge indicates 1,0 mm

(0.039 in) plunger lift. At this position the slot in the
pointer of the timing tool must align with the mark
on the flange of the fuel pump.

8 If the mark is not correct, remove the timing tool
and eliminate the mark on the flange. Fit the timing
tool and repeat the above operation to obtain

1,0 mm (0.039 in) plunger lift. With the fuel injection
pump and timing tool held securely in the correct
position, make a new mark on the flange of the fuel
pump, within the slot of the pointer. Release the
timing tool and repeat the operation to check that
the new mark is correct.

9 Remove the timing tool, splined adaptor and the
adaptor and dial gauge. Fit the washer and plug to
the rear of the fuel pump.

10 Fit the fuel injection pump, operation 20A-06A.

11 Eliminate air from the fuel system, operation
20A-08A.

Lovol Phaser/1000 Series 17A.07
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To check the engine timing mark ~ 17A-05

Special tools:

Universal timing tool, MS.67B

Drive adaptor for use with MS.67B, PD.67-2
Pointer for use with MS.67B, PD.67-4
Distance piece for use with MS.67B, PD.67-5

Note: The mark was removed from the timing case
when the Bosch EPVE Pump with a locking screw
was introduced.

1 Set the piston of number 1 cylinder to TDC on
the compression stroke, operation 17A-01.

2 Remove the fuel injection pump and its joint,
operation 20A-06A.

3 Fit the distance piece PD.67-5 (A1) to the timing
tool adaptor PD.67-2. Align the key in the adaptor
with the keyway in the gear of the fuel pump and fit
the adaptor to the gear (A). Ensure that the
distance piece is against the rear face of the timing
case. Secure the adaptor to the gear with the nut
supplied with the adaptor.

4 Loosen the screw (B4) on the timing tool
MS.67B. Set the timing tool to the correct engine
check angle, see data and dimensions, and tighten
the screw. Loosen the screw (B5) and fit the
splined shaft (B3) into the timing tool (B). Loosen
the screw (B2). Fit the 90° pointer PD.67-4 (B1)
and tighten the screw.

5 Fit the splined shaft of the timing tool to the
adaptor. Slide the timing tool along the splined shaft
until it is against the adaptor and tighten the screw
(B5). )

6 Loosen the screw (B2). Slide the pointer forward
until the flat face is against the rear face of the
timing case and tighten the screw. If the mark on
the timing case is correct, the mark will align with
the top edge of the pointer (B1). If the mark is not
correct, remove the timing tool and eliminate the
mark on the timing case. Fit the timing tool. Ensure
that the pointer is against the timing case and make
a new mark on the timing case along the top
straight edge of the pointer.

7 Remove the timing tool and the adaptor.

8 Fit the fuel pump together with a new joint,
operation 20A-08A.

9 Remove the dial test indicator from the cylinder
head and fit the valve springs and the rocker lever.
Set the valve tip clearance of number 1 cylinder
inlet valve to 0,20 mm (0.008 in). Fit the rocker
cover, operation 12A-01.

10 Eliminate air from the fuel system, operation
20A-08A.

17A.08 Lovol Phaser/1000 Series
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Engines fitted with P7100 AD PB in-line
fuel injection pumps

Engine timing

Generaldescripfion  ..:. . . cu il L i e i s e

17B-01 To set number 1 piston to TDC on the compression stroke
17B-02°  Tocheckthe valve timing ..o .. sialeg (B8 bogie,
17B-03  To check the timing of the fuel injection pump  ...........

Dataanddimeénslons - .. ....... o550 JOUCEEsiUIsai S Lo 2

17B

17B.02

referto 17A.04
refer to 17A.04
i 17B.03

17B.05
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General description

The timing gears are stamped with timing marks to
ensure that they are assembled correctly (A). The
stamped teeth of the crankshaft and camshaft
gears will be in mesh with the idler gear when
number 1 piston is at top dead centre (TDC) on the
compressian stroke. The marked teeth of the idler
gear may not necessarily be in mesh, in this
position, due to the different speeds at which the
gears rotats.

There are no timing marks on the fuel pump gear of
engine types AE and YE. The gear, which is
fastened to a hub on the drive shaft of the fuel
injection pump, has slots to allow adjustment to the
timing.

Notes:

+ The maximum no load speed (B3) set by Lovol
may be reset by the equipment manufacturer. If the
speed is changed the new speed is shown in the
high idle reset position (B4). The original maximum
no load speed should be eliminated.

+ The adjustment screw for the maximum no load
speed, is sealed by the manufacturer. The setting

must not be changed, unless approved, as it could
affect the warranty of the engine.

For details of the fuel pump code for the engine see
the data and dimensions at the end of this section.

17B.02 Lovol Phaser/1000 Series
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To check the timing of

the fuel injection pump 17B-03

Special tools:
Piston position tool, PD.221
Timing light, KJ37007

1 Remove the rocker cover, operation 12A-01,

2 Loosen the setscrews which retain the
atomisers.

3 Rotate the crankshaft clockwise, from the front,
until the push rod for the inlet valve of number 1
cylinder just releases.

Note: A locally made washer (A2) must be fitted
onto the piston position probe (A1) when the engine
check angle is less than 100 degrees BTDC. See
the data and dimensions for details.

4 Remove the atomiser from number 1 cylinder
together with its seat washer and put the piston
position probe, PD.221, (A1) in its place. Fit the
atomiser clamp to the probe and tighten the
setscrews gradually and evenly.

5 Remove the cap (A5) and its washer from the
timing attachment (A10) on the governor housing.
Ensure that the plastic pin (A6) in the cap is not
lost. Put the probe (A4) of the timing light,
KJ37007, (A8) into the timing attachment. Ensure
that the spline (A3) on the probe is at the top and
enters the slot in the timing attachment. Tighten the
outer body of the probe. Connect the earth cable
(A9) to the engine in a place where there will be a
good earth connection. Press the switch (A7) on
the timing light to the "ON" position.

3
POWER
POSITION
.S,E NSOR
Lk L
A B
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Caution: Ensure that the piston comes lightly into
contact with the piston position probe, or both the
piston and the probe could be damaged.

6 Very carefully rotate the crankshaft clockwise
until the piston just comes into contact with the
piston position probe.

7 The timing is correct when the two lamps on the
timing light are illuminated.

If both of the lamps are not illuminated, release the
setscrews and remove the gear cover from the
timing case cover. Loosen the cap screws which
retain the fuel pump gear. Adjust the position of the
fuel injection pump hub until both lamps are
illuminated. Tighten the cap screws to 35 Nm

(26 Ibf ft) 3,6 kgf m.

8 To check the timing is correct: Rotate the
crankshaft counter-clockwise, from the front of the
engine to move the piston away from the probe and
repeat paragraphs six and seven above.

9 Press the switch on the timing light to the "OFF"
position. Disconnect the earth cable from the
engine. Release the outer body of the probe and
remove the probe from the timing attachment and
remove the timing light.

10 Check that the brass end of the plastic pin can
be seen in the cap for the timing attachment. Fit the
cap together with a new washer.

Caution: If the plastic pin is not put into the cap
correctly, damage could occur to the fuel injection
pump.

11 Release the setscrews and remove the piston
position probe from number 1 cylinder. Fit the
atomiser together with a new seat washer. Tighten
the setscrews for all of the atomisers gradually and
evenly to 12 Nm (9 Ibf ft) 1,2 kgf m.

12 Fit the gear cover together with a new joint to
the timing case cover. Clean the threads of the
setscrews for the gear cover and apply a sealant to
the threads. Fit the setscrews and tighten them.

13 Fit the rocker cover, operation 12A-01.
Supplement : To check the timing of the fuel
injection pump no timing light

1. Based on the instructions in Page 17A.04 in t
he Workshop Manual, make marks to indicate

to its maximum position. Turn the crankshaft
clockwise viewed from the front end of the
engine, until the piston of the first cylinder
reaches TDC.
3. Turn the crankshaft anticlockwise at an
angle of over 60°. Then turn the crankshaft
clockwise slowly, meanwhile observe the
fuel level in the fuel outlet valve. As soon
as the fuel level begins to fluctuate, indicating
the beginning of fuel supply of the first cylinde
, you should stop turning the crankshaft.
Measure the angle between the line on the gei
housing cover and that on the belt pulley, nan
y the fuel supply angle. If the latter line is befol
the former line, then the fuel is supplied in
advance. Otherwise, the fuel supply is retardet
4. If the fuel supply angle is not desirable,
then it can be adjusted by using the holes
on the flange at pump end after loosening
the nuts on the pump bracket and the flange
at pump end. The fuel supply angle can be
increased by leaning the pump toward the
engine. Otherwise it can be decreased.
Corresponding to 1mm distance moved by
the outer edge of the pump flange, the fuel
supply angle will be adjusted at about 1°CA.
5. Once the fuel supply angle becomes
suitable, the nuts on the flange at the pump
end, and the bolts on the pump bracket,
should be screwed down to the required
torque. Then repeat step 3 and check the

the position when the piston of the first cylinderis ¢, supply angle.
at top dead center. The marks should be made on

the gear housing cover and the pulley respectively.

2. Dismount the high-pressure fuel pipes of the

first cylinder, and pull the fuel amount control bar

17B.04 Lovol Phaser/1000 Series
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ENGINE TIMING 17B

Data and dimensions

in-line fuel injection pump

Birection af rotation o dMeBNnd.  « woewemme sy wmimemms = e o wmn b paie Clockwise
QiitlstforHumBer TOYINAET  wommen v i munne s smseorns s weissizsss me e Drive end of fuel pump
) Piston position
Erphaic st probe washer
angle ok
( degrees) thickness
(mm)
928 2.302 (1)
100
100
100
100
Table 1

The piston position probe PD 221 is used to set the engine check angle to 100 degrees BTDC.

A locally made washer (A) must be fitted onto the pisten position probe when the engine check angle is
less than 100 degrees BTDC.

The thickness of the piston position probe washer, dimension A, in illustration (A) for a particular engine is
shown in shown in table 1. The general dimensions for the piston position probe washer are also shown in
(A).

Lovol Phaser/1000 Series 17B.05
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ENGINE TIMING 17C

Engines fitted with Stanadyne fuel injection pumps 17C

Generaldescription . ... ... ... 17C.02

Engine timing
17C-01 To set number 1 piston to TDC on the compression stroke refer to 17A.03

17C-02  Tocheck the valve timing ............. ... ... ... refer to 17A.04
17C-03  To check the timing of the fuel injection pump . ............. 17C.03
17C-04  To check the timing mark of the fuel injection pump ~ .......... 17C.04
17C-05  To check the engine timingmark — ........... ... ... ... 172¢-05

Lovol Phaser/1000 Series 17C.01
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17C ENGINE TIMING

General description

The electrical stop solencid on these fuel pumps is
fitted inside the governor housing. The earth
connection (A1) and the electrical connection (A2)
are on top of the governor housing.

17C.02 Lovol Phaser/1000 Series
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ENGINE TIMING 17C

To check the timing of the
fuel injection pump 17C-03

If the mark on the flange of the fuel injection pump
is in line with the mark on the timing case (A), the
timing of the fuel injection pump should be correct.
If the timing marks are in line and the engine
performance indicates that the timing is not correct,
check that the marks on the flange and on the
timing case are in their correct positions, operations
17C-04 and 17C-05.

Lovol Phaser/1000 Series 17C.03
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17C ENGINE TIMING

To check the timing mark of the fuel
injection pump 17C-04

Special tools: '
Universal timing tool, MS.67B
Gear adaptor for use with MS.67B, PD.67-3

1 Remove the fuel injection pump, operation
20A-06D.

2 Fit the adaptor PD.67-3 (A) to the drive shaft of
the fuel pump and fasten it with the nut of the fuel
pump gear.

3 Remove the banjo bolt from number 1 high-
pressure outlet - outlet "W" for four cylinder
engines, outlet "Y" for six cylinder engines - and fit
a banjo bolt which does not contain a pressure
valve.

4 Connect number 1 outlet to an atomiser tester.
Operate the hand pump until a pressure of 30 atm
(440 Ibf in2) 31 kgf/cm? is indicated on the gauge.

5 Loosen the screw (B3) on the timing tool
MS.67B and set the timing tool to the correct angle,
see data and dimensions. Tighten the screw.

6 Fit the timing tool to the adaptor on the fuel
pump drive shaft. Rotate the drive shaft of the fuel
pump by hand in the normal direction of rotation -
see arrow on pump data plate - until the fuel
‘pressure prevents movement. In this position, the
fuel pump is set at the start of injection from
number 1 outlet.

7 Loosen the screw (B1). Slide the pointer (B2)
forward until it is over the centre of the pump flange
and check that the mark on the flange is in the
centre of the slot in the pointer.

8 If the mark is not correct, remove the timing tool
and eliminate the mark. Fit the timing tool and
ensure that the fuel pump is at the start of injection
for number 1 cylinder. Loosen the screw (B1). Slide
the pointer forward to the complete width of the
flange and tighten the screw. Make a new mark on
the flange of the pump through the slot in the
pointer.

9 Remove the timing tool and the adaptor.

10 Disconnect the atomiser tester and fit the
original banjo bolt to number 1 high-pressure outlet.

11 Fit the fuel injection pump, operation 20C-08.

12 Eliminate air from the fuel system, operation
20C-08.

17C.04 Lovol Phaser/1000 Series
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ENGINE TIMING 17C

To check the engine timing mark ~ 17C-05

Special tools:

Universal timing tool, MS.67B

Adaptor for use with MS.67B, PD.67-2
Pointer for use with MS.678, PD.67-4

1 Set the piston of number 1 cylinder to TDC on
the compression stroke, operation 17C-01.

2 Remove the fuel injection pump and its joint,
operation 20C-06.

3 Align the key in the adaptor PD.67-2 (A) with the
keyway in the gear of the fuel injection pump and fit
the adaptor to the gear. Ensure that the adaptor is
against the rear face of the timing case. Secure the
adaptor to the gear with the nut supplied with the
adaptor.

4 Loosen the screw (B4) on the timing tool
MS.67B. Set the timing tool to the correct engine
check angle, see data and dimensions, and tighten
the screw. Loosen the screw (B5) and fit the
splined shaft (B3) into the timing tool (B). Loosen
the screw (B2). Fit the 90° pointer PD.67-4 (B1)
and tighten the screw.

5 Fit the splined shaft of the timing tool to the / SEeas
adaptor. Slide the timing tool along the splined shaft Gl e - pm
until it is against the adaptor and tighten the screw

(B5).

6 Loosen the lock screw (B2). Slide the pointer

forward until the flat face is against the rear face of

the timing case and tighten the screw. If the mark

on the timing case is correct, the mark will align

with the top edge of the pointer (B1). If the mark is

not correct, remove the timing tool and eliminate

the mark on the timing case. Fit the timing tool.

Ensure that the pointer is against the timing case

and make a new mark on the timing case along the

top straight edge of the pointer.

7 Remove the timing tool and the adaptor.

8 Fit the fuel injection pump and a new joint,

“ operation 20C-06.
9 Remove the dial gauge from number 1 cylinder
inlet valve and fit the valve springs and the rocker
lever. Set the valve tip clearance of number 1
cylinder inlet valve to 0,20 mm (0.008 in). Fit the
rocker cover, operation 12A-01.

10 Eliminate air from the fuel system, operation
20C-08.

Lovol Phaser/1000 Series 17C.05
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ENGINE TIMING 17D

Four cylinder unit pump
GenEral DESCIIPLION. ... et e e e e e s 17D.02
Engine timing

17D-01 Adjust the number 1 piston to the TDP dutimg compression stroke...refer to 17A.04
17D-02 Check the valve timing.............ccoooiiiiiiiiiiniennee

veeeeee...refer to 17A.04
17D-03 Check the fuel injecting pump timing

Lovol Phaser/1000 Series 17D.01
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17D ENGINE TIMING

General Description:
On Phaser series engines, electronic control wmitpis
used and is modified and improved in combustiotesygo

satisfy the emission standard defined in EURO IllI..

17D.02 Lovol Phaser/1000 Series
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ENGINE TIMING 17D

Enginetiming

Check the fuel injecting pump timing  17D-03

Electronic control unit identifies the rotationgdezd

and working phase with rotational speed sensoasso

to ensure the correctness of the injecting timifig o
fuel system which means ensuring injecting fuea at
suitable time. The phases of the system consist Cam
phase and crankshaft phase, see diagram “installati
phase scheme” for the detail. The design of phase i

based on the TDC of compression stroke of number 13.

cylinder during its TDC.

1. Check the crankshaft phase: whether the angel
from the multiple holes of signal panel to the
probe of rotational speed sensor is 65° along the
rotation direction of crankshaft when number
1(engine piston) cylinder is on the TDC of
compression stroke.

Check the Cam phase: Method 1: when number

Vertical direction

Direction of piston move

Multi-tooth
5x5

o]
the!

erving from
wer inpul

Camshaft rotational
speed sensor

Pump Cam Phase

The sensor is fitted at the No.1 cylinder
top along the plumb line cor'npression
top dead center

0. Zom

Installation space |

Multi-hole

Crankshaft phase

it
end'of the crank5-

1 cylinder (engine piston) is on the TDC of
compression stroke, rotate the flywheel along
the rotational direction of crankshaft and check
the rotation angel of key slot of Cam of injection
pump according to related requirement when
number 1 cylinder (engine piston) is on the
TDC of compression stroke.

Method 2: when number 1 cylinder (engine
piston) is on the TDC of compression stroke,
check the Cam lift value of injection pump
according to related requirement ( it can be
checked with processing pump).

Technical requirement

1. This diagram shows the state at compression tapadeser
of number 1 cylinder (the cone surface end of cafnals
the number 1 cylinder).

The angel between the installation axial line ef ump
(the direction of piston moving) and the vertidection is
15°.

The position of the signal sensor of the camshaft i
determined by the user (it can be allocated albegxle
direction); the installation hole of the sensor

When the number 1 cylinder piston is at the corsfmes
top dead center, the angle between the camshajréeye
and the vertical direction is 42.4 + 0.2° (in tiewof pump
gear).

When the number 1 cylinder piston is at the corsfmes
top dead center, the angle between the cam signal p
multihole and the camshatft rotational speed semstir7°
(in the direction of rotation).

2.

6. The angle between the cam signal panel multihaletra
normal hole is 15°.

7. The size of the signal groove of the cam signatlparas
above diagram.

8. The thickness of the cam signal panel is 5m; thwpijg
distance of the signal panel shall not be aboEn0When
rotating in high-speed.

9. The tolerance of unlabelled angel tolerance adopt

GB/T1804-n grade.

Technical requirement

1. When the number 1 cylinder piston is at the
compression top dead center, the angle between
the camshaft multihole position and the

camshaft

sensor is 65.

The angle between the crankshaft signal panel

multihole and the normal hole is 15°.

The size of the crankshaft signal hole&with

the

hole-depth of 6m.

The crankshaft signal sensor is installed right

above the flywheel shell (or determined by the

user and allocated along the axle direction), the

connection between the installation hole and the

sensor monitor shall be tangent with the moving

direction of the flywheel signal hole (this

direction is the signal sensitive direction).

The radial jumping range of the flywheel signal

panel shall be less than 0.1m.

The tolerance of unlabelled angel tolerance

adop GB/T1804n grade

Lovol Phaser/1000 Series
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ENGINETIMING 17E

Six cylinder unit pump
GENEral DESCIIPHION. ... ettt et et e et et e e e e e e e et e e 17D2
Engine timing
17E-01 Adjust the number 1 piston to the TDP durithg compression stroke .refer to 17A.04

17E-02 Check the valve timing......... ..o co i i i v i i e e e wrefer to 17A.04
17E-03 Check the fuel injecting pump timing...............cce coveieee ceiive e eee eenee. 17E.03
Enginetiming

Lovol Phaser/1000 Series 17E.01
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17E ENGINE TIMING

Check the fuel injecting pump timing  17E-03

Check the fuel injecting pump timing
Electronic control unit identifies the rotationglesd

and working phase with rotational speed sensoasso 2.

to ensure the correctness of the injecting timiig o
fuel system which means ensuring injecting fuea at
suitable time. The phases of the system consist of
Cam phase and crankshaft phase, see diagram “Cam
phase and crankshaft phase” for the detail. Thigdes

of phase is based on the TDP of compressor of
number 1 cylinder during its TDC.

1. Check the crankshaft phase: whether the angel

of compression stroke.

Check the Cam phase: Method 1: when number
1 cylinder (engine piston) is on the TDC of

compression stroke, rotate the flywheel along
the rotational direction of crankshaft and check
the rotation angel of key slot of Cam of injection

pump according to related requirement when
number 1 cylinder (engine piston) is on the

TDC of compression stroke.

Method 2: when number 1 cylinder (engine

from the slot on the rim of flywheel groove to piston) is on the TDC of compression stroke, check

the probe of rotational speed sensor is 108° the Cam lift value of injection pump according to

along the rotation direction of crankshaft when related requirement ( it can be checked with

number 1(engine piston) cylinder is on the TDC processing pump).

gam Iift 0 83mem

= netic

DEspand| Epﬂ‘-lbﬂ The ratational i Eraar
Op dedd Canker ['E.Eg = . . . .

"gb\?%'@f_ﬁﬂ?am fostalfaion aicasp=ts 1 During the mechanical installation,

Electramagnetic

A YU,
Carm Signal
Tooth depth &

Taoth width ';"
Smm (reference) 55
‘{‘ %

Crankshaft gignal panel
Taath depth 10mm
Tooth width Srmm

Technical requirement

ensure the No.1 cylinder lift to be
6.93mm * 0.05mm which corresponds
to the No.1 cylinder compression top
dead center;

2. Above relevant sizes of crankshaft and
cam signal is the mechanical angle; the
signal angel may be diversity due to the

L

installation of the sensor and the

i

|Refer to the sensor reguirement) . o
‘E?F i affection of the output specification.
02’ 3. This diagram can be the design
- reference of the engine flywheel, which
[

Pump cam phase and crankshaft phase

request the center of the electromagnetic
sensor align to the center of the thirty
sixth groove of the flywheel when the

engine is on the top dead center of the
No.1 cylinder.

17E.02
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ASPIRATION SYSTEM 18

Aspiration system 18
Generaldescription ... ... ... . .. i 18A.02
Turbocharger

18A-01 Toremoveandtofit . ... .. .. .. i 18A.03
18A-02  To clean the impeller and the compressor casing .. . 18A.06
18A-03 To remowve and to fit the actuator assembly of the wasta gate uml 18A.07
18A-04  To check and to adjust the operation of the waste-gate  ....... 18A.08
Turbochargerfaults ... .. ... ... . ... ..o 18A.10

Engine breather systems

18A-05 Openengine breather .. ........ ... . . cooiiiiinnon. 18A.12
184-06 Closedenginebreather . ... . ... .. . .. i iiinieinaan 18A.13
Data and dimensions . ... ... ... .. 18A.14

EGR inlet system
184-07 EGR inlet SYStem ««ccs mevmmemnnss cemtiiccnesissscessssnns sessscacsnnsees 1BA 15

Lovol Phaser/1000 Series 18.01
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18 ASPIRATION SYSTEM

General description

Warning! Turbochargers operate at high speed and
at high temperatures. Keep fingers, tools and other
objects away from the inlet and outlet ports of the
turbocharger and avoid contact with hot surfaces.

A turbocharger (A), is fitted between the exhaust
and induction manifolds. The turbocharger is driven
by exhaust gases and supplies air to the engine at
more than atmospheric pressure. It is lubricated by
oil from the main gallery. The oil passes through
the bearing housing of the turbocharger and returns
to the lubricating oil sump; arrows are included on

~ the illustration to indicate the typical oil flow. e
" Some turbochargers are fitted with a waste-gate
unit (B). This unit, which is controlled by boost A waste-gate guard (A1) is fitted to protect the
pressure, allows some of the exhaust gases to by- actuator rod (A2) of some engines.

pass the turbine rotor at higher engine speeds. With
this arrangement, the turbocharger can be designed
to be more effective at lower engine speeds.

Always use the manufacturers instructions and
specialist assistance to fit the service kit for the
turbocharger.

