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Introduction

This manual has been written 1o give assistance to all personnel engaged in the maintenance and overhaul of
Perkins 3.152 Series engines.

Most of the general information which is included in the multi-lingual 3.152 series Users Handbooks has not
beep repeated in this workshop manual and the two publications should be used together.

There are five engine types in the 3,152 Series for agricultural and industrial applications. These are the 3.152,
D3.162, 3.1522, 3.1524 and T3.15624 engines. Information on two marine versions of the D3.152 engine, the
D3.152(M) and the 3HD46 are also included in section W of this manual. The information applies to all engins
types unless indicated. Where specific information is given for Massey Ferguson engmes‘ A3.162 and AD3.152
etc. reference is made in the text.

Overhaul of the engine or components must only be done by personnel who have had the correct training.

When setscrews or studs are fitted into holes which are tapped through into the inside of the engine, a suitable
sealant must be used on the threads. Some setscrews already have sealant coated threads. These can be iden-
tified by the colour of the threads which will be red or blue etc.

The left and right side of the engine are as seen from the rear.

Parts and other services are available frem your Perkins distributor,

Read and remember the Safety Precautions. These are given for your protection and must be used at all times.

3.152 Series Weorkshop Manual, October 1981




Safety precautions

These safety precautions are important. You
must refer also to the local regulations in the country
of use. Some items only apply 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.

® Ciean 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 caution 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.

® Other persons must be kept at a safe distance
while the engine, or equipment, is in operation.

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

® Keep away from moving parts during engine
operation. Attention: 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 coolant circuit

® Do not allow sparks or fire near the batteries

{especially when the batteries are on charge)

hecause 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. ’

# Qnly one person must control the engine.

® Ensure that the engine is operated only from the
control panel or from the operator's position.

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

® Diesel fuel and lubricating oil (especially used
fubricating 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 con-
taminated with oil into the pockets.

® Discard used l|ubricating oil in a safe place to
prevent contamination.

® Do not move mobile equipment if the brakes are
not in good condition.
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# Enszure that the control lever of tha transmission
drive is in the “out-of-drive” position before the
engine is started.

® Use extreme care if emergency repairs must be
made at sea or 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
asbestos joints given on this page.

& Fit only genuine Perkins parts.

relevant to

Asbastos joints

Some joints and gaskets comtain compressed
asbestos fibres in a rubber compound or. in a metal
outer cover. The “white” asbestos (Chrysotile}
which is used is a safer type of ashestos and the
risk of damage to health is extremely small,

The risk of asbestos from joints occurs at their
edges or if a joint is damaged when a component is
removed or if a jaint is removed by abrasion.

To ensure that the risk is kept to a minimum, the

procedures given below must be applied when an

engine which has asbestos joints is dismantled or

assembled.

® Work in an area with good ventilation.

® Do not smoke.

@ Use a hand scraper to remove the joints - do not
use a rotary wire brush.

® Ensure that the joint to be removed is wet with
oil or water to contain loose particles.

& Spray all loose asbestos debris with water and
put it in a closed container which can be sealed
for safe disposal,
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Engine identification
The first two letters of the engine number give an
indication of the engine type as shown below.

CD 3.152 engine
! CE D3.152, D3.152(M) and 3HD46 engines
CJ 3.1522 engine
CM 3.1524 engine
CN T3.1524 engine

The engine number is stamped on a machined pad
on the right side of the cylinder block forward of
the fuel lift pump (see fig. A1). A typical engine
number is CJ30060U510251F.

If you need any parts, service or information for
your engine, you must give the complete engine
number to your Perkins distributor.

3.152 Series Workshop Manual, October 1991




SECTION B

Engine views

Perkins engines are made for specific applications
and the views which follow are not necesarily cor-
rect for your engine specification.
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Fig. Bt
Front/left side of 3.152 engine

Fig. B2
Rear/right side of 3.152 engine
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Fig. B3
Front/left side of D3.152 engine

Fig. B4
Rear/right side of D3.152 angine
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Fig. B5
Front/left side of 3.1522 engine

Fig. B6
Rear/right side of 3.1522 engine
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Fig. B7
Front/left side of T3,1524 engine

Rear/right side of T3.1524 engine




Fig. B9
Front left side of 3HD46 MK2 engine
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! Rear right side of 3HD46& Mk2 engine
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Technical Data
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Engine Data

"No. of cylinders
Cycle .- .
| Combustion system 3 152
I Combustion system - All other engines
Nominal bore
Stroke "
Compression rat|o 3 152
- D3.152
- Uprated 0D3.152
- 3.1522
-3.15624
: -T3.1624
Cubic capacity
Firing order
Tappet clearance (cold} 3.152, D3.152

Tappet clearance (hot or cold) ~ 3.1522, 3.1524,

-T3.15624
Lubricating oil pressure
Direction of rotation

Turbocharger boost pressure* (measured at
induction manifold)

*Variabie according to appllcatlon Ioad and speed.

3

Four stroke
Indirect injection
Direct injection
91,44 mm (3.6 in)
127 mm (5 in)
17.4:1

18.5:1

16.5:1

19:1

16.5:1

15.65:1

2,5 litres {152 in?)
1,2, 3

0.30 mMm {(0.012 in)

Inlet— 0,20 mm {0.008 in)

Exhaust — 0,32 mm (0.0125 in)

207 kN/m? {30 Ibi/in®) 2,1 kgf/cm® minimum at
maximum engine speed and normal engine
temperature

Clockwise from the front

41 kN/m? (8.0 Ibf/in?) 0,42 kgf/cm?

Approximate dry engine weights {with accessories but no flywheel or backplate)

3.162
D3.162
3.1522
3.1524
T3.1524

Typical dry installed engine weights

Agricultural
industrial

Rating details
3.152

Maximum gross rating
Maxirnum torque

D3.152

Maximum gross rating
Maximum torque

3.1522

Maximum gross rating
Maximum torque

3.1524

Maximum gross rating
Maximum torque

T3.1524

Maximurm gross rating
Maximum torque

202 kg (445 Ib)
204 kg {450 Ib)
210 kg (463 Ib)
210 kg (463 Ib)
217 kg (478 Ib}

290 kg (640 Ib)
310 kg (685 Ib)

33.5 kW (45 bhp) at 2,500 rev/min
155 Nm {115 Ibf ft} 15,9 kgf m at 1,350 rev/min

38 kW (49 bhp) at 2,500 rev/min
160 Nm (118 Ibf ft} 16,3 kgf m at 1,400 rev/min

33.2 kW (44.5 bhp) at 2,500 rev/min
160 Nm (118 1bf ft) 16,3 kgf m at 1,400 rev/min

39 kW (52.0 bhp} at 2;500 rev/min
174 Nm {128 Ibf 1) 17.8 kgf m at 1,350 rew/min

45 kW (60.0 bhp) at 2,250 rev/min)
210 Nm (155 Ibf ft) 21,4 kgf m at 1.500 rev/min)

Note: The rating and torque information given above is general for BS. AU 141a:1971 conditions and can
change with different applications. For more details, apply to Technical Services Department, Perkins Engines
Limited, Peterborough, England or to one of the companies given on page AB.
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Recommended torque tensions

The torque tensions given below will apply with the components lightly lubricated with ciean engine lubricating
oil before assembly.

0 | Cylinder head nuts {cold) ... 81 Nm {BO Ibf ft) 8,3 kgf m
| Cylinder head nuts/setscrews {cold] 95 Nm (70 Ibf ft) 3,7 kgt m
Connecting rod self locking nuts
{not plated} " 95 Nm {70 Ibf f1} 9,7 kgf m
Connecting rod nuts (cadmlum plated} 61 Nm (45 Ibf ft) 6,2 kgf m
Connecting rod nuts {phosphated) 81 Nm (60 Ibf f1) 8,3 kgf m
Main bearing setscrews .. .. . . . 160 Nm {110 Ibf ft) 15,0 kgf m
Idler gear hub setscrew .. 68 Nm (50 Ibf ft) 6.9 kgf m
Camshaft gear setscrews ... 28 Nm {21 Ibf ft) 2,9 kgf m
Balance weight setscrews ... 75 Nm (55 Ibf it} 7.6 kgf m
Fltywheel setscrews 106 Nm {78 Ibf ft) 10.8 kgf m
Flywheel housing/Adaptor plate setscrews 49 Nm {36.0 Ibf ft) 5,0 kgf m
Atomiger flange nuts 16 Nm (12 Ibf ft} 1,7 kgf m
| Atomiser clamp nuts . 12 Nm (9lbf ft} 1,2 kgf m

Crankshaft pulley setscrew wnh 4 8 mm (3/1 6 m)
thick washer ... 142 Nm (105 Ibf ft) 14,5 kgf m
Crankshaft pulley setscrew w1th 8 9 mm {0 35 m)
thick washer ... . 325 Nm (240 \bf ft) 33.2 kgf m,
Dynamo pulley nut (7/1 6 ln] 27 Nm (20 ibf 7t} 2,7 kgf m
Dynamo pulley nut {(5/8 in} 34 Nm {25 |bf f1) 3.6 kgf m
Alternator pulley nut (7716 in) ... 41 Nm (30 Ibf ft) 4,1 kgf m
Alternator pulley nut (9716 in} .. .. .. . 41 Nm (30 ibf ftj 4.1 kgf m
Alternator pulley nut {5/8 in} 51 Nm (42 Ibf f1) 5,8 kgf m
High pressure fuel pipe nuts 20 Nm (15 Ibf fij 2,1 kgf m
Thermostart 13,6 Nm (10 Ibf f} 1.4 kgf m
Thermostart adaptor (where fittad] 13,6 Nm {10 1bf f) 1.4 kgf m
Fuel injection pump with tapered shaft nut ... 81 Nm (60Ibf ft} 8,3 kgf m

" Shim washers and tab washers fitted under the main bearing setscrews have been discarded and need not be

fitted in service.

Where self locking nuts are removed, they must not be used again.
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Component Data and Dimensions

Thig information is given as a guide for personnel engaged on engine overhauls and the dimensions are mainly

those used in the factory.

Where the information changes for different engine types, this is indicated in the text.

Cylinder block

Height of cylinder block between top and bottom
faces -

Parent bore dlarneter for c:yhnder 'nner

Depth of recess for liner flange

{cast iron liners)

Depth of recess for liner ﬂange

{chromium faced liners)

Diameter of recess for liner flange

{cast iron liners)

Diameter of recess for liner flange

{chromium faced liners}

Main bearing parent bore daameter

Parent bore for No. 1 camshaft bearing bush
{(where fitted) .

Inside diameter of No. 1 camshaft beanng bush
(where fitted) -

Camshaft bore diameter — No 1

Camshaft bore diameter — No. 2

Camshaft bore diameter - No. 3

Cylinder liners — cast iron, plain

Type

Qutside dlameter

Inside diameter {finished snze)
Length

Interference fit in cyllnder bore
Relationship of top of liner

to top face of cylinder block

Cylinder liners — cast iron, flanged

Type — Factory fitted liner

- Service liner v
Qutside diameter of factory fitted Imer
Qutside diameter of service liner
Interference fit of factory fitted liner in cyilnder
block
Interference/clearance flt of service llner in
cylinder block
Inside diameter of flnlshed factory fmed Imer in
cylinder block ...
Inside diameter of pre—flnlshed service ||ner in
cylinder block
Qutside diameter of liner flange
Flange thickness
Liner flange relationship to top face of cyimder
block
Maxlmum bore wear ( new Ilner needed}

Cyllnder liners — chromium faced

Type

Qutside dlameter of hner .
interference/clearance fit of liner in cylmder
Block

Inside diameter of Ilner in cyllnder block
Flange thickness

349,01/349,08 mm (13.7405/13.7435 in)
93,66/93.89 mm {3.6875/3.6885 in)

3,76/3,86 mm (0.148,0.152 in)
1,17/1.24 mm (0.046,/0.049 in)
97,03/97,16 mm (3.820/3.825 in)

97.03/97,16 mm (3.820/3.825 in)
74,08/74,10 mm (2.9166/2.9175 in)

50.80,50,83 mm {2.000/2.0012 in)

47,55/47,60 mm (1.872/1.874 in}
47.60/47,68 mm (1.874/1.877 in)
47,35/47,42 mm (1.864/1.867 in)
46,84/46,91 mm (1.844,/1.847 in)

Dry-interference fit

93,71/93.74 {3.6895/3.6905 in}
91.,48/91,50 mm {3.6015/3.6025 in}
215,77/216,03 mm {8.495/8.505 in)
0,03/0,08 mm (0.001/0.003 in)

0.05 mm (0.002 in) above to
0,10 mm {0.004 in) below

Dry — interference fit

Dry — pre-finished — interference/clearance fit
93,71/983,74 mm {3.6895,/3.6905 in}
93.66/93,69 mm (3.6875/3.6885 in)

0,03/0,08 mm (0.001/0.003 in)
0.03/0,03 mm (0.001/0.001 in)
91,48/91,50 mm (3.6015,/3.6025 in)
91,60/91,53 mm (3.6025/3.6035 in)
96,60/96,72 mm (3.803,/3.808 in)
3,76/3,81 mm (0.148/0.150 in)

+0,10/= 0,10 mm (+0.004/~ 0.004 in)
0,18 mm (0.007 in)

Dry — interference/clearance fit — pre-finished
93.66/93,69 mm {3.6875/3.6885 in)

0,03/0,03 mm (0.001/0.001 inj
91,48/91,50 mm {3.6015,/3.6025 in)
1,07/1,14 mm (0.042/0.045 in)




Flange diameter
Depth of liner flange be!ow Iop face of cyhnder
block

Pistons — 3.152
Type

block .
Bore diameter of gudgeon pln
Ring groove width — top and 2nd

-3rd ..

— 4th and 5th -
Maximum top ring clearance {with new ring
fitted) .

Pistons — D3.152
Type

Relationship of prston heaght to top face af cyhnder

block

Bore diameter for gudgeon pin
Ring. groove width — top and 2nd

-3rd ..

= 4th and 5th -
Maximum top ring clearance (with new ring
fitted)

Pistons — Up-rated AD3.152
Type

Relationship of plston hEIght to top face of cyllnder

biock
Bore diameter for gudgeon pin
Ring groove width — top, 2nd and 3rd

- 4th ;
Maximum top ring clearance (with new ring
fitted)

{ Pistons — 3.1622, 3.1624. T3.1524
| Type 3.1524

Relationship of piston height to top face of cylinder
block -

| Type 3.1624, T3.1524

<Relationship of piston heaght to top face of cyimder

block
Centre point of gudgeon pm to top of plston

Bore diameter for gudgeon pin -

Top ring groove width (four ring piston only)
All other compression ring groove widths

Qil contro! ring groove width
Maximum top ring clearance {with new ring
fitted)
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96,65/96,77 mm (3.805/3.810 in)

0,03/0,18 mm {0.001/0.007 in)

Flat topped

0,00/0,13 mm (0.000/0.005 in) BELOW
31,753/31,758 mm (1.2501/1.25603 in)
2,43/2,46 mm (0.0957/0.0967 in)
3,23/3,25 mm {0.127/0.128 in)
6,40/6,43 mm (0.252/0.253 in)

0,18 mm (0.007 in)

Toroidial cavity in top

0,10 mm {0.004 in) ABOVE to 0,03 mm
(0.001 in) BELOW

31,753/31,758 mm {1.2501/1.2503 in}
2,43/2,46 mm {0.0957,/0.0967 in)
3,23/3,25 mm (0.127/0.128 in}
6,40/6,43 mm (0.252/0.253 in)

0,18 mm (0.007 in)

Cavity in top

0.03/0.15 mm (0.001/0.006 in) BELOW
31,753/31,758 mm (1.25601/1.2503 in)
2,43/2,46 mm (0.0957/0.0967 in)
4,81/4,84 mm (0.1895/0.1905 in)

0,18 mm (0.007 in}

Re-entrant bowl piston. Four ring piston has steel
jnsert in top groove. Three ring piston has top ring
groove machined in a hard insert.

0.03 mm {0.0012 in) ABOVE 10 0,17 mm
{0.0065 in) BELOW

Cavity in ¢crown. Three ring piston

0,02/0,15 mm (0.001/0.006 in) BELOW

Grade H - 61,80/61,85 mm (2,3429/2,4349 in}_
Grade L'- 61,66/61,68 mm (2.4274/4.4288 in}
31,753/31,758 mm (1.2501./1.2503 in)
2,43/2,48 mm (0.0957/0.0977 in)

2,43/2,46 mm (0.0957/0.0367 in}

4,81/4,84 mm {0.1896/0.1805 in)

0.18 mm (0.007 in)
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Ring gaps

The ring gaps given are when checked in part of the cylinder bore which is not worn.

Piston rings — 3.152 with cast iron liners and D3.152 rated up to 2,250 rev/min

Type top
2nd
3rd
4th
4th- 3.152 rated above
2,250 rev/min

5th
Ring width top and 2nd
scrapes
Ring ctearance in groove
top and 2nd
scraper
Ring gap top .
Ring gap 2nd and scraper

Some D3.152 engines rated up to 2,250 rev/min use the piston rings as given for higher rated D3.152
engines. A fuel injection pump code (see pump data plate) which starts with TW50 or WW47E normally indi-

cates this piston ring arrangement.

Chromium plated compression
Parallel face compression
Laminated segment compression
Spring loaded laminated scraper

Slotted scraper

Slotted scraper

2,3672,38 mm (0.0928/0.0938 in)
6,32/6,35 mm (0.249/0.250 in)

0,05/0,10 mm {0.0019/0.0039 inj*
0,05/0,10 mm {0.002/0.004 in)
0,36/0,76 mm (0.014/0.030 in)
0,28/0,69 mm {0.011,/0.027 in)

Piston rings - 3.152 with chroamium faced liners

Type top
2nd
3rd
4th and bth
Ring width top and 2nd
4th and bth
Ring clearance in groove —
top and 2nd
4th and 5th
Ring gap top, 2nd, 41h and 51h

Parallel face compression

Tapered face compression
Laminated segment

Slotted scraper

2,36/2,38 mm (0.0928/0. 0938 in)
6.32/6,35 mm (0.249/0.250 in}

0.05/0,10 mm (0.0019/0.0039 in}
0,05/0,10 mm {0.002/0.004 in}
0,28/0,61 mm (0.011,/0.024 in)

Piston rings - D3.152 rated above 2,250 rev/min

Type top
2nd
3rd
4th

Ring width top and 2nd
3rd
4th

Ring clearance in groove ~
top and 2nd
3rd

Ring gap top .
2nd and 3rd
4th

Piston rings — up-rated AD3 152

Type fop .

2nd and 3rd
: 4th

Ring width top .
2nd and 3rd
4th

Ring clearance in groove —
top
2Znd and 3rd
4th

Ring gap top .
Znd and 3rd
4th

Chromium plated compression
Parallel face compression
Internally stepped compression

Chromium faced, coil spring loaded scraper

2,36/2,38 mm (0.0928/0.0938 in)
2,35/2,38 mm (0.0927,/0.0937 in}
6,32/6,35 mm (0.249/0.250 in)

0,06/0,10 mm {0.0019,/0.0039 in)
0.05/0,10 mm {0.002,/0.004 in)
0,36/0,69 mm {0.014/0.027 in}
0,28/0,61 mm {0.011/0.024 in)
0,36/0,69 mm (0.014,0.027 in)

Chromium plated compression

Internally stepped compression
Chromium faced, coil spring load scraper
2,36/2,38 mm (0.0928,/0.0938 in)
2,35/2,38 mm (0.0927/0.0937 in)
4,72/4,76 mm (0.1862/0.1975 in)

0,05/0,10 mm (0.0019/0.0039 in)
0,05/0,10 mm {0.002,/0.004 in)
0.05/0,11 mm {0.002/0.0045 in}
0,36/0,69 mm {0.014/0.027 in}
0,28/0,61 mm (0.011/0.024 in)
0.25/0,74 mm (0.010/0.029 in)




Piston rings — 3.1522

Type top . -

2nd or 2nd and 3rd
3rd or 4th

Ring width top .
2nd or 2nd and Srd
3rd or 4th

Ring clearance in groove —
top (4 ring piston only)
ali other rings

Ring gap top “
2nd or 2nd and 3rd
3rd or 4th

Piston rings — 3.1524, T3.1524

Top compression
Second compression
Qil control

Piston rings - 3.1522, 3.1524, T3.1524

Top ring width

2nd or 2nd and 3rd ring W|dth

il control ring width
Top ring clearance in groove (4 ring

piston only)

All other ring clearances in groove

Ring gap top .
2nd or 2nd and 3rd
oil control

Gudgeon pins

Type

Qutside dlameter .
Clearance fit in piston boss
Clearance fit in small end hush

Small end bushes

Type

Outside dlameter

Length

Inside diameter when machmed

Connecting rods

Type

Big end parent hore dlameter

Small end parent bore diameter ...

Big end width ...

Big end side clearance an crankpm

Length between bore centres (D3.152, 3 1522
3.1524, T3.1524 "
Length between bare centres (3. 152]
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Chromium insert, copper finished compression
Internally stepped, copper finished compression
Chromium faced, coil spring loaded scraper
2,36/2,38 mm (0.0928/0.0938 in)
2,35/2,38 mm (0.0927/0.0937 in}
4,72/4,76 mm (0.1860/0.1875 in)

0,05/0,10 mm (0.0019/0.0039 in)
0,06/0.10 mm (0.002/0.004 in}
0,30/0,74 mm {0.012/0.029 in}
0,20/0,64 mm {0.008/0.025 in)
0,25/0,76 mm (0.010/0.030 in}

Tapered semi inlay, chrome faced compression
Tapered face compression
Spring loaded, laminated scraper

2,36/2,38 mm {0.0828/0.0938 in)
2,35/2,38 mm (0.0927/0.0937 in)
4,72/4,73 mm (0.1860/0.1865 in}

0,05/0,12 mm (0.0019/0.0048 in)
0,05/0,10 mm (0.002/0.004 in)
0.30/0,74 mm (0.012/0.023 in)
0,20/0,64 mm {0.008/0.025 in)
0,25/0,76 mm (0.010/0.030 in)

Fully floating

31.,744/31,750 mm {1.24975/1.25000 in}
| 0,00370,015 mm (0.00012/0.00060 in)

0,01/0,04 mm (0.0005/0.00175 in)

Steel back, lead bronze face
36.01./35,05 mm (1.3785/1.3800 in)
26,62/26,87 mm {1.048/1.058 in}
31,76/31,79 mm (1.2505/1.2515 in}

H section

60,83/60,85 mm (2.3950,/2.39565 in}
34,92/34,96 mm (1.37475/1.37620 in)
39,38/39,43 mm [1.5502/1.5525 in}
3,24/0,50 mm (0.0095/0.0198 in}

223,80/223,85 mm (8.811/8.813 in}
22857/228,63 mm (8.999/9.001 in)
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Connecting rod alignment

Large and small end bores must be square and parallel to each other inside the tolerance of £ 0,25 mm
{0.010 in) measured 127 mm (5 in} each side of the axis of the rod on a test mandrel as shown in fig. C1. With

the small end bush fitted, the tolerance of £ 0,25 mm {0,010 in) is reduced to + 0,06 mm (0.0025 in}.

L £ 0.010in
+ 0,254 mm

Sin

127 mm

L +0.010in
+0,254 mm

t Y

Connecting rod bearings

Type "
Inside dlameter
Clearance on big end
Shell thickness

Crankshaft

Main journal diameter

Main journal length — Nos. 2 and 3
Main journal length — No. 4 (rope seal}
Main journal length = No. 4 (lip seal}
Main journal fillet radii .
Crankpin diameter

Crankpin length

Crankpin fillet radii

Finished surface — all main journals and
crankpins

Finished surface — Flllet radu

Rope seal helix depth

Rope seal helix width

(rankshaft end clearance

Fig. C1

Main journals and crankpin dlameters service grmd

undersizes

Maximum permissible main journal and crankpin

viear

Crankshaft thrust washers

Type

Position
Thickness - standard
Thickness — oversize

Crankshaft main bearings

Type

Bearing width — No 1
Bearing width ~ No. 2 and 3
Bearing width - No. 4
Bearing thickness

Inside diameter

Bsearing clearance
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Steel back, aluminium tin face
57.19/67,21 mm {2.2515/2.2525 in)
0,06/0,10 mm {0.0023/0.0041 in)
1,816/1.822 mm {0.07150-0.07175 in}

69,81/69,83 mm (2.7485/2.7493 in)
30,85/31,06 mm (1.2147/1.2227 in)
47,60/47,68 mm {1.8742/1:8772 in)
46,80/46,88 mm (1.8427/1.8457 in)
2,38/2,78 mm (0.0937/0.1094 in)
57,11/57,13 mm (2.2484/2.2492 in)
| 39,76 mm (1.562/1.565 in) ,
3,97/4,37 mm (0.1562/1.1719 in)

0,4 microns (16 micro inches) maximum
1.3 microns {50 micro inches)
0.10/0,20 mm {0.004,/0.008 in}
1,27/2,03 mm (0.050,/0.080 in)
0,05/0,38 mm {0.002/0.015 in)

-0,25 mm (0.01Q in} -
-0.51 mim (0.020 in)
- 0,76 mm (0.030 in)

0,038 mm (0.0015 in)

Steel back, aluminium tin face

Each side of rear main bearing
3077312 mm (0.121/0.123 in)
3,26/3,.31 mm (0.1285/0.1305 in)

Steel back, aluminium tin face
32,11/32,36 mm (1.264/1.274 in)
23,55/23,80 mm (0.927/0.937 in)
38.91/39,17 mm {1.532/1.642 in)
2,096/2.102 mm (0.08250,/0.08275 in)
69.88/69,91 mm {2.7510/2.7525 in)
0,04/0,10 mm (0.0017,/0.0040 in)




Camshaft

Na. 1 journal diameter

No. 2 journal diameter

No. 3 journal diameter

No. 1 journal clearance (with bush)

Ne. 1 journal clearance {no bush}

Nos. 2 and 3 journal clearance

Cam lift

Spigot diameter of gear
Maximum permissible camshaft journal wear

Cylinder head

Depth
Maximum permlSS|ble dlstomon

Permissible amount to machine off head face
-3.152

Permissible amount to machine off head face
- D3.162

Permissible amount to machine off head face
- Up-rated AD3.152

Permissible amount to machine off head face
-3.1522, 3.1524, 73,1524
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47,47/47,50 mm (1.869/1.870 in)
47,22/47,24 mm (1.859/1.860 in}
46,71/46,74 mm {1.839/1.840 in)
0,05/0,13 mm (0.002/0.005 in)
0.10/0.20 mm {0.004/0.008 in)
0.10/0,20 mm {0.004/0.008 in)
7,90/7,98 mm {0.311/0.314 in}
50,76/50,79 mm (1.9985/1.9995 in}
0,06 mm (0.002 in)

75.82/76,58 mm (2.985,/3.015 in)
0,076 mm (0.003 in} across head 0,152 mm
(0.006 in} along head

Head depth must not be less than 75,69 mm
(2.980 in} minimum

0.30 mm {0.012 in) maximum. Nozzle protrusion
must not be more than 4,67 mm {0.184 in} when
machined

0,30 mm {G.012 in) maximum. Nozzle protrusion
must not be more than 4,55 mm (0.179 in) when
machined

0,30 mm {0.012 in} maximum. Nozzle protrusion
must not be more than 6,32 mm (0.249 in} when
machined

Note: Shim washers or extra atomiser seating washers must not be used to reduce the nozzle protrusion.

Leakage pressure test

Valve seat angle - 3.152
Valve seat angle - D3.152 before engme number
CE....U5B4638F

Valve seat angle — D3.152 from engine number
CE...UbB4638F -

Valve seat angle — 3.1522, 3 1524

Valve seat angle — T3.1524

Tappet bore in cylinder head

Valve guide bore in cylinder head

Valve guides — 3.152 and D3.152

Inside diameter

Outside diameter
Interference fit of guide in head
Length - .
Protrusion above sprlng seat face

Valve guides - 3.1522, 3.1524, T3.1524

Inside diameter

Outside diameter
Interference fit of guide in head
Length — inlet ...

Length — exhaust .
Protrusion above spring seat face inlet
Protrusion above spring seat face —exhaust ... -
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207 kN/m? (30 ibf/in%) 2,11 kgl/cm?
45°

45° or 35" (variable with application}

3b°

| 35°

| 45° ar 35° {variable with application)
15,86/15,89 mm (0.6245/0.62575 in}
12,69-12,71 mm (0.4995/0.5005 in)

7.98/8,01 mm (0.3141/0.3155 in)
! 12,73/12,75 mm (0.5013/0.56018 in)
| 0,02/0,06 mm {0.0008/0.0023 in)
61,60/62,36 mm (2.425/2.455 in}
14,73/15,09 mm (0.580,/0.594 in)

7.98/8,01 mm (0.3141/0.3155 in)
| 12,73/12,75 mm {0.5013/0.5018 in)
1 0,02/0,06 mm (0.0008/0.0023 inj
55,98/56,74 mm (2.204/2.235 in)
61,54/62,31 mm (2.423/2.453 in)
9,19/9,55 mm (0.362/0.376 in)
14,73/15,09 mm {0.580/0.594 in)
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Inlet valves

Valve stem diameter

Clearance fit of vaive in guide "
Maximum permissible stem/gwde clearance
Face angle — 3.152 .
Face angle — D3.152 before engme number
CE....US84638F

Face angle — D3.152 from engrne number
CE...Ub84638F

Face angle - 3.1522, 3. 1524 T3 1524
Valve head depth below cylmder head face
-3.152 - .

- D3.152 with 45° seats

- D3.152 with 35° seats ...

" =-3.1522,3.1524 T3.1524

Maximum permissible valve head depth in service

-3.162 ..

— D3.152 with 45° seats

- D3.152 with 35° seats ...
—-3.1522,3.1524, T3.1524

Exhaust valves

Valve stem diameter

Clearance fit of valve in guide .
Maximum permissible stem/gulde ciearance
Face angle — 3.152 .
Face angle — D3.152 before engme number
CE....U584638F

Face angle — D3.152 from englne number
CE....UB84638F

Face angle — 3.1522, 3. 1524

Face angle - T3.1524
Valve head depth below cylmder head face
-3.152 .. .

- D3.152 with 45° seats

- D3.152 with 35° seats ...

-3.1622, 3.1524, T3.1524

Maximum permissible valve head depth in service

-3.152 .

— D3.152 with 45° seats

- D3.152 with 35° seats
-3.1522. 3.1524, T3.1624

Outer valve springs

Free length

Fitted length -

Load at fitted length

Inner valve springs (where fitted)

Free length

Fitted length

Load at fitted length

Tappets

Stem diameter
Clearance in ¢ylinder head bore
Rocker shaft

Qutside diameter

Rocker levers

Bore diameter ...
Clearance fit on rocker shaft
Maximum permissible clearance
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7.90/7.92 mm {0.311/0.312 in}

0,05/0,11 mm {0.0021/0.0045 in)

0,15 mm (0.006 in)

25° o

45% or 35° (variable with application)

35°
35°

1.68/2,03 mm (0.066/0.080 in}
1,50/1,89 mm (0.059/0.074 in}
1,32/1,63 mm {0.052/0.064 in)
1,32/1,63 mm (0.052/0.064 in)

3.50 mm (0.14Q in}
2,40 mm (0.094 in)
2,13 mm (0.084 in)
2,13 mm (0.084 in)

7.90/7.82 mm (0.311/0.312 in)
0.05/0,11 mm (0.0021/0.0045 in}
0.14 mm (0.0055 in)

45°

457 or 35° (variable with application)

35°
356°
45° or 35° {variable with application} .