18.02 Lovol Phaser/1008eries
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ASPIRATION SYSTEM 18

Turbocharger

To remove and to fit 18A-01

Consumable products:

Threadlock (pipe)

To remove

1 Thoroughly clean the turbocharger.

2 Remove the air cleaner hose at the compressor
inlet.

3 Remove or disconnect the support bracket for
the turbocharger. If necessary, remove the heat
shield for the fuel lift pump. Remove the exhaust
elbow from the turbocharger. Where the elbow has
a gasket, release the nuts and remove the elbow
and the gasket. Where the elbow has a sleeve, pull
the elbow together with the sleeve away from the
turbocharger.

4 Release the hose clips and push the hose of the
compressor outlet up the elbow of the induction
manifold.

5 Release the setscrews from the flange of the oil
supply pipe at the top of the bearing housing and
the union nut/connection at the other end of the
pipe. If the lower section of the oil supply pipe is
flexible, use a spanner to hold the hexagon on the
pipe while the union connection is removed from
the oil filter head/adaptor plate. This will prevent
damage to the flexible section of the pipe. If an
adaptor is used in the oil filter head/adaptor plate,
use a spanner to hold the adaptor when the union
nut is released. Remove the pipe and the flange
joint.

6 Release the setscrews from the flange of the oil
drain pipe at the bottom of the bearing housing. If
necessary, release the hose clip(s) from the oil
drain pipe and push the hose down. Remove the oil
drain pipe and the joint from the flange.

Caution: If the turbocharger has a waste-gate
ensure that the actuator rod of the waste-gate is
not used to lift or move the turbocharger. This could
damage the waste-gate and affect the calibration.

7 Release the nuts at the turbocharger to exhaust
manifold flange and remove the turbocharger and
the gasket. Cover the openings in the manifolds,
the turbocharger and the pipes to ensure that dirt,
etc. will not enter.

8 Check the air hoses and the oil drain hose for

cracks or other damage and renew them, if
necessary.

Lovol Phaser/1000 Series
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18 ASPIRATION SYSTEM

To fit

1 Remove the covers from the pipes, manifolds
and the turbocharger.

2 Check that the turbocharger inlets and outlets
are clean and free from restriction and that the
turbocharger shaft rotates freely. Also check that
the openings in the manifolds and the exhaust pipe
are clean and free from restriction.

3 Fit a new gasket to the exhaust manifold to
turbocharger flange 18A.03/A1. If the original nuts
are to be used, ensure that the threads of the studs
are clean and apply a suitable compound to the
studs to prevent seizure. The threads of new nuts
are phosphated to prevent seizure. Fit the
turbocharger. Fit the nuts and tighten them to 44
Nm (33 Ibf ft) 4,5 kgf m.
4 Lubricate the bearing housing of the
turbocharger with clean engine lubricating oil. Fit
the oil supply pipe together with a new joint and
tighten the flange setscrews. If the lower section of
the pipe is flexible, clean the thread of the union
connection and apply POWERPART Threadlock
(pipe). Ensure that dirt does not enter the oil filter
head/adaptor plate. Use a spanner to hold the
hexagon on the pipe while the union connection is
fitted to the oil filter head/adaptor plate. If an
adaptor is used in the oil filter head/adaptor plate,
use a spanner to hold the adaptor when the union
- nut is tightened.

5 Fit the oil drain pipe together with a new joint and
tighten the flange setscrews, but do not connect
the hose.

6 Where the exhaust elbow has a flange, clean the
threads of the studs in the flange of the
turbocharger. Apply a suitable compound to the
studs to prevent seizure of the nuts. Puta new
gasket in position on the flange and fit the elbow.
Tighten the nuts to 22 Nm (16 Ibf ft) 2,2 kgf m
(plated) or 25 Nm (18 Ibf ft) 2,5 kgf m (non-plated).
Fit or connect the support bracket between the
elbow and the cylinder block. Ensure that there is

" no stress on the exhaust elbow. If necessary fit the
heat shield for the fuel lift pump.
7 Where the exhaust elbow (A2) has a sleeve (A1),
check that the sleeve protrusion from the end of the
elbow is 23 mm (0.90in) (A9).

18.04 Lovol Phaser/1008eries
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ASPIRATION SYSTEM 18

8 Fit the elbow in the correct position to the
support bracket (A5) and tighten the setscrews (A4)
finger tight. Some engines have an aluminium heat
shield (A3) between the elbow and the bracket.

9 Fit the sleeve together with the elbow and
bracket into the turbocharger outlet. Fit the
setscrews (A6 and A7) which hold the bracket to
the cylinder block, finger tight. Ensure that the
setscrew (AB) has a thick washer fitted between the
setscrew and the bracket.

10 Where the elbow is fitted vertically, check that
the top face of the elbow flange is at 90° to the
outer face of the inlet manifold (A10).

11 Fully tighten the setscrews that hold the bracket
to the elbow. Check that there is a gap of 6,5 mm
(0.25 in) (A8) between the turbocharger outlet and
the end of the elbow. This gap should be equal all
around the elbow. Fully tighten the setscrews that
hold the bracket to the cylinder block.

12 Where the elbow is fitted vertically, check again
that the top face of the elbow flange is at 90° to the
outer face of the inlet manifold.

13 Slide the hose on the induction manifold elbow
onto the compressor outlet and tighten the hose
clips.

14 Check that there is no restriction in the air filter
to turbocharger hose. Fit the hose and tighten the
clip.

15 Operate the stop control or, where fitted,
disconnect the electrical stop control. Operate the
starter motor until there is a flow of lubricating oil
from the oil drain pipe of the turbocharger. Gonnect
the oil drain pipe. Where fitted, connect the
electrical stop control.

Lovol Phaser/1000 Series 18.05
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18 ASPIRATION SYSTEM

To clean the impeller and the compressor
casing 18A-02

Generally, it is not necessary to remove the
turbocharger to remove the compressor casing,
except on some engines where the compressor
casing is held by a circlip and access to the circlip
is not always possible. This type of turbocharger is
usually fitted to engines used in vehicle
applications.

1 Release the clip and remove the hose from the
compressor inlet. Release the clips and push the
hose on the compressar outlet up the elbow of the
induction manifold.

2 Make a reference mark on the compressor
casing (A1) and on the bearing housing to ensure
correct assembly later.

3 Release the setscrews and remove the lock
plates. If the compressor casing is retained by a
circlip, remove the circlip. It may be necessary to
remove the turbocharger if access to the circlip is
not possible. If the turbocharger has a waste-gate
unit, remove the actuator and bracket assembly,
see operation 18A-03.

Caution: Be careful not to damage the impeller
blades. If the impeller is damaged, the furbocharger
must be renewed.

4 Remove carefully the compressor casing from
the turbocharger (A). If the casing is tight, lightly hit
it with a soft faced hammer.

5 Put the compressor casing in a suitable container
that contains a non-caustic solution. Allow the dirt

to become soft and then clean the casing with a
hard brush and/or a soft scraper. Dry the casing
with clean, compressed air at low pressure.

6 Clean the impeller with a soft brush.

7 Push carefully the compressor impeller towards
the bearing housing and turn the impeller by hand.
Check that there is no restriction of movement and
that there is no noise which can indicate a fault. If
there is a fault, remove the turbocharger for
inspection by a specialist.

8 Fit the casing to the turbocharger and align the
mark on the casing with the mark on the bearing
housing. Fit the lock plates and the setscrews and
tighten the setscrews.If the compressor casing of
the turbocharger is retained by a circlip, fit the
circlip loosely to the bearing housing. Ensure that
the flat face of the circlip is toward the compressor
casing. Fit the casing to the turbocharger and align
the marks on the casing and on the bearing
housing. Fit the circlip in its groove. If the
turbocharger has a waste-gate unit, fit the actuator
and bracket assembly, see operation 18A-03.

9 Fit the hoses to the compressor inlet and outlet
and tighten the clips.

10 If necessary, fit the turbocharger to the engine,
operation 18A-01.

18.06
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ASPIRATION SYSTEM 18

To remove and to fit the actuator
assembly of the waste-gate unit 18A-03

It is important that the wastegate actuator setting is
not altered. Do not remove the actuator or
mounting bracket unless it is necessary to renew
the actuator assembly.

If a wastegate actuator or mounting bracket
assembly is removed from a turbine or compressor
housing it is important that the bracket is fitted into
the correct position on the housing.

To remove

1 Disconnect the boost sensor pipe (A1) at the
actuator (A2).

2 Remove the clip (A4) which retains the actuator
rod (A3) and lift the end of the actuator rod off the
pin (A5) of the waste-gate valve.

3 Release the setscrews which retain the actuator
bracket to the turbocharger and remove the
actuator and bracket assembly.

To fit

1 Put the actuator and bracket assembly in position
on the turbocharger and tighten the setscrews.

2 Connect to the actuator (A2) an air supply which
can be adjusted accurately and is fitted with an
accurate gauge.

3 Operate the arm (A6) of the waste-gate valve by
hand to check that the valve is free to move.

4 Push the arm of the waste-gate valve as far as
possible toward the actuator and hold the arm in
this position. Slowly apply air pressure to the
actuator until the end of the actuator rod (A3) will fit
easily onto the pin (A5) of the waste-gate valve. Fit
the clip (A4). Release the air pressure.

Caution: Do not apply an air pressure of more than
205 kPa (30 Iblin2) 2,1 kgf/lcm? to the actuator.
Higher pressures may damage the actuator.

5 Check the operation of the waste-gate unit,
operation 18A-04.

Lovol Phaser/1000 Series 18.07
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18 ASPIRATION SYSTEM

To check and adjust the operation of the
waste-gate 18A-04

If the waste-gate valve does not operate at the
correct pressure, it can affect the engine
performance. :

If the valve opens at a low pressure, this can cause
black exhaust smoke and loss of power at lower
engine speeds.

Caution: A high pressure setting can cause high
cylinder pressures. This can cause failure of the
cylinder head gasket and damage to the bearings
and pistons.

1 Disconnect the boost sensor pipe (A8) at the
actuator. Connect to the actuator an air supply
which can be adjusted accurately and is fitted with
an accurate gauge.

2 Fasten a dial test indicator (A1) to the
turbocharger with its plunger in contact with the end
of the actuator rod (A4) to measure the axial
movement of the rod.

3 Slowly apply air pressure. Check that the
pressure necessary to move the rod 1,00 mm
(0.039 in), is within the limits shown in the data and
dimensions at the end of this section. Ensure that
the pointer returns to zero when the pressure is
released. Repeat the test several times to ensure
that an accurate reading is obtained. It may be
necessary to lightly hit the turbine housing with a
soft hammer during the test operation.

4 |f the operation of the waste-gate is not correct,
the actuator rod can be adjusted.

5 Remove the dial gauge from the end of the
actuator rod.

6 With the air pressure still applied, release the
locknut (A5) on the actuator arm. Remove the clip
(A2) and remove the actuator rod from the pin (A3)
on the arm of the waste-gate valve.
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7 If the air pressure is too low, rotate the end of
the actuator rod to reduce the length of the actuator
rod. If the air pressure is too high, rotate the end of
the actuator rod to increase the length of the
actuator rod. Rotate the end of the actuator rod in
half turn increments.

Caution: Use only the end of the threaded rod fo
make adjustments. To pull or push the actuator rod
could change the calibration of the actuator. The
result could be damage to the engine because of
too much boost.

8 Put the actuator rod in position on the pin of the
waste-gate arm. Fit the clip. Tighten the locknut.
Release the air pressure.

9 Put the dial gauge in position on the end of the
actuator rod. Apply air pressure to move the
actuator rod 1,00 mm (0.039 in) and check if the air
pressure is correct. If the air pressure is not
correct, repeat from paragraph 6 of the operation
until the correct pressure is obtained.

10 If the air pressure is correct, release the air
pressure, remove the test equipment and connect
the boost sensor pipe.

Lovol Phaser/1000 Series
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Turbocharger faults

The chart below is given to assist in the correct diagnosis of turbocharger faults.
If the inside of the induction manifold is wet, check that there is not a fuel leak from the fuelled starting

aid, if there is one fitted, operation 23C-01.

Problems

Possible causes code numbers

Not enough power

1, 4, 5, 6,.7,.8,.9:. 10 11822020 02 25 =6 525
28, 34, 35, 36

Black smake 1,4,5,6,7,8,9,10, 11, 18, 20, 21, 22, 25, 26, 27,
i 28, 34, 35, 36
Blue smoke 1,2,4,6,8,9,17, 19, 20, 21, 22, 30, 31, 32, 34

High lubricating oil consumption

2,8,15,17, 19, 20, 28, 29, 31, 32, 34

Toa much lubricating oil at turbine end

2,7, 817,19, 20p22,28, 80,31, 32

Too much lubricating oil at compressor end

1,2,4,5,6,8, 19, 20, 21, 28, 31, 32

Not enough lubrication

8,12, 14, 15, 16, 23, 24, 29, 32, 33, 37, 38

Lubricating oil in the exhaust manifold

2, 7,17, 1819, 2022280885 85

Inside of the induction manifold wet

1,2,3,4,5,6,8, 10, 11, 17, 18:19; 20: 21528582,
34, 39, 40

Damaged compressor impeller

3,4,6,8,12,15, 16, 20, 21, 23, 24, 29, 32, 33, 37, 38

Damaged turbine rotor

7,8,12,13, 14, 15, 16, 18, 20, 22, 23, 24, 25, 27, 29,
32, 33, 37, 38

Rotating assembly does not turn freely

3,6,7,8, 12131415, 16.18. 20, 21,22, 232429,
32, 33, 37, 38

Worn bearings, bearing bores, journals

6,7,8, 12,13, 14, 15, 16, 23, 24, 29, 33, 37, 38

Noise from turbocharger

1,3,4,5,6, 7.8, 9, 10 14213, 14, 15; 1651820
21, 22, 23, 24, 29, 32, 33, 34, 37, 38

Sludge or carbon deposit in bearing housing

2,11,13, 14, 15,17, 18, 24, 29, 33, 37, 38

18.10
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Element of the air filter dirty

Restricted crankcase breather

Element of the air filter missing, leaking or not sealing correctly. Loose connection to turbocharger.
Internal distortion or restriction in pipe from air filter to turbocharger.
Damaged/restricted crossover pipe, turbocharger to induction manifold.
Restriction between air filter and turbocharger.

Restriction in exhaust system.

Turbocharger loose or clamps/setscrews loose.

Induction manifold cracked or loose, flanges distorted.

Exhaust manifold cracked or loose, flanges distorted.

Restricted exhaust system.

Delay of lubricating oil to turbocharger at engine start.

Insufficient lubrication.

Dirty lubricating oil.

Incorrect lubricating oil.

Restricted lubricating oil supply pipe.

Restricted lubricating oil drain pipe.

Turbine housing damaged or restricted.

Leakage from turbocharger seals.

Worn turbocharger bearings.

Excessive dirt in compressor housing.

Excessive carbon behind turbine rotor.

Engine speed raised too rapidly at initial start.

Insufficient engine idle period.

Faulty fuel injection pump.

Worn or damaged atomisers.

O N O R W N -

o Uk WN=0O©000~NOOO~WNN-=0

Valves burned.

Worn piston rings.

Lubricating oil leakage from supply pipe.

Excessive preservation fluid (on initial engine start).
Excessive engine idle period.

Restriction in turbocharger bearing housing.
Restriction in lubricating oil filter.

Wet type air cleaner: Restricted, dirty element, viscosity of oil to low/high.
Waste-gate actuator faulty or damaged.
Waste-gate valve not free.

Engine stopped too soon from high load.

W W W W W WwowwmNN
N RN =0 O o~

Insufficient lubricating oil.
Fuel leakage from fuelled starting aid.
Crack in backplate of compressor.

oW
o o
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Open engine breather

Open breathers fitted to some 1000 Series engines
have a pipe connected to the rocker cover which
passes crankcase emissions directly to

atmosphere. Other Phaser and 1000 Series engines
are fitted with a gauze filter which separates oil
particles from the crankcase emissions.

To remove, to fit and to clean 18A-05

Consumable products:
Silicone rubber sealant

To remove

1 Release the clip, disconnect and remove the
pipe from the breather cover. Release the two
setscrews (A1). Remove the setscrews and their
sealing washers (A2). Remove carefully the cover
(A3) with a suitable lever to break the seal between
the cover and the body of the breather. Ensure that
the lever does not damage the cover. Ensure that
the sealing washer under the head of each
setscrew is not lost.

2 Use a suitable lever to remove carefully the
gauze (A4). Do not damage the gauze.

To clean

1 Wash the gauze, the cover, and the breather
pipe in an approved cleaning fluid and dry them
with compressed air at low pressure.

2 Remove the old sealant from the groove (A6) in
the body of the breather. Ensure that the old
sealant does not enter the engine. Ensure that the
holes (A5) in the breather body are not restricted
and, if necessary, clean the holes.

To fit

1 Put the gauze carefully into position in the body
of the breather. Apply a bead of Perkins silicone
rubber sealant to fill the groove in the body of
the breather.

2 Put the cover in the correct position on the body
of the breather. Inspect the sealing washers and, if
necessary, renew them. Fit the sealing washers to
the setscrews. Fit the setscrews and tighten them
to 9 Nm ( 7 Ibf ft ) 0,9 kgf m. Clean off excess
sealant from around the cover.

3 Check that there is no restriction in the breather
pipe. Fit the breather pipe to the cover and tighten
the clip.

18.12
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Closed breather system

A closed breather system is fitted to some naturally
aspirated 1000 Series engines. The closed breather
system has an oil separator which is fastened to

the crankcase and a breather valve is fitted
between the oil separator and the induction
manifold. Crankcase gases pass through the oil
separator where oil from the gases is returned to
the sump. The crankcase gases then pass through
the breather valve to the induction manifold.

To clean the closed breather
system 18A-06

1 Release the hose clips and remove the breather
valve (A2).

2 Release the short setscrew (A3) and the long
setscrew (A5) and remove the oil separator (A4).

3 Wash the oil separator with approved cleaning
fluid and dry it with low pressure air.

Caution: Do not put the breather valve completely
into the cleaning fluid.

Warning! Do not direct compressed air at your
skin, if compressed air enters your skin obtain
medical help immediately.

4 The breather valve does not normally need to be
cleaned. If the inside of the breather valve is to be
cleaned, insert an approved cleaning fluid into the
valve through the pipe at the bottom. Drain the fluid
from the breather valve. Dry the breather valve with
low pressure air.

5 Check that the inside of the upper pipe (A1) is
clean. If the pipe is not clean, release the flange
setscrews (AB) and remove the pipe. Wash the pipe
with kerosene and dry it with low pressure air.

6 Ensure that the contact faces of the upper pipe
flange and the induction manifold are clean.

7 Fit the upper pipe complete with a new joint and
tighten the flange setscrews.

8 Renew the "Q" ring (B1) at the bottom of the oil
separator. Clean the bore in the cylinder block for
the "Q" ring of the oil separator. Lightly lubricate
the "O" ring and fit the oil separator to the cylinder
block. Fit the setscrews for the oil separator in their
correct positions and tighten them.

9 Fit the breather valve and tighten the hose clips.

Lovol Phaser/1000 Series
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Data and dimensions
Note: This information is given as a guide for personnel engaged on engine overhauls. The dimensions
which are shown are those which are mainly used in the factory.

Waste-gate test pressure for rod movement of 1,00 mm (0.039 in)

The turbocharger part number is on the turbocharger identification plate, which is fixed to the body of the
turbocharger.

Wastegate pressure Wastegate pressure
Turbocharger Turbocharger

part number part number
(KPa) (Ibf/in2) (kgflcm2) (KPa) (Ibf/in2) (kgf/em2)
2674A054 110-120 16.0-17.4 | 1,12-1,22 2674A079 120-130 17.4-189 | 1,22-1,32
2674A055 120-130 17.4-18.9 | 1,22-1,32 2674A128 101-109 14.6-15.8 | 1,02-1,11
2674A056 120-130 17.4-18.9 | 1,22-1,32 2674A129 101-109 14.6-15.8 1,02-1,11
2674A057 118-126 17.1-18.3 | 1,20-1,28 2674A130 101-109 14.6-15.8 | 1,02-1,11
2674A059 118-126 17.1-18.3 | 1,20-1,28 2674A131 101-109 14.6-15.8 1,02-1,11
2674A062 113-120 16.0-17.4 | 1,12-1,22 2674A138 113-120 16.4-17.4 | 1,15-1,22
2674A063 92-98 13.3-14.2 | 0,93-0,99 2674A139 120-130 17.4-18.9 | 1,22-1,32
2674A064 110-103 15.9-149 | 1,11-1,04 2674A144 113-120 16.4-17.4 | 1,15-1,22
2674A067 120-130 17.4-18.9 | 1,22-1,32 2674A1486 113-120 16.4-17.4 | 1,15-1,22
2674A068 110-103 15.9-149 | 1,11-1,04 2674A149 133-143 19.3-20.7 | 1,35-1,45
2674A075 118-126 17.1-18.3 | 1,20-1,28 2674A150 145-155 | 21.0-22.5 | 1,47-1,58
2674A077 101-109 14.6-15.8 | 1,02-1,11
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EGR Inlet System

18A.07

To remove and to fit

To remove (when changing EGR valve or EGR

cooler)

1.

To fit
1.

Disconnect the inlet and outlet hose of the EGR 2.

cooler. Carefully not splash water onto EGR

valve and electrical elements. 3.

Loose the nut on the inlet and outlet of the EGR
cooler, then loose the nut on the bracket of the
EGR cooler and finally remove the EGR cooler

and its bracket.

Put the inlet and outlet of the EGR cooler The exhaust

Put the EGR cooler on the bracket and fasten the
nut connecting the EGR cooler and the bracket
and the EGR tubes on both sides.

Connect the inlet and outlet hoses of the EGR
cooler.

Insert the EGR valve into the hole of the inlet
bend. Fasten the nut connecting the EGR valve
and inlet bend. Connect the wiring harness of
the EGR valve.

Notice:

inlet of the EGR valve must be

downward and drain the remaining water in the downward and must be the lowest point of the valve.

EGR cooler.

Disconnect the wiring harness on the EGR valve.referring to vertical

The valve must be installed in the range of +85°

direction, as the following

Loose the nut connecting the EGR valve and diagram:

inlet bend. Remove the EGR valve.

Fit the bracket of the EGR cooler on the body.

Incorrect installation methed

The arrangement illustration of EGRvalve:

Lovol Phaser/1000 Series
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Mix of air and exhaust gas

Fault diagnosis

1. General Description

Heat conduction gasket

Air

Exhaust gas

Dark EGR fault indicator shows that EGR system iskimayy normal. And flashing EGR fault indicator medasit
exists in EGR system. EGR fault indicator shows thdes for the types of EGR system fault by a seffiehort
and long signal combination.“0”presents a shomaig“1l” presents a long signal. The fault code #mltext of

the fault name of the EGR system also show in thiivoof the “Data Log” window of the calibrationfs@are.

Fault type Fault item label Fault code Fault indicato
Normal EGR system 0000 0000 Dark
Engine’s rotational speed signal is not within thEngine's rotational 0001 0000 0-1-1
measuring range (too high or too low). speed signal

Throttle’s position sensor signal is not within th@hrottle’'s position| 0000 1000 0-1-0
measuring range. sensor

Water temperature sensor signal is not within {th&ater temperature 0000 0010 0-0-1
measuring range. sensor

The connecting cable of water temperature senddater temperature 0100 0000 0-0-1
is broken or the sensor is not installed. sensor

The lift position sensor signal of the EGR valve ikift position sensor] 0010 0000 1-1-0
not within the measuring range. signal of the EGR valve

18.16
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2. Fault elimination

Before determining the fault:

® Ensure the correct installation of each part of &R system (ECU, EGR valve, throttle position sesar
water temperature sensor) and the correct installdor acquiring the rotational speed signal andiee
pole pair.

®  Ensure no open circuit, bonding, false welding anslure the correct connecting of each part.

Connect the diagnosis plug and the calibration softivef the EGR system and turn on the main power.

® |f the lamp in the front of the “ECU Monitor” optian the main interface of the calibration softwarelark,
check no open circuit along the ECU cable and disgtloe connector.

i Application software Perkins 1.0

.I.ppl. software Perkins 1- ol ECU Monitor
il LOG Moni tor
Project e
Flash ]‘l'llplrlt'-r Engine
Data Aeel. TPS Setup
a Graph Hap PID

® When the lamp in the front of the “ECU Monitor” ogti is lit, click the “Data” option in the main inface

of the calibration software and the “Data log” wawdwill appear, depicted as the diagram.