1,68-2,03 mm (0.066/0.080 in)
1.4771,87 mm {0.058/0.073 in)
1,60/1,92 mm (0.063/0.0755 in}
1,60/1,92 mm (0.063/0.0755 in)

3,50 mm {0.140 in)
2,40 mm {0.094 in)
2,40 mm (0.094 in)
2,40 mm (0.094 in)

45,29/45,80 mm {1.783/1.803 in}
38,10 mm (1.500 in}
10,34 kg + 0,90 kg (22.75 Ib = 2 Ib)

34,67/35,69 mm (1.365/1.405 in)
30,16 mm (1.1875 in)
3,63 kg% 0,45 kg (B.0 b+ 1 Ib)

16,80/15,84 {0.6222/0.6237 in)
0.02/0,09 mm (0.0008/0.0036 in)

15,81/15,84 mm (0.6223/0.6238 in)

15.86/15,89 mm {0.62480/0.62610 in)
0,03/0,10 mm {0.0010,/0.0038 in)
0,13 mm {0.005 in)




Camshaft gear

Number of teeth
Gear bore diameter
Clearance fit of gear on sptgot

Idler gear and hub

Number of 1geth

Gear bore diameter

Hub diameter

Clearance of gear on hub

Gear width

Length of hub ...

Gear end clearance

Maximum permissible gear end clearance

Crankshaft gear

Number of teeth

Bore diameter ... .
Spigot diameter of crankshaft Y
Clearance/interference fit of gear on
crankshaft

Fuel pump gear

Number of teath

Bore diameter ...

Spigot diameter of pump
Clearance fit of gear on spigot

Timing gear backlash
All gears

Lubricating oil pump idler gear

Number of teeth

Baore diameter ..

Qutside diameter of bush
Interference fit of bush in gear
inside diameter of bush - fitted
Shaft diameter for gear
Clearance of gear on shaft
Gear end clearance

Lubricating oil pump drive gear

Number of teeth

Bore diameter .. ..
Pump drive shaft dlameter
Interference fit of gear on shaft ..

Lubricating oil pump clearances

Pump part numbers 41314121, 41314124

Inner rotor 10 outer rotor
Inner rotor end clearance
Quter rotor end clearance
Quter rotor to pump body ...

TECHNICAL DATA—C.11

50
50,79/50,83 mm (1.8995/2.001 in)
0,00/0,06 mm {0.0000/0.0025 in}

90

53,98/64,02 mm (2.1250/2.1266 in)
53,92/63,94 mm (2.1230/2.1238 in)
0.03/0,09 mm (0.0012/0.0036 in}
33,47/33,59 mm (1.3175/1.3225 in)

-33,72/33,85 mm {1.3275/1.3325 in)

0,13/0,38 mm {0.005/0.015 in}
0,46 mm {0.018 in}

25
38,09/38,13 mm (1.4995/1.5010 in)
38,10/38,11 mm (1.5000/1.5005 in)

0.03/0.03 mm {0.001/0.001 in)

50

44,45/44 48 mm {1.760/1.751 in)
44,40/44,42 mm (1.7480/1.7488 in)
0,03/0,08 mm (0.0012,/0.003 in)

0.08 mm {0.003 in) minimum

21

19,05,/19,08 mm (0.750/0.751 in)
19,10/19,14 mm (0.7520,/0.7535 in)
0,03/0,09 mm {0.0010,/0.0035 in)
16,67/16,69 mm {0.6562/0.6572 in)
16,63/16,64 mm (0.6548/0.6553 in}
0.02/0,06 mm (0.0009/0.0024 in}
0.20/0,58 mm (0.008,/0.023 in)

19

12,60/12,63 mm (0.4962/0.4872 in)
12,67/12,69 mm {0.4990/0.4985 in)
0.05/0,08 mm (0.0018/0.0033 in)

0,06/0,11 mm {0.0025/0.0045 in)
0,040,089 mm (0.0015/0.0035 in)
0,03/0,08 mm (0.001/0.003 in)
0.25/0,30 mm (0.010/0.012 in)

Pump part numbers 41314026, 41314046 and 41314078

fnner rotor 1o outer rotor
Inner rotor end clearance
Quter rotor end clearance
Outer rotor to pump body ...

0,01/0,06 mm {0.0005/0.0025 in}
0,04,/0,08 mm (0.0015/0.0030 in)
0,01/0,06 mm (0.0005/0.0025 in)
0,28/0,33 mm (0.011/0.013 in)
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Pump part numbers 41314043, 41314079 and 41314081

Inner rotor to outer rotor
Inner and outer rotor end clearance
Quter rotor to pump body ...

Pump part number 41314178

inner rotor to outer rotor clearance

Inner rator end clearance

Quter rotor end clearance "

QOuter rator to pump body clearance

Lubricating oil relief valve

Bore diarneter in pump’body

Qutside diameter of plunger

Clearance fit of plunger in bore

Load at 32,5 mm (1.28 in} spring Iength

Setting pressure

Lubricating oil filter

Type
Element type
By-pass setting

Lubricating oil sump - 3.152 and D3.152

Capacity for agricuitural engines to full mark
Capacity for industrial engines to full mark

0,03/0,15 mm (0.001/0.006 in)
0,03/0,13 mm {0.001/0.005 in)
0,14/0,25 mm (0.0055/0.010 in)

0,038/0,127 mm (0.0015,/0.0050 in)
0,038/0,089 mm (0.0015,/0.0035 in)
0,013/0,076 mm {0.0005/0.0030 in}
0.229/0,330 mm (0.0090,0.0130 in}

14,24/14,29 mm (0.5605/0.5625 in)
14,19/14,21 mm (0.5585/0.5595 in)

0.03/0.10 mm {0.001/0.004 in)

3559 N = 1.07 N (8 Ibf + 0.24 Ibf)-3.63 kgf
+0,11 kogf

345/448 kN/m? (60,65 |bf/in?)

3.52/4,57 kgt/cm?®

Full flow
Paper or canister
55/83 kN/m* (8/12 Ib¥/in®) 0,56/0,84 kgf/cm?®

6.1 litres (10.7 imp. pints) 6.4 US quarts
7.4 litres {13 imp. pints} 7.8 US quarts

Lubricating oil sumps — 3.1522, 3.1524 and T3.1524

Capacity for industrial engines to full mark

6,8 litres (12 imp. pints} 7.2 US quarts

Note: The above capacities are variable with application. Fili to “FULL"” mark on dipstick.

Cooling system

Type
Coclant cﬂpacuty - englne only

Thermostat
Type
Starts to open - bellows type

— wax type
Full open - bellows type

= wax type
Water pump
Type

Bore diameter in pulley

Shaft diameter

Interference fit of pulley on shaft

Bore diameter in impeller

Shaft diameter

Interference fit of |mpeller on shaft )
Clearance between impeller blades and pump
body
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Thermosyphon — pump assistance
4,8 litres (8.5 imp. pints} 5.1 US quarts

Bellows or wax
77/82°C(170/179°F)
81/84°C{177/183°H
93°C {199°F)

98°C (208°F}

Centrifugal

15,85/16,87 mm {0.6239/0.6247 in)
156.91716.92 mm (0.6262/0.6267 in)
0.04/0,07 mm (0.0015/0.0028 in}
15,88/15,89 mm (0.6250/0.6257 in}
15,91/15,92 mm (0.6262/0.6267 in}
0.01/0.04 mm (0.005/0.0017 in)

0.25/0,81 mm (0.010/0.020 in)




TECHNICAL DATA—C.13

Fuel lift pump )
Type _— e AC Delco

Method of drive Eccentric on camshaft
Static pressure — no delivery 41/69 kN/m? (6/10 Ibf/in®) 0.4/0,7 kgf/cm®

Fuel injection pump

Make CAV — DPA (distributor type)
Diraction of rotation ... e Clockwise from drive end
Timing letter ... E (earlier pumps only)
No. 1 outlet .. WorZ

| Make Stanadyne {distributor type)

| Direction of ratation Clockwise from drive end

| No. 1 outlet at 11 o'clock position from rear
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Engine check and fuel pump mark angles — static timing

The correct angles and static timing can be decided from the first letters and figures of the setting code next to
the word "Set” on the fuel injection pump data plate. Angles are for use with timing tool MS67B and adaptors
{PD.67B-6). For Stanadyne pumps the tool will have to be fitted to the pump in the reverse position to normal,
the fuel pump mark angle has been adjusted to allow for this.

Note: The setting code of current pumps start with the pump part number, followed by two code -letters, the
governar spring number and the flight speed. For identification purposes, only the two code letters are used here
for the new pumps.

Fuel pump Engine check  Fuel pump mark  Static timing Piston
setting angle {degrees) angle (degrees) {BTDC-degrees) displacement
code (with engine at
TDC

compression) mm in
3152
LwW45, Lw49 32 40 16 3,15 0.124
LW51, Lws2 29 a8 18 3.94 (.155
LW5E8, Lwh9 29 40 - 22 5,84 0.230
PW43, PW44 30 38 16 3,15 0.124
PWS50 ) 29 38 18 3,94 01565
D3.152
AW 27 a1 28 942 0.371
cw 27 35 16 3.5 0.124
MWA7E, MW49, MW5B3E, MWG7 25 37 24 693 0.273
RW50, RW52, Rwhs4 25 37 24 6,93 0.273
SW {except below) 25 37 24 6,93 0.273
SW46 25 37 24 693 0.273
Sw/8/1800* 22% 37 29% 10,43 0411
SW/B/1890* 22% 37 29% 10,43 0.411
SwW48 24 37 26 8,00 0.315
SWh2, Swh7, SWhHE 25 37 24 6,93 0.273
TWABE 27 37 20 4,88 0.192
W50 26 37 22 5,84 0.230
WW (except below) 25 35 20 4,87 0192
WW/3/2470 27 35 16 3.15 0.124
WW/B6/2470 27 35 16 315 0124
WW47E, WW48 27 35 16 315 0.124
*Lincoln Electric U.S. A
3.1522
XWEOE 29 38 14 2,37  0.082
3.1524
EW (Stanadyne pumps} 26 322 24 6,98 0.275
WW47E 25 35 20 4,87 0.192
WW (except below) 25 35 20 487 0.192
WW-/3/2470 27 35 16 315 0124
WW./6,2200 27 35 16 318 0.124
WW/6,/2470 27 35 16 315 0124
Zw 25 37 24 698 0.275
T3.1524
BW, YW 27 35 16 3.15 0.124
Dw 262 35 17 3,65 0.140
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Atomisers
Code Holder Nozzle Setting Pressure Check and Reset Pressure
kgf/cm® atm  ibf/in® kgf/cm’® atm Ibf/in®
3.152
DD BKB3555258 BDL11056133 129 125 1840 124 120 1760
DE BKB3585258 BOL110S6267 129 125 1840 124 120 1760
GC- BKB35SDb259 BDL110S6709 191 185 2720 176 170 2500
GwW BKB355D5258 ‘BDL11056709 191 185 2720 176 170 2500
D3.152
BY BKBL675D5151 BDLL150S6513 191 185 2720 176 170 2500
CR BKBL6785151 BDLL15056513 19 185 2720 176 170 2600
Cs BKBL67SD51561 BDLL150S6554 191 1856 2720 176 170 2500
DF BKBLB7S5151 BDLL15056558 181 175 2570 176 170 2500
DN BKBLB755299 BDLL150S6554 191 185 2720 176 170 2600
EE BKBLE7S5299 BDLL150S6602 196 190 2790 181 175 2570
FS* BKBLE7S5299 BDLL150SB674 191 185 2720 176 170 2500
GM BKBLE7S5299 BDLL15056743 191 185 2720 181 176 2570
| ND 26451301 2645L604 196 190 2790 81 175 2570
us BKELBE7S5151 BDLL15QS6372 191 185 2720 176 170 2500
XC OKLLE752931 OLL15056743 191 185 2720 181 175 2570
| XG 2645C305 2645C620 196 190 2790 181 175 2670
* When FS atomisers need service, they must be changed to DN type by the use of the correct nozzle.
3.1522
| GS BKBLE67S55446 BDLL150SG6771 2568 250 3670 243 235 3450
3.1524
EE BKBLE755299 BDLL150S6602 196 180 2792 181 175 2570
| HN BKBLE7S5366 BOLL1560SB771 263 2565 3747 248 240 3530
| ND 2645L301 2645L604 196 190 2790 181 175 2570
| XG 2645C305 2645C620 196 190 2790 181 175 2570
T3.1524
HM LRB67015 JB6801029 258 250 3670 258 250 3670
| HN BKBLE7SB366 BDLL150S6771 263 2h5 3747 248 240 3530
HX LRB&7015 JBE6801029 217 210 3090 217 210 3090
Dynamo
Make Lucas
Type CA40A
Maximum outpu 1T1A
Alternator
Make Lucas, CAV, Maotorola or Perkins
| Type 15, 16, 17, 18, 23 ACR, A115/36, A115/45,
| A127, CA45, 9AR, LR135 or LR150" .
Maximum output {hot)
15ACR 28A
16ACR 34A
17ACR " 36A
17ACR (de-rated) 25A
18ACR 45A
23ACR 5bA
I A115/36 3B6A
[ A115/45 45A
| A127 . 55/65A
9AR Series 70A
LR135 Series ... 35A
LR150 Series ... 50A
Starter motor
. Make Lucas, CAV or Perkins
| Type 2M113, M4bG, M5B80, M127, CA4b, §512-84 or
| §12-85
Number of teeth on pinion 10

Starter cable resistance 0.0017 ohms maximum
Note: The above electrical data is general but is variable with application.
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FAULT DIAGNOSIS—E.2

Fault diagnosis chart

Problem Possible causes
Starter motor turns engine too
stowly. 1,2, 3.4
Will not start 5.6,7.8 9,10,12,13,14, 15,16, 17,18, 19, 20, 22, 31, 32, 33, 63

Difficult to start

33. 63

5.7.8,9,10,11,12,13,14, 15,18, 18, 19, 20, 21, 22, 24, 29, 31, 32,

Not enough power

33, 60, 62

8.9.10,11,12,13, 14, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 31, 32,

Misfire

8,9,10,12,13, 14, 16, 18, 18, 20, 25, 26, 28, 29, 30, 32

High fuel consumption

11, 13,14,16, 18, 18, 20, 22, 23, 24, 25,27, 28, 29, 31, 32, 33

Black exhaust

11,13,14,16, 18,19, 20, 22, 24, 25, 27, 28, 29, 31, 32, 33, 60, 62

Blue/white exhaust

4,16, 18,19, 20, 25, 27, 31, 33, 34, 35, 45, 56, 61

Low lubricating oil pressure

4, 36, 37, 38, 39, 40, 42, 43, 44, 58

Engine knocks

9,14 16,18, 19, 22, 26, 28, 29, 31, 33, 35, 36, 45, 45, 59

Runs erratically

7.8, 810,11, 12,13, 14,16, 20, 21, 23, 26, 28, 29, 30, 33, 35, 45, 59

Vibration

13,14, 20, 23, 25, 26, 29, 30, 33, 45, 47, 48, 49

High lubrication oil pressure

4, 38, 41

Engine temperature too high

11,13, 14,16, 18,19, 24, 25, 45, 47, 50, 61, 52, 53, 54, 57

Crankcase pressure

25, 31, 33, 34, 45, 55

Bad compression

11,19, 25, 28, 29, 31, 32, 33, 34, 46, 59

Starts and stops

10, 11,12

Code list of possible causes

OO~ P Wwr —

Battery capacity low.

. Bad electrical connections.

. Fault in starter motor.

. Wrong grade .of lubricating oil.

. Low engine speed from starter motor.
. Fuel tank empty.

. Stop control fault.

. Rastriction in fuel pipe.

. Fault in fuel lift pump.

10.
. Restriction in air filter or induction system,
. Airin fuel system.

. Fault in fuel injection pump.

. Fault in atomisers or not correct type.

. Cold start equipment not used correctly.

. Fault in cold start equipment.

. Broken fuel injection pump drive.

. Fuel injection pump timing not correct.

. Valve timing not correct.

. Bad compression.

. Restriction in fuel tank vent.

. Type or grade of fuel not correct.

. Restriction of engine speed control movemant.
. Restriction in exhaust pipe.

. Cylinder head gasket leaks.

. Engine temperature too high.

. Engine temperature too low.

. Valve tip clearances not correct.

. Valves not free.

. Wrong high pressure pipes.

. Waorn cylinder bores.

. Valves and seats da not seal correctly.

. Piston rings not free or are worn or broken.

Dirty fuel filter element.

. Valve stems and/or guides worn.
. Wet type air cleaner too full or wrang type of

oil used.

. Crankshaft bearings wear or damage.

. Not enough lubricating oil in the sump.

. Gauge not correct.

. Lubricating oil pump worn.

. Relief valve not free to close,

. Relief valve not free to open.

. Relief valve spring broken.

. Fault in suction pipe of lubricating oil pump.
. Dirty lubricating oil filter element.

. Piston damage.

. Piston height not correct.

. Fan damage.

. Fault in engine mounting (housing).

. Flywheel housing or flywheel not aligned

correctly.

. Fault in thermostat or wrong type.

. Restriction in coolant passages.

. Water pump drive belt loose.

. Restriction in radiator.

. Fault in water pump.

. Restriction in breather pipe.

. Damage 10 valve stem oil seals {where used).
. Not enough coolant in system.

. Restriction in sump strainer.

. Valve spring broken.

. Turbocharger impellor damage, or dirty

impellor.

- Turbocharger lubricating oil leaks.
. Leakage in induction system {turbocharged

engines).

. Fault in lubricating cil pressure switch or low

lubricating oil pressure.
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remove cylinder head

. Drain the coolant from the radiator and cylinder

block.

. Disconnect the hose connection from the ther-

mostat housing at the frant of the cylinder
head.

. Remove crankcase vent valve and hcse from

cylinder head cover and induction manifold —
3.1522 engines only.

. Remove coolant connections to and from

exhaust manifold (flame-proof engines only).

. Remove the air cleaner or filter, or disconnect

the air inlet hose from the induction manifold.

6. Disconnect cold start equipment connections.

7. Remove the lubricating oil pipe from the

camshaft housing to the cylinder head.

. Disconnect the exhaust pipe from the exhaust

manifold. Remove turbocharger (T3.1624
engines}.

. Disconnect and remove the high pressure fuel

pipes from the fuel injection pump and
atormisers. Fit suitable caps to the pump and

atomiser connections.

10,
11.
12,

13.
14.

15

16.

To

Remove atomiser leak off pipes.
Remove atomisers {see figs. F1 or F2).

Where necessary, remove fuel filter and fuel
pipe from filter to cold start aid. Remove clip
which secures fuel pipe to rear of cylinder
head.

Remove the cylinder head cover.

Disconnect fubricating oil pipe to rocker shaft
and remove rocker shaft assembly with pipe
(see fig. F3).

Remove the cylinder head nuts/setscrews in
the reverse sequence to that given in figs. F15
or F16.

Remove the cylinder head (see fig. F4) and put
it on a flat wood surface to prevent damage. Do
not use a sharp tool between the cylinder head
and the cylinder block.

remove valves

Put a suitable mark on the face of each valve so
that they can be fitted in their original positions if
they are used again.

Compress the valve springs with a suitable valve
spring compressor (see fig. F5) and remove the
split collets. Tool 6118B with adaptor PD6118-3

can

be used to compress the valve springs with the

head on a flat surface.

Remove the spring caps, springs, seals and spring
seats and the valves can be removed.
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Valve and valve seat overhaul
Valve face and seat angles are as follows:-

Angle Engine type

45° All 3.152 engines.

All D3.152 engines before engine number
CU......US84638F except for those shown
below.

All T3.1524 engines to lists CN31185,
CN31195, CN31196, CN31198,
CN31225, CNBO444 use 45° exhaust
valves.

35° D3.152 engines rated above-2,250 rev/
min. TE e

Some D3.152 engings rated below 2,250
rev/min. {A fuel injection pump setting
code which starts with TW50 or WWAT7E
usually indicates these engines.

Up-rated AD3.152 engines.

All D3.152 engines from engine number
CE.....USB4638F and all 3.1522, 3.1524
and T3.1524 engines except lists

CN311865, CN31195, CN31198,
CN31198, CN31225, CNB0444 which

use 45° exhaust valves.

Before any work is done on valves or seats, check the depth of the valves below the face of the gylinder head

(see fig. FB).
. Maximum permissible service valve head depths below the cylinder head face are as follows:-
Engine Valve and Valve depth . .
type seat angle Inlet ' * . Exhaust
| 3.162 48" 3,50 mm {0.140 in) 3,50 mm (0.140 in)
| D3.152 45° - 2,40 mm (0.094 in) - 2,40'mm {0.094 in)
[ D3.152 35° ' 213 mm (0.084 in) 2,40 mm (0.094 in)
i 3.1522, 3.1524 35° '
| T3.1524 35°/45° 2,13 mm (0.084 in) " 2,40 mm {0.094 in)

* Where engines have to be to the smoke regulation BS. AU 141a:1871, then the maximum permissible setvice
valve head depth for 3.152 engines must not be more than 2,15 mm (0.085 in). For D3.152 engines, the fac-
tory limits must not be extended (see page C10).

If the cylinder head face needs to be machined or the vaive guides renewed this must be done before the valve
seats are corrected.

45° valve seats on 3.152 engines are lower than the cylinder head face and a groove is machined where the real
valve seat ends in the recess in the cylinder head. When valves or seats have been corrected several times, this
groove can be cut as given later.

‘ Valve seats can be corrected by the use of the cutters which follow:-

Valve seat Valve seat cutter
angle Inlet . ) Exhaust
45° (3.1562) MS275* ; MS286*
45° (D3.152) M3281* . MB275*
35° MS695 _ MS650

* These cutters are in the valve seat cutter kit MS573.

The pilot and handle used with 35° and 45° seat cutters are in the cutter kit MS73, but if this cutter kit is not
available, then pilot MS150-8 and handie MS$76 must be used.

3.152 Series Workshop Manual, Octaber 1931
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Fig. F5

1. Tool 21825020 2. Adaptor 21825022

Fig. F6

Fig. F7
1. Pilot 5. Cleaning Brush

6. Cutter Handle
7. Valve Seat Width
Reducer

2. Puller Pin
3. Seat Cutter
4. Keys

Put the pilot {see fig. F7) in the valve guide with the
expansion section inside the guide and the shoulder
of the pilot approximately 3mm (% in} above the
guide. Tighten the pilot in the guide by use of the
nut and a pin in the pilot hole. Adjust the blades of
the cutter to approximately the same location in
their slots with the square ends outside and tighten
the blade screws, finger tight only. Make sure that
the blades are clean before use.

Lower the cutter into position on the pilot with the
blades towards the seat — do not drop the cutter on
to the seat as damage can easily occur to the
blades. Fit the handle to the cutter and cut the seat.
Turn the cutter clockwise with the use of very light
pressure and ensure that the pressure is applied
directly above the pilott Not many turns are
necessary to get a good seat

With 45° seats on 3.152 engines, the seat width
can be reduced when the groove is corrected by the
use of the suitable flat cutter from the cutter kit
MS73.

Earlier D3.152 engines with 45° seats had a 30°
flare between the seat and the cylinder head face.

After the seats have been cut, clean the cylinder
head and check the contact between the valve and
seat, which can be lapped if necessary. Check the
valve head depth below the cylinder head face as
given on page F3.

Rocker shaft assembly
Clean the rocker shaft assembly.

Check the bushes in the rocker levers for wear. The
rocker levers must be an easy fit on the shaft
without too much side movement,

If the rocker lever bushes are worn, it will be
necessary to renew the complete rocker lever. The
rocker levers are a complete assembly and new
bushes cannot be fitted.

When the rocker shaft assembly is dismantled,
make a note of the assembly of parts, so that when

-the assembly is put together, the left and right roc-

ker levers are in their correct positions to locate
with their respective tappets and valves. If there is a
slot in the end of the rocker shaft, ensure that the
slot is towards the front of the engine {see fig. F8).
For correct location, later rocker shaft assemblies
have a tapered pin that is fitted intc a 4 mm
diameter hole in the rocker shaft. Ensure that this
pin fits into the slot in the second rocker {ever brac-
ket. (See 1. fig. FBA). Note: Later cylinder heads
use shortér length tapped holes for the rocker shaft
studs. Ensure that only the correct studs supplied
with the cylinder head are used.

Valve guides

Check the wvalve guides for wear. If necessary,
renew the guides.

Clean the new guides and check for damage.
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With 3.152 and D3.152 engines, inlet and exhaust
valve guides are the same length and the valve
guide height above the spring seat face of the cylin-
der head must be 14,73/15,09 mm {0.580/0.594
in } when fitted.

With 3.1522, 3.1524 and T3.1524 engines the
inlet valve guides are 5,5 mm {7/32 in) shorter
than the exhaust valve guides. Ensure that the car-
rect guide is fitted. When fitted, the valve guide
height above the spring seat face of the cylinder
head must be 2.19/9.65 mm (0.362/0.376 in) for
inlet guides and 14,73/156,09 mm {0.580/0.594
in} for exhaust guides.

The inside of all guides have a counterbore at ane
end and this counterbore must be fitted towards
the valve seat.

Fig. F9 shows a new valve guide being fitted.

Valve seat inserts

It is permissible to fit valve seat inserts to both inlet
and exhaust valve seats of 3.152 engines and the

45° exhaust valve seat only of 03.152 and some
T3.1524 engines where the original seat can not be
corrected because of damage or the permissible
service valve depth below the cylinder head is more
than that already given. The valve seat insert recess
dimensions are important and correct Perkins parts
must be used.

The recess for an insert must not be cut with a
worn valve guide fitted.

The recess must be cut from the bore of a new
valve guide.

To fit valve seat inserts:-

1. Remove the old valve guide and clean the
parent bore.

2. Fit a new valve guide to enable the bore to be
used as a pilot to cut the recess.

3. By the use of a suitable tool, cut the old seats
to the dimensions given in fig. F10.

4. Using a tool made to the dimensions given in
fig. F11 and again by the use of the valve
guide bore as a pilot, press in the insert A
hammer or lubrication must not be used.

5. Check to ensure that the insert is square and
installed to the bottom of the recess, see fig.
F12.

6. For D3.152 exhayst valve inserts, use the valve
guide bore as a pilot to cut the flare to the
dimensions given in fig.. F13.

7. Cut the valve seats so that the valve head
depths below the cylinder head face are to the
dimensions given on page F3.

Note: Some T3.1524 engines have 45° exhaust
valve inserts fitted in production. (See fig. F13A).
Where necessary they can be renewed if the recess
diameter is within the production limits of 37,224/
37,249 mm (1.4655/1.4665 in).

3.152 Series Waorkshop Manual, October 1891
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Puller Bar PD1D-A

Inlet Guide Stop PD1D-9
Exhaust Guide Stop PD1C-4
Main Tool PD1D
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Fig. F10
Valve Seat Cutting Dimensions
Inlet {3.152)
A—1874 10 1.875 in (47,60 to 47,62 mm).
B.—0.248 to 1.250 in (6,30 to 6,35 mm).
C.—0.040 to 0.050 in (1,02 to 1,30 mm) Radius.
Exhaust {3.152}
A—1.624 10 1.625 in (41,25 t0 41,28 mm).
B.—0.248 10 0.250 in (6,30 to 6,35 mm).
C.—0.040 to 0.050 in (1,02 to 1,30 mm) Radius.
Exhaust {D3.152)
A—1.678 t0 1.679 in (42,62 to 42,64 mm).
B—0.3101t 0.312 in (7,87 to 7,92 mm).
C—0.015 in (0,38 mm) Maximum Radius.
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Press Tool for Valve Seat Inserts

Inlet Dimensions (3.152)

A—2% in (69,85 mm),

B.—2 in (50,80 mmj.

C.—% in (19,06 mm).

D.—0.309 10 0.310 in (7,85 t0,7,87 mm).
E~1/16 in (0,06 mm} at 45°.

F—1/16 in (0,06 mm) at 45°.

G~-1/32 in {0,03 mm) Radius.

H.—1.401 to 1.402 in (35,58 to 35,61 mm).
J—0.212 10 0.215 in.(5,38 to 5,46 mm).
K—1.855 t0 1.865 in (47,12 to 47,37 mm).

Exhaust Dimensions {3.152)
A—23% in (69,85 mm),
B.—2 in (50,80 mm).
C~% in (19,05 mm).
D.—0.309 t0 0.310 in {7,85 to 7,87 mmj}.
E—1/16 in {0,06 mm} at 45°.
F—1/16 in (0,06 mm} at 45°.
G—1/32 in (0,03 mm) Radius.
H—1.182 to 1.183 in (30,02 to 30,05 mm).
J—0.212 10 0.215 in (5,38 10 5,46 mm}.
K—1.805 t0 1.615 in (40,77 t0 41,02 mmy}.
Exhaust Dimensions (D3.152,/T3.1524)
A—3% in {88,990 mm).
B.—2% in {69,85 mm).
C.—% in {19,056 mm).
D.—0.309 t0 6.310 in (7,85 10 7.87 mm),
E—1/16 in (0,06 mm) at 45°,
F—1/16 in {0,068 mm) at 45°.
G.—1/32 in (0,03 mm) Radius.
H—1.200 to 1.201 in {30.48 to 30,50mm}:
J—% in {6,35 mm).
K—1.667 t0 1.677 in (42,34 to 42,53 mm).

Material EN32A Case Hardened and Ground.
K—1.4605 to 1.4615 ({T3.1524 with

45° exhaust valves}).

EXHAUST INLET
VALVE VALVE
EO

Al
]

Fig. F12
Valve Insert Finished Dimensions (3.152).
Inlet
D—1.704 t0 1.714 in (43,28 t0 43,53 mm).
E—90°.

Exhaust
D.—1.485 to 1.485 in (37,72 t0 37,97 mm}.
E.—90°.

Fig. F13
Valve Insert Finished Dimensions (D3.152})
Exhaust
A.—80°. C.—30°,
B.—45° D—0.13C0t00.138in(3.30t0 3,51 m

m).




Tappets

The tappets operate in holes bored in the cylinder
head. Wear is not normal.

The tappets can be removed through the bottom
face of the cylinder head after the tappet adjust-
ment setscrews and lock nuts have been removed.

Combustion chamber caps and joints
(3.152)

It is not necessary to remove the combustion cham-
ber caps during cylinder head overhaul as carbon
deposits do not occur in these chambers.

Iif the caps are removed, new copper joints must be
fitted when they are assembled.