REERSEEE T _Jter te FlEIL] |

EsxPotiBar EsFatilan ExFatiNern ExsSl

I o [Lag:t] 0 [ULag:t]l 0 [Digze] @ gk

T_Far T_Pare B_Part FEGE 0r
[x U [¥] a (Mgl @ |

ERECES swdev KEridgelar E: reduclion ENECRCere eal
[Lag:t] ofE ] Lx) 1] S

ewilirle -
oJoJoJoJe]e]o]ell

Click the “Data Logger active” option, observe tlailf code display area at the bottom of the windowl
confirm the fault type according the shown faulle@nd above fault description.
1. Fault code “0000 0000" means normal state of EGResys
2. Fault code “0001 0000” means a fault in the rotmilcspeed signal of the engine. First determinentiniag
of the ECU and engine and check no wrong connecgenond, click the “Engine” option in the main
interface of the calibration software and the “Cramlgenerator speed” window appears; change thiaget
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of “generator speed” to adjust the shown valughin“Engine Speed” option of “Data log” into a reaable
range.

I Crank to generator sp... El

'ﬁnr-._t;;--l [!',—]_;l o

Eead from ECU | ¥rite to ECU |

3. Fault code “0000 1000” means a fault in the ttlesignal of the engine.Click the “TPS Setup” optin the
main interface of the calibration software and‘tiieS Setup” window appears; change the settingr&S Setup”
to adjust the shown value in the “TPS Norm” optidriData log” into a reasonable range.

b TIPS Setup

{,_.mer go 1= _:
TPS-Offset [0

Read from ECU | ¥rite to ECU I

4. Fault code “0010 0000” means a fault in the wegeperature signal of the engine and checks en epcuit
in the water temperature sensor or the water testyner sensor is not installed.

5. Fault code “0010 0000” means the lift positiemsor signal of the EGR valve is not within the meiag range.
This fault can only be resolved by resetting the E@lat is after a period of warming up, the EGR gaban
automatically complete the initial setup.

ECU, EGR valve, throttle position sensor and watetprature sensor are all sealing devices and cabelo
repaired. Any problems occurring, they have todgaced.
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Lubrication system 19

General description . ... .. ... 0¢8N SE A Tt ke 19A.02

Filter canister

19A-01 ToOMEeReWE Sz G 7L i iDagd. T e R SR e e Y 19A.06
Filter head

19A-02 Toremove and o fit - .. .. .. ... clideadiio sodiae - ai o 19A.07
Sump

19A-03 Totemove.and tofit.. . ;... il i i e R 19A.10
Oil strainer and suction pipe

19A-04 Toremoveandfofit ....... ... .  2opidplansias imioing 19A.10
19A-05 Toinspectandiocorrect - ........ 0 lF0fElaies im0 19A.11
Lubricating oil pump

19A-06 Toremove-andtodit = -~ .. . i v e e 19A.12
19A-07 Toinspect .. ..u. ... .- ins n L i s ot nl M 19A.18
Relief valve

19A-08 Toirremoveandtofit ' ... . il el T e i 19A.19
19A-09 To dismantle:and.to assemble .. iisiaidaiii iihn o doition e 19A.20
19A-10 TOINSPEEE . . . v v o ne st AR e Sl el 19A.20
Flexible oil pipes

19A-11 To remove, tofitand to inspect. ool esiia s i oo 19A.08
Dataand dimensions = .... .. ... .coeiios .. BENE R SRR 19A.21
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General description

Four cylinder engine lubrication system
(19A.03/A)

Pressure lubrication is supplied by a rotor type
pump which is driven through an idler gear from the
crankshaft gear. The pump has an inner rotor and
an outer rotor which are off-centre to each other.
There is a key between the inner rotor and the
drive shaft. The inner rotor has six lobes which
mesh with the seven lobes of the outer rotor. When
the pump rotates, the space between the lobes of
the outer rotor which are in mesh increases to
cause a suction or decreases to cause a pressure
increase. If a balancer unit (19A.04/A) is fitted, the
oil pump is fitted to the balancer frame and is
driven by the balancer drive shaft.

Lubricating oil (19A.03/A1) from the sump passes
through a strainer and pipe to the suction side of
the pump.

The lubricating oil (19A.03/A2) passes from the
outlet side of the pump through a pipe to a relief
valve, which is fitted to the bottom of the left side of
the cylinder block. If a balancer unit is fitted, the
relief valve is fitted in the frame of the balancer.
The relief valves opens if the oil pressure is too
high; this allows some of the lubricating oil to return
to the sump.

- From the relief valve, lubricating oil passes to a
plate type oil cooler (some naturally aspirated
engines do not have an oil cooler). The oil cooler is
either fitted to the left side of the cylinder block and
has seven plates, or it is fitted between the oil filter
head and the filter canister and has ten plates.
Some oil coolers are fitted with a by-pass valve. If
cold oil increases the restriction in the cooler, the
by-pass valve opens and the oil passes directly
from the inlet side to the outlet side of the cooler.

Lubricating oil from the oil cooler, passes to an oil
filter. The oil filter can be fitted to the left or right
side of the engine. If the filter is fitted to the right
side (19A.04/A) of the engine, the oil passes
through a pipe connected between the relief valve
and the right side of the cylinder block. The oil
passes from the pipe through a passage in the right
side of the cylinder block to an oil cooler and then
to the oil filter. When the oil filter is on the right side
of the engine, and an oil cooler is fitted, the oil
cooler will be between the oil filter head and the oil
filter canister.

The lubricating oil passes from the filter to the
pressure rail which is drilled the complete length of
the left side of the cylinder block. If the oil filter is
on the right side of the engine, the oil passes
through a passage drilled across the cylinder block
to the pressure rail.

From the pressure rail, lubricating oil passes to the
main bearings of the crankshaft and through
passages in the crankshaft to the big end bearings.
The pistons and the cylinder bores are lubricated by
splash and oil mist.

Lubricating oil (19A.03/A3) passes from the main
bearings through passages in the cylinder block to
the journals of the camshaft. Lubricating oil passes
from the centre journal of the camshatft through a
passage in the cylinder block and cylinder head to a
restriction in the pedestal of the rocker shaft, at a
reduced pressure (19A.03/A4), to feed the rocker
bushes. The oil passes through a passage in the
rocker shaft to the bearings of the rocker levers.
The valve stems, valve springs and the tappets are
lubricated by splash and oil mist.

The hub of the idler gear is lubricated by oil from
the pressure rail and the timing gears are splash
lubricated.

The turbocharger is lubricated by oil after the filter.
Qil is supplied from a connection on the right side
of the cylinder block through an external pipe to the
turbocharger. The oil passes through the
turbocharger and returns through a pipe to the
sump.

Turbocharged engines have piston cooling jets
fitted. These jets are connected to the oil pressure
rail and spray lubricating oil inside the pistons to
keep them cool.

19A.02
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Six cylinder engine lubrication system of the cylinder block through an external pipe to the
(19A.03/A) turbocharger. The oil passes through the
turbocharger and returns through a pipe to the

The oil pump is similar to that used on four cylinder

engines and is also driven through an idler gear o ] : e
from the crankshaft gear. The inner rotor has four Turbocharged engines have piston cooling jets
lobes and the outer rotor has five lobes. fitted. These jets are connected to the oil pressure

rail and spray lubricating oil inside the pistons to

Lubricating oil from the sump passes through a keep them cool.

strainer and pipe to the suction side of the pump.

The oil passes from the outlet side of the pump,
through a pipe and a passage in the cylinder block
to the oil filter head. The oil then passes through a
passage in the filter head and a pipe to a plate type
oil cooler, see the offset (19A.03/A), which is an
integral part on the left of the cylinder block. On
naturally aspirated engines the oil cooler has four
plates and on turbocharged engines the cooler has
eight plates. The oil cooler is fitted with a by-pass
valve. If cold oil increases the restriction in the
cooler, the by-pass valve opens and the oil passes
directly from the inlet side to the outlet side of the
cooler. If the engine is not fitted with an oil cooler,
the oil passes from the oil pump to the relief valve.

From the oil cooler, the oil returns through a pipe to
the filter head where the oil divides to the relief
valve and to the oil filter. The oil filter can be fitted
on the left or right side of the engine. If the filter is
fitted on the right side of the engine, the oil passes
through a pipe connected between the relief valve
and the right side of the cylinder block to the oil
filter.

The lubricating oil passes from the filter to the
pressure rail which is drilled the full length of the
left side of the cylinder block. If the oil filter is on
the right-side of the engine, the oil passes through
a passage drilled across the cylinder block to the
pressure rail.

From the pressure rail, lubricating oil passes to the
main bearings of the crankshaft and through
passages in the crankshaft to the big end bearings.
The pistons and the cylinder bores are lubricated by
splash and oil mist.

Lubricating oil passes from the main bearings
through passages in the cylinder block to the
journals of the camshaft. Lubricating oil passes, at a
reduced pressure, from the second journal of the
camshaft through a passage in the cylinder block
and cylinder head to the rocker shaft. The oil
passes through a passage in the rocker shaft to the
bearings of the rocker levers. The valve stems,
valve springs and the tappets are lubricated by
splash and oil mist.

The hub of the idler gear is lubricated by oil from
the pressure rail and the timing gears are splash
lubricated.

The turbocharger is lubricated by oil after the filter.
Oil is supplied from a connection on the right side

Lovol Phaser/1000 Series 19A.05
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Filter canister

To renew 19A-01

The filter can have one or two canisters fitted.
When two canisters are fitted, both must be
renewed at the same time. On some engines an oil
cooler (B) is fitted between the filter head and the
filter canister. This arrangement is fitted on the left
side or the right side of the engine.

On some four and six cylinder engines the adaptor
(A1) or (B1) is sealed into the filter head. A new
filter head is supplied without the adaptor fitted; if
either the adaptor or the filter head is to be
renewed, both parts will be necessary.

1 Put a tray under the filter to contain spilt
lubricating oil.

2 Remove the filter canister with a strap wrench or
a similar tool and then discard the canister.

Note: If the adaptor is to be renewed the thread
sealant which is applied to one end during
manufacture must be inserted into the filter head.

3 Clean the seal face of the filter head, or the
bottom face of the oil cooler.

Caution: Ensure that the adaptor (A1) or (B1) is
secure in the filter head.

4 Add clean engine lubricating oil to the new
‘canister. Give the oil time to fill the canister through
the filter element.

5 Lubricate the top of the canister seal with clean
engine lubricating oil.

6 Install the new canister and tighten it by hand
only. Do not use a strap wrench.

7 After the lubricating oil has been added to the
sump, operate the engine and check for leakage
from the filter. When the engine has cooled, check
the oil level on the dipstick and add oil to the sump,
as necessary.

Caution: The canister contains a valve and special
tube which ensure that lubricating oil does not drain
from the filter. Therefore, ensure that the correct
Perkins POWERPART canister is used.
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Filter head

To remove and to fit 19A-02

1 Put a tray under the filter head to contain spilt
lubricating oil.

2 Remove the filter canister(s), operation 19A-01.
3 If a lubricating oil cooler is fitted, release the
setscrews and remove the oil cooler pipes from the
filter head. Discard the joint. If the filter head is
fitted to the right side of a turbocharged engine,
disconnect the oil supply pipe of the turbocharger.
Use a spanner on the hexagonal end of the flexible
pipe (A1) to hold the pipe while the connection (A2)
is released. If an adaptor is used in the filter head,
use a spanner to hold the adaptor while the union
nut is released.

Note: On some engines an oil cooler is fitted
between the filter head and the filter canister. To
remove the oil cooler, see operation 21A-07C.

4 Release the setscrews or nuts and remove the
filter head from the cylinder block (A or B). Discard
the joint.

5 Clean the joint face of the filter head and, if
fitted, the flange of the oil cooler pipes. Fit the filter
head and a new joint. Tighten the setscrews or
nuts. If necessary, fit the pipes of the oil cooler and
a new joint, operation 19A-11. Tighten the
setscrews. Where necessary, connect the oil
supply pipe of the turbocharger. If the union
connection on the flexible pipe fits into the filter
head, clean the thread of the connection and apply
a thread sealant. Ensure that dirt does not enter the
filter head. Use a spanner to hold the hexagon on
the pipe while the connection is fitted to the ail filter
head. If an adaptor is used in the filter head, use a
spanner to hold the adaptor when the union nut is
tightened.

6 Fit new filter canister(s), operation 19A-01.
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Sump

To remove and to fit : 19A-03

1 Operate the engine until it is warm.

2 Stop the engine, remove the sump drain plug
and its "O" ring and drain the oil. Where necessary,
remove the dipstick and the dipstick tube.

3 Provide a support for the sump and remove the
setscrews and the two nuts which fasten the sump
to the cylinder block and to the timing case. Lower
the sump and remove the joint.

4 Wash the sump with an approved cleaning fluid,
ensure all the cleaning fluid is removed. Clean the
flange face of the sump and of the cylinder block. If
necessary, renew the felt dust seal which is fitted to
the rear of the sump flange on some engines.

5 Fit the sump together with a new joint and
ensure the correct location with a setscrew on each
side. Fit the remainder of the setscrews and the
nuts and tighten all the fasteners to 22 Nm

(16 Ibf ft) 2,2 kgf m. Fit the drain plug together with
a new "O" ring and tighten the plug to 34 Nm (25
Ibf f) 3,5 kgf m. Where necessary, fit the dipstick
tube and the dipstick. Fill the sump to the "MAX"
level on the dipstick with an approved lubricating
oil. -

Oil strainer and suction pipe

To remove and to fit 19A-04

The oil strainer is an integral part of the suction
pipe. No regular service is necessary but wash the
strainer when it is removed. On four cylinder
engines which have a balancer fitted, the suction
pipe is normally a short pipe which is fastened to
the balancer frame and a pipe bracket is not fitted.

Some four cylinder engines have an oil strainer and
suction pipe which are made of a composite
material. This arrangement has an "O" ring seal on
the flange face of the oil pump instead of a joint.

1 Remove the sump, operation 19A-03.

2 Release the setscrew which holds the bracket to
the main bearing cap (A2).

3 Release the setscrews from the flange of the
suction pipe (A1). Remove the suction pipe and
strainer. Remove and the old joint or the "O" ring.
Clean the flange face of the oil pump and of the
suction pipe.
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4 Loosely assemble the bracket of the suction pipe
to the correct main bearing cap. Fit the suction pipe
to the oil pump together with a new joint or an "O"
ring. Tighten the setscrews. Tighten the setscrew of
the suction pipe bracket. If the clamp type bracket,
used on some four cylinder engines, has been
removed, ensure that the clamp, the bracket and
the pipe are correctly aligned before the setscrews
are tightened. Ensure that there is no stress on the
suction pipe.

5 Fit the sump, operation 19A-03, and fill it with an
approved oil to the "MAX" level on the dipstick.

To inspect and to correct 19A-05

1 Wash the assembly in an approved cleaning fluid
and dry it thoroughly.

2 Check the pipe, the strainer and the welded
joints for cracks and other damage. Check that the
mounting bracket is secure.

3 If the damaged component cannot be welded
correctly, renew the assembly.

4 Composite material parts must be renewed if
they are cracked or damaged.
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Lubricating oil pump

To remove and to fit 19A-06

For four cylinder engines fitted with a balancer unit .
the oil pump is integral with the balancer unit, see
section 14 for removal instructions.

The latest engines have a new lubricating oil pump
which has a channel (B1) in the body of the pump.
Lubricating oil from the front main bearing passes
down the channel in the body of the pump to an oil
hole in the idler shaft. The lubricating oil then
passes through the hole in the idler shaft to the
bush in the idler gear.

To remove

1 Drain the lubricating oil and remove the
lubricating oil sump, operation 19A-03.

2 Remove the suction pipe and strainer, operation
19A-04.

3 For four cylinder engines: Remove the oil
pressure relief valve, operation 19A-08, and the
delivery pipe. For six cylinder engines: Remove the
delivery pipe of the oil pump.

4 The oil pump is fitted to number 1 main bearing
cap. The oil pump can be removed with the main
bearing cap. if a suitable spanner is available that
will enable the torque to be applied correctly to the
setscrews of the main bearing cap when it is fitted.
If a suitable spanner is not available, the timing
case must be removed, operation 15A-08.

5 Release the cifclip which retains the idler gear of
the oil pump and remove the washer (A1) and the
idler gear (A2).

6 Release the setscrews and remove the oil pump

(B).
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To fit

1 Fill the oil pump with clean engine lubricating oil.
Fit the oil pump to the main bearing cap and tighten
the setscrews to 22 Nm (16 Ibf ft) 2,2 kgf m.

2 Check the idler gear and.the bush for wear and
other damage. If the gear and/or bush are
damaged, they can be renewed as an assembly or
the bush can be renewed as a single item. Check
the shaft of the idler gear for wear or other damage.
If the shaft is worn or damaged, renew the shaft,
see 19A.12. Lubricate the bush (A3) with clean
engine lubricating oil and fit the idler gear (A2), the
washer (A1) and the circlip. Check that there is a
minimum of 0,076 mm (0.003 in) backlash between
the oil pump gear and the idler gear (B).

3 If number 1 main bearing cap was removed,
lubricate the bearing with clean engine lubricating
oil and fit the bearing cap. Tighten the setscrews to
265 Nm (196 Ibf ft) 27,0 kgf m. If the timing case
was removed, fit the timing case, operation 15A-08.
Check that there is a minimum of 0,076 mm

(0.003 in) backlash between the oil pump idler gear
and the crankshaft gear.

If the latest lubricating oil pump with the oil supply
channel 19A.12/B1 is fitted, the end-float for the
idler gear is as follows:

= Four cylinder engines 0,012/0,643
(0.0005/0.0253 in)

»  Six cylinder engines 0,020/0,650
(0.0008/0.0256 in)

4 Fit thé suction pipe and strainer, operation
19A-04.

5 For four cylinder engines: Fit the delivery pipe
and oil pressure relief valve, operation 19A-08. For
six cylinder engines: Fit the delivery pipe and
tighten the setscrews. Use new joints.

Note: An improved delivery pipe has been fitted to
six cylinder engines from engine number

Y- U503656S. The new pipe, has an elbow and
a 12,5 mm (0.5 in) thick flange instead of the two

B8 mm (0.24 in) flanges of the earlier pipe. Joints are
not used with the new pipe.

6 Fit the lubricating oil sump, operation 19A-03. Fill
the sump to the "MAX" mark on the dipstick with

an approved lubricating oil.
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To renew the shaft for the idler geér

Consumable products:
Retainer (oil tolerant)

The idler shatt for the lubricating oil pump fitted in
the front main bearing cap of six cylinder engines is
now retained by a pin and POWERPART Retainer
(oil tolerant). If it is necessary to renew the idler
shaft on these engines, follow the procedure given
below. The idler shaft used on earlier six cylinder
engines is retained by the interference fit of the
idler shaft in the bearing cap.

The latest engines have a new idler shaft (A3)
which has an oil hole (A2) to provide more
lubrication to the bush for the idler gear. Also a new
lubricating oil pump has been introduced which has
a channel (A4) in the body of the pump. Lubricating
oil from the front main bearing passes down the
channel in the body of the pump to the oil hole in
the idler shaft. The lubricating oil then passes
through the hole in the idler shaft to the bush in the
idler gear.

To remove the idler shaft

Caution: The pin is very hard; if the tap is broken
or the pin cannot be removed, then the alternative
-method on page 19A.15 must be used to remove
the pin.

1 Carefully use an M5 X 0,8 mm taper tap to form

a chamfer in the end of the pin (A1). Remove the

tap.

2 Carefully use an M5 X 0,8 mm plug tap to cut

not less than three complete threads in the end of

the pin. Remove the tap.

3 Obtain the following:

« An M5 X 0,8 mm setscrew, part number
2314E007 or a setscrew which has a thread
which is at least 15 mm long.

« An M5 X 0,8 mm nut, part number 2318A601.

- A spacer with a 15,88 mm or 19,05 mm outside
diameter and an internal diameter of 8,73 mm
which is 9,53 mm long, part number(s), 0920481
or 0330819.

4 Fit the nut fully onto the threads of the setscrew

and put the spacer onto the nut.
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Caution: Do not use excessive torque.

5 Hold the spacer in position and engage the
setscrew fully into the threads in the pin.

6 Put the spacer into position centrally over the pin
and tighten the nut onto the spacer. Continue to
tighten the nut and pull the pin through the spacer.
Withdraw the pin enough to pull the pin out of the
bearing cap with pliers.

7 Put a suitable adaptor on the small diameter of
the idler shaft and press the idler shaft out of the
bearing cap.

Alternative method to remove the idler shaft

This method to remove the pin from the idler shaft

must only be used if the pin cannot be removed by

the earlier method.

1 Make a drill guide (A) to the dimensions given

below:

A1 8,3 mm (0.327 in)

A2 20,0 mm (0.984 in)

A3 1,0 mm (0.03¢ in)

A4 16,1/16,4 mm (0.633/0.646 in)

A5 6,9 x 22 mm (0.272 x 0.866 in) diameter
hole for 5/16-24 UNF x 18 mm thread

A6 36,0 mm (1.42 in)

A7 6,5/6,6 mm (0.256/0.260 in) diameter hole,
countersink 9,0 mm x 900 inclusive

A8 31,75 mm (1.250 in)

A9 15,9 mm (0.626 in)

2 Put the drill guide (B1) into position in the

setscrew hole on the opposite side of the bearing

cap to the pin (B2). Ensure that the countersink in

the guide faces outwards and that the edge of the

guide is aligned with the front edge of the bearing

cap. Use a 5/16 UNF setscrew (B3) and a plain

washer (B4) to retain the guide in position.
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3 Drill a 6,35 mm (0.25 in) diameter hole in the
bearing cap 47,0 mm (1.85 in) deep.

4 Remove the drill and the drill guide.

5 Insert a suitable drift into the hole in the bearing
cap and drive out the pin.

6 Put a suitable adaptor on the small diameter of
the idler shaft and press the idler shaft out of the
bearing cap.

To fit the idler shaft

1 Check that the new idler shaft, part number
3271H002 or 3271H004 and the hole for the idler
shaft in the bearing cap are clean and free from oil
or grease. Remove any rough edges from the hole
of the bearing cap.

2 Support the rear of the bearing cap and ensure
that the cap will not move when the idler shaft is
pressed in. Apply only enough POWERPART
Retainer (oil tolerant) around the chamfer of the
shaft to fully cover the surface of the hole when the
shaft is pressed into position. Enter the chamfer of
the idler shaft into the hole.

If the idler shaft (A3) has an oil hole ensure that
the hole (A2) in the idler shaft is at the top and that
the flat (A1) is at the bottom before the shaft is
pressed into the bearing cap.

Ensure that the idler shaft is square to the bearing
cap and press the shaft in onto its shoulder.
Remove the surplus POWERPART Retainer from
the idler shaft, the oil hole and the bearing cap
before the oil pump is fitted.

3 Use the ariginal hole for the pin in the bearing
cap as a guide and drill a 6,35 mm (0.25 in)
diameter hole in the idler shaft 9,5 mm (0.37 in)
deep.

4 Fit a new pin, part number 2116087, into the
bearing cap and idler shaft.
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To fit the idler shaft (where a pin was not fitted
originally)

1 Follow the procedure to fit the idler shatt,
paragraphs 1 and 2 above.

2 Put the drill guide (A1) into position in the right
hand (seen from the front face of the bearing cap)
setscrew hole of the bearing cap. Ensure that the
countersink in the guide faces outwards and that
the edge of the guide is aligned with the front edge
of the bearing cap. Use a 5/16 UNF setscrew (A3)
and a plain washer (A2) to retain the guide in
position.

3 Drill a 6,35 mm (0.25 in) diameter hole in the
bearing cap 25,4 mm (1.0 in) deep.

4 Remove the drill and the drill guide.

5 Fit a pin, part number 2116087, into the bearing
cap and idler shaft.

To remove and to fit the idler shaft

- For four cylinder engines:

1 Support the front of the bearing cap. Put a
suitable adaptor on the small diameter of the idler
shaft and press the idler shaft out of the bearing
cap.

2 Ensure that the idler shaft and the hole in the
bearing cap are clean. Support the rear of the
bearing cap and ensure that the cap will not move
when the idler shaft is pressed in. Apply

retainer to the small diameter of the idler shaft. The
idler shaft for four cylinder engines is not retained
by a pin.