If new copper joints are not available, the old joints
can be used again if they are made soft before
being fitted.

To make these joints soft. heat them to a dull red
heat and then put them in cold water.

Ensure that there is no leakage from the joints
when the caps are fitted.

Note: With flame proof applications, combustion
chamber caps are not fitted. Steel inserts are fitted
to the outer part of the chambers (see fig. F14) and
these are sealed by the exhaust manifold.

Cylinder head inspection

Clean the cylinder head face and coolant and lub-
ricating oil passages.

If possible, the cylinder head can be pressure tested
with warm water for leakage at a pressure of
207 kN/m? {30 Ibf/in?) 2,11 kgf/cm?

All studs on the cylinder head and the tapped holes
in the top face of the cylinder block must be chec-
ked for damage or wear. The nuts and setscrews
which fasten the cylinder head to the block must
also be checked for damage or wear.

Check all joint faces, especially the bottom face 'of
the cylinder head and the top face of the cylinder
block for damage.

Check the bottom face of the cylinder head for
distortion. The maximum permissible distortion is
0,08 mm (0.003 in) across the head and 0.15 mm
{0.006 in) along the head.

Cylinder head faces can be machined (see page C9).

Atter the head has been machined, the valve depths
must be checked and the seats recut if necessary
as detailed under "Vaive and Valve Seat Overhaul,
page F3.

CYLINDER HEAD—F.7
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Fig. F14
3.152 Flameproof Engines only.
1. Combustion Chamber Inserts.
2. Combustion Chamber Throat.
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Fig. F15
Cylinder Head Tightening Sequence {3.152 engines)

Fig. F16
Cylinder Head Tightening Sequence
(All engines except 3.152)
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Fig. F17
Cylinder Head Stud/Setscrew Positions

0
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Cylinder head fasteners

Different cylinder head fastners have been used on
3.1562 and D3.152 engines.

Original cylinder heads were fastened to the cylin-
der block by studs and nuts.

As from the engine numbers which follow, cylinder
head studs, nuts and setscrews were fitted.

152U274176CL
162U98250D
152UA28411D5L
152UA431806DL

0On 3.152 engines, the studs were changed to
setscrews except for the six which fasten the
atomisers. These six studs which were not changed
are fitted in positions 13, 6, 2, 3, 7 and 12 in fig.
F15.

On D3.152 engines, all but two of the original
studs were changed to setscrews. The two studs
which were not changed were fitted to the holes
marked 13 and 14 in fig. F16. Three different
lengths of setscrew were used and it is important
that these be fitted in their correct positions. The
four short 82,5 mm (3% in) setscrews must be fit-
ted in positions 7, 3, 2 and 8. The three 92 mm
{3 /8 in) setscrews must be fitted in positions 15,
4 and 18. The nine fong 98,4 mm (3 7/8 in)
setscrews must be fitted in positions 10, 1, 9, 12,
5,6, 11,17 and 16.

A later change of cylinder head fasteners was made
to D3.152 engines from engine number
CE.....U597494F when the setscrews in positions
15, 4 and 18 were changed to studs.

Nuts and setscrews fitted to later engines have an
integral head washer.

Cylinder head fasteners for 3.1522 engines are
shown in fig. F17.

MNote: Where the cylinder head is fastened by all
nuts, the torque is 81 Nm (B0 Ibf ft) 8,3 kgf m.
Where the cylinder head is fastened by nuts and
setscrews, the torgue is 95 Nm (70 Ibf fi)
9,7 kgf m.
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To fit valves

0 N

1. Lubricate the valve stems with clean engine
lubricating cil and fit them in their correct
positions.

P e

2. Fit the spring seat washers.

3. Put the valve stermn seals in position on inlet
guides only.

4. Put the valve springs into position.

Note: With most D3.152, 3.1524, T3.1524
and 3.152 engines, only one spring is fitted to
each valve, but some applications have two
springs fitted. Different valve spring seat
washers are fitted with the number of springs
used. With 3.1522 engines, two springs are

fitted to each inlet valve (see fig. F18) and a Valve and Sorin Azgrrfgliaes
single spring to each exhaust valve. Inlet valve 1. Split C ”p 9 6 D ble Sori
spring seat washers have tags on their inside ’ p'.t ollets ’ ou. @ =prng
diameters. 2. Spring Cap Seating Washer
3. Stem Seal 7. Single Spring
. . - 4. Inner Spring Seating Washer
5. Fit the valve spring caps, compress the springs 5. Outer Spring 8. Exhaust Valve

with a valve spring compressor and fit the split
collets. Ensure that the valve spring cap is not
tilted as the springs are compressed as this can
cause damage to the valve stem.

9. Inlet Valve

To fit cylinder head

A new cylinder head gasket must be used. The
gasket has a mark to show how it should be fitted.

Ensure faces of the cylinder block and head are
clean.

With 3.152 and D3.152 engines, the cylinder head
gasket must be fitted with jointing compound on
both sides. With all later 3.152 series engines, the
cylinder head gasket {part number 3681EQO06) is
fitted dry and does not need a tightness check at
the 25/80 hour service.

Put the cylinder head in position and fit the nuts/
setscrews as already described.

Tighten the cylinder head nuts/setscrews gradually
in the sequence given in figs. F15 or F16 to the
torque given on page C3. A different torque is used
according to whether the cylinder head fasteners
are all nuts, or nuts and setscrews.

Fit all components taken off during cylinder head

. removal. If the manifolds have been removed,
ensure that the new joints are fitted correctly and
do not cause restrictions in the ports.

| Fit atomisers {see page P7).

3.152 Series Workshop Manual, October 1991
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Fig. F19

Fit the rocker shaft assembly. Before the nuts which
secure the rocker shaft are tightened, the shaft
should be in a position to ensure correct lubrication
of the assembly. The corract position for the shaft is
when the slot in the end of the shaft is set 40°
after the vertical position (see fig. FB). Later rocker
assemblies will not have the slot in the end of the
rocker shaft. On these rocker shaft assemblies, cor-
rect location is ensured by a tapered pin that fits
inte a hole in the rocker shaft and then into a slot in
the second rocker shaft bracket {see fig. FBA).

When the rocker shaft is in the correct position,
tighten the nuts which secure the shaft and set the
tappet clearances as given later.

Fit cylinder head cover. Fit crankcase vent valve be-
tween cylinder head cover and induction manifold -
3.1522 only.

Connect pipes and make connections as given in
'To remove cylinder head'.

The thermostat in the cylinder head water outlet
must he fitted. If the engine is run without a ther-
mostat fitted, the engine temperature can be too
high.

Run the engine and then remove rocker shaft and
atomisers and tighten the cylinder head nuts/
setscrews again as given below.

With the coolant outlet temperature higher than
77°C (170°F) tighten the nuts/setscrews in the
order given in figs. F15 or F16 to the torque given
on page F8.

If a nut/setscrew moves when checked, tighten it
to the correct torque.

If a nut/setscrew does not move before the correct
torque is reached, loosen the nut/setscrew by
1/12 to 1/6 (30° to 60°) of a turn and then
tighten to the correct torque.

After all the nuts/setscrews have been tightened,
check the first 10 positions again to ensure that
they are still to the correct torque. During this last
check, do not loosen the setscrews.

When the engine is cold, adjust the tappet
clearances as shown below.

Fit all necessary components. It is advised that a
new cylinder head cover joint is fitted.

‘Note: With earlier 3.152 and D3.152 engines, the

cylinder head nut/setscrews must be tightened
again to the correct torque after the engine has run
25/50 hours. This is not necessary with 3.1522,
3.1524, T3.1524 and all later 3.152 series
engines fitted with cylinder head gasket part num-
ber 3681E0Q06.

(Engines fitted with gasket 3681EQOB can nor
mally be recognised by the cylinder head fasteners
which have integral head washers.)




To adjust tappet clearances

The clearances are checked between the rocker lever
and the tappet adjustment screw.

For 3.152 and D3.152 engines, the. tappet
clearances for both inlet and exhaust are 0,30 mm
(0.012 in}, with the engine coid.

For 3.1522, 3.1524 and T73.1524 engines. the
tappet clearances are 0,20 mm (0.008 in} for inlet

and 0.32 mm {0.0125 in) for exhaust with the

engine hot or cold.

Adjust the clearances {see fig. F19) as follows:-

-1, Turn the crankshaft in the normal direction of

rotation, until the inlet valve of No. 1 cylinder
has just opened and the exhaust vaive of the
same cylinder has not fully closed. Check and
adjust clearances of Nos. 4 and 6 valves (No. 1
valve at front of engine). -

2. Make a mark on the crankshaft pulley and tim-
ing case cover and turn the crankshaft one
complete revolution (360°% until marks align
again. Check and adjust clearances of Nos. 1,
2. 3 and 5 valves.

Crankcase vent valve — 3.1522 only

This is fitted hetween the cylinder head cover and
induction manifold {see fig. F20).

To clean, seal the small breather hole in the top face
and wash the unit in gasolene or kerosene. If air
pressure is used to dry the unit, only low pressure
must be used, because high pressure will damage
the unit.

3.152 Series Woerkshop Manual, Qctober 1991
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PISTONS AND CONNECTING RODS—G.2

Pistons and connecting rods
Pistons for 3.152/A3.152 engines have a flat top.

Pistons for D3.152/AD3.152 engines have a
toroidal cavity in the top and up-rated AD3.152
pistons have a flat bottom cavity in the top.

3.1622 engines have re-entrant bowl pistons.

| 3.1524 and T3.1524 engines have a semispherical
| cavity in the crown,

Five ring pistons are fitted to all 3.152 engines and
to D3.152 engines rated up to 2,250 rev/min,
except those given below.

Four ring pistons are fitted to D3.152 engines rated
above 2,250 rev/min, up-rated AD3.162 engines
and some D3.162 engines rated up to 2,250 rev/
min. A fuel injection pump setting code (see pump
data plate)] which starts with TW50 or WW47E
normally indicates a four ring piston on these
D3.152 engines.

3.1522 engines fitted in fork lift truck applications
have four ring pistons and other applications have
three ring pistons.

3.1524 and T3.1524 engines have three ring
pistons.

The piston rings are all fitted above the gudgeon
pin except for the bottom scraper ring on five ring
pistons.

To ensure the pistons are fitted correctly, they are
stamped 1 to 3. No. 1 is at the front of the engine.
The number is stamped on the top of each piston.

The cohnecting rods are also stamped on one side
to indicate their position in the engine.

To remove pistons and connecting rods

1. Remove the cylinder head assembly (Section F).

2. Remove the lubricating oil sump and lubricating
ail pump {Section M).

3. Remove any carbon from the top of the cylinder
liner bores.

4, Remove the big end caps (see fig. G1) and con-
necting rod bearings from the connecting rods
and push the pistons and connecting rods out
of the top of the cylinder block (see fig. G2).

5. Keep the bearings with the correct piston/
connecting rod assembly.

Fig. G2

3.152 Series Workshop Manual, October 1981




To remove pistons from connecting
rods

1. Remove the piston rings. Ensure that the ends
of the rings do not cause damage to the piston.

2. Ensure that there are identification marks on
the piston and connecting rods to ensure easy
assembly.

Remove the circlips from the piston bore.

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

To renew small end bush
1. Press out old bush with a suitable adaptor.

2. Remove any sharp edges from the connecting
rod bore.

3. Press in new bush so that the lubricating oil
hole in the bush aligns with the lubricating oil
hole in the top of the connecting rod (see
fig. G3).

4. Ream the bush bore to get the correct
clearance with the gudgeon pin (see page C7).

5. Check that the small end bore is parallel with
the big end bore.

To assemble piston and connecting rod

If original pistons are to be used again, they must
be assembled to their correct connecting rods, that
is, piston stamped No. 1 must be fitted to connect-
ing rod stamped No. 1.

Pistons must be fitted with the offset cavity in the
top towards the side of the connecting rod that is
stamped with the identification number (fig. G4
shows a 3.1522 piston). |

If a new connecting rod is used, it must be stamped
with the cylinder number on the side of the rod and
cap which has the recess for the lecation tag for the
caennecting rod bearings.

Assemble the piston to the connecting rod and fit
the gudgeon pin. Heat the piston to 40/50°C
{100/120°F) for easy gudgeon pin assembly.

Ensure that the circiips are correctly fitted in their
‘grooves.

PISTONS AND CONNECTING RODS—G.3
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To fit new rings

Check the piston rings for correct gap (see page
C6). To check the gap of the coil spring lcaded
scraper ring, the spring must be fitted to push the
ring against the cylinder liner bore.

In worn cylinder liners, gaps must be checked at
the top of the bore which is not worn, after the car-
bon has been removed (see fig. Gb).

With 3.1522 engines, the compression rings have
a thin layer of copper on the outside surface to help
the rings adjust to the bore. This layer will soon
wear off in service. The ring gap will increase
0,08/0,15 mm (0.003/0.006 in} without the cop-
per layer on the ring.

Fit the rings to the piston in the order which foliows
{from the top of the piston} as shown in fig. GG for
the 3.1522 engine.

3.152 engines fitted with chrome liners
1. Parallel face compression.

2. Tapered face compression.

3. Laminated segment compression.

4. Slotted scraper.
5

Slotted scraper.

3.152/A3.152 and D3.152/AD3.152 engines
rated up to 2,250 rev/min fitted with cast iron
linars

1. Chromium plated compression.
Parallel compression.
Laminated segment compression.
*4. Spring loaded laminated scraper.
5. Slotted scraper.

* With 3.152 engines rated above 2,250 rev/min,
a slotted scraper is used.

Some D3.152 engines rated up to 2,250 rev/min
use piston rings as given for higher rated D3.152
engines. A fuel injection pump setting code {see
pump data plate) which starts with TWbBHO or
WW47E normally indicates this piston ring
arrangement.

D3.152 rated above 2,250 rev/min
1. Chromium plated compression.

Paraliel compression,

2
3. Internally stepped compression.
4

Chromium faced, coil spring loaded scraper.




Up-rated AD3.152

1. Chromium plated compression.

2. Internally stepped compression,

3. Internally stepped compression.

4. Chromium faced, coil spring loaded scraper.

3.1522

1. Chromium insert, copper finished comr
pression.

2 or

2 & 3 Internally stepped, copper finished com-
pression,

3 or 4 Chromium faced, coil spring loaded scraper.

3.1524/73.1524
1. Tapered semi-inlay, chrome face compression.
2. Tapered face compression.

3. Chrome face, coil spring loaded scraper.

The tapered face compression rings have a mark ‘T
or ‘'TOF to ensure that they are fitted correctly.

To fit the coil spring loaded scraper ring, fit the coil
spring in the piston ring groove. Ensure that the
location pin goes in both ends of. the spring {see
fig. G7) and then fit the ring over the spring. Ensure

SECOND AND THIRD SEGMENTS

FIRST SEGMENT

PISTONS AND CONNECTING RODS—G.5

Fig. G8

the spring goes into the inside groove of the ring
and the ring gap is on the opposite side to the loca-
tion pin.

Fit internally stepped rings with the step towards
the top of the piston.

When new rings are fitted to original pistons, clean
the piston ring grooves by the use of an old ring.

The pistons must be checked for damage of the
ring grooves and to ensure that the rings move
freely in their grooves. If the piston outside surface
is damaged or badly worn, it must not be used
again.

Laminated compression rings

The laminated compression ring fitted in the third
groove is different on early and later engines.

On early engines, it consisted of three segments.
On later engines, it consists of four segments.

It is important that the laminated compression ring
is correctly assembled to the piston.

PISTON CROWN
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To fit three segment type (see fig. G8)

1.

Fit the first segment so that when held and
lightly pressed by hand, the ends of the ring
are in the down position. Put this ring at the
bottom of the groove with the gap over the
gudgeon pin bore.

Fit the second segment on the top of the first,
so that when held and pressed as already
given, the ends of the ring are in the up posk
tion. Put the gap at 180° to the first segment
gap.

Fit the third segment on the top of the second
with the ends of the ring in the up position. Put
the gap above that of the first segment.

To fit four segment type (see fig. G9)

1.

Fit the first segment so that when held and
lightly pressed by hand, the ends of the ring
are in the down position. Put this ring at the
bottom of the groove with the gap over the
gudgeon pin bare.

Fit the second segment on the top of the first
so that when held and pressed as already
given, the ends of“the ring are in the up posi-
tion. Put the gap 180° to the first segment gap.

Fit the third segment on the top of the second
s0 that when pressed, the ends of the ring are
in the down position. Put the gap above that of
the first segment.

Fit the fourth segment on the top of the third
with the ends of the ring in the up position. Put
the gap above that of the second segment.

FIRST AND THIRD SEGMENTS

Fig. G9

To fit spring loaded scraper ring (see
fig. G10)

This ring consists of one inside expander ring (1)
and two flat rings (2} each side of the wavy spring
ring (3).

1.

Rl

Fit the inside expander ring.
Fit the two lower flat rings.
Fit the wavy spring ring.

Fit the two upper fiat rings.

To fit spring loaded scraper ring {see
fig. G11)

This ring consists of four flat segments, one dished
segment and a spacer.

1..

P owN

Fit the two flat segments.
Fit the spacer.
Fit the flat segment on top of the spacer.

Fit the dished segment with the dish down.
This segment has its end cut at an angle. The
correct direction of the dish can be found if the
ring is lightly pressed by hand and the ends
move up. On later rings, a round area of the
dull surface of the ring has been removed to
give a bright area and this must be fitted

towards the top.

Fit the flat segment on the top of the dished
segment.

PISTON CROWN
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To fit piston and connecting rod

Connecting rods and caps have marks to show their
original position in the engine (see fig. G12). The
numbers are stamped oh the side of the connecting
rod and cap which have the recesses for the loca-
tion tags for the connecting rod bearings.

Ensure that the pistons, cylinder liner bore, crankpin
and connecting rod big end are clean. Lubricate the
piston and cylinder liner with clean engine lubricat-
ing oil.

When the pistons and connecting rods are fitted to
the cylinder block and crankshaft, ensure that the
side of the connecting rod which is stamped with
the number goes to the fuel injection pump side of
the engine.

Ensure that the letter 'F, word ‘FRONT or the
arrow stamped on the top of the piston (see
fig. G13) is towards the front of the engine. If the
identification has been removed, ensure that the
offset cavity in the piston top is towards the fuel
injection pump side of the engine. Stamp the front
of the piston top with a suitable identification mark.

Fig. G11

Turn the crankshaft until the correct crankpin is at
the bottom. :

Space the ring gaps equally around the piston.

Compress the piston rings with a suitable tool {see
fig. G14).

Push the pistons and connecting rods into the cylin-
der bores from the top. Ensure piston and rod stam-
ped No. 1 are fitted into No. 1 cylinder and No. 2
into No. 2 cylinder etc. No.1 cylinder is at the front
of the engine.

Fit the bearings in the connecting rod and cap with
the location tags correctly fitted in their recesses.
Lubricate the bearings with ciean engine fubricating
oil and fit the connecting rod and cap to crankpin.
Ensure that the cylinder numbers on the rod and
cap are the same.

The nuts on the big end bolts must not be used a
secaond time. New nuts must be fitted when they
are removed.

Tighten the connecting rod nuts to the correct
torque as given on page C3.
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Three types of connecting rod nuts have been used.
The original were self locking nuts. These were
changed to cadmium plated nuts which have a
bright finish. Current nuts are phosphated which
have a dull black finish, ‘

Check that the crankshaft will turn freely.

It is important that the correct piston height
relationship to the cylinder block top face is chec-
ked when a new-piston is fitted.

These piston heights at TDC are as follows:-

3.1562 0,000,113 mm {0.000,/0.005 in)
below the top face of the cylinder
block.

D3.152 0,10 mm {0.004 in) above to 0,03

mm {0.001 in) below the top face of
the cylinder block.

Up-rated 0,03/70,15 mm (0.001/0.006 in)
AD3.152 below the top face of the cylinder
block.

3.1522 0,03 mm (0.0012 in) above to 0,17
mm (0.0065 in) below the top face
of the cvlinder block.

3.1524, © 0037015 mm (0.001/0.006 in)
T3.1524 below the top face of the cylinder
block.

In the factory. the correct height is controlled by the
use of three different grades of piston. The grade is
stamped on the top of the piston. ‘H' is for high. ‘M’
is for medium. 'L’ is for low.

For service use with 3.152 and D3.152 engines, a
piston to the finished height is available. Pistons are
also available which are not finished to the correct
height and the tops of these must be machined to
give the correct heights as given above.

For service use with 3.1522, 31524 and T3.15624
engines, 'H and 'L’ grades are available. 'L’ grade
pistons can be used in place of ‘M or 'L’ grade
pistons but, if used in place of ‘"H' grade pistons,
they can be below the correct height and cause loss
of power. '"H' grade pistons can be used in place of
original "H" grade pistons but, if use in place of ‘M’
or 'L’ grade pistons, the top must be machined to
give the correct height as already given.

To find the amount necessary to machine from the
top of the piston, the piston and connecting rod
assembly must be fitted to the cylinder block and
crankshaft as already given.

When fitted, -turn the crankshaft until the piston is
at TDC and check the distance between the piston
top and the top face of the cylinder block. Tool
PD41B can be used to check the height (see fig.
G15). . :




Do this with each piston in sequence. When the
necessary amount has been removed from each
piston top. fit the piston assemblies to the engine
as aiready given. Check piston heights. If these are
correct, stamp the top of the pistons with their
cylinder numbers and a mark to indicate the front.

Note: After 3.1522 piston tops are machined,
remove the sharp edge from the edge of the top of
the cavity in the piston by the use of emery paper
{360 grit size} to give a radius of 0,4 to 0.8 mm
{(1/64 to 1/32 in) as shown in fig. G16.

Fit the cylinder head (see page F9}.

Fit the lubricating oil sump and lubricating oil pump
(see pages M5 and MB).

PISTONS AND CONNECTING RODS—G.9

Fig. G15

1/64into 1/32in
{0,4/0,8 mm)

7

Fig. G16
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Cylinder block and liners

The cylinder block is fitted with thin wall flanged
cast iron or chromium faced dry cylinder liners.
{Later T3.1524 engines are fitted with plain liners).
They can be renewed in service. Factory cast iron
liners are an interference fit and have to be bored
and honed after they are fitted. Service flanged cast
iron liners and all chromium faced liners are an
interference/clearance fit and are pre-finished to
correct size. They do not need to be machined after
installation. (Pre-finished plain Jiners are not
available).

Chromium faced liners are only fitted to 3.152
engines.

Factory and service cast iron liners are interchange-
able, but cast iron and chromium faced liners are
not interchangeable because the liner flange dimen-
sions and the recess for the flange in the cylinder
block are different.

Cylinder liners must not be hored oversize. When
they are worn more than 0,18 mm (0.007 inj on
the inside diameter, they must be renewed.

On some 3.152 and D3.152 engines and all
3.1522, 31624 and T3.1524 engines, a pre-
finished bush is fitted in the cylinder block as a
bearing for the front camshaft journal. To renew this
bush, ensure that the oil hole in the bush aligns
with the oil passage in the cylinder block and the
end of the bush with the mark 'FRONT is towards
the front of the block.

To remove cylinder liners

1. Remove the cylinder head assembly (see
Section F}.

2. Remove piston and connecting rod assemblies,
crankshaft and all compenent parts of the cylin-
der block as given in the other sections of this
waorkshop manual.

3. Remove the cylinder head studs from the cylin-
der block.

4. Press out the liners through the top of the
cylinder block (ses fig. H1}). Do not cause
damage to the parent bores. Factory cast iron
liners are an interference fit and must be
removed with a heavy duty press.

Note: Cylinder liner removing/relacing tool PD.150B
with adaptor PD.150-1B can be used for the
removal of single liners without the removal of the
engine from the application. The centre thread and
ratchet of the tool must be lubricated with Shell
_Spirex Qil or a similar specification.




Preparation to fit new cylinder liners

Clean the top recess for the liner flange (flanged
liners) and the parent bore.

Check that parent bores are free from damage or
corrosion.

Ensure that the new liner is clean before it is fitted.
if a fluid is used to clean the liner, it must be dried
and lubricated with clean engine lubricating oil
before it is fitted,

During the complete operation, all parts must be
kept clean or local distortion of the liner bore can
oceur.

To fit new service liners — flanged

1. Lubticate the outside diameter of the liners
with clean engine lubricating oil which must be
applied with a pressure container. Do not use a
brush.

2. Press in new liners {see fig. H2) by the use of a
suitable tool and adaptor. Ensure that the
flanges of the liners are correctly located in
their recesses at the top of the parent bore.

When completely fitted, the top face of the liner
flange must be between 0,10 mm (0.004 in}
above to 0,10 mm [0.004 in) below the top
face of the cylinder block for cast iron liners or
0,02/0,18 mm (0.001/0.007 in} below the
top face of the cylinder block for chromium
faced liners.

To ensure correct liner height, it is permissible
to use shims under the cylinder liner flange.
These are 0,13 mm (0.005 in} thick, Part No.
33127107. Before a liner is fitted, the flange
and recess must be measured to decide if
shims are necessary to give the correct liner
height relationship to the top face of the cylin-
der biock.

The new liners are a clearance/interference fit
in the parent bore, that is — 0,03 mm (0.001
in} to + 0,03 mm {0.001 in).

3. Give the liner time to adapt to its fitted shape
before the inside fitted bare diameter is chec-
ked (see fig. H3). The correct inside diameter of
a pre-finished liner is 915079153 mm
(3.6025/3.6035 in} for a cast iron liner or
91,48/91,60 mm (3.6015/3.6025 in ) for a
chromium faced liner. Each new liner must be
checked in three positions — top, centre and
bottom, both across and along the cylinder
block at each position.

4. After new liners have been fitted, assemble
remainder of components to cylinder block.

CYLINDER BLOCKS AND LINERS—H.3
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To fit factory liners

Factory cast iron liners are available and these are
not finished to size. They are an interference fit in

the cylinder block and a heavy- duty press is . °

necessary to remove and fit them.

After they have been fitted, it i5 necessary to have
the equipment to bore and hone the liners to an
inside diameter of 91,48/91,50 mm {3.6015/
3.6025 in).

Where a parent hore is made larger in service, it
must be machined to the dimension by the addition
of the liner oversize to the standard parent bore
diameter given on page C4. A chamfer must be
machined at the top of the new parent bore.

When oversize liners are fitted at the factory, the
liner oversize is stamped on the top face of the
cylinder block between the liner and the edge of the
cylinder block.

To fit new liners — plain

Thoroughly clean the parent bore and the outside of
the liner and remove all grease with ‘Loctite Safety
Saolvent'.

Apply ‘Loctite Retaining Compound’ Grade 640 to
the complete parent bore except for a 25 mm {1 in)
high area around the top and bottom of the bore.

Enter the liner into.the parent bore with the end
that has an external-chamfer -at the bottom. With a
suitable flat faced adaptor, press or pull in the liner
until the top of the liner is 0,05 mm (0.002 in)
above t0 0,10 mm (0.004 in) below the top face of
the cylinder block. Remove any ‘Loctite’ from
around the bottom of the bore. The interference fit
of the new liners in the parent bore is 0.03/0,08
mm (0.001/0.003 in}.

Allow 15 minutes for the ‘Loctite’ t¢ harden and
then bore and hone the liner to the finished dimen-
sion of 91,48/91,50 mm (3.60156/3.6025 in). For
best results, use a diamond hone — base hone at an
inclusive angle of 30° to 35° and then plateau hone
at an inclusive angle of 15° to 35° to a finish of
0,8/1,2 microns (32/48 micro inches) centre line
average.

Clean the liner bore and the main journal housings,

etc. and assemble the remainder of the
components. ’

[o
QOO

Fig. H4
Coolant Restriction Plug Positions
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Oversize cylinder liners

Oversize outside diameter cylinder liners are avail-
able for service use if the standard parent bore has

- been made larger 1o remove damage.

They are available as follows:-

Oversize Description
0,13 mm (0.005 in) Chromium faced -
prefinished

.25 mm (0.010 in Cast iron — bore and hone

0,76 mm {0.030 in) Cast iron plain - bore and
hone

Cast iron flanged — pre-
finished

0.76 mm {0.030 in)

Coolant restriction plugs

On up-rated AD3.152 and some 3.1522, 3.1524
and T3.1524 engines, five of the water passages
on the top of the cylinder block are fitted with
restriction plugs. If these are removed, ensure that
the correct size of plug is fitted in its correct posi-
tion as shown in fig. H4. The plugs must not
extend above the top face of the cylinder block.

The plug {3) is fitted in the cylinder block before
the top face of the cylinder block is machined in the
factory. If this plug is renewed in service, it must be
machined so that it is on the same level with the
top face of the block.
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Crankshaft and main bearings

The crankshaft runs in four pre-finished bearings
which have a steel back and an aluminium tin face.

The crankshaft is fitted with two cast iron balance
weights, one at the front crankshaft web and one at
the rear crankshaft web, to give full rotation
balance.

The main bearing location is by tags which fit into
recesses machined in the bearing housings.

The seal at the rear end of the crankshaft is either a
rope seal in a two piece housing or a lip seal in a
one piece housing.

Note: The shim washers and tab washers fitted
under the main bearing setscrews have been discar-
ded and need not be fitted in service.

Fig. J1 To fit new main bearings and thrust
washers

If one or more of the main bearings or thrust
washers have to be renewed or removed for inspec-
tion, it is not necessary to remove the crankshaft
from the engine. With some applications, the
engine will have to be removed.

1. To remove a main bearing, remove its cap. For
the rear main hearing cap, see (1) befow.

2. Do not remove more than one main bearing at
a time,

3. Loosen the other main bearing cap setscrews
one to two turns.

Remove the bottom half of bearing from cap.

5. With a suitable piece of wood, push out the top
half of the bearing (see fig. J1). During this
operation, turn the crankshaft in the correct
direction and push the bearing on the opposite
side to the bearing tag. The bearing tag is on
the camshaft side of the engine.

6. Inspect the bearings and if they have to be
renewed, fit a new half bearing in the top.
Insert plain end first. Fit new half bearing to
cap.

7. Fit main bearing cap and tighten setscrew
lightly before the next bearing is removed.

8. When all main bearings and caps have been fit-
ted, tighten the setscrews to the torque given
on page C3.

The thrust washers fit in recesses machined on
each side of the rear main bearing housing and cap
{see fig. J2). Ensure the correct size thrust washers
are fitted,

1. To renew the thrust washers, remove the rear
main bearing cap. To do this, it is necessary to
remove the two nuts which fasten the two
halves of the rope seal housing or to release
the lip seal housing.




To

Remove the two bottom half thrust washers
from the rear main bearing cap.

The two top half thrust washers can be
removed by the use of a suitable piece of wood
to push them out when the crankshaft is turned
(see fig. J3).

To fit new thrust washers, lightly lubricate the
two top halves with clean lubricating oil and
push cne into the recess on each side of the
rear main bearing housing. The steel side of the
thrust washers must be towards the bearing
housing.