If the idler shaft (B3) has an oil hole ensure that
the hole (B2) in the idler shaft is at the top and that
the flat (B1) is at the bottom before the shaft is
pressed into the bearing cap.

Enter the chamfer of the idler shaft into the hole.
Ensure that the idler shaft is square to the bearing
cap and press in the shaft onto its shoulder.
Remove the surplus Power part retainer.
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To inspect ' 19A-07

If any part is worn enough to have an effect on the
performance of the oil pump, the complete oil pump
must be renewed.

1 Release the setscrews and remove the cover of
the oil pump. For pumps which are fitted to a
balancer unit, remove the single setscrew and the
cover. '

2 Remove the outer rotor and clean thoroughly all
the parts. Check for cracks and any other damage.

3 Fit the outer rotor and check the outer rotor to
body clearance (A).

4 Check the inner rotor to outer rator clearance
(B).

5 Check the rotor end-float with a straight edge
and a feeler gauge (C). For all the above
clearances, see the data and dimensions.

6 Clean the top face of the oil pump and the
bottom face of the cover and fit the cover. Tighten
the setscrews to 28 Nm (21 Ibf ft) 2,9 kgf m. For
pumps which are fitted to a balancer unit, put the
cover in position and tighten the single setscrew to
22 Nm (16 Ibf ft) 2,2 kgf m.

19A.16 Lovol Phaser/1008eries



https://truckmanual shub.com/

LUBRICATION SYSTEM 19

Relief valve

To remove and to fit 19A-08

For four cylinder engines which have a balancer
unit have a relief valve fitted inside the balancer
frame. The relief valve of these engines cannot be
removed as an assembly.

1 Drain the lubricating oil and remove the sump, -
operation 19A-03. ; e
2 For four cylinder engines: Release the setscrew 3 :
and rotate the relief valve to withdraw the thimble
from the cylinder block (A1). Pull the relief valve
from the delivery pipe and pull the delivery pipe
from the oil pump. Renew the "O" rings (AZ2).
Lightly lubricate the "O" rings with clean engine
lubricating oil and push the delivery pipe into the oil
pump. Push the relief valve cnto the delivery pipe
and fit the relief valve to the cylinder block; ensure
that the thimble is correctly fitted and tighten the
setscrew.

3 For six cylinder engines: Remove the setscrews
which fasten the cross flow pipe to the relief valve
(B2). The cross flow pipe is only fitted to engines
which have the oil filter on the right side of the
engine. Remove the flange joint. Release the two
setscrews (B1) which fasten the relief valve to the
cylinder block and remove the valve. Ensure that
the faces of the cross flow pipe and the relief valve
are clean. Put the valve in position, complete with a
new flange joint. Engage the four setscrews and
tighten the flange setscrews and then the valve
setscrews.
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To dismantle and to assemble 19A-09

If necessary, the relief valve can be dismantled and
assembled while it is fitted to the engine.

1 Apply pressure to the end plate (A4 or B5) of the
spring assembly; release the circlip (A5) or remove
the pin (B1) and carefully release the pressure to
remove the end plate and the spring (A3 or B4)
from the valve body. Remove the plunger

(A2 or B3) from the bore of the body (A1 or B2).

2 Ensure that all the components are cleaned and
then lubricated lightly with clean engine lubricating
ail.

3 Fit the plunger into the bore with its hollow end
to the inside. Fit the spring and the end cap into the
bore with the ends of the spring fitted around the
bosses of the plunger and the end plate. Apply
pressure to the end plate and fit the circlip into its
groove or fit the pin into the holes in the balancer
frame.

To inspect 19A-10

Do not try to change the operation pressure of the
relief valve by a method other than the installation
of new components.

1 Check the spring for wear and other damage
~and, if possible, check the load necessary to
compress the spring to its fitted length, see the
data and dimensions.

2 Check the plunger for wear and other damage
and ensure that it slides easily in the bore of the
relief valve. ]

3 Check the body and the end plate for wear and
other damage.

4 Renew worn or damaged components.
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Flexible oil pipes

The latest oil cooler pipes fitted to 6 cylinder
Phaser and 1000 Series engines do not have metal
braid and are separate pipes. The part number of
the pipes is stamped on a clip which is fastened to
one end of each pipe. The pipes are not
interchangeable and it is important that the correct
pipes are fitted to the particular engine.

To remove, to fit and to inspect 19A-11

There are two arrangements (A) or (B) for the pipes
which are used in accordance with the application:

To remove

Warning! The engine oil may be hot, allow the
engine temperature to cool down before the oil
pipes are released.

1 Allow the engine temperature to cool down and
put a suitable drip tray under the filter head.

2 Remove the three setscrews which retain the oil
pipes to the filter head. Release the oil pipes and
allow the oil to drain into the drip tray. Discard the
joint.

3 Remove the three setscrews which retain the oil
pipes to the oil cooler. Discard the joint.

To fit the pipes - arrangement 1:

1 Put the three setscrews into position in the
flange (A3) of the inner pipe (A5), part number
2483A005. Put a new joint (A2) in position on the
setscrews.

2 Engage the setscrews by three or four threads in
the flange of the oil cooler (A4). Engage the spigot
(A1) of the outer pipe (A9), part number 2483A006,
in the hole in the flange (A3) of the first pipe,
ensure that it fits squarely in the flange.

3 Support the pipes by hand and tighten the centre
setscrew finger tight. Tighten the other setscrews
until they are finger tight. Ensure that the pipes are
as close together as possible, then tighten the
setscrews gradually and evenly to 22 Nm (16 Ibf ft)
2,2 kgf m.

4 Put a setscrew (A7) in position in the flange of
the inner pipe (A5) for the oil filter head (A10). Put
a new joint in position on the setscrew. Hold the
flange and the joint in position and fit the centre
setscrew (A8). Tighten the setscrews finger tight.
Put the flange of the outer pipe (A9) in position and
fit the third setscrew (AB), tighten it finger tight.
Beginning with the centre setscrew, tighten the
three setscrews to 22 Nm (16 Ibf ft) 2,2 kgf m.

Lovol Phaser/1000 Series
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To fit the pipes - arrangement 2

1 Put a setscrew (A5) in position in the flange of
the inner oil cooler pipe (AB), part number
2483A004. Put a new joint (A4) in position on the
setscrew. Hold the flange and the joint in position
and fit the centre setscrew (A8). Tighten the
setscrews finger tight.

2 Put the outer pipe (A7), part number 2483A003,
in position on the flange of the oil cooler and fit the
third setscrew (A9) finger tight. Beginning with the
centre setscrew, tighten the three setscrews to 22
Nm (16 Ibf ft) 2,2 kgf m.

3 Put a setscrew (A3) in position in the flange of
the inner pipe for the oil filter head. Put a new joint
in position on the setscrew. Hold the flange and the
joint in position and fit the centre setscrew (A2).
Tighten the setscrew finger tight.

4 Put the flange of the outer pipe in position and fit
the third setscrew (A1), tighten it finger tight.
Beginning with the centre setscrew, tighten the
three setscrews to 22 Nm (16 Ibf ft) 2,2 kgf m.

To Inspect

1 Remove any old pieces of the joint and clean the
flange faces of the oil pipes.

2 Throughly clean the oil pipes in an approved
detergent cleaning solution.

3 Check the outer cover of the pipes for signs of
leakage, cracks or splits. If the outer cover or the
flanges are damaged the pipe must be renewed.
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Data and dimensions

Note: This information is given as a guide for personnel engaged on engine overhauls. The dimensions
which are shown are those which are mainly used in the factory. The information applies to all engines,
unless an engine type code is shown.

Lubrication system

Lubricating oil pump - four cylinder engines

TYPE .ooc . SR T i e R e A e Differential rotor, gear driven
Numberoflobes 5 L0 05 i .. i Inner rotor 6, outer rotor 7
Clearance of outer rotor to body:

- Without balancerunit ... . oo s o sl Een LR anneey 0,15/0,34 mm (0.006/0.013 in)
- With balancer unit™7 7= o0 oL L L v e e 0,31/0,45 mm (0.012/0.017 in)
Clearance of innerrotorto outerrotor .. .. ... ...... ... .. .. ... 0,04/0,13 mm (0.0015/0.0050 in)
End-float of rotorassembly ........... .. cooiiiis o i e o 0,03/0,10 mm (0.001/0.004 in)
Lubricating oil pump - six cylinder engines

L oL o P RO P e s BE R e Differential rotor, gear driven
Number of lobes:

-Innerrotor . TS RN LT DL oL Do el st el AR e it sl e R 4
-Quterrotor LT T T T L R e e M e e 5
Clearance of outer rotortobody  ........ ... ... ... .. ... ... ... 0,15/0,34 mm (0.006/0.013 in)
Clearance of inner rotortoouterrotor ... ... .. ... ... ... .. .. 0,04/0,13 mm (0.0015/0.0050 in)
End clearance YA, YC:

SINNEr FOLON | .ot e o e e s e e e e S 0,05/0,12 mm (0.002/0.005 in)
R )11 (=7 ' (o] O R 0,04/0,11 mm (0.0015/0.0044 in)
End clearance (six cylinder turbocharged engines)

| 1 T2 o o] R A AP APR e el Sr 0,043/0,118 mm (0.0017/0.0046 in)
S OUEEr TOROT & o ot venae e ot ceemm o me e e e e nd S 0,031/0,106 mm (0.0012/0.0042 in)

Idler gear for lubricating oil pump

End float .. ..ol o e i s e e 0,03/0,33 mm (0.001/0.0013 in)
Inside diameter of bush (fitted) ............. ... ... ... . ... 22,23/22,26 mm (0.875/0.866 in)
Qutside diameterofidlershaft . ............ ... ... 22,19/22,21 mm (0.873/0.874 in)
Clearance of bush of idler gearonshaft .................... 0,020/0,066 mm (0.0008/0.0026 in)
Qil pressure relief valve (standard)

Diameter of bare for plunger . ... ... .. . 18,24/18,27 mm (0.718/0.719 in)
Qutside diameter of plunger ... .. .. ... .. i 18,16/18,18 mm (0.715/0.716 in)
Clearance of plungerinbore ............ ... ... 0,06/0,11 mm (0.002/0.004 in)
Length of spring (fitted):

- Four.eylinderengines:, . - - . cvwn e v n b eibeni i i e Ll R 59,8 mm (2.4 in)
- Six eylinderenglies: .o, .. ..o ool chdEniendal e o 55,6 mm (2.2 in)
Load on spring (fitted):

- Fourgylinderengimes. . . ... ... ... . o 0 E TR 15,9/23,1 N (3.6/5.2 Ibf) 1,6/2,4 kgf
-Sixcylinderenginges ......... i iiiiiiian 12,9/18,6 N (2.9/4.2 Ibf) 1,3/1,9 kgf
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Pressure to open valve (Four cylinder engines):

- Without piston cooling: jetsseva. e i siasi
- With piston cooling jets  .....................
- Sixcylinderengines . ...... .. .. i

Qil pressure relief valve (with balancer)

Diameter of bore for plunger ...................
Qutside diameter of plunger . ..................
Clearance of plungerinbore ...................
Length of spring (fitted) . ............. ... ... ..

Load on spring (fitted):

- Engines without piston cooling jets . ...........
- Engines with piston cooling jets ...............

Pressure to open valve:

- Engines without piston cooling jets .. ..........
- Engines with piston cooling jets ...............

Qil filter

o T T BT A

Pressure to open by-pass valve in filter

Pressure to open by-pass valve in oil cooler

340/395 kPa (49/57 Ibf/in2) 3,4/4,0 kgf/cm?2
415/470 kPa (60/68 Ibf/in2) 4,2/4,8 kgficm?
345/414 kPa (50/60 Ibf/in2) 3,5/4,2 kgflcm?

........... 16,00/16,03 mm (0.630/0.631 in)
........... 15,95/15,98 mm (0.628/0.629 in)
............ 0,02/0,08 mm (0.0008/0.003 in)
....................... 42,7 mm (1.7 in)

............. 24/30 N (5.4/6.7 Ibf) 2,4/3,1 kgf
............. 34/38 N (7.6/8.5 Ibf) 3,5/3,9 kgf

............. 414 kPa (60 Ibf/in2) 4,2 kgf/cm?2
............. 523 kPa (76 Ibf/in2) 5,3 kgf/lcm?

Full flow, screw-on type canister
55/83 kPa (8/12 Ibf/in2) 0,6/0,8 kgf/cm?2

.................... 172 kPa (25 Ibf/in2) 1,8 kgf/cm?2

19A.22
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Fuel system 20
Bosch EPVE fuel injection pumps . ........iiiiiiiineenn. 20A
P7100 AD PB in-line fuel injectionpump .. ... ... 20B
Stanadyne fuel injection pump .. ..ot e e 20C
Unit PUILP = = * ¢+ s s v s v s m s s st s s s o s s st nntn e 20D
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Engines fitted with Bosch EPVE
fuel injection pumps 20A

Ceneral desCription ... . couw o cerfaee st « AT MR Tl natl b 20A.02

Fuel filter element

20A-01 TONBNBW: i = cuass wosami oL S & coop (TR Ny Rt o A o e 20A.04
Atomisers

ALOMISErTAIE 7 5 ss o T oo TRl & SOr e S s s 20A.07
20A-02 Toremoveandtofit .........uuniiiiiin, 20A.07
Fuel lift pump
20A-03 Toiremove andXo il . .. . ol s vl 8 pe s S s . 20A.08
20A-04 Todismantleandtoassemble .........cciiiiiiieieene e 20A.08
20A-05 B 547123 o ORI e, 1., L I - o O R 20A.10
Fuel injection pump
20A-06A Tolkemove and1ofit : .ao v S vens e suk B eols v s S 20A.11
20A-06B To remove and to fit - pumps fitted with a locking screw  .... ... 20A.13
20A-06C To set the injection advance device (KSB) ................. 20A.18
S0A-07  TOAGIUBES " o v ¢ i nbhaieetes & 5o e alay Ul s s e uneres 20A.18
20A-08  To eliminate air from the fuel system ..................... 20A.20
Dataand ' dimonsSIOnNS™ | Ml . & e seith s HUlos Sy 5 Sums ms @ Sl 20A.22
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General description

Caution: It is very important that dirt does not enter
the fuel system. Before a connection is
disconnected, clean thoroughly the area around the
connection. After the component has been
disconnected, fit a suitable cover to all open
connections.

Phaser/1000 Series engines are used for vehicle,
agricultural and industrial applications and may have
different fuel injection pumps. They use VE

P7100 AD PB pump.

Turbocharged engines have pumps with a boost
control (B1). Some of the latest fuel pumps have a
locking screw to fasten the drive shaft of the pump
when the pump is removed from the engine.

PA243

20A.02
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The "low spring" atomisers receive high pressure
fuel from the fuel injection pump and inject this fuel
into the combustion chamber of the pistons as a
very fine spray. The atomisers are set in the
factory, but they must be checked in accordance
with the preventive maintenance schedules. The
pressure at which atomisers operate can be
adjusted by a change of shims fitted above the
spring.

The fuel injection equipment must only be checked
and adjusted by personnel who have had the
correct training.

The fuel lift pump is of the diaphragm type and is
mechanically driven. It is fitted on the right side of
the cylinder block and is driven by an eccentric on
the camshaft. The pump is fitted with a priming
lever.

Lovol Phaser/1000 Series
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There are three types of fuel filter element in use:

The separate element type (A) or (B) where the
filter element is held between the filter head and the
bottom cover.

The canister type (C) where the filter element has
an internal thread at the top and is fastened to a
threaded adaptor in the filter head.

A fuel filter with a quick release canister (D), a
quick release clamp ring at the top which is
fastened to an external thread on the filter head.
Some engines are fitted with a pre-filter of the same
type. This filter is fitted next to the main filter, but
connected in the fuel system before the fuel lift
pump.

Some of the latest engines have a clean side return
system. Spill fuel from the fuel injection pump and
atomisers is returned directly to the inlet side of the
fuel injection pump instead of the fuel filter inlet.

Fuel filter element

To renew 20A-01

Cautions:

+ Itis important that only the genuine Lovol fuel
filter element is used. The use of a wrong
element can damage the fuel injection pump.

+ Do not allow dirt to enter the fuel system. Before
a connection is disconnected, clean thoroughly
the area around the connection. After a
component has been disconnected, fit a suitable
cover to all open connections.

To renew the filter element of the separate
element type:

The filter can have one or two elements (A) or (B).
When twin elements are fitted, both of the elements
must be renewed at the same time.

20A.04
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1 Clean the outside surfaces of the fuel filter
assembly. If a drain tap (A4) or (B1) is fitted to the
bottom cover of the filter, drain the fuel from the
filter. .

2 Hold the bottom cover of the filter element and
release the setscrew (A3) which is fitted through
the filter head above the centre of each element.
3 Lower the bottom cover of the filter.

4 Remove the element (A5) and discard it.

5 Clean the inside surfaces of the filter head (A1)
and bottom filter cover.

6 Fit the new sealing rings (A6) and (A2).

7 Put the bottom cover on the bottom of the new
element (A5) and assemble it squarely to the filter
head to ensure that the element is fitted in the
centre against the joint in the filter head.

8 Hold the assembly in this position and engage
and tighten the setscrew.

9 Eliminate all air from the fuel system, operation
20A-08.

To renew the filter element of the canister type:

1 Thoroughly clean the outside surfaces of the fuel
filter assembly.

2 Loosen the drain device (B2) at the bottom of
the canister and allow the water/fuel to drain into a
suitable container.

3 Use a strap wrench or similar tool to loosen the
filter canister and remove the canister.

4 Ensure that the threaded adaptor (C1) is secure
in the filter head and that the inside of the head is
clean.

5 Lubricate lightly the seals (C2) on the top of the
new canister with clean fuel. Fit the new canister to
the filter head and tighten by hand only.

6 Eliminate the air from the fuel filter, operation
20A-08.

Lovol Phaser/1000 Series 20A.05
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To renew the filter element of the quick release
canister type:

1 Thoroughly clean the outside surfaces of the
filter assembly (A).

2 Loosen the drain device (A5) at the bottom of the
canister and allow the water/fuel to drain into a
suitable container.

Note: If the filter does not have a drain device
fitted, release the cap (A1) on top of the filter head.
Remove the nylon insert to lower the level of the
fuel in the filter canister. This will prevent fuel spill
when the clamp ring is released.

3 Support the filter canister and rotate the clamp
ring (A2) counter-clockwise and remove the clamp
ring.

4 Remove the canister from the filter head by a
direct pull downwards, and discard the old canister
(A3).

5 If a sediment bowl is fitted, remove the bowl and
thoroughly clean the cover of the bowl.

6 Check the two 'O’ ring seals of the sediment
bowl| for damage and renew them if necessary.

7 Clean the threads of the sediment bowl and fit
the bowl to the canister and tighten by hand only.
8 Ensure the filter head is clean. Push the new
canister fully into the filter head.

9 Support the canister, fit the clamp ring (B1) and
rotate it clockwise to fasten the canister (B) to the
filter head.

10 If it was removed, fit the nylon insert used to
lower the level of the fuel in the filter canister and
fasten the cap.

11 Eliminate the air from the fuel filter, operations
20A-08.

20A.06 Lovol Phaser/1000 Series
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Atomisers

Atomiser fault

An atomiser fault can be shown by an engine
misfire. In order to find which atomiser is defective,
operate the engine at a fast idle speed. Loosen and
tighten the union nut of the high pressure fuel pipe
at each atomiser. When the union nut of the
defective atomiser is loosened, it will have little or
no effect on the engine speed.

Warning! Do not let the fuel spray on to your skin!

To remove and to fit 20A-02

1 Remove the fuel leak-off pipe.

2 Release the union nuts of the high-pressure
pipes from the atomisers and from the fuel injection
pump. Hold the pump outlet with a spanner to
prevent movement while the union nut of the high-
pressure pipe is released at the pump. Do not bend
the pipe. If necessary, remove the pipe clamps.

3 Release the setscrews of the atomiser flange
and remove the flange (A1), the atomiser (A2) and
its seat washer (A3). Remove the dust seal (A4)
and the spacer (A5) and fit the spacer and a new
dust seal to the new atomiser.

4 Put the new atomiser in position with its spacer,
new dust seal and a new seat washer. Fit the
flange and engage the flange setscrews. Ensure
that the atomiser is not tilted and tighten the
setscrews gradually and evenly to 12 Nm (9 Ibf ft)
1,2 kgf m.

5 Fit the high-pressure pipes and tighten the union
nuts to 18 Nm (13 Ibf ft) 1,9 kgf m. Hold the pump
outlet with a spanner to prevent movement while
the pipe nut is tightened at the pump. If necessary,
fit the pipe clamps.

6 Renew the seal washers and fit the leak-off pipe.

7 Operate the engine and check for fuel leakage.

Lovol Phaser/1000 Series 20A.07
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Fuel lift pump

To remove and to fit 20A-03

1 If a heat shield is fitted, remove it. Disconnect
the fuel pipes from the fuel lift pump.

2 Release the setscrews, remove the lock plates
and remove the fuel lift pump (A). The lift pump
may be difficult to remove from the engine. If this
occurs the crankshaft must be rotated until the
camshaft eccentric, that operates the lift pump, is in
a position which will free the rocker lever of the lift
pump.

3 Ensure that the camshaft eccentric is in the
minimum lift position before the lift pump is fitted.
Clean the joint face of the lift pump and the cylinder
block and fit the lift pump together with a new joint.
Fit the lock plates and the setscrews and tighten
them gradually and evenly to 22 Nm (16 Ibf ft) 2,2
kgf m.

4 Connect the fuel pipes and, if necessary, fit the
heat shield.

5 Release the vent screw on the fuel filter head
and operate the priming lever of the fuel lift pump to
eliminate any air between the lift pump and the fuel
filter. Operate the lift pump until fuel, free of air,
comes from the vent screw. Tighten the vent

Screw.
6 Operate the engine and check for any fuel or air
leakage.

To dismantle and to assemble 20A-04

To dismantle

1 Clean the outside surfaces of the fuel lift pump.
2 Make a mark across the flanges of the two
halves of the pump to ensure correct relationship
when the pump is assembled.

20A.08 Lovol Phaser/1000 Series
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3 Remove the cover (A1) and the gauze (A2).
Release the setscrews and separate the two halves
of the pump.

4 Turn the diaphragm assembly (A5) 90° to
release the pull rod from the link arm (A8) and
remove the diaphragm assembly. Remove the stem
seal (A6), the spring seat washer (A7) and the
spring (A12) from the pull rod. The diaphragm and
pull rod assembly is renewed as an assembly and
no service is possible on the diaphragm.

5 The valves (A4) are peened in and can be
removed with a suitable lever. Some of the peened
metal will have to be removed before the valves
can be removed.

6 To remove the link arm: Hold the rocker lever
(A11) in a vice and hit the body of the lift pump with
a soft face hammer to release the two retainers
(A10). Be careful not to damage the joint face of
the pump body. Remove the rocker lever, the pin
(A9), the link arm and the return spring. Check the
components for wear and other damage.

To assemble

1 Thoroughly clean the valve housings. Fit new
seat washers (A3) and push the new valves (A4)
into position. As the valves are the same, but one
valve is fitted in reverse of the other, it is possible
to fit the valves upside down. To ensure that the
valves are fitted correctly, fit them as shown in A.
When the valves are correctly fitted, peen the edge
of the valve housings in six places, evenly divided,
to keep the valves in position.

2 Fit the rocker lever (A11), pin (A9) and link arm
assembly (A8) into the bottom half of the lift pump.
Fit the return spring; ensure that the ends of the
spring are in their correct location.

3 With a light hammer and a suitable adaptor, fit
two new retainers (A10) in their grooves in the
casing until they fasten the pin. Peen the open
ends of the grooves to fasten the retainers in
position.

4 Fit the diaphragm spring (A12) into its location
under the diaphragm (A5) and put the spring seat
washer (A7) and a new stem seal (A6) into position
on the pull rod. Ensure that the small diameter at
the top of the seal is on the round section of the
pull rod.

Lovol Phaser/1000 Series 20A.09
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5 Put the diaphragm assembly in position over the
lower half of the body with the blade of the pull rod
aligned with the slot in the link arm. Press lightly
down on the diaphragm until the notch in the pull
rod is in the slot in the link arm and turn the
diaphragm 90° in either direction. This action will
engage and retain the pull rod in the slot of the link
arm.

6 Push the rocker arm towards the pump body
until the diaphragm is level with the body flange and
fit the top half of the body in position with the marks
on the flanges aligned. Keep the pressure on the
rocker arm; fit the spring washers and the screws
and tighten them evenly.

7 Fit the gauze filter (A2) and the cover (A1),
ensure that the rubber seal (A13) is fitted correctly
and tighten the screw.

To test 20A-05

1 Disconnect the fuel outlet pipe from the fuel lift
pump. Fit a 0-70 kPa (0-10 Ibf/in2) 0-0,7 kgf/cm2
pressure gauge to the outlet of the lift pump.
Release the connection at the gauge and operate
the priming lever of the lift pump to eliminate air
from the pipe. When fuel, free of air, flows from the
pipe tighten the connection. Ensure that there are
no leaks at the connections between the pump and
the gauge.

2 Operate the starter motor for 10 seconds with
the engine stop control in the stop position or with
the stop solonoid disconnected.

3 Note the maximum pressure indicated on the
gauge. If the pressure indicated is less than the test
pressure shown in the data and dimensions, repair
or renew the pump. Also check the rate at which
the pressure reduces to half the maximum pressure
obtained. If this is less than 30 seconds, repair or
renew the pump.

4 Remove the gauge and connect the outlet pipe
to the lift pump. Release the vent screw on the fuel
filter head and operate the priming lever until fuel,
free of air, flows from the vent screw. Tighten the
vent screw.

5 Connect the engine stop solonoid.

20A.10 Lovol Phaser/1000 Series
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Bosch EPVE fuel injection pump
without a locking screw

To remove and to fit -
Bosch EPVE pump 20A-06A

To remove

Special tools:
Gear puller, PD.155C
Adaptors for use with PD.155C, PD.155B-5

Spanner for flange nuts of fuel injection pump,
PD.239

Universal timing gauge, MS.678B

Gear adaptor for use with MS.67B, PD.67-3
Adaptor for use with MS.67B, PD.67B-1
Pump timing gauge, MS.107

Piston position probe, PD.221

1 Remove all the pipes, disconnect the stop
control and the control rod of the fuel injection
pump. Ensure that a spanner is used to prevent
movement of the fuel pump outlets when the nuts
of the high-pressure pipes are released.

2 Remove the gear cover from the cover of the
timing case. Remove the gear nut and the spring
washer.

3 Rotate the crankshaft until the keyway in the
gear of the fuel pump is in the 1 o'clock position
(A).

4 Remove the setscrew and the nut of the support
bracket below the fuel pump. Release the flange
nuts of the fuel pump. If access to the flange nuts
of the fuel pump is restricted by, for example, a
compressor, use tool PD.239 to release the flange
nuts.

5 Loosen the drive gear of the fuel injection pump
with the puller PD.155C (B1) and adaptors
PD.155B-5 (B2).

6 Remove the fuel pump; ensure that the key does
not fall from the drive shatft.

To fit

1 Rotate the drive shaft of the fuel injection pump
clockwise to align the key with the 1 o'clock
position of the keyway in the drive gear. In this
position there will be no spring pressure on the
drive shaft. Ensure that the key is correctly fitted
and fit the fuel pump to the gear.

Lovol Phaser/1000 Series 20A.11
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2 Align the mark on the flange of the fuel pump
with the mark on the rear face of the timing case
(A1). Fit the flange nuts of the fuel pump and the
setscrew and nut of the support bracket. Ensure
that force is not applied to the fuel pump when the
support bracket is fitted.

3 Fit the spring washer and nut to the drive shaft of
the fuel pump and tighten the nut to 80 Nm

(59 Ibf ft) 8,2 kgf m. Fit the gear cover to the cover
of the timing case. Fit a new joint, if necessary.

4 Fit all the pipes, connect the stop control and the
control rod of the fuel injection pump. Ensure that a
spanner is used to prevent movement of the pump
outlets when the high-pressure pipes are fitted.

5 Eliminate air from the fuel system, operation
20A-08.

6 Operate the engine and check for leakage. With
the engine at the normal temperature of operation,
check that the idle speed is correct, operation
20A-07.

7 If a new fuel injection pump has been fitted,
check the maximum no load speed, operation
20A-07.

20A.12
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Bosch EPVE fuel injection pump with a
locking screw

To remove and fit 20A-06B

Some Bosch EPVE fuel injection pumps have a
locking screw (A2) and a spacer (A3) fitted. The
purpose of the locking screw is to fasten the drive
shaft of the pump when the pump is removed from
the engine.

Caution: The drive shaft of the pump must not be
turned without the spacer in position under the
locking screw.

A new pump will be received with the locking screw
fitted and the spacer fastened to the throttle lever
by a piece of wire. The new pump is not set to fit
immediately onto the engine, but must be set
before it is fitted, see page 20A.17.

Engines which have the latest fuel injection pump
operate at a static timing very close to TDC.

When the piston is close to TDC there is a
relatively large movement of the crankshaft for only
a small movement of the piston. For this reason the
earlier method of timing, where piston movement is
measured, is not sufficiently accurate.

When the piston is further down the cylinder, there
is a relatively small movement of the crankshaft for
a large movement of the piston. Therefore greater
accuracy is possible. For this reason the crankshaft
is set at 100° BTDC.

The timing is set on number 2 cylinder as this will
put the key in the drive shaft of the pump at the
top.

The pump is then set to a suitable angle to allow for
the crankshaft angle and the static timing angle.

If the locking screw is used, it is not necessary to
set the pump each time it is removed.

There is a timing mark on the pump flange, but not
on the timing case.

Some fuel pumps have an "O" ring (A1) fitted in a
groove in front of the pump flange. This "O" ring is
fitted instead of a joint between the pump flange
and the timing case.

Lovol Phaser/1000 Series 20A.13
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To remove

Caution: Disconnect the battery before the fuel
injection pump is removed from the engine.

1 Remove the rocker cover, operation 12A-01.

2 Remove the atomisers together with their seat
washers, operation 20A-02.

3 Rotate the crankshaft clockwise, from the front,
until the push rod for the inlet valve of number 2
cylinder just releases.

Caution: Do not rotate the crankshaft, except in
accordance with paragraph five, when the piston
position probe is fitted to the engine.

4 Ensure the seat washer from number 2 cylinder
has been removed and put the piston position
probe, PD.221 (A1) into the position for the number
2 cylinder. Fit the atomiser clamp to the probe and
tighten the setscrews gradually and evenly. The
piston position probe is used to set the crankshaft
to 100° BTDC.

5 Slowly rotate the crankshaft clockwise, from the
front, until the piston just contacts the piston
position probe. The piston will now be set at 100°
BTDC on the compression stroke of number 2
cylinder.

Caution: Ensure that the piston comes lightly into
contact with the piston position probe, or both the
piston and the probe could be damaged.

6 Loosen the locking screw and pull out the spacer
between the locking screw and the pump body.
Tighten the locking screw to 27 Nm (20 Ibf ft)

2,8 kgf m. Ensure that the spacer is not lost. It is
recommended that the spacer is attached to the
pump body by locking wire.

Caution: Do not release the clamp of the KSB cold
start device, if one is fitted.

7 Remove the low pressure pipes and cables from
the fuel pump.

8 Remove the setscrew and the nut of the support
bracket below the fuel pump.

9 Release the setscrews and remove the gear
cover from the timing case cover. It may be
necessary to hit the cover gently with a hide face
hammer to release it.

Release the flange nuts of the pump three or four
turns.

Remove the nut, washer and the spacer (early
Phaser 210Ti engines only) from the drive gear for
the pump.

Fit the gear puller PD.155C and loosen the gear on
the drive shaft of the pump. If the holes for the
puller adaptors in the fuel pump gear are not in the
correct position to fit the puller it may be necessary
to remove the water pump, operation 21A-03.

Caution: The crankshaft must not be moved when
the pump is not on the engine. Movement of the
crankshaft may result in damage to the timing case
and make it necessary to time the engine before
the pump can be fitted.

9 Remove the pump from the engine.

Caution: The fuel injection pump must be set in
accordance with the procedure on page 20A.17:

= The pump is to be renewed

« The pump performance is not correct

« The locking screw is released after the pump is
removed from the engine.

20A.14
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To fit

Cautions:

Do not rotate the crankshaft when the piston
position probe is fitted to the engine.

= Ensure that the spacer, fitted to early 210Ti
engines, is in position or the nut will not tighten the
gear correctly.

1 Fit a new joint or the "O" ring (A1) and put the
pump into position on the timing case. Ensure that
the key is engaged correctly in the keyway of the
drive gear.

2 Fit the spacer (early Phaser 210Ti engines only),
spring washer and the nut to retain the drive gear.
Tighten the nut to approximately 15 Nm (11 Ibf ft)
1,5 kgf m.

3 Hold the top of the pump toward the engine to
remove the backlash and fit the nuts to the pump
flange. Tighten them to 22 Nm (16 Ibf ft) 2,2 kgf m.

4 Fit the fastener for the pump bracket, ensure that
there is no tension on the pump and tighten the
fastener.

5 Release the locking screw (2) and fit the
spacer (3), tighten the locking screw to 12 Nm

(9 Ibf ft) 1,2 kgf m.

6 Remove the piston position probe from the
engine and fit the atomiser together with a new seat
washer. Fit the remainder of the atomisers. Tighten
the setscrews for all of the atomisers.

7 Fully tighten the nut for the drive gear to 80 Nm
(59 Ibf ft) 8,2 kgf m. Fit the gear cover.

8 Fit the pipes and cables to the pump.

9 Eliminate air from the fuel system, operation
20A-08.

10 Fit the rocker cover, operation 12A-01.

11 Operate the engine and check for leakage. With
the engine at the normal temperature of operation,
check that the idle speed and the maximum no load
speed is correct, operation 20A-07.

Lovol Phaser/1000 Series
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To set a Bosch EPVE fuel injection pump with
locking screw

Caution: This procedure must be followed carefully
if the fuel injection pump:

+ The fuel injection pump is new

* The pump performance is not correct

« The locking screw is released after the pump is
removed from the engine.

1 Hold the pump securely in a vice by the support
bracket.

2 Release the pump locking screw. Remove the
plug and washer from the rear of the pump and fit
the adaptor, MS.107, and a suitable dial gauge. Set
the dial gauge to indicate approximately 3,0 mm
(0.12in).

3 Fit adaptor, PD.67-3 (C), for the timing tool,
MS.67B, to the drive shaft of the pump. Use the nut
for the drive gear, tightened finger tight only, to
retain the adaptor.

4 Fit the timing tool, MS.67B (D) to the adaptor
and fit adaptor PD.67B-1 ‘o the timing tool.
PD.67B-1 is used to rotate the timing tool and the
shaft of the pump. To rotate the adaptor, it will be
necessary to make a suitable bar which uses the
three setscrews in the adaptor.

5 Set the injection advance device,if one is
fitted,operation 20A-06C

6 Ensure that the keyway in the drive shaft is
between outlet A and B for four cylinder engines (A)
or outlet A and F for six cylinder engines (B).

7 Check that the pump plunger is at its lowest
position and set the dial of the gauge to zero. There
will be no tension on the bar used to turn the pump
in this position.

8 Rotate the pump shaft slowly clockwise, from the
drive end, until the pointer on the dial gauge
indicates 1,0 mm (0.039 in) plunger lift. For engines
fitted with fuel pump code TL the plunger lift is 1,25
mm. Hold the shaft in this position and tighten
the pump locking screw.
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9 Release the locking screw (D3) of the timing tool
and move the setting block until the pointer aligns
approximately with the centre of the top outer slot
in the pump flange. Tighten the screw.

10 Release the locking screw (D1) for the pointer
(D2) and slide the pointer forward until the slot in
the pointer covers the flange. Tighten the screw.
11 Hold the timing tool against the direction of
pump rotation to remove backlash. Mark the pump
flange with a scriber along the slot in the pointer.
12 Release the locking screw for the pointer and
slide the pointer backwards to cover half of the
flange. Tighten the screw.

13 Remove the timing tool and note the angle
indicated on the tool.

The cold start device (KSB) must be energised
sfore the timing is set, see operation 20A-06C.

14 Release the locking screw on the pump and
allow the pump plunger to return to its lowest
position. The dial should return to zero.

15 Fit the timing tool to the pump drive.

16 Rotate the timing tool against the direction of
pump rotation until the slot in the pointer is aligned
with the mark on the pump flange. Tighten the
pump locking screw. Check that the key of the
pump shaft is aligned with the keyway in the gear.
17 Disconnect the KSB, if one is fitted.

18 Remove the timing tool and adaptor PD.67B-1.
19 Remove the nut and adaptor from the shaft of
the pump.

20 Remove the adaptor and dial gauge.

21 Fit the washer and plug to the rear of the pump
and tighten the plug to 10 Nm (7 Ibf ft) 1,0 kgf m.
22 Fit the pump to the engine, operation 20A-06B.

Lovol Phaser/1000 Series
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20A FUEL SYSTEM

To set the injection
advance device (KSB) 20A-06C

Some Bosch EPVE rotary fuel injection pumps have
a starting aid (KSB) which advances the injection
timing. The device (A) is operated electrically and is
connected by a wire to the advance lever (A5) of
the fuel injection pump.

When the engine reaches the normal temperature
of operation a sender unit in the cooling system
energises, to apply 24v to the wax filled element
(A3) which operates to retard the timing.

The advance lever of the fuel injection pump is set
in the factory to advance the injection timing when
the engine is cold. Therefore it will be necessary to
energise the KSB if the static timing of the fuel
injection pump is to be set:

Caution: Do not release the clamp (A6) from the
KSB wire; this will result in the loss of adjustment
set in the factory.

1 With the fuel injection pump removed from the
engine connect a cable from the positive terminal of
the battery (A8) to the injection advance device
(A2).

2 Connect a cable from the earth terminal of the
battery to the fuel injection pump body (A4).

Warning! Avoid contact with the body of the hot
KSB during the pump setting operation.

3 Allow a minimum of five minutes for the wax in
the wax filled element to expand before the static
timing is set.

4 Turn the pump shaft in the direction of rotation to
move the lever of the advance mechanism, fully
towards the clamp (A8), into the fully retarded
position. Ensure that there is no tension in the
cable of the KSB before the pump is set.

Notes:

« New pumps may be supplied with a special tool
fitted to the end of the wire for factory adjustment
(A7). This tool must be removed by the release of
the screw and discarded to prevent damage to the
wire when the engine is running. Cut off excess
wire which extends from the end of the clamp and
seal the end of the wire.

+ If the pump performance is correct and static
timing adjustment is not necessary, the pump can
be removed and fitted without the requirement to
energise the KSB.

20A.18 Lovol Phaser/1000 Series
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FUEL SYSTEM 20A

To adjust - Bosch pump 20A-07

S s QIS

e

1 Operate the engine until it reaches its normal
temperature of operation and check the idle speed.
If necessary, adjustment can be made by the inner
adjustment screw (A1). Release the locknut and
rotate the adjustment screw clockwise to increase
the speed, or counter-clockwise to decrease the
speed. When the speed is correct, tighten the
locknut. The setting of the idle speed can change
for different applications. Normally the correct
speed will be given in the manufacturer's handbook
for the application. If it is not given, apply to your
nearest Perkins distributor or to Technical Services
Department, Perkins International Ltd,
Peterborough, England.

Caution: The setting for the maximum no load
speed can change for different applications. Always
check the fuel injection pump data plate (B) fitted to : : .
a particular engine, before making any adjustment Mfg 2643J000CK/1/2860
to the maximum no load speed.
2 With the engine at its normal temperature of High idle reset
operation, check the maximum no load speed. The :
maximum no load speed is indicated by the last
section of the setting code for the fuel injection
pump. The setting code can be found on the data
plate (B1) on the side of the fuel pump. A typical
setting code is 2643J000CK/1/2860. In this
example, the maximum no load speed is 2860
rev/min. If necessary, this speed can be adjusted
by the outer adjustment screw (A2). Release the
locknut and rotate the adjustment screw counter-
clockwise to increase the speed or clockwise to
decrease the speed. When the speed is correct,
tighten the locknut and seal the screw. The person
who fits the pump must ensure that the adjustment
screw is suitably sealed against interference after i.
has been set initially.

The adjustment screw on original fuel pumps is set
and sealed by the manufacturer. The setting must
not be changed as this could affect the engine
warranty.

Lovol Phaser/1000 Series 20A.19
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20A FUEL SYSTEM

Fuel system

To eliminate air from the fuel system -
Bosch pump , 20A-08

If air enters the fuel system, it must be eliminated
from the system before the engine can be started.

Air can enter the system if:

« The fuel tank is drained during normal operation.
+ The low-pressure fuel pipes are disconnected.

+ A part of the low-pressure fuel system leaks
during engine operation.

In order to remove air from the fuel system,
proceed as follows:

1 Loosen the vent plug (A1) on top of the twin
element fuel filter (A) by two or three turns. If a
single element filter is used, loosen the banjo
connection bolt (B1) which is fitted on the top of the
filter (B).

2 Operate the priming lever on the fuel lift pump
(C) until fuel, free of air, comes from the filter vent
point. Tighten the vent plug or the banjo connection
bolt. If the drive cam of the fuel lift pump is at the
point of maximum cam lift, it will not be possible to
operate the priming lever. In this situation, the
crankshaft must be rotated one revolution.

3 Ensure that the manual stop is in the "run”
position. If an electrical stop control is used, turn
the key of the start switch to the "R" position.

4 Loosen the union nut of the fuel inlet pipe (D1).
Operate the priming lever of the fuel lift pump until
fuel, free of air, comes from the loose connection.
Tighten the union nut.

20A.20 Lovol Phaser/1000 Series
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FUEL SYSTEM 20A

5 Loosen the union nut (A1) at the fuelled starting
aid, if one is fitted, and operate the priming lever of
the fuel lift pump until fuel, free of air, comes from
the connection. Tighten the union nut at the starting
aid.

6 Loosen the high-pressure pipe connections (B1)
at two of the atomisers.

7 Ensure that the manual stop control, if one is
fitted, is in the "run" position. Operate the starter
motor until fuel, free from air, comes from the pipe
connections.

8 The engine is now ready to start.

Note: If the engine runs correctly for a short time
and then stops or runs roughly, check for air in the
fuel system. If there is air in the fuel system, there
is probably a leakage in the suction or low-pressure
system.

Lovol Phaser/1000 Series
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20A FUEL SYSTEM

Data and dimensions
Fuel lift pump - four cylinder engines

TYDG: viisivis sismsis iin is Fa adaaals ompatiosm Fd o3 e 55 b s o SR SRS A.C.Delco, type XD
Method of drive  ........ G sl DR e e e T TR Eccentric on camshaft of engine
Static pressure (nodelivery) .......... ... i, 42/70 kPa (6/10 Ibf/in2) 0,4/0,7 kgflcm?2
Test pressure (75% of minimum static pressure)  ............... 31 kPa (4.5 Ibf/in2) 0,32 kgf/cm2
Fuel lift pump - Six cylinder engines

TYPE: i i aiaion s smeiiten ol va A i el el SRl A.C.Delco, type LU
Method of dive wxics oo smeuian e s 2 Me B maiss v Saaa Eccentric on camshaft of engine
Static pressure (no delivery) ........ ... .. ..., 34,5/55,2 kPa (5/8 Ibf/in2) 0,35/0,56 kgf/cm2
Test pressure (75% of minimum static pressure)  ............... 26 kPa (3.75 Ibf/in2) 0,26 kgf/cm2

Fuel filter
TYDE: i snciasn i rormoBas e en G erehs & fuses Twin parallel flow or single element

Fuel lift pump - AE, YE - four and six cylinder engines
1 RN ) - s o R W A SRt Ny Bosch, FP/KG24MW304
Method ofdrive ............ Eccentric on camshaft of engine or on camshaft of fuel injection pump

Fuel filter
B[, = [ T S . B S o Sl e I, [y Twin parallel flow or single element

20A.22 Lovol Phaser/1000 Series



https://truckmanual shub.com/

FUEL SYSTEM 20B

Engines fitted with an in-line fuel injection pump

General description .....................

Fuel filter canister

20B-01 TOTENEBW .o ee e e e e ienns

Atomisers

Atomiserfault’ ... vass wes v aa s s s
20B-02 Toremoveandtofit ............

Fuel lift pump

...............

20B

20B.02

20B.03

refer to 20A.07
refer to 20A.07

20B-03 Toremove andTofit  « .wos 5 cun o e s see s enssisn b s 20B.04
20B-04 Todismantleandtoassemble ............. ... . ..., 20B.05
Fuel injection pump

20B-05 Toremove and tofit . ... .. c. . coine cime v mioe mmie FE o o 20B.06
20B-06° TOBEMUSE ..y vos s seae s v sas & oos SR U s SaE B 20B.09
Fuel system

20B-08  To eliminate air from the fuel system  .................. ... 20B.10
Data antd diMenSIONS ;o 5 san oo st 950 5 Sis Bae bieras, degaee S 20B.11
Lovol Phaser/1000 Series 20B.01
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20B FUEL SYSTEM

General description

Caution: It is very important that dirt does not enter
the fuel system. Before a connection is
disconnected, clean thoroughly the area around the
connection. After the component has been
disconnected, fit a suitable cover to all open
connections.

P7100,AD,PB in-line fuel injection pump has a
mechanical governor (A2) fitted to the rear of the
pump to control engine speed. On top of the
governor housing is a boost control (A1). The boost
control is a device which is affected by boost
pressure (from the turbocharger) and reduces the
maximum fuel delivery at lower engine speeds to
match the reduced air supply to the cylinders.

The "low spring" atomisers receive high-pressure
fuel from the fuel injection pump and inject this fuel
into the combustion chamber of the piston as a
very fine spray. The atomisers are set in the
factory, but must be checked in accordance with
the preventive maintenance schedules. The
pressure at which atomisers operate can be
adjusted by a shim fitted above the spring.

The fuel injection equipment must be checked and
adjusted by personnel who have had the correct
fraining.

The plunger type fuel lift pump (A4) can either be
on the side of the fuel injection pump, or on the
right side of the cylinder block. When the lift pump
is fitted to the cylinder block, an adaptor is fitted
between the pump and the cylinder block. The fuel
lift pump is driven by an eccentric on the camshaft
of the fuel injection pump, or by an eccentric on the
engine camshaft. The fuel lift pump is fitted with a
priming pump (A3).

20B.02 Lovol Phaser/1008eries
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FUEL SYSTEM 20B

Fuel filter canister

To renew 20B-01

Caution: It is important that only the correct
genuine Lovol fuel filter canister is used. The use
of a wrong canister can damage the fuel injection
pump.

1 Thoroughly clean the outside surfaces of the fuel
filter assembly.

2 Use a strap wrench or similar tool to loosen the
filter canister and remove the canister.

3 Ensure that the threaded adaptor (A1) is secure
in the filter head and that the inside of the head is
clean.

4 Lightly lubricate the seal of the new canister with
clean fuel. Fit the new canister to the filter head
and tighten by hand only.

5 Eliminate the air from the fuel filter, operation
20B-08

Lovol Phaser/1000 Series 20B.03
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20B FUEL SYSTEM

Fuel lift pump

To remove and to fit 20B-03

1 Disconnect the fuel pipes from the fuel lift pump.

2 |f the fuel lift pump is fitted to the side of the fuel
injection pump, release the nuts and remove the
fuel lift pump (A). If the fuel lift pump is fitted to the
cylinder block (B), remove the setscrews and
remove the lift pump (B3) from the adaptor (B5). To
remove the fuel pump and adaptor assembly:
Release the nuts and remove the assembly from
the side of the cylinder block.

To fit the lift pump to the fuel injection pump:

3 Clean the joint face of the fuel lift pump and of
the fuel injection pump. Ensure that the eccentric
on the camshaft of the fuel injection pump is in the
minimum lift position. Fit a new joint (A2) to the lift
pump. Check that the push rod (A1) is in position
and fit the lift pump the fuel injection pump. Tighten
the nuts gradually and evenly to 8 Nm (4 Ibf ft)

0,6 kgf m.