Renew the main bearing cap 'O’ rings {lip seal
crankshafts only). Lightly apply Perkins
POWERPART Hylomar jointing compound to
the rear main bearing cap mounting faces, out-
side the grooves machined in the faces (see
fig. J7}). The jointing compound must not go
inte the grooves.

Fit a bottom half thrust washer on each side of
the rear main bearing cap and fit the cap.

Tighten the main bearing setscrews 1o the
torgue given on page C3. Check crankshaft end
clearance (see fig. J4}.

Fit rear oil seal housing, flywheel, sump and
other components as given in this workshop
manual,

remove crankshaft

Remove sump and lubricating oil pump {see
Section M}.

Remove water pump (see Section N).
Remove crankshaft puliey.

Remove timing case front cover and rermove
idler gear.

Remove starter motor, flywheel and flywheel
housing. Before the flywheel is removed, fit two
guide studs in the crankshaft flange to give
support when the fiywheel is removed.

Remove connecting rod caps and big end
bearings.

Remove the bolts which fasten the two halves
of the rope seal housing or remove the lip seal
housing.

Remove the main bearing setscrews and the
main bearing caps and bottom half bearings.
Keep the bearings and caps together.

Lift out the crankshaft (see fig. J5) and remove
the top half main bearings. Make a mark on the
bearings to ensure that they are fitted to their
original positions.

If it is necessary to remove the crankshaft gear,
ensure that the timing mark is to the front of the
gear when it is fitted. The distance piece between

the

gear and crankshaft must be fitted with the

chamfer to the inside.

CRANKSHAFT AND MAIN BEARINGS—J.3
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Note: Crankshafts fitted to all 3.1522, 3.1524 and
T3.1524 engines and crankshaft Part Nos.
31312718, 31312722 and 313130567 are
Tufftrided and must be hardened by the Tuffirided
process after they have been machined. if this is not
possible, they can be nitrided for 20 hours, or if this s
not possible, a new or Power Exchange crankshaft
must be fitted.

If the main bearings are to be used again, they
must be suitably marked to ensure they are fitted in
that same positions from which they were removed.

Balance weights

If it is necessary to renew crankshaft balance
weights. These are normally supplied in sets of two
and_must be fitted as a set Where one weight is
renewed, then the weight difference must not

exceed 28.3 g {1 oz). - Check the crankshaft for cracks before and after the

‘_érankshaft overhaul crankshaft is machined.

The main journals and ,cr}énkpins of a standard
crankshaft can be machined 0.25 mm (0.010 in),
0,51 mm {0.020 in) or 0,76 mm {0.030 in) under-
size on diameter. Special bearings are available for The finished sizes for corrected crankshafts are
these undersize journals and pins. given below.

)
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Ensure that the fillet radii are machined correctly.

‘ Fig. J6
0,25 mm {0.010 in}. 0,51 mm {D.020 in) 0,76 mm {0.030 in)
Undgrsize ) : Undearsize Undersize

A . 6956/6958 mm 69.30/69,32 mm 69,056,/69,07 mm
(2.7385/2.7393 in) (2.7285,/2.7293 in} (2.7185/2.7193 in)

B, 56,86,/56,88 mm 56,60/56,62 mm 56,35/56,37 mm
{2.2384,2.2392 in) {2.2284/2.2292 in) {2.2184/2.2912 in)

31184 mm {1.22775 in) maximum
40,00 mm {1.575 in}) maximum
Crankshafts with rope seal - 48,06 mm (1.892 in) maximum

m m g O

Crankshafts with lip seal — 47,27 mm {1.861 in} maximum
R1 2,38/2,78 mm (0.0937/0.1093 in) all journals

R2 3,97/4,36 - mm (0.1562/0.1718 in) all crankpins

Finished surface of journals and crankpins, Q.40 microns (16 micro in'ches]. Fillet radii 1.3 microns (50 micro
inches) centre line average maximum.

Magnetic crack check DC flow — 2 amps AC current — 1300 amps

Maximum taper and aut of round for journals and crankpinsg —
Taper 0,009 mm Out of round 0,010 mm
{0.00035 in) {0.004 in}

Maximum run-out with crankshaft mounted on end journals —
Crankshaft pulley diameter {total indicator reading) 0,025 mm {0.001 in)
Rear oil seal diameter (total indicator reading) 0.025 mm (0.001 in)
Fiywheel, flange diameter {total indicator reading) 0,025 mm (0.001 in)

Journals (total indicator readingj. Run-out must not be opposite.

Number 1 Number 2 Number 3 Number 4
Mounting 0,05 mm (0.002 in} . 0,05 mm (0.002 in} Mounting

After the crankshaft has been machined, removed any sharp corners from the lubricating oil holes.
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To fit crankshaft : i R m"“”” ""” "”’"._‘

1. Ensure that all |ubricating oil passages are free
. from restriction.

(’ ¢ 2. Check the main bearing setscrews for distortion
and thread damage and renew them as
necessary. Ensure that only the carrect
setscrews are used.

3. Clean the main bearing housings and fit the top
half bearings in position with the location tags
of the bearings in the slots of the housings.
Lubricate the bearing surfaces with clean
engine lubricating oil.

4. Put the crankshaft in position on the top half
bearings.

5. Clean and lubricate the top half thrust washers
and slide them into their recesses on both
sides of the rear main bearing housing. The -
steel side must be towatds the housing. :

Fig. J7
6. Renew the rear main bearing cap "C" rings (lip 1. Jointing Compound 2. 'O’ Ring and Dowel
seal crankshafts only).

7. Lightly apply Perkins POWERPART Hylomar
jointing compound to the rear main bearing cap
mounting faces, outside the grooves in the
faces. The jointing compound must not go into
the grooves (see fig. J7).

8. Fit the bottom half bearings to the main bear-
ing caps with the location tags in their slots
and lubricate the bearing surfaces. Put the main

" ) bearing caps in their correct positions and
ensure that the bottom half thrust washers are
correctly fitted to No. 4 cap (see fig. J7A}. The
inner caps are stamped 2 and 3 from the front
of the engine. Each cap is stamped with a serial
nurmber and when fitted, this serial number
must read in line with the serial number stam-
ped on the cylinder block bottom face (see fig.
J8).

9. Fit the main bearing cap setscrews and tighten
them to the torque given on page C3.

10. Assemble the engine according to the instrue-
tions given in this workshop manual.

11. Tighten the crankshaft pulley setscrew to the
torque given on page C3. With most appli-
cations, the pulley is fastened with a 38 mm
(1.5 in) AF setscrew and a 8,9 mm ({0.35 in)
thick washer and this needs a higher torque
than setscrews which use a 4,8 mm (3/16 in)
thick washer.

Fig. J8
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‘/4 In

(6,4 mm)
 t————

\1/3 in

(3,2mm}

Fig. J9

5-243 in
{133,17mm)
MIN

Fig. J10

36in(4,8mm)

Crankshatft rear end rope oil seal

This consists of a two piece housing which goes
around the rear of the crankshaft which has a spiral
oil groove machined to a depth of 0,10 to 0,20 mm
(0.004 to 0.008 in) to return the lubricating oil to
the inside of the housing. The bore of the housing
is machined to take a rubber insert- asbestos seal
The seal consists of two halves, one for each half of
the housing.

Fit the seals as follows:-

1.

Put one half housing in a vice with the seal
recess to the top.

. Fit 25 mm {1 in) of the seal at each end into

the ends of the groove so that each end of the
seal extends 0,25/0,50 mm (0.010/0.020 in)
above the half housing end face.

. Press the remainder of the seal into the groove

by hand. Start this operation from the centre of
the seal Then use a round shaft to roll in the
seal by the use of pressure on its inside
diameter.

. Fit seal to other half housing as already

indicated.

5. Clean the half housing faces.

6. Lightly apply jointing compound to both sides

10.

11.

12.

13.

of the joint and put the joint in position.

. Lightly apply jointing compound to the end

faces of the half housings.

. Lubricate the inside diameter of the rope seal

with graphite grease.

. Lubricate the rear end of the crankshaft round

the oil groove.

Put the half housing in position on the engine.
Ensure that the half housing with the oil shroud
is in the upper position. Fit all setscrews to
cylinder block and bearing cap faces finger
tight only.

Fit the two bolts which fasten the two housings
together and tighten the nuts to 8,13 Nm
(6 Ibf ft) 0,83 kgf m.

Tighten the setscrews in the cylinder block and
bearing cap to 16,3 Nm (12 Ibf ft) 1,66 kgf m.

Tighten the two nuts to 16,3 Nm (12 Ibf ft}
1.66 kgf m.




Crankshaft rear end lip seal (earlier
type)

On later 3.162 and D3.152 engines and all
3.1522, 3.1524 and T3.1524 engines, a spring
loaded lip seal is fitted round the rear flange of the
crankshaft.

Damage can easily occur with the lip seal and
extreme care must be used when the lip seal and
housing are fitted.

With a new engine, the lip seal is fitted with its rear
face in line with the rear face of the oil seal housing
{see fig. J9). If a new seal is fitted to a worn
crankshaft the seal can be pressed further into the
housing to 3 mm {1/8 in} below the housing rear
face or, if this position has been used, to 6 mm
(1/4 in) below the housing rear face. Lubricate the
. seal with clean engine lubricating oil before it is
pressed into the housing and ensure that it is
pressed in squarely. If all three positions have been
used, the worn seal area of the flange (not the
spigot area on which the flywheel fits) can be
machined {see fig. J10).

Fit the seal and housing by the use af the seal
guide PD.}.45 as follows:-

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

Ensure that the two dowels are fitted in the cylinder
block. Apply jeinting campound to both sides of the
joint and position the joint over the dowels.

Lubricate crankshaft flange. seal and seal guide
with clean engine tubricating oil. Lubrication of the
seal is necessary to prevent damage that can he
caused if the seal is run dry.

Push seal and housing on seal guide, fit guide on
crankshaft flange and press seal and its housing
into position on fiange. Ensure the housing fits on
the dowels (see fig. J11].

Remove the guide and fasten the housing with
setscrews and washers.
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r re———A 0:-09in (2,2mm)

L‘-—B 0-18in (& 6mm)

- ~———( ¢-27in (6,9mm]

Fig. J12

-Crankshaft rear end fip seal (later type)

The later type of spring loaded lip seal has a dust
seal lip with a protrusion to the rear face. It is fitted
similarly to the earlier lip seal, but the data which
follows must be noted.

In the factory, the [ater seals will now be fitted
below the rear face of the seal housing as shown in
fig. J12 so that the standard housing assembly can
he used on engine applications with an oil filled
fiywheel heusing. Two new service positions have
been introduced with the later seal position and
these are also suitable for use with the earlier seal
where it is fitted level with the rear face of the
housing. Tool PD145C is suitable for both earlier
and later seals. Tool PD145 can not be used with
the later seals without modification.

A. Seal position as fitted in the factory.

B. First service position.
This can be used when the original seal is
renewed {original seal fitted at position A or leve,
with rear face of the housing) without modifica-
tion to the crankshaft palm. Do not use if the
earlier seal has been fitted 3.2 mm (% in) below
the housing face.

C. Second service position.
This can be used when positions A and B have
already been used without modification to the
crankshaft palm. Do not use if the earlier seal
has been fitted 6,4 mm (% in} below the hous-
ing face.

D. Extra service position.
This can be used for engines with dry flywheel
housings if a new crankshaft is fitted or the
crankshaft palm has been corrected, but ensure
that the seal is fitted squarely in the housing.
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Fig. K1

See text.

Fig. K2
Crankshaft Front Qil Seal Position

Timing case and drive

The camshaft is instafled in a high position on the
right side of the cylinder block This arrangement
does not need push rods.

The camshaft and fuel pump drive are through an
idler gear from the front of the crankshaft.

The timing gears are installed in a timing case and
caver.

Camshaft bush — No. 1 bearing

With some D3.152 engines and all 3.1522,
2.1524 and T3.1524 engines, the No. 1 camshaft
journal runs in a bush fitted in the front of the cylin-
der block.

This bush can be removed with a suitable tool and
adaptor and a new pre-finished bush fitted. The
bush must be fitted with the ward FRONT to the
front of the cylinder block and the hole drilled in the
bush in line with the hole drilled in the cylinder
block.

To remove timing case cover

1. Loosen the bolts which hold the dynamo or
alternator and remove the fan belt.

2. Loosen the hose clips on hoses fitted to the
water pump and remove the water pump.

3. Remove the crankshaft pulley.
Remove the dynamo or alternator.

Remove the dyname or alternator bracket and
linkage.

6. Remove the timing case cover setscrews. Two
long bolts go through the timing case to fasten
a cover at the rear of the timing case which
seals off the power take off bore. There are also
two long bolts which go through the timing
case to fasten the dynamo or alternator bracket.
There is another lang bolt which goes through
the timing case cover above the position of the
dynamo or alternator bracket. The bottom
setscrew below the front oil seal is fitted with
an aluminium or copper washer.

7. Remove timing case cover {see fig, K1}. Ensure
that no damage occurs to the front oil seal.

To renew crankshaft front oil seal

1. Press out old seal from timing case with a
support under the seal housing.

2. Press in new seal with spring loaded lip
towards inside of cover.

Note: Early engines were fitted with a black nitrile
seal with no dust lip protrusion and a crankshaft oil
thrower.




Later engines had a red silicone seal with a dust
seal protrusion and a distance piece was fitted
instead of an oil thrower.

The depths of these seals from the front of the
cover must be as foliows {see fig. K2).

3.152, Db3.152 |nd. 3.1522, 3.1524 and
T3.1624 engings — 15,88 mm {0.625 in}

D3.152 Ag. and marine engines - 11,91 mm
{0.469 in)

AD3.152 and A3.152 engines — 11,43 mm {0.450
in)

Current engines are fitted with a black "Viton' seal
with a dust seai protrusion and the depths of these
seals from the front face of the cover must be as
follows (see fig. K2).

All engine types except marine — 9,35 mm ({0.375
in)

All marine engines— 11,83 mm (0.465 in}

3. Fit the timing case cover to the timing case by
the use of two opposite setscrews loosely
tightened. Ensure that the cover is correctly
aligned by the use of centralising tool PD159
on the crankshaft and in the sea! housing and
tighten the assembly by the crankshaft pulley
setscrew and washer. Do not apply too much
force on the setscrew. Tighten all the timing
cover setscrews and nuts and remove the tool.
i the centralising tool is not available, the
crankshaft pulley can be used to align the
cover, but as this method uses the inside
diameter of the seal which is soft, the cover can
be out of alignment which can cause leakage.

Timing gears

The camshaft and fuel injection pump gears are
driven by an idler gear from the front of the
crankshaft All the gears are stamped with marks to
ensure correct timing. These marks are made with
No. 1 piston at TDC on its compression stroke.
These timing marks will not align at every rotation
of the crankshaft when No. 1 piston is at TDC on
its compression stroke because the gears turn at
different speeds.

If any of the timing gears are renewed, ensure that
there is a minimum backlash of 0,08 mm
{0.003 in) — see fig. K3.

To remove idler gear and hub

1. Turn the crankshaft until the timing mark teeth
of the crankshaft and -camshaft gears are in
mesh with the idler gear.

2. Release locking washer on the setscrew which
fastens idler gear and remove setscrew., locking
washer and idler gear end plate.

Remove idler gear from its hub (see fig. K4).

4. Remove idler gear hub from its bore in the tim-
ing case. {See fig. K4A).

3.152 Sernes Workshop Manual, October 1991
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Fig. K7

. 3.152 Serias Workshop Manual October 1981
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To fit idler gear and hub

1.

3.

Ensure that the crankshaft, camshaft and fuel
injection pump gears are in a position as shown
in fig. L1 with the marks on the teeth towards
the idler gear position. |f the crankshaft or
camshaft has to be turned, it will be necessary
to remove the rocker shaft to ensure a piston
does not contact a valve.