To fit the adaptor or the adaptor and lift pump
assembly:

4 Clean the joint face of the adaptor and of the
cylinder block. Ensure that the eccentric on the
engine camshaft is in the minimum lift position. Fit a
new joint (B6) to the adaptor. Check that the push
rod (B1) is in position. Ensure that the lubrication
hole (B2) is at the top and fit the adaptor to the
cylinder block. Tighten the nuts gradually and
evenly to 22 Nm (16 Ibf ft) 2,2 kgf m.

To fit the lift pump to the adaptor:

5 Clean the joint face of the lift pump and of the
adaptor. Ensure that the eccentric on the engine
camshaft is in the minimum lift position. Fit a new
joint (B4) to the lift pump. Fit the lift pump to the
adaptor and tighten the setscrews gradually and
evenly to 6 Nm (4 Ibf ft) 0,6 kgf m.

6 Connect the fuel pipes to the lift pump.

5 Release the vent plug on the fuel filter. Operate
the priming pump on the fuel lift pump until fuel,
free of air, comes from the vent plug. Tighten the
vent plug.

7 Operate the engine and check for leakage of fuel
or air.

20B.04 Lovol Phaser/1008eries
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FUEL SYSTEM 20B

To dismantle and assemble 20B-04

To dismantle

1 Clean the outside surfaces of the fuel lift pump.
2 Remove the push rod (A1).

3 Release the end nut (A2). Remove the plunger
(A3) the suction valve (A4) the spring seat washer
(A13) the spring (A5) and the second spring seat
washer (A13) from the pump body (A6).

4 Remove the priming pump (A8), if fitted, and the
copper washer (A7).

5 Release the delivery valve holder (A9). Remove
the delivery valve (A11) and the "O" ring (A12)
from the body.

To assemble

1 Thoroughly clean inside the body of the lift pump
and ensure that the passages in the body are not
restricted. Carefully clean the valves in clean diesel
fuel. Inspect each valve for damage to the valve
spring and the valve plate. If there is damage,
renew the valve.

2 Put a spring seat washer (A13) in position in the
pump body. Ensure that the flat face of the washer
is toward the bottom of the body. Put the spring
(A5) on the spring seat washer and the other spring
seat washer (A13) on the spring. Put the suction
valve (A4) in position on top of the valve seat
washer. Ensure that the large diameter of the valve
is toward the spring seat washer. Put the plunger
(A3) in position in the pump body over the valve
and spring. Renew the "O" ring (A15) which fits
inside the end nut and the "O" ring (A14) on the
outside of the end nut. Support the pump body, put
the end nut in position on the plunger, compress
the spring and engage the threads of the end nut
with the threads in the pump body. Tighten the end
nut to 42 Nm (31 Ibf ft) 4,3 kgf m. Put the push rod
in position in the end nut.

3 Putanew "O"ring (A12) in position in the pump
body. Put the delivery valve (A11) in position on the
"O" ring. Ensure that the large diameter of the
valve is toward the "O" ring. Renew the "O" ring
(A10) on the delivery valve holder (A9). Fit the
deliver valve holder and tighten to 42 Nm (31 Ibf ft)
4,3 kgf m.

4 Renew the copper washer (A7) and fit the
priming pump (A8). Tighten the priming pump to

47 Nm (34 Ibf ft) 4,8 kgf m.

Lovol Phaser/1000 Series 20B.05
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20B FUEL SYSTEM

Fuel injection pump piston just contacting the piston position monitor.

6. Loose the location screw and remove the geagrcov

To remove and to fit  20B-05 on the timing gear box.
7. Then loose the gear cover screw of fuel pumprantve

To remove the nut connecting the injection pump and the ge@B1)

Special tools

Piston location monitor

1. Remove rocker arm

2. Loose the fixing screw on atomiser

3. Rotate the crankshaft clockwise at front endlunti
the push rod of number 1 cylinder intake valve.
Remark: when the checking angel of engine is less

than 100, a self-made washer (A2) must be instatled ¢

the piston position monitor (Al). See data and fize

the detail. -

4. Remove the atomiser and the housing from number (1 ) '
g O A\

1 cylinder and then place the piston position namit —~ | wil

PD 221(Al) to its position. Fit the atomiser clamp ”\_'_"_

onto the monitor and gradually tighten the location

screw uniformly.
Caution: ensure the piston just contacting the pisto k : 4

position monitor to avoid damaging the piston; et t

same time, the monitor will bend and result in the
incorrect position of the piston.
5. Carefully rotate clockwise the crankshaft urtig t

20B.06 Lovol Phaser/1008eries
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FUEL SYSTEM

20B

8 Remove the high-pressure pipes and the low
pressure pipes from the fuel pump. Remove the
lubricating oil pipe and the boost control pipe from
the fuel pump.

9 Disconnect the stop control/electrical cable and
the engine speed control.

10 Four cylinder engines: Loosen the setscrews
that retain the pump support bracket to the cylinder
block. Remove the nut and bolt from the bracket
and remove the spacer between the brackets. Six
cylinder engines: Loosen the setscrews that retain
the pump support bracket to the cylinder block.
Remove the setscrew that holds the support
bracket for the pump body to the pump support
bracket.
11 To remove the pump. Ensure that the key in the
shaft is not lost.

Lovol Phaser/1000 Series
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20B FUEL SYSTEM

Tofit 5. Install rocker arm, see 20B-08.
1. Install the fuel injection pump on the gear of gtje6. Dispel the air in the fuel system, see 20B-08.
pump and ensure the correct installation of theskey7. Check the fuel injection pump timing according to
2. According to the requirement of relevant torquestali  17B-03.
the fuel injection pump on the timing injection pBim Run the engine and check the leakage. To run theeng
and install the bracket of injection pump, lubricpipe to its normal operation temperature, check thesgked
and low and high pressure pipes. is normal, see 20B-06.
Install the gear coven on the timing gear chamber.9. If a new fuel injection pump has been installedeath
Loose the location screws and remove the pistaie maximum load-free speed, see 20B-6.
position monitor from number 1 cylinder and the
specific washer(if exist).Gradually tighten the raiser
uniformly to 12 N.m (9Ibf)1.2kg.f.m

20B.08 Lovol Phaser/1008eries
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FUEL SYSTEM 20B

To adjust the fuel injection
pump 20B-06

1 Operate the engine until it reaches its normal
temperature of operation and check the idle speed.
If necessary, adjustment can be made by the
adjustment screw (A7). Release the locknut (A6)
and rotate the adjustment screw clockwise, from
the rear, to increase the speed, or counter-
clockwise to decrease the speed. When the speed
is correct, tighten the locknut. The setting of the
idle speed can change for different applications.
The correct speed will normally be given in the
manufacturer's handbook for the application. If it is
not given apply to your nearest Perkins/Detroit
Diesel distributor. If further assistance is necessary,
apply to the Technical Service Department of either
Lovol International Limited.

2 With the engine at its normal temperature of
operation, check the maximum no load speed. If
necessary, adjustment can be made by the
adjustment screw (A5).

For early engines: Remove the lead seal (A4) for
access to the lower screw (A3). Release the lower
screw and remove the cover (A2). On the latest
engines the lead seal, screw and cover have been
removed and locking wire fitted to prevent
movement of the adjustment screw for the
maximum no-load speed. Cut the locking wire and
discard the lead seal.

Release the lock nut (A1) and rotate the
adjustment screw clockwise, from the rear, to
increase the speed, or counter-clockwise to
decrease the speed.

When the speed is correct, tighten the locknut. For
early engines: Fit the cover, fit and tighten the lower
screw. Fit a new lead seal to seal the lower screw.
For the latest engines: Renew the locking wire and
fit a new lead seal.

Caution: The setting for the maximum no load
speed can change for different applications. Always
check the fuel injection pump data plate (B) fitted to
a particular engine, before making any adjustment
to the maximum no load speed.

With the engine at its normal temperature of
operation, check the maximum no load speed.

The person who fits the pump must ensure that the
adjustment screw is suitably sealed against
nterference after it has been set initially. The
adjustment screw on the original fuel pump is set
and sealed by the manufacturer. The setting must
10t be changed as this could affect the engine
~varranty.

Lovol Phaser/1000 Series

20B.09



https://truckmanual shub.com/



https://truckmanual shub.com/

20B FUEL SYSTEM

To eliminate air from the
fuel system 20B-07

If air enters the fuel system, it must be eliminated
before the engine can be started.

Air can enter the system if:

« The fuel tank is drained during normal operation.
« The low-pressure fuel pipes are disconnected.

« A part of the low-pressure fuel system leaks
during engine operation.

In order to eliminate air from the fuel system,
proceed as follows:

1 Loosen the vent plug (B1) on top of the fuel filter
by two or three turns. Operate the priming pump
(C) of the fuel lift pump until fuel, free of air, comes
from the filter vent point. Tighten the vent plug.

2 Loosen the banjo connection bolt (C1) at the
drive end of the fuel pump. Operate the priming
pump of the fuel lift pump until fuel, free of air,
comes from the loosened connection. Tighten the
banjo connection bolt.

3 Ensure that the stop control is in the run position
and the speed control is in the maximum speed
position. Operate the starter motor. When the
engine starts, reduce the engine speed. If the
engine runs correctly for a short time and then
stops or runs roughly, check for air in the fuel
system. If there is air in the fuel system, there is
probably a leakage in the low pressure system.

20B.10 Lovol Phaser/1000 Series
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FUEL SYSTEM 20B

Data and dimensions
In-line fuel injection pump

FLUEIDUMPIYPE & Susvaisran oy sxianl 5 simany s oo lom oo ol P7100 AD PB
Direction of rotation oM AriVe oNd < uucwe s cansians s nis aoi sreirsiines i 5 Somais Clockwise
BUtet IO HUHDETTEYNNEBE "5 v wovivmammnn s el st weas o #il TseRyoi 65 oL o seRs Drive end of fuel pump

Fuel lift pump

Methodofdrive ............ Eccentric on camshaft of engine or on camshaft of fuel injection pump
Fuel filter

TP s ismamain o8 seimeion Wownianv s S itsesu Sotsiis Twin parallel flow or single element

Lovol Phaser/1000 Series 20B.11
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FUEL SYSTEM 20C

Engines fitted with Stanadyne
fuel injection pumps

General description .....................

Fuel filter element

20G-01 TOEONOW: o5 van v wes & g3 @m0 265

Atomisers

Atomiserfault ..................
20CG-02 Toremove andtofit ............

Fuel lift pump

20G6-03 Toremoveandtofit ............
206-04 To dismantle and to assemble .....
20G-05 TOABEBE e s « s & sl & E8E S0 § 5

Fuel injection pump

206

............... refer to 20A.02

............... refer to 20A.04

............... refer to 20A.07
................ refer to 20A.07

................ refer to 20A.08
................ refer to 20A.08
.............. refer to 20A.10

20G-06 Toremoveandtofit ......i e 20G.02
20C-07 ToAUST 5x vusm vowns son 5 s & 0wt BAES Heb & Nor CaGn e 206.04
20G-08 To eliminate air from the fuel system  ..................... 20G.05
Data and dimenNSioNS v o can o oww s i = sals B 269 ws reter to 20A.22
Lovol Phaser/1000 Series 20C.01
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20C FUEL SYSTEM

To remove and to fit
- Stanadyne pump 20C-06

Special tools:
Gear puller, PD.155C
Adaptors for use with PD.155C, PD.155B-5

To remove

1 Remove the fuel pipes, disconnect the electrical
stop control and the control rod of the fuel injection
pump.

2 Remove the gear cover from the cover of the
timing case. Remove the gear nut and the spring
washer.

3 Release the flange nuts of the fuel pump.

4 Loosen the drive gear of the fuel injection pump
with the puller PD.155C (A1) and the adaptors
PD.155B-5 (A2).

5 Remove the fuel injection pump.

20C.02

Lovol Phaser/1000 Series



https://truckmanual shub.com/

FUEL SYSTEM 20C

To fit

1 Fit a new joint (A1) to the timing case. Fit a new
"0" ring (A3) to the fuel pump. DB4 fuel pumps are
fitted with a rubber seal which has a sguare shape
instead of an "O" ring. When a rubber seal is fitted
it is not necessary to fit a joint.

2 Rotate the drive shaft of the fuel pump to align
the pin (A2) or key with the keyway in the drive
gear. Ensure that the pin or key is correctly fitted
and fit the fuel pump to the gear. Fit the spring
washer and the nut to retain the drive gear and
tighten the nut lightly.

3 Align the mark on the flange of the fuel pump
with the mark on the rear face of the timing case
(B1). Fit the flange nuts of the fuel pump. Tighten
them to 22 Nm (16 Ibf ft) 2,2 kgf m.

4 Fully tighten the nut for the drive gear to 80 Nm
(59 Ibf ft) 8,2 kgf m. Fit a new joint for the gear
cover and fit the gear cover.

5 Fit the fuel pipes. Connect the electrical stop
control and the control rod of the fuel pump.

6 Eliminate air from the fuel system, operation
20C-08.

7 Operate the engine and check for leakage. With
the engine at the normal temperature of operation,
check that the idle speed is correct, operation
20C-07.

8 If a new fuel pump has been fitted, check the
maximum no load speed, operation 20C-07.

Lovol Phaser/1000 Series
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20C FUEL SYSTEM

To adjust - Stanadyne pump 20C-07

To adjust

1 Operate the engine until it reaches its normal
temperature of operation and check the idle speed.
If necessary, adjustment can be made by the
adjustment screw (A2). Release the locknut and
rotate the adjustment screw clockwise to increase
the speed or counter-clockwise to decrease the
speed. When the speed is correct, tighten the
locknut. The correct speed will normally be given in
the manufacturer's handbook for the application. |

Caution: The setting for the maximum no load
speed can change for different applications. Always
check the fuel injection pump data plate (B) fitted to
a particular engine, before making any adjustment
to the maximum no load speed.

2 With the engine at its normal temperature of
operation, check the maximum no load speed on
the fuel pump data plate. An example is given at
(B1); if necessary, this speed can be adjusted by
the adjustment screw (A3). Release the locknut and
rotate the adjustment screw counter-clockwise to
increase the speed, or clockwise to decrease, the
speed. When the speed is correct, tighten the
locknut and seal the screw. The person who fits the
pump must ensure that the adjustment screw is
suitably sealed against interference after it has
been set initially. The adjustment screw on original
fuel pumps is set and sealed by the manufacturer.
The setting must not be changed as this could
affect the engine warranty.

20C.04 Lovol Phaser/1000 Series
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To eliminate air from the fuel system
Stanadyne pump 20C-08

If air enters the fuel system, it must be eliminated
before the engine can be started.

Air can enter the system if:

» The fuel tank is drained during normal operation.
» The low-pressure fuel pipes are disconnected.

= A part of the low-pressure fuel system leaks
during engine operation.

In order to eliminate air from the fuel system,
proceed as follows:

1 Loosen the vent plug (A1) on the top of the filter
head.

2 Operate the priming lever on the fuel lift pump
(B) until fuel, free from air, comes from the filter
vent point. Tighten the vent plug.

Note: If the drive cam of the fuel lift pump is at the
point of maximum cam lift, it will not be possible to
operate the priming lever. In this situation, the
crankshaft must be rotated one revolution.

3 If the pipe to the fuelled starting aid has been
drained, loosen the union nut (C1) at the fuelled
starting aid and operate the lift pump until fuel, free
from air, comes from the connection. Tighten the
union nut at the starting aid. Use a spanner on the
hexagon of the fuelled starting aid to prevent its
movement when the union nut is loosened and
tightened.

Note: The fuelled starting aid for naturally aspirated
engines is fitted at the rear of the induction
manifold.

4 Loosen the union nuts (D1) of the high-pressure
pipes at two of the atomisers.

= Ao |
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20C FUEL SYSTEM

5 Put the electrical system switch to the "ON"
position. Operate the starter motor until fuel, free
from air, comes from the pipe connections. Tighten
the high-pressure pipe connections to 22 Nm

(16 Ibf ft) 2,2 kgf m. Return the switch to the "OFF"
position.

6 The engine is now ready to start.

If the engine runs correctly for a short time and
then stops or runs roughly, check for air in the fuel
system. If there is air in the fuel system, there is
probably a leakage in the low pressure system.

20C.06
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20D FUEL SYSTEM

General Description

The matching condition of unit pump engine: It adopts axial positioning on flange surface bemve
4-cylinder engine matches Wit unit pump and gear chambers (flange surface attaching to thacairf
6-cylinder engine matches Hengyang unit pump. Now of gear chamber), radial positioning at bearingecov
the Wit unit pump is taken as an example to ilkfstr the four bolts on flange surface tightened andstesi
The assemble mode of Wit 4-cylinder pump unit is supporting at rail bracket.

similar with the P7100 mechanical pump.

gear

rear brachet WiF2000 pump chamber

of oil pump assembly

20D.02 Lovol Phaser/1008eries
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20D FUEL SYSTEM

Fuel pump

To remove and to fit 20D-03
The installation of the fuel pump shall be carrzad 25 N.m~30N.m ) after the oil delivery pump installed

in specific conditions to ensure the cleannesshef t into pump box, then install the oil inlet and oulst
assembly. When installing, first link one end oéth connector of the oil delivery pump, see lower right
cross groove of the cross transmission sleeve ef th diagram.

fuel pump to the single-line shape rabbet of cafisha Notice: If incorrect connection occurs the engia@ ¢
and the another end to the single-line shape ratfbet not start. After installation, it is not permitteail

fuel pump. Pay attention to the installation of i@gr seepage and oil leakage at sealing sits and e&ch oi
on fuel pump, see the left lower diagram. Rotate the pipe connector.

fixing bolt(Q1841025TF2 with an tightening torquie o

Ol dglvery pump  Qil inlet

Fixing bolt of il
delivery pump

Fuel returning
pipe of
pumg box

Qil inlet pipe
of oil
delivery pumpg

Fuel inket
pipe of
pump box

Cil outlet pipd
of oil
delivery pum

Fuel injection pump
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To fit 20D-04

1. Connect the WP2000 pump assembly with the

engine

appropriate  amount of medium-intensity thread
locking fixation adhesive.
Plaster appropriate grease on the guiding flange

sealing ring and align the guiding flange to the
installation hole on the cover of the engine gear Install rear supporting bracket.

chamber; then push the WP2000 pump assembly intoThe positioning installation of the flange

the hole( don't damage the aprons when installiy a 2. Harness installation (see 23D.01)

change the aprons if trimming phenomenon founded,3. Check the installation quality by engine barring;
or oil leakage may occur), as the lower right chagr seizure is not permitted.

shows. Notices

Connect the four flange bolts and tighten them & th 1.  Electronic Unit unipump is a kind of precision

order of 1-2-3-4 as right diagram with a pre-tigtite product; the operator must be familiar with its
torque of 10-155N.m and final torque of 50-55N.m; structure and the function of each parts in it
the performance grade of the bolts shall be greater before installing; it must not be dismantled or
than or equal to 8.8. installed by untrained non-professional staff.
Connect oil pump bracket and engine. 2. The assembly of WP2000 pump assembly shall
Connect high-pressure oil pipe between the WP2000 be carried out in a clean working site so as to
pump assembly and the injector with an tightening ensure the cleanness of the assembly. Before
torque of 25-30N.m; installing and dismantling the injection pump,
Install fuel entering and returning oil pipe andjiee the outside of the pump must be cleaned up.
oil entering and returning oil pipe. Generally, it is not permitted to dismantle and
Connect the oil pump gear and other relevant parts t change the critical parts of the pump unit.
the WP2000 pump assembly, and the installation shal Cleanness and the installation space are also to
meet the requirement of phase relation diagram. be paid attention when changing and
After the whole installation, no residual instathat dismantling oil delivery pump, oil returning
stress shall exist to affecting the utilization tbie valve, temperature sensor and oil pipe and etc
pump. When installing oil delivery pump, one end of

the cross groove of the cross connecting sleeve
of the oil delivery pump shall connect the
single-line shape head of the camshaft and the
other end shall connect the single-line shape
head of the oil delivery pump; at the same time,
pay attention to the installation of O ring on the
installation face of oil delivery pump.
3. After the installation of WP2000 pump

assembly or changing the pump unit,

20D.04 Lovol Phaser/1000 Series
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FUEL SYSTEM 20D

high-pressure oil pipe and fuel entering and
returning oil pipe, it shall conduct exhausting
treatment before starting engine. At complete
vehicle, the exhaust may be carried out with 6.
hand pump ; and at engine test bench, the
exhaust may be carried out by pulling with
dynamometer or loosing the nut of high-pressure
oil pipe.

4.  When dismantling and installing EUP, a mark
must be done on each cylinder to prevent
incorrect installation. The dismantlement of
EUP can not be carried out without special
inspection instruments.

5. After completing the installation of WP2000
pump assembly, no oil seepage, leakage shall

occur at each sealing site and each joint of oil
pipe during working. Treat it if any problem
found.

After starting, No abnormal sound is permitted
to be heard in WP2000 pump assembly.

Lovol Phaser/1000 Series
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20D FUEL SYSTEM

Common fault modes and the remedy flow
1. Remedy flow for engine not starting

low engine
ng <} can not start {=
L5
‘ Dismantle the
Au #'n cover at the
Charging sealing Elé'lhd of
P ear B I 02
v,
monitor see the
Lot fault diagnosis
mﬂr . on controd
L interface
Pump oil. Remove See fault
Sprdrl el with foam and elimination
in ECU fasten the high- in sensor
pressure oll pipe and harness

(i) (il

2. Remedy flow for engine smoking

Black smoking

White smoking in engine

in engine

unit pump
L N v
| NMEM' See "Chanqa "“dm :I
unit pump” “tha
w7 v v
engine in | engine in - ine i
holding state holding state hr:ln nIEHEFuI:EI

3.  Remedy flow for insufficient power output of engine
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mu i
um adequate power

niot working. of engine [“,. small timin
5
change
bmlwn-ﬁmn
unit pump
P
Sea "Bhunqa %m rﬂcfan
unit pump"

enging in
holding state

“at the exit of the
oil delivery purng incification gnd w
with one mouth

5
change appro| Change the oil P =
bmil.an-ﬁm Eﬁ]u:tﬂﬂlag’ dall'uaur.;r pump enginein
unit pump oil quantity MAF it Ii"m pmlssum haolding state
s too low

Sea "Bhunqla

engine in
unit pump

haolding state

engine in

engine in - engine in =
holding state holding state haolding state rgoa i)

~

ECU fault

engine in
holding state <] charging

w 120 "Hllmlnullnu -~ B B
e R )
ST engine

4. Remedy flow for system leakage
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20D FUEL SYSTEM

"A“H
. Fuel |njec1f|:m
Qil leakage [ 'N\/s:.,rstem leaka
"‘“‘a_,-*

Yes __I~ Repair Yes
~1 change |“:<
ﬂJ(II'I bolt

No ange the
o mmpe. —
se the, Yes
@rﬁnagnerleak ange the eleciromagne —

T~ l I

3 5-‘-‘Eil deli-..re; Euﬁp = —_—“\
¢~ Fault )
[ Lo — eliminated

5. Remedy flow for the failure indicator lit

indicator lit

Medium fault

computer,
diagnosis jnstru

se the sys
sical fault o
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6. Remedy flow for abnormal sound of engine

Dose thes MO | fuel injecting
[Mﬂm&]mndhmﬂnﬂ] ump wo pump e
Yas
Mo
Does the
Read faull code injector work? ?rﬂ:gfﬁ =
cut out cylinder test —
Yas
Mo
Running in Do the ECU
Is cylinder r‘?—ﬁ?ﬁﬂ“ﬁ harness and
working well? or0ss electromagnet work?
UNAINg in
l Yas
Mo
Change ECU, hamess |
or electromagnet. "1
Are the two Mo
rotational speed Check he sensor o
sensor's signal and signal source. i |
narmal?
|, Yes
Is the ph bio
s epase w4 't.':'l'.'li
realation normal? -5 desion redtiremen _ ==
| Yes
Mo J
Change —
bearing work normal camshaft bearinﬂ. v——"'1
| Yes
Mo The fault of
Daose the gear train “se—————« 4 fepairthegeartrain | 0 abnnr‘;r!al
work normal? of the engine souna In
! the engine
Yes is eliminated
- _Other fault
in the enging -
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M aintenance and servicing

1. Basic requirements oil leakage, crack, short circuit and etc

1) After trial run and running-in, the WP2000
pumps assembly shall be checked and no
oil leakage phenomenon shall be seen at

each sealing site.

occur, the electromagnet shall be replaced
with a new one and the pertightening

torque of the rear cover of the

electromagnet shall be 4045 N-m.

2) Together with the daily maintenance of the 6) The harness shall be changed timely if the
engine, the sealing of the WP2000 pumps electric connection fault, insulting layer
assembly and the fastening of the bolts damage and fracture due to over bending
shall be checked. and extruding are found.

3) Together with the second order servicing 7) The sensors shall be changed if the faults of

requirement, check the installation bolts,

linked to avoid short circuit. If the faults of

error signal or no signal in sensors occur.

electromagnetic bolts and wiring screws to ®  Specific notices
see whether they loose. 1) The parts of the WP2000 pump assembly can
2. Notices for maintenance not be dismantled or changed by
1) During the installation and dismantlement non-professional personnel authorized by
of the WP2000 pump assembly, pay manufacturer, so as to avoid the changes in its
attention to avoid knocking with other parts properties.
and foreign material entering WP2000 2) When removing the WP2000 pump unit from
pump assemble. pump chamber, the installation bolts shall be
2) Before the installation of WP2000 pump loosen for 5-7 teeth and then rotate the
unit, appropriate amount of grease (ZF-1) camshatft to push the pump unit out.
shall be plastered onto the sealing ring 3) The ECU controller has been conducted by
uniformly. waterproof treatment. If the fault in ECU
3) The WP2000 pump assembly can not be occurs, it is forbidden to open the ECU
dismantled or installed by non-professional controller and it shall be sent to a authorized
personnel. service site.
4) When installing WP2000 pump unit, the 2
installing bolts shall be tightened
uniformly.
5) The electromagnetic plug shall be reliably

20D.10
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Possible reasons and remedy of common faults

Possible reasons and remedy on the WP2000 pumpnfaetion system for the common fault happened in

the engine or the finished vehicle.

Fault Possible reason Remedy
Oil leakage at thg 1) Fixing bolt loose 1) Tighten it according to regulation (torqu
contact interfacg 2) Black O ring damage 40-45 N.m)
between the WP200D 2) Change the sealing ring.
pump unit and pump bo
Oil leakage at thg 1) Oil pipe connector loose 1) Tighten it according to regulation (torqu
connection between 2) Oil pipe connectordamage 25~30 N.m)

WP2000 pump assemb

and high pressure o

pipe

y3 ) WP2000 pump assemb

| connector damage

y2) Change oil pipe
3) Change the WP2000 pump assembly &

pump unit

@

and

Abnormal sound in

WP2000 pump

1) incorrect installation of the part
of the WP2000 unit assembly
2) Camshaft and roller damage

box

s1) Check and reinstall the WP2000 pun
assembly
2) Check and change the failure parts

3) foreign substance in the pump3) Remove the foreign substance and chech

damage in the parts.

no

Starting difficult or not

starting of engine

1) Air remains in the fuel cavity

2)Qil pipe damage or air leakage

connector

3) Oil pump failure result in

adequate oil supply

4) Oil filter blocked or inadequat

oil filter flow result in adequate oi

supply

5)fuel returning valve failure resu
in adequate oil absorbing

6) ECU controller damage

7> short circuit or breaking circui

in harness

8) Sensor failure or metal foreig

substance in monitor

9) Bad

injection pressure

injection or too low
10)incorrect fuel injection advanc
angle

11) Abnormal power supply in
ECU controller

space of camshaft rotational spe
sensor

13) Fault diagnosis switch turne|

1) loose the nut of the oil pipe connector
aexhaust air.
2) Check the oil pipe and the connector
3) check and change the oil delivery pump
4) check and change the oil filter
p 5) check and change the oil returning valve
6) check and change the ECU
7) Check and eliminate faults and check
t damage in relevant parts
8) check and change the sensor or remove
foreign substance
t 90 Wash, examine and repair or change
injector.
n10) Adjust the fuel injection advance angle
the electric control system
11) Check the power supply circuit of EC
controller
e12) Adjust the installation space of camsh
rotational speed sensor
13) Turn the fault diagnosis switch off an
reset it.

12) Problem in the installation 14) check and change the harness

ed5) Tighten, wash or change it
16) Check other parts of the engine.
d

to

the

the

aft

Lovol Phaser/1000 Series
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on before starting

14) Harness contact failure

15) the plug of electromagneti
valve becomes loose, dirty ar
rotted.

16) Other reason

Q_O

Stop running of engine

1) Faults in Cam or crankshal
rotational speed sensor

2) Bad or damaged harness cont
3) ECU controller damage

4) multiple pumps unit or injecto
damage

5) other reasons

ft1) Check and repair or change the rotatio
speed sensor

p@) Check and repair or change the harness
3) Change the ECU controller

4) Change the failure parts

5) Check other relevant parts of the engine

Engine smoking

1) bad atomization of injector an
black smoking

2 ) Crankshaft rotational speg
sensor damage or absorbing ir
clips

3) Timing error; Block or blug
smoking.

4) ECU controller failure
5) Other reasons in engine

d1) Check and repair or change WP2000pu
unit or injector

d2) Clear up the iron clips or change tl

bieranksharft

3) Change the timing by adjusting the positi

of the flywheel

4) Change the ECU controller

5) Check other relevant parts of the engine

Insufficient power of

engine

1) Damaged oil pipe or air leakag
in connector
2) Ol

resulting in adequate oil supply

delivery pump failure

3) Oil filter blocked or adequate o
filter flow result in adequate o
supply

4) WP2000 pump assembly failu
or low performance

5) Crankshaft rotational spe¢g
sensor absorbing iron clips
damage

6) Bag contact in the sensor of g
pedal

7> failure in injector

8) Bag contact or damage in the

plug of booster pressure sensor

el) Check the oil pipe and the connector
2) Check and change the oil delivery pump
3) Check and change the oil filter
4) Check and change the WP2000 pu
| assembly
| 5) Clear up the iron clips or change t

crankshaft

gas pedal
d7) Check and repair or change the failure p
r8)Check the plug of booster pressure sensg
change it

a®) Check other relevant parts of the engine

9) Other reasons in engine

e6) Check and repair or change the sensof

nal

mp

e

ne

of

ats

ror
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Cooling system 21
General description ................ .. ..o eananE el 21A.03
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Cooler by-pass valve

21A-09 To remove.andidafits 0 o o s e 21A.25
Intercooler

21A-10 Toremove andtofit ... .. .. .. . a0 iademis e e 21A.26
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General description

Coolant from the bottom of the radiator passes
through the centrifugal coolant pump, which is fitted
onto the front of the timing case to assist the flow
of the coolant through the system.

The pump is gear driven from the gear of the fuel
injection pump.

On certain applications the pump is driven by a "V"
belt from the crankshaft pulley.

From the pump, the coolant passes through a
passage in the timing case.

Coolant pumps driven by a "V" belt pass the
coaolant through the pump body to the front of the
cylinder block.

On four cylinder engines the coolant passes
through a passage in the left side of the cylinder
block to the rear of the cylinder block.

If a lubricating oil cooler is fitted, some of the
coolant passes around the element of the cooler
and then to the rear of the cylinder block.

If the oil cooler is fitted on the left side of the
engine, coolant from the by-pass connection at the
rear of the coolant pump passes through a pipe to
the oil cooler.

If the oil cooler is fitted to the right side of the
engine, a pipe is connected between the thermostat
housing and the oil cooler. The coolant passes
around the plates of the cooler and passes through
a pipe to the cylinder block.

Some four cylinder engines have a plate type oil
cooler fitted between the oil filter canister and the
oil filter head.

The coolant then passes around the cylinders and
up into the cylinder head. The coolant leaves the
cylinder head at the front and passes into the
thermostat housing.

If the thermostat is closed, the coolant goes directly
through a by-pass to the inlet side of the coolant
pump. If the thermostat is open, the thermostat
closes the by-pass and the coolant passes to the
top of the radiator.

On six cylinder engines the coolant divides as it
enters the cylinder block. Most of the coolant
passes along the right hand side of the cylinder
block and around the outside of the cylinders to the
rear of the cylinder block.

The remainder of the coolant passes along a
passage on the left hand side of the cylinder block
to the lubricating oil cooler.

The coolant flows around the element of the
lubricating oil cooler to the rear of the cylinder
block. The coolant then passes to the rear of the
cylinder head.

Coolant passes forward through the cylinder head
and into the thermostat housing. These engines
have two thermostats. If the thermostats are closed,
the coolant goes, through a by-pass, directly to the
inlet side of the coolant pump. If the thermostats
are open, the coolant passes to the top of the
radiator.

Lovol Phaser/1000 Series
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Thermostats

Identification of the thermostat is by the nominal
temperature which is stamped on the bypass valve
of the thermostat. :

To remove, to fit and to test 21A-01

To remove

1 Drain the cooling system so that the coolant level
is below the thermostat position and disconnect the
top hose from the coolant outlet connection.

2 Release the setscrews and remove the coolant
outlet connection.

3 Remove the thermostat(s) (A).

To fit

1 Ensure that the joint faces of the housing and
the outlet are clean and that the jiggle pin(s) (A1) in
the thermostat(s) is/are free to move.

2 Put the new thermostat(s) in position in the
housing.

3 Fit a new joint and the coolant outlet connection.
Tighten the setscrews.

4 Connect the top hose. and fill the cooling system.

To test

1 Hang the thermostat in a suitable container filled
with coolant.

2 Heat the coolant gradually. Use a thermometer to
check the temperature at which the valve starts to
open and at which it is fully open. The correct
temperatures are given in the data and dimensions.
Caution: If the thermostat does not operate
correctly, it must be renewed. Do not try to adjust
the settings.

21A.04 Lovol Phaser/1008eries
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Coolant pump - gear driven

Identification of the coolant pump is by the last four
digits of the part number stamped on the front of
the pump body.

To remove and to fit 21A-02A

To remove

1 Drain the cooling system and disconnect the
hose at the inlet connection of the coolant pump.

2 Release the setscrews from the flange of the
coolant by-pass.

3 Release the three setscrews which retain the
coolant pump to the cover of the timing case - two
from the front and one from the rear.

4 Release the nuts from the rear face of the timing
case, which fasten the pump to the timing case,
and remove the coolant pump (A). Ensure that the
"Q" ring (A1) on the cover of the timing case is not
lost.

Note: Most of the latest coolant pumps use
setscrews instead of studs.

To fit

1 Check the "Q" rings on the pump body (A2) and
on the cover of the timing case (A1) for damage. If
either of the "O" rings are damaged, they must be
renewed. Ensure that all joint faces are clean.

2 Check the drive gear of the coolant pump for
wear or other damage. If the gear is damaged, it
must be renewed.

3 Lightly lubricate the "O" ring on the pump body
with clean engine lubricating oil. Fit the pump to the
timing case cover with its gear in mesh with the
gear of the fuel injection pump. The pump is a tight
fit in the cover, but can be pulled into position if the
nuts for the pump studs are gradually and evenly
tightened. Ensure that the "O" ring in the cover
remains in position while the pump is fitted.

Note: Most of the latest coolant pumps use
setscrews instead of studs. The setscrews have a
sealant applied to the threads by the manufacturer.
If the original setscrews are to be used again, the
threads of the setscrews and the threads in which
they will be engaged must be cleaned. A suitable
sealant must then be applied to the threads of the
setscrews.

4 Fit and tighten the three setscrews which retain
the pump to the cover of the timing case - two from
the front and one from the rear.

5 Fit a new joint to the flange of the coolant by-
pass. Fit the by-pass and tighten the setscrews.

6 Connect the hose to the inlet connection of the

coolant pump and fill the cooling system. Operate
the engine and check for leakage.

Lovol Phaser/1000 Series
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Coolant pump - belt driven

To remove and to fit 21A-02B

Special tool:

Gear puller, PD.155C
Consumable products:
Retainer (oil tolerant)

To remove

1 Remove the fan, operation 21A-07.

2 Remove the fan belt, operation 23A-03.

3 Disconnect the hose connections to the coolant
pump.

4 Remove the nut, spring washer and plain washer
from the pump pulley. It may be necessary to use
extractor PD. 155C to remove the pulley from the
pump shaft (A).

5 If the pump is to be dismantled remove the key
from the keyway of the pump shaft.

6 Remove the four setscrews which secure the
~coolant pump to the rear body of the pump (B) and
remove the pump from the engine.

7 Remove the coolant pump and discard the joint.

8 If it is necessary to remove the rear body (B1) of
‘the pump from the cylinder block: Remove the
setscrew for the alternator adjustment linkage and
the spacer. Remove the four other setscrews and
remove the rear body from the cylinder block.
Discard the joint (B2).

T -

-

(I

21A.06
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To fit

Note: The joints are fitted without jointing
compound.

1 If the rear body of the pump (A1) was removed
from the cylinder block: Thoroughly clean the joint
faces of the cylinder block and pump rear body. Fit
a new joint (A2) between the rear body of the pump
and the cylinder block.

2 Fit the rear body of the pump and the joint to the
cylinder block. Fit the spacer and adjustment
linkage for the alternator and tighten the M10
setscrews to 44 Nm (33 Ibf ft) 4,5 kgf m and the
M12 setscrews to 75 Nm (55 Ibf ft) 7,6 kgf m.

3 Thoroughly clean the joint faces of the pump rear
bady and coolant pump (B2). Fit a new joint (B4) to
the coolant the pump.

4 Fit the coolant pump and joint to the rear pump
body and tighten the four M10 setscrews (B3) to

44 Nm (33 Ibf ft) 4,5 kgf m.

5 Fit the key to the keyway and put the pulley onto
the pump shaft. Put the plain washer and the spring
washer in position onto the pulley. Fit the nut and
tighten it to 82 Nm (60 Ibf ft) 8,2 kgf m.

6 Connect the hoses to the coolant pump and
tighten the clips.

7 Fit the fan belt, operation 23A-03.
8 Fit the fan, operation 21A-07.
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Auxiliary coolant pump

An auxiliary coolant pump (A) is used on some high
rated engines which have a water-to-air intercooler.
The pump which is belt driven from the crankshaft
pulley, circulates coolant through the intercooler.
The pump is fitted to a mounting bracket on the
right side of the engine.

To remove and to fit 21A-02C

To remove

1 Drain the cooling system.

2 Release the hose clips and disconnect the hoses
from the inlet (A1) and outlet (A3) of the coolant
pump.

3 Loosen the two nuts (A5 and AB) at the rear of
the pump which secure the coolant pump to the
mounting bracket (A4).

4 Push the pump towards the cylinder block and
remove the belt (A2) from the pump pulley. Support
the pump, remove the two nuts for the mounting
bracket and remove the pump from the engine.

To fit

1 Fit the pump to the mounting bracket and fit
loosely the two nuts. Fit the belt to the pump pulley.
2 Check and adjust the belt tension, operation
23A-01 and fully tighten the two nuts (A5 and A6).
3 Connect the hoses to the inlet and outlet of the
coolant pump and tighten the hose clips.

4 Fill the cooling system, start the engine and
check for leakage.

21A.08
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Coolant pump - gear driven

To dismantle and to assemble 21A-03A

The coolant pump fitted to the latest engines has a
larger bearing assembly which has an integral oll
seal. Identification of the new coclant pump is by
the last four digits of the part numbers, (4131E008)
(4131E011), (4131E014) or (4131E113), stamped
on the front of the coolant pump body and by the
bearing which extends approximately 5 mm (0.2 in)
past the end of the pump body. The gear for
coolant pumps part number (4131E014) and
(4131E113) has a recess machined into the hub.
To dismantle and assemble the pumps fitted to the
latest engines, refer to 21A.12.

To dismantle - early engines

Special tool:

Gear puller, MS.99
Consumable products:
Retainer (high strength)

1 Remove the three long studs and the "O" ring
(A1) from the pump body (A5).

2 Remove the front cover (AS) and the joint (A10).
3 Remove the gear (A3) with the puller.

4 Use a suitable lever to remove the oil seal (A4)
and discard the seal.

5 If necessary, remove the studs from the pump
body. With a suitable support under the impeller
end of the body, use a suitable adaptor to press out
the shaft and bearing assembly (A8), together with
the impeller (A7) and the coolant seal (A6).

6 With a suitable support under the impeller, press
the shaft out of the impeller. Discard the impeller,
the shaft, the bearing and the coolant seal.
Caution: It is important that all of the components
in the coolant pump kit are changed when the
pump is serviced. Coolant pump kits include the
latest components which may be of a different
design to the original components fitted to the
engine.

To assemble - early engines

1 Clean thoroughly the inside of the pump body
especially the bearing bore and the counterbore for
the coolant seal. Both of these bores and their
chamfers must be clean and free of corrosion.

PAZEY

2 Apply a thin layer of POWERPART Retainer
(high strength) to the outer surface of the bearing,
but keep the retainer away from the ends of the
bearing. Provide a suitable support under the gear
end of the pump body. Put the bearing and shaft
assembly (A8) in position with the bearing square to
the pump body and the shortest end of the shaft in
the pump body. Use a press and a suitable adaptor,
which will apply the force to the bearing and not to
the shaft, to press in the bearing and shaft
assembly. Press in the bearing until the end of the
bearing is level with the bottom of the counterbore
for the coolant seal. Remove the adaptor and
remove all retainer from the end of the bearing.

Caution: Do not lubricate the coolant seal (A6). It
is important that it is not contaminated with oil or
grease and, if it is held in the hand, it should be
held by the edge of the outside flange.

Lovol Phaser/1000 Series
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3 With the widest end of the coolant seal towards
the bearing, push the seal onto the shaft until it is
against the chamfer of the counterbore. Ensure that
the seal is square with the bore and press the seal
into the counterbore, with a suitable adaptor, until
the outer flange is in contact with the pump body.
The adaptor must apply farce only to the outer
flange of the seal. With the seal in position,
continue to apply force for approximately ten
seconds to ensure that the seal remains in position.

A new coolant seal is fitted to the latest coolant
pumps. The seal has a brass body and is
interchangeable with the earlier seal. A small
number of coolant pumps (part number 4131E103),
used on early six cylinder engines, have a coolant
seal (part number 2418M003) with a diameter of
38 mm (1.5 in). These seals are not
interchangeable with other coolant seals.

It is important that the new seal is not contaminated
by oil or grease and if it is held in the hand, it
should be held by the edge of the flange. Do not
damage the ring of green sealant applied to the
body of the coolant seal just behind the flange.

A tool (A) can be made to press the new seal into
position. The tool should be made of a suitable
material to the dimensions shown below:

A 440 mm (1.73 in)
40,0 mm (1.57 in)
11,6 mm (0.46 in)
35,8 mm (1.41 in)
16,1 mm (0.63 in)

1,00 mm (0.04 in) at 45°
2,00 mm (0.08 in) at 45°

The dimensions of the tool to fit the coolant seal,
will ensure that the seal is the correct length after it
is installed. It will also prevent axial distortion of the
seal when it is pressed onto the shaft.

The tool cannot be used for the 38 mm (1.5 in)
seal. Ensure that the hole in the tool is aligned with
the shaft as the seal is fitted. With the ring of
sealant towards the bearing, use the tool fo press
the seal onto the shaft until the bottom of the seal
flange is in complete contact with the pump body.
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4 Hold the pump with the gear end of the shaft on
a suitable support and, with a suitable distance
piece and a flat bar, press the impeller (A7) on to
the shaft to the dimension (A11) 7,1/7,5 mm
(0.28/0.30 in) for coolant pump part number
(4131E012) or 6,7/7,0 mm (0.26/0.28 in) for coolant
pumps part number (4131E015) and (4131E0186).
Remove the tool and ensure that the shaft is free to
rotate. Remove any excess retainer after the
impeller has been fitted.

5 Turn the pump over and provide a suitable
support for the pump body, remove the studs, if
necessary. Lightly lubricate the oil seal (A4) with
clean engine lubricating oil. Put the oil seal into
position in the pump body with the flat face of the
seal towards the bearing. With a suitable adaptor,
press the oil seal into the body until the rear of the
seal is level with the end of the pump. When the
seal is in position, continue to apply force for
approximately ten seconds to ensure that the seal
remains in position when the force is released.

6 Hold the pump with the impeller end of the shaft
on a suitable support. If the original gear is used,
POWERPART Retainer (high strength) must be
applied to the bore of the gear. Press the gear (A3)
onto the shaft to the dimension shown at (A2)
0,6/2,6 mm (0.024/0.102 in) for coolant pumps part
number (4131E012), (4131E015) and (4131E016).
Remove all excess retainer after the gear has been
fitted.

7 Clean the threads in the front face of the pump
body for the setscrews that retain the cover. Fit a
new joint (A10) and the cover (A9). Fit the
setscrews and tighten them to 9 Nm (6 Ibf ft)

0,9 kgf m. If the setscrews are new, a sealant will
have been applied to the threads by the
manufacturer. If the original setscrews are to be
used again, the threads should be cleaned and a
suitable sealant applied.

8 Fita new "O"ring (A1) to the body of the pump.
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To dismantle - latest engines

Special tool:

Gear puller, MS.99
Consumable products:
Retainer (high strength)
Nutlock

The latest coolant pump has a larger bearing
assembly which has an integral oil seal.
Identification of the new coolant pump is by the last
four digits of the part numbers, (4131E008)
(4131E011), (4131E014) or (4131E113), stamped
on the front of the coolant pump body and by the
bearing which extends approximately 5 mm (0.2 in)
past the end of the pump body. The gear for
coolant pumps part number (4131E014) and
(4131E113) has a recess machined into the hub.

1 Remove the "O" ring (A2) from the pump body
(A4).

2 Remove the front cover (A7) and the joint (A8).
3 Remove the gear (A1) with the puller MS.99.

4 With a support under the drive end of the pump,
use a suitable adaptor to press out the shaft and
bearing assembly (A3) and discard it. Remove and
discard the impeller (A5) from the body.

5 With a suitable support under the impeller end of
the pump, press out the coolant seal and discard it.

Caution: It is important that all of the components
in the coolant pump kit are changed when the
pump is serviced. Coolant pump kits include the
latest components which may be of a different
design to the original components fitted to the
engine.

To assemble - latest engines

1 Clean thoroughly the inside of the pump body
(Ad). Ensure that the bore for the bearing and the
chamfer at the coolant seal end of the bare are
clean and free from corrosion.

2 Make a suitable adaptor which will apply force to
the outer edge of the bearing and not to the shaft.
Apply a thin layer of POWERPART Retainer (high
strength) to the outer surface of the bearing (A3),
but keep the retainer away from the ends of the
bearing.

PAZ70

3 Provide a suitable support under the impeller end
of the pump body. Put the bearing and shaft
assembly in position with the bearing square to the
pump body and the longest end of the shaft in the
pump body. Use the adaptor to press in the bearing
and shaft assembly. Press in the bearing until the
rear face of the bearing is 21,0/21,5 mm

(0.83/0.85 in) (A10) above the rear face of the
pump body

4 |If the original gear is used, POWERPART
Retainer (high strength) must be applied to the bore
of the gear. Press the gear (A1) onto the shaft until
the clearance between the front face of the gear
and the rear face of the bearing (A11) is

0,47/1,53 mm (0.018/0.060 in) for coolant pumps
part numbers, (4131E008) and (4131E011) or
1,07/3,43 mm (0.042/0.14 in) for coolant pumps
part numbers, (4131E014) and (4131E113).
Remove all excess retainer after the gear has been
fitted.

21A.12
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4 Atool (A) can be made to press the coolant seal
into position. The tool should be made of a suitable
material to the dimensions listed below:

44,0 mm (1.73 in)

40,0 mm (1.57 in)

11,6 mm (0.46 in)

35,8 mm (1.41 in)

16,1 mm (0.63 in)

1,00 mm (0.04 in) at 45°

2,00 mm (0.08 in) at 45°

The dimensions of the tool to fit the coolant seal,
will ensure that the seal is the correct length after it

is installed. It will also prevent axial distortion of the
seal when it is pressed onto the shaft.

Turn the pump over and support the drive end of
the body. Do not lubricate the coolant seal (B6). It
is important that the seal is not contaminated by oil
or grease and if it is held in the hand, it should be
held by the edge of the flange. Do not damage the
ring of green sealant applied to the body of the
coolant seal just behind the flange. Put the seal into
position on the end of the shaft. Ensure that the
ring of sealant is towards the bearing. Use the tool
to press the seal onto the shaft until the bottom of
the seal flange is in complete contact with the
pump body.