Fit idler gear hub so that small hollow dowel
locates in hale in hub. The hub should be in its
fully fitted position in the bore of the timing
case.

Fit idfer gear on hub with the long tapered cen-
tre boss towards the cylinder block and the tim-
ing marks aligned.

Fit idler gear end plate, locking washer and
setscrew. Fully tighten setscrew and bend up
locking washer. Ensure that idler gear has end
clearance on hub {see fig. KB). End clearance
must be 0,13 t0 0,38 mm (0.005 to 0.015 in).

remove camshaft gear

Turn crankshaft until timing mark teeth of
crankshaft and camshaft gears are in mesh
with idler gear.

Remove the three setscrews and washers
which fasten gear to camshaft.

Remove camshaft gear from camshaft.

To fit camshaft gear

1.

4.

Remove idler gear and if necessary, remove
rocker shaft to permit camshaft to be turned.

The spigot of the camshaft is stamped with the
letter “D" and the camshaft gear is also stam-
ped with the letter "D” (see fig. XK8). Fit
camshaft gear to camshaft with the letters “D”
aligned. Do not fasten gear to camshaft by use
of the slotted holes.

Fit and tighten the three washers and
setscrews.

Turn camshaft until Nos. 4 and 6 cams are to
the top. This can be checked by inspection of
the tappets and this is the approximate position
to align the timing marks.

Fit idler gear with all timing marks aligned and

where necessary, fit rocker shaft.
remove fuel injection pump gear

Turn crankshaft until ttiming mark tooth on fuel
injection pump gear is in mesh with idler gear.

Remove the idler gear.

‘Remove setscrews or nut which fasten fuel

injection pump gear.

Remove the fuel injection pump .gear (see fig.
K7). Ensure that no damage occurs to the
dowel or key.

Note: Some engines are fitted with a fuel injection
pump that has a tapered drive shaft which has a
keyway and a single nut to fasten the gear. To remove
the gear, use puller tool PD155B and metric adaptors
PD155B-5.




To
1.

fit fuel injection pump gear

Where necessary, fit dowel to fuel injection
pump gear.

Fit gear. Ensure dowel is in correct location be-
tween gear and fuel injection pump.

Fit and tighten washers and setscrews or nut.
Tighten nut to the torgue given on page C3.

Fit idler gear. Ensure all timing marks align.

remove camshaft
Remove rocker shaft assembiy.

Turn crankshaft until timing mark tegth of
crankshaft and camshaft gears are in mesh
with idler gear.

Remove fuel lift pump {see Section P).

Lift the tappets and remove the camshaft and
gear from the cylinder block {see fig. K8}

- Ensure that no damage- occurs to journals,

cams or tappets.

To fit camshaft

1.

Where necessary, remove idler gear and put
into position with timing mark teeth aligned
with timing mark teeth of crankshaft and fusl
injection pump gears.

Lift tappets and carefully fit camshaft and gear.
During this operation, the camshaft must be
continuously turned. Ensure that no damage
occurs to journals, cams or tappets. Ensure that
the timing marks on idler gear and camshaft
gear are correctly aligned.

Fit fuel lift pump.

Fit rocker shaft assembly and adjust tappet
clearances.

Camshaft thrust

The camshaft end clearance is controlled by a steel
spring fitted to the inside of the timing case cover.
This is shown in fig. K1.

To remove timing case

1

;s W N

[a3]

. Remove timing case cover.

. Remove rocker shaft aasembly.

: Remove lubricating oil sump {see Section M),

. Remove timing case bottom cover {see fig. K9).

. Remove idler gear as already given. It is easier

to remove the idler gear hub when the timing
case has been removed. '

. Remove fuel lift pump.

7. Lift tappets and remove camshaft and gear.

Ensure that no damage occurs to journals,
cams or tappets.

. Release the three setscrews or nut and remove

the gear from the fuel injection pump.

TIMING CASE AND DRIVE—K.5




9. Remave all controls and pipes from injection
pump. To remove the high pressure pipes from
the pump, release the pipes at the atomiser end
first and then remove the pipes completely.

10. Remove the three nuts, spring washers and
plain washers which fasten the fuel injaction
pump flange to the timing case and remove the
pump. Ensure that all inlet and outlet connec-
tions of the fuel injection system are sealed to
prevent dust or dirt contamination,

11. Remove setscrews and washers which fasten
timing case to cylinder block and by means of
light force, remove timing case from block [see
fig. K10).

12. Remove idler gear hub {see fig. K11).

To fit timing case

1. To ensure correct location of timing case, fit
and fully fasten idler gear hub to cylinder block
(see fig. K11).

2. Use a new joint and fit the timing case to the
front face of the cylinder block.

3. Fit timing case bottom cover. Ensure it is cor-
rectly aligned with front face of timing case
(see fig. K12},

4. Fit fuel injection pump to rear face of timing
case, Ensure that timing marks on pump flange
and rear face of timing case are aligned.

5. Turn crankshaft until No. 1 piston is at TDC
(key at front of crankshaft in top position).

8. Fit gear to fuel injection pump. Ensure dowel or
key between gear and pump is in correct
location.

7. Lift tappets and fit camshaft and gear.

8. Fit idler gear on its hub. Ensure that the timing
mark teeth on crankshaft, fuel injection pump
and camshaft gears are aligned with timing
mark teeth of idler gear.

9. Fit lubricating oil sump {see Section M).

10. Where necessary, fit crankshaft pulley distance
piece or il thrower {see fig. K13).

11. Fit timing case cover.

12. Fit controls and pipes to fuel injection pump.

New timing case

When a new timing case is fitted, this will not be
marked on the rear face for the correct alignment of
the fuel injection pump.

After a new timing case has been fitted, the fuel
injection pump timing must be checked by one of
the two methods given in Section L and the rear of
the timing case stamped with a timing mark to align
with the timing mark on the fuel pump flange or
straight edge of the timing tool pointer (see fig. L8).
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Gear timing marks

The timing gears are stamped with timing marks to
ensure correct assembly {see fig. L1}.

See Section K for gear assembly instruction.

Fuel injection pump timing marks

A timing mark -is stamped on the fual injection
pump flange and a further mark is stamped on the
rear face of the timing case (see fig. L2). If these
marks are in alignment and the fuel pump gear is in
correct mesh, then the fuef pump timing is correct.

To set engine timing

To

Remove atomisers.
Remove rocker shaft assembily.

Turn crankshaft so that the crankshaft gear key
is at TDC.

Fit camshaft gear with the letter “D” in align-
ment with the letter "' on the camshaft hub.

Fit fuel injection pump gear. This has a dowel
and will only fit in one position.

Ensure that fuel injection pump is fitted to
engine with the timing mark an the flange in
alignment with the timing mark on the rear of
the timing case (see fig. L2}.

Fit idler gear with all timing marks on teeth of
gears aligned (see fig. L1).

check valve timing

Turn engine until Na. 3 cylinder exhaust valve
is fully open.

In this position set the valve tip clearance on
No. 1 inlet valve to 1,09 mm (0.043 in) for
3.152 and D3.152 engines or 0,80 mm
{0.0315 in) for 3.1522, 3.1524 and T3.1524
engines.

Turn engine clockwise from front until tappet of
No. 1 inlet valve just tightens.

In this position, No. 1 piston will be within 22°
of TDC. This can be checked by a mark on the
flywheel or on some applications, a timing pin
is fitted to the timing case front cover. When
loosened, it locates in a hole in the rear of the
crankshaft pulley.

There is no adjustment for valve timing. i the
timing is more than 2%2° out of position, the
timing gears are probably not in correct mesh.

After the valve timing has been checked, adjust
tappet clearance of No. 1 inlet valve to 0,30
mm {0.012 in) for 3.152 and D3.152 engines
or 0,20 mm (0.008 in) for 3.1522, 3.1524
and T3.1524 engines.




i

To check DPA fuel injection pump tirhing
by use of pump rotor marks

A circlip is fitted inside the fuel injection pump and
when the sguare end of this circlip is aligned with
the correct mark on the fuel pump rotor {see fig.
L3}, it indicates when the injection starts to No. 1
cylinder {static timing point}.

With earlier fuel injection pumps, the timing circlip

. is stamped with a line which aligns with tha correct

mark on the fuel pump rotor (see fig. L4).

. To see these timing marks, remove the inspection

plate on the left side of the fuel injection pump
body.

To set the timing circlip, remove the fuel injection
pump from the engine. Connect No. 1 cylinder
outlet to an atomiser tester and operate the tester
until it reaches 31 kgf/cm® (30 atm or 440 Ibl/
in®). Turn the pump by hand, clockwise from the
front until it stops. The square end or the line on
the circlip can now be adjusted until it aligns with
the line marked "E” on the fuel injection pump
rotor.

Check the fuel injection timing as follows:-

1. Ensure fuel injection pump circlip is in its cor-
rect position as already given.

2. Turn the engine until No. T piston is at TDC on
compression (exhaust valve of No. 3 cylinder
fully open). Remove the valve springs from Na.
1 inlet valve and permit it to be held by the top
of the piston. Fit a suitable collar at the top of
the valve stem so that the valve will not fall
completely into the cylinder.

3. Put a dial test indicator on the top of the valve
stem (see fig. L5) and use the indicator to find
the accurate No. 1 piston TDC position, Set the
dial to zero.

4. Turn engine counter-clockwise from the front
by an eighth of a turn and then clockwise until
the piston is at the static timing position as
given on page C14.

5. Check the fuel injection pump rotor. The line
with the letter “E” must be aligned with the
square end or the line on the circlip (see figs.
L3 or L4}. if the line on the rotor does not align
with the circlip, turn the fuel injection pump in
either direction on the rear of the timing case to
make the necessary adjustment

| The circlip on current purmps is not set and timing tool

MS67 B must be used, see page L4.
Note: The seals on the fuel injection pump must

only be broken by approved personnel who must
also fit new seals.
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To check fuel injection pump timing by
use of tools MS.67B and adaptor
PD.67B-1 and PD.67-2

1.

Turn engine clockwise from front untl No, 1
piston is at TDC on compression {exhaust valve
of No. 3 cylinder fully open}. This position can
be found on some applications by a mark on
the flywheel, or a timing pin fitted to the timing
case front cover which, when loosened,
engages in a hole in the rear of the crankshaft
pulley. If neither of these methods are available,
TDC c¢an be found by the use of a dial test
indicator on the top of a valve stem as already
given,

. Remove fuel injection pump and fit adaptor

PD.67B-1 (see fig. LB) 1o fuel injection pump
gear. Ensure dowel is in corrct location be-
tween gear and adaptor. The shaft of the adap-
tor must be toward the rear of the engine.

For pumps with tapered drive shafts, fit adaptor
PD.67-2 through hole in rear of timing case
and secure with nut to fuel pump gear.

. Loosen screw (5, fig. L7) of timing tool

MS.678 and remove splined shaft (6] {(retain
for tapered drive shaft purnps). The adaptor
ring {1) is not used with this engine type.

. Ensure pointer (2) of timing tool is in position

with right angled straight edge to front of tual
and notch at the bottom (see fig. L8). The end
of the pointer with the straight edge must be
kept away from the front of the body. Ensure
that the fiat of the washer fitted behind the
screw (3) which fastens the pointer, is in posi-
tion over pointer.

. Loosen screw (4) which fastens bracket and

set bracket so that the edge with a chamfer is
in line with the correct engine check angle {see
page C14}.

. Press fuel injection pump gear and adaptor

towards rear and connect splined shaft of adap-
tor into timing tool with master spline engaged
and lock adaptor shaft in timing tool with rear
face of adaptor against front face of timing tool.

. Move tool forward complete with gear so that

spigot of the 100l fits in the hole in the timing
case. Far pumps with tapered drive shafts, fit
timing tool in fuel pump position, slide splined
shaft {6} forward into adaptor and lock with
screw (B) (see figs. L7/L8). If pointer is 180°
out of position, the engine is on the wrong
stroke. Remove the tool and set engine on cor-
rect stroke. The fuel injection pump gear must
be held in mesh when the engine is turned.

. Move the pointer forward to reach rear face of

timing case and lock in position.

. Turn tool clockwise from rear to remove back-

lash and check that mark on rear of timing case
aligns with straight edge of the pointer {see fig.
L8). Make a new line if necessary or. if there is
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no line, make a line along the straight edge of
the. pointer. If line is 7° or more from the
straight edge, this indicates that gears are pro-
bably not correctly fitted and the timing of the
gears must be checked.

10. Remove tool and adaptor from the fuel injection
pump gear and fit fuel pump to engine as given
on page P7.

To check mark angle of DPA fuel injec-
tion pump by use of tool MS.67B and
adaptor PD.67-3 Fig, L7

1. Loosen screw {5, fig. L7) and put the splined Timing Tool
shaft with the smali diameter to the rear to fit
in the centre of the fuel injection pump hub.
For pumps with tapered drive shafts remove
splined shaft.

Adaptor Ring

Pointer

Pointer Securing Screw
Bracket Securing Screw
Shaft Securing Screw
Splined Shaft

2. Ensure that pointer (2} of timing tool is in a
position with slot to rear of tool and sides of
the slot with chamfers are on the outside. The
end of the pointer with the slot must be kept
toward body of tool, Ensure that the flat of the
washer fitted bebind the screw (3} which
fastens the pointer is in position over pointer.

S

3. Release screw {4} which fastens bracket and
set bracket so that the edge with a chamfer is
in line with the correct fuel injection pump
mark angle {see page C14).

® 4. Fit timing tool with splined shaft in fuel injec-
tion pump hub and move tool toward the fuel
pump to connect on the end of the hub and
lock shaft in tool (see fig. L9). For pumps with
tapered drive shafts, fit adaptor PD.67-3 onto
drive shaft key and then locate timing tool over
adaptor and drive shaft.

5. Connect No. 1 cylinder outlet 10 an atomiser
tester and operate the tester until it reaches
31 kgf/cm® (30 atm or 440 Ib/in%). I pre-
ssure valve is fitted, this must be removed.

6. Turn pump clockwise from the front until it
stops.

7. Move pointer forward until it is half over pump
flange. Check that timing mark is central to slot
in pointer. Make a new timing mark if
necessary.

To check mark angle of Stanadyne Fue!
injection pump by use of tocl MS.67B
and adaptor PD.67B-1 and PD.67B-6.

1. Fit the adaptor PD.67B-1 to the hub of the
pump by use of the special setscrews (part of
tool PD.67B-6). Ensure that the location slots
of the hub and adaptor are together and in line
{use the alignment gauge, part of tool PD.67-6)
and that the adaptor is concentric with the hub,
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2. Remove the splined shaft from the timing toal
(MS.67B) and slide the small splined open end
of the timing tocl onto the splined shaft of
adaptor PD.678-1. Lock the timing tool into
position with securing screw (5, fig. L7).

3. Ensure the long pointer, part of tool PD.67B-6
is in position and sides of slot with chamfers
are on the outside. Ensure that the flat of the
washar fitted behind the screw (3, fig. L7)
which fastens the pointer is in position,

4. Release screw (4, Fig. L7} which fastens brac-
ket and set bracket so that the edge with a
chamfer is in line with the correct fuel injection
pump mark angle {see page C14),

Note: As the tool will have to be fitted in the
reverse position to normal, the setting angle has
been adjusted to allow for this (see page C14),

5. Connect No. 1 cylinder outlet to an atomiser
tester and operate the tester until it reaches
31 kgt/em?® (30 atm or 440 |bf/in?). If a pressure
valve is fitted, this must be removed.

6. Turn pump clockwise from the front until it
stops