5 Hold the pump with the drive end of the shaft on
a suitable support. With the use of a suitable
distance piece and a flat bar, press the new
impeller (B5) onto the shaft until the front face of
the impeller is 7,1/7,5 mm (0.28/0.30 in) for coolant
pump part number (4131E008) and 6,7/7,0 mm
{0.26/0.28 in) for coolant pumps part number
(4131E011), (4131E014) and (4131E113) below the
front face of the pump body (B9). Remove the flat
bar and distance piece and ensure that the shaft is
free to rotate.

6 Clean the threads in the front face of the pump
body. Fit a new joint (B8) and the cover (B7). Fit
the setscrews and tighten them to 9 Nm (6 Ibf ft)
0,9 kgf m. If the setscrews are new, a sealant will
have been applied to the threads by the
manufacturer. If the original setscrews are to be
used again, the threads should be cleaned and a
POWERPART Nutlock applied.

7 Fita new "Q" ring (B2) to the body of the pump.
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Coolant pump - belt driven

To dismantle and to assemble 21A-03B

Special tool:

Standard bench press
Consumable producis:
POWERPART Retainer (oil tolerant)

To dismantle gf k
SN

1 Remove the coolant pump (A) from the engine,
operation 21A-03A. NN, etz

2 Remove the circlip (A4) for the bearing housing. | i

3 Support the pulley end of the pump and press
the shaft (A6) through the impeller (A1) and coolant
seal (A2). This will remove the bearing (A7).

4 Remove the impeller. Discard the coolant seal.
5 Support the pulley end of the pump and press
out the bearing (A8). Discard the bearings.

6 Clean the body of the pump in a suitable safe
cleaning fluid. Examine the pump body for cracks.

PA308
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To assemble

The service kit for the pump contains two bearings,
the shaft, a circlip and a coolant seal.

Each bearing is pre-packed with grease and sealed.
The bearings will not require attention during
service.

Support the impeller end of the pump body. Apply a
narrow ring of Powerpart Retainer (oil tolerant) to
the face of the outer race of each bearing race. Put
the bearing (A8) into position on the pump housing.
Use a suitable adaptor on the outer race and press
the bearing fully into the back of the bearing
housing. g ; |
2 Support the inner race of the bearing just fitted =
from the impeller end of the pump body. Use a =1
suitable adaptor which will allow the shaft (A6) to

pass through it. Press the new shatft into the

bearing until shoulder of the shaft is fully against

the inner race of the bearing. Put the bearing (A4)

into position on the pump housing and shaft. Use a
suitable adaptor on the inner and outer race to

ensure the pressure is applied evenly. Press the

bearing onto the shaft and housing until the inner

race of the bearing is against the shoulder of the

shaft. Remove excess retainer and fit the new

circlip (A4).

3 Fit a new coolant seal (A2) as follows: A
Caution: It is important that only the tool, shown in
(B), is used fo fit the new coolant seal.

The coolant seal is an interference fit on the shaft
and a tool will be necessary to fit the seal correctly.

The tool should be made of mild steel bar to the
dimensions shown in (B), listed as follows:

A 44,0 mm (1.73in)
40,0 mm (1.57 in)
11,3 mm (0.44 in)
37.3mm (1.47 in)
16,1°'mm (0.63 in)
1,00 mm (0.04 in) at 45°
2,00 mm (0.08 in) at 45°

The dimensions of the tool to fit the coolant seal,
will ensure that the seal is the correct length after it
is installed. It will also prevent axial distortion of the
seal when it is pressed onto the shaft.

PA30E
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Do not lubricate the seal. It is important that the
seal is not contaminated by oil or grease and if it is
held in the hand, it should be held by the edge of
the flange. Do not damage the ring of green sealant
applied to the body of the coolant seal just behind
the flange of the seal. .

Support the pulley end of the shaft, ensure that
there are no sharp edges on the edge of the shaft
and put the seal into position on the end of the
shaft. Ensure that the ring of sealant is towards the
bearings. Use the tool to press the seal onto the
shaft until the bottom of the seal flange is in
complete contact with the pump body. Continue to
apply force for approximately ten seconds to ensure
that the seal remains in position when the force is
released.

4 Support the pulley end of the shaft and press the
new impeller (A1) onto the shaft until the clearance
(A) between the impeller blades and the pump body
is 0,69/0,89 mm (0.027/0.035 in). The clearance
can be checked with a feeler gauge (B). The
minimum clearance with end float is 0,19 mm
(0.007 in).

Rotate the shaft to ensure that the impeller is free.

5 Fit the coolant pump to the engine, operation
21A-03A. 2
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Coolant pump - auxiliary

To dismantle and to assemble 21A-03C

Consumable products:
POWERPART Retainer (oil tolerant)

To dismantle

1 Mark the relative position of the blanking plate
(A7) to the pump body before the plate is removed.
This will ensure correct assembly.

2 Remove the four setscrews, nuts and washers
which retain the blanking plate to the body of the
coolant pump and discard the joint (A9).

3 Remove the nut (A1) and washers (A14) and
(A2) which secure the coolant pump pulley (A5) to
the shaft (A13).

4 Use a suitable puller (B) and remove the pulley
from the shaft.

5 Support the impeller end of the pump and press
the shaft, together with the coolant seal (A10) and
the impeller (A6) out of the body of the pump.

6 Remove the circlip (A3) for the bearing housing.
7 Support the pulley end of the pump and press
the bearings (A11 and A12) and distance piece (A4)
from the pump bedy. Discard the bearings.

8 Support the impeller and press the shaft from the
impeller. Remove and discard the coolant seal.

9 Clean the components of the pump in a suitable
safe cleaning fluid and inspect the components as
follows:

Check the coolant pump shaft for wear. If the shaft
is worn it must be renewed.

Check the impeller for cracks and broken blades.

Examine the pump body for cracks.
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To assemble

Note: Renew the bearings. Each bearing has a
single grease seal.

1 Support the impeller end-of the pump body.
Apply a narrow ring of POWERPART Retainer (oil
tolerant) to the face of the outer bearing . Put a
new bearing (A11) in position with its grease seal
toward the pump body. Press the bearing into the
pump body until the bearing is fully onto the
shoulder of the pump body. Ensure the pressure is
applied evenly to the inner and outer race. Remove
excess retainer and apply high melting point grease
to the bearing.

2 Put the spacer (A4) in position. Half fill the
bearing housing with high melting point grease.

3 Apply high melting point grease to the other new
bearing (A12). Apply a narrow ring of POWERPART
Retainer (oil tolerant) to the face of the outer
bearing race in the position shown by the arrow
head (A12). Put the bearing in position with the
grease seal away from the pump body. Apply
pressure evenly across the inner and outer races of
the bearing and press the bearing into the pump
body and onto the spacer. Remove excess retainer
‘and fit the circlip (A3).

4 Support the inner and outer race of the bearing
(A12). If the original shaft is used, apply a narrow
ring of POWERPART Retainer (oil tolerant) to the
‘inner race of the bearings. Put the shaft (A13) in
position with the thread toward the bearings. Press
the shaft into the bearings until the shoulder of the
shaft is fully onto the bearing.

5 Fit the setscrews, which will be restricted by the
pulley, to the pump flange. Support the impeller end
of the shaft and press the pulley onto the shaft.

6 Fit a new coolant seal as follows:

Caution: It is important that only the tool, shown in
(A). is used to fit the new coolant seal.

The coolant seal is an interference fit on the shaft
and a tool will be necessary to fit the seal correctly.

The tool should be made of mild steel bar to the
dimensions shown in (B), listed as follows:

A 44,0 mm (1.73in)
40,0 mm (1.57 in)
11,4 mm (0.45 in)
37.3mm (1.47 in)
16,1 mm (0.63 in)
1,00 mm (0.04 in) at 45°
2,00 mm (0.08 in) at 45°

The dimensions of the tool to fit the coolant seal,
will ensure that the seal is the correct length after it
is installed. It will also prevent axial distortion of the
seal when it is pressed onto the shaft.
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Do not lubricate the seal. It is impartant that the
seal is not contaminated by oil or grease. If it is
held in the hand, it should be held by the edge of
the flange. Do not damage the ring of green sealant
applied to the body of the coolant seal just behind
the flange of the seal. i

Support the pulley end of the shaft, put the seal
into position on the end of the shaft. Ensure that
the ring of sealant is towards the bearings. Use the
tool to press the seal onto the shaft until the bottom \%
of the seal flange is in complete contact with the ST

pump body. Continue to apply force for :
approximately ten seconds to ensure that the seal ] o) |
remains in position when the force is released. I

7 Support the pulley end of the shaft and press the
impeller onto the shaft until the clearance (A) @);I“ Effi >
between the impeller blades and the pump body is H _
0,64/0,89 mm (0.025/0.035 in). The clearance can h
be checked with a feeler gauge (B) @

Rotate the shaft to ensure that the impeller is free.
8 Put the plain washer (A2) and the spring washer

(A14) in position onto the pulley. Fit the nut and
tighten it to 82 Nm (60 Ibf ft) 8,3kgf m.

9 Renew the joint for the blanking plate and fit the
the blanking plate to the pump body. Ensure that
the mark on the pump body is aligned with the line
on the blanking plate and that the two studs (A8) for
the adjustment bracket are at the rear of the plate .

it
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Fan

To remove and to fit 21A-04

To remove

Release the setscrews and remove the fan. If
necessary, fit the setscrews to retain the fan
extension and the pulley to the hub.

To fit

Clean thoroughly the rear of the fan where it fits
onto the fan extension. Also ensure that all paint is
removed from this area. Put the pulley into position
on the hub and the fan extension onto the pulley.
Clean the front face of the fan extension. Fit the fan
and tighten the setscrews to the torque shown in
section 11B.

Fan drive

To remove and to fit 21A-05

To remove

1 Loosen the pivot fasténers of the alternator and
the fasteners of the adjustment link. Remove the
drive belt(s).

2 Release the setscrews and remove the fan.
Remove the fan extension, if fitted, and the pulley.

3 Check the end-float of the drive shaft. If it is
more than 0,25 mm (0.010 in), the assembly must
be renewed.

4 Release the setscrews and remove the fan drive.

To fit

1 Fit the fan drive and tighten the setscrews to 44
Nm (33 Ibf ft) 4,5 kgf m.

2 Fit the fan, operation 21A-04.

3 Fit the belt(s) and adjust the tension, operation
23A-02.
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Lubricating oil cooler

To remove and to fit - 21A-07A
four cylinder turbocharged engines

To remove

1 Drain the cooling system.
2 Release the support bracket at the cooler (A3).

3 Release the setscrew and nut (A2) which fasten
the low-pressure fuel pipes to the top of the cooler.
4 Releass the hose clip at the top rear of the
cooler (A1).

5 Release the six setscrews (A4) which are fitted
below the cover and the setscrew (A4) to the left of
the cover. Remove the cooler.

To fit

1 Renew the "O" rings on the inlet connection for
the coolant (B3) and the outlet flange for the
coolant (B5). Ensure that the joint faces are clean.
Renew the joint (B4) for the oil pipe flange.

2 Lightly lubricate the bore of the vent connection
(B2) and the "Q" ring on the coolant inlet
connection with engine lubricating oil.

3 Loosely fit the hose clip to the vent connection.
4 Fit the cooler to the engine with the vent (B1)
fitted correctly in its connection. Tighten the
setscrews and the hose clip of the vent connection.
5 Fit and tighten the setscrew of the support
bracket.

6 Fit the setscrew and nut which fasten the low-
pressure fuel pipes to the top of the oil cooler.

7 Fill the coolant system.

8 Operate the engine and check for leakage of
coolant or oil.
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To remove and to fit - six cylinder
engines 21A-07B

Some oil coolers fitted to six cylinder engines have
a coolant flow baffle fitted (A3). The baffle must
always be fitted towards the front of the engine
(A1).

To remove

1 Drain the cooling system.

2 Disconnect the lubricating oil pipes at the flange
on the cooler cover, operation 19A-11.

3 Release the setscrews and nuts of the cover of
the oil cooler and remove the cover together with
the element (A2). Thoroughly clean the flange face
of the cover and the cylinder block.

To fit

1 If the studs (A4) have been removed and are to
be fitted again, clean the threads in the cylinder
block and on the studs. Apply a suitable sealant
before the studs are fitted to the cylinder block.

2 Apply Loctite 5204 sealant to the flange face of
the oil cooler and fit the oil cooler and a new joint to
the cylinder block. Tighten the setscrews and nuts
to 22 Nm (16 Ibf ft) 2,2 kgf m.

3 Fit a new joint and connect the lubricating oil
pipes to the flange on the cover, operation

19A-11.

4 Fill the cooling system.

5 Operate the engine and check for oil or coolant
leakage.
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To remove and to fit -
canister type 21A-07C

To remove

1 Remove the canister of the lubricating oil filter.
2 Drain the cooling system.

3 Release the hose clips of the coolant pipes at
the oil cooler. Release the threaded adaptor (A4)
from the lubricating oil cooler and pull the oil cooler
(A3) from the hose connections.

To fit

1 Clean the filter head.

2 Ensure that the adaptor (A1) is secure in the
filter head.

3 Check the seal (A2) on top of the oil cooler for
damage and renew the seal if necessary. Lightly
lubricate the seal with clean lubricating oil.

4 Push the hose connections for the coolant pipes
onto the lubricating oil cooler. Hold the oil cooler
(A3) in position against the filter head and fit the
threaded adaptor (A4). Tighten the threaded
adaptor to 37 Nm (27 Ibf ft) 3,8 kgf m. Ensure that
the hose connections are fitted correctly and
tighten the hose clips.

5 Clean the bottom face of the oil cooler. Fit a new
oil filter canister, operation 19A-01.

6 Fill the cooling system.
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To dismantle and to assemble - 21A-08A
four cylinder turbocharged engines

To dismantle

1 Remove the oil cooler from the cylinder block,
operation 21A-07A.

2 Release the setscrews and remove the cover.

3 Release the self-locking nuts at the back of the
oil cooler and remove the cooler element.

4 Clean the element and check for cracks. If a
solution is used to clean the outside of the element,
ensure that this does not enter the element. Check
that there is nothing to restrict the flow of
lubricating oil through the element of the oil cooler.
If the inside of the element needs to be cleaned,
use a solvent which is suitable for copper. Dry the
element with low pressure air and then flush it with
clean engine lubricating oil.

To assemble

1 Renew the "O" rings (A1 and A2) on the flanges
of the element and the self-locking nuts for the
studs.

2 Fit the element to the backplate and tighten the
self-locking nuts to 22 Nm (16 Ibf ft) 2,2 kgf m.

3 Fit the cover and a new joint to the cooler
backplate and tighten the setscrews to 11 Nm

(8 Ibf ft) 1,1 kgf m.
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To dismantle and to assemble -  21A-08B
six cylinder turbocharged engines

Some oil coolers fitted to six cylinder engines have
a coolant flow baffle fitted (A2). The baffle must
always be fitted towards the front of the engine
(A1).

To dismantle

1 Remove the oil cooler, operation 21A-07B.

2 Release the nuts on the front of the cover and
remove the element of the oil cooler (B).

3 Clean the element and check for cracks. If a
solution is used to clean the outside of the element,
ensure that this does not enter the element. Check
that there is nothing to restrict the flow of
lubricating oil through the element of the oil cooler.
If the inside of the element needs to be cleaned,
use a solvent which is suitable for copper. Dry the
element with low pressure air and then flush it with
clean engine lubricating oil.

To assemble
1 Renew the "O" rings (A1) on the flanges of the
element.

2 Fit the element of the oil cooler to the cover
and tighten the nuts to 22 Nm (16 Ibf ft) 2,2 kgf m.

Cooler by-pass valve

To remove and to fit 21A-09

1 Release the hexagonal cap and remove the by-
pass valve (C).

2 Check the valve spring and the seat for damage
and renew the complete assembly, as necessary.
3 Renew the aluminium washer (C1). Fit the by-
pass valve into the oil cooler and tighten the cap to
50 Nm (37 Ibf ft) 5,1 kgf m. The by-pass valve is
not fitted to the latest oil cooler fitted to most four
cylinder engines.
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Intercooler

A water-to-air intercooler assembly (A1) is fitted to
the induction manifold of some high rated four
cylinder engines to cool the. air between the
turbocharger and the combustion chamber. Hot air
from the turbocharger passes through the casing ot
the intercooler and over the fins on the integral tube
stack before it enters the combustion chamber. The
air is cooled by the coolant which passes through
the tubes of the tube stack. The coolant is
circulated from the front of cylinder head, through
the tube stack to the rear of the cylinder block by
the coolant pump for the engine.

In addition to the engine coolant pump, certain
engines have an auxiliary coolant pump mounted
onto the right hand side of the cylinder block. The
auxiliary pump circulates coolant directly from the
radiator to the tubestack of the intercooler (A1). The
coolant leaves the intercooler and is returned to the
radiator.

The intercooler cannot be dismantled.

To remove and to fit

21A-10

Caution: Do not damage the fins of the tube stack.
To remove

1 Release the hose clips (A9) and (A10) which
fasten the air hose from the turbocharger to the
intercooler and slide the hose up the intercooler
pipe.

2 Release the hose clips which fasten the hoses to
the coolant inlet (A6) and the outlet (A5)
connections of the tube stack and remove the
hoses.

3 Remove the two setscrews (A4) which secure
the flange (A3) and the "O" ring (A2) to the outlet
of the tube stack. Remove the flange and discard
the "O" ring.

Caution: Do not use a lever between the face of
the flange (A8) to separate the intercocler assembly
from the induction manifold.

4 Release the 14 setscrews which secure the
intercooler assembly to the induction manifold, in
the reverse sequence to that shown in (A).

Caution: Do not use force to remove the outlet
pipe of the tube stack from the induction manifold.

5 Carefully lift the intercooler assembly enough to
allow movement of the intercooler toward the rear
of the engine. This will allow clearance of the pipe
connection (A8) from the induction manifold. When
the pipe is free of the manifold remove the
intercooler assembly and discard the joint (A7).

6 Clean and inspect the intercooler assembly,
operation 21A-11

PA192

21A.26
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To tit

1 Renew the joint (21A.26/A7) between the flange
face of the intercooler and the induction manifold.
The joint is fitted dry.

Caution: Do not use force to fit the outlet pipe of
the tube stack into the induction manifold.

2 Carefully lift the intercooler into the induction
manifold. Do not damage the inlet pipe of the tube
stack which must be put into position carefully to
allow entry into the manifold.

3 Fit the 14 setscrews which secure the intercooler
assembly to the induction manifold and apply a
torque tension of 22 Nm (16 Ib ft) 2,2 kgf m to the
fasteners in the sequence shown in (A).

4 Fit a new "O" ring (A2) into the flange. Fit the
flange (A3) with the two setscrews (A4) onto the
outlet pipe (A6) of the tube stack. Tighten the
flange to the manifold and apply a torque tension of
7 Nm (5 Ibf ft ) 0,7 kgf m.

5 Fit the inlet and the outlet hoses for the tube
stack and fasten the hose clips.

6 Fit the air hose from the turbocharger to the
intercooler assembly and tighten the hose clips (A9)
and (A10).

7 Operate the engine and check for coolant and air
leaks.
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To clean and to inspect 21A-11

To clean

Caution: Do not clean the tube stack in a caustic
cleaning solution. :

1 Thoroughly clean the intercooler body its flange
and the flange of the induction manifold with an
approved detergent solution.

Warning! Do not allow compressed air fo contact
your skin, if compressed air enters your skin obtain
medical help immediately.

2 Soak the fins of the tube stack in an approved
detergent degreasing fluid. Allow the excess fluid to
drain off and dry the fins with low pressure
compressed air.

3 Flush the tube stack with clean coolant through
the outlet connection, in the opposite direction of
flow.

To inspect

1 Examine the casing of the intercooler for cracks
or distortion, especially the flange faces which must
be flat to prevent leakage of air.

2 Examine the tube stack for signs of coolant
leakage. Also examine the tube stack for damage to
the fins, the hose connections, and for cracks. If

the tube stack is damaged or blocked it must be
‘renewed.
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Data and dimensions

Note: This information is given as a guide for personnel engaged on engine overhauls. The dimensions
which are shown are those which are mainly used in the factory. The information applies to all engines,

unless an engine type code is shown.

Coolant pump

Four cylinder engines and early six cylinder engines

LY, 1 S LU R R i e T
Qutside diameter of shaft fordrivegear ..................

Diameterof bore of drivegear ............ ... .. ...
Interference fit of drive gearonshaft ....................
Diameter of bore of impeller .. ... ... ... ... ... .
Outside diameter of shaft for impeller . ...................
Interference fit of impelleronshaft .......................
Diameterofbearing . ......... ... ... .. .. .. ..
Diameter of bore forbearing ............. ... ...
Interference fit of bearing in pump body ..................

Dimension of impeller boss to front face
of pump body (fitted) early engines
Dimension of impeller boss to front face of pump body (fitted)
latest engines, impeller part number 3746X071

Dimension of gear from rear face of pump body (fitted) ......

Coolant pump
Six eylinder engines and later four cylinder engines

B = 1 T N A S P
QOutside diameterofshaft . ....... .. ... ... . .0
Diameter of bore ofdrive gear ............... .. .. ... ...
Interference fit of drive gearonshaft ....................
Diameter of bore ofimpeller  ....... ... ... ... .. ...
Outside diameter of shaft for impeller . ...................
Interference fit of impelleronshaft . ......................
Diameter of bore forbearing .. ......... ... ... ... .. ...
Diameterofbearing. .« . oo . orvvee it
Interference fit of bearing inpumpbody ..................

Dimension of impeller boss to front face of pump body (fitted)
Dimension of gear from rear flat face of pump body (fitted)

Dimension of gear from rear face of bearing (fitted) .........
Auxiliary coolant pump - fitted to certain intercooled engines

TYPe L. Bl ol L L R e
Outside diameter of shaftforpulley .....................

Inside diameter of bore of pulley . ......... ... ... ...
Interference fitof pulley onshaft  ........................
Diameter of borelokimpeller ™ ... ... oo liildan s eni o

Outside diameterokshaft - . i eis. o i

Interference fitof impelleronshaft .......................
Impeller to body clearance  ............ ... ..l

)
)
)
)
e 0,02/0,05 mm (0.0007/0.0020 in)
)
)
)

Centrifugal, gear driven
15,91/15,92 mm (0.6262/0.6257 in)
15,86/15,88 mm (0.6244/0.6252 in

al 0,03/0.06 mm (0.0012/0.0024 in

15,87/15,89 mm (0.6249/0.6257 in
15,91/15,92 mm (0.6264/0.6268 in

1.1795/1.1803 in

(
(

29,99/30,00 mm (1.1807/1.1811 in
29,96/29,98 mm (
(

iRt 0,01/0,04 mm (0.0004/0.0016 in

8,1/8,5 mm (0.319./0.335 in)

7,1/7,5 mm (0.28./0.30 in)
0,6/2,6 mm (0.024/0.102 in)

Centrifugal, gear driven
18,95/18,96 mm (0.7460/0.7465 in)
18,90/18,92 mm (0.7441/0.7449 in)

S 0,03/0,06 mm (0.0012/0.0024 in)

(
(
15,87/15,89 mm (0.6249/0.6257 in)
15,91/15,92 mm (0.6264/0.6268 in)

(

(

(

i 0,02/0,05 mm (0.0007/0.0020 in)

38,06/38,08 mm (1.4983/1.4993 in)
38,09/38,10 mm (1.4895/1.5000 in)

i 0,01/0,04 mm (0.0004/0.0016 in)

7,7/8,0 mm (0.303./0.315 in)
21,0/21,5 mm (0.827/0.846 in)
0,47/1,53 mm (0.018/0.060 in)

Centrifugal, belt driven
15,001/15,009 mm (0.5906/0.5908 in)
14,935/14,956 mm (0.5879/0.5888 in)

e 0,05/0,07 mm (0.0019/0.0028 in)

15,875/15,893 mm (0.625/0.6257 in)
15,0055/15,9182 mm (0.6263/0.6267 in)

i 0,01/0,04 mm (0.0004/0.0016 in)
..... 0,64/0,89 mm (0.025/0.035 i)
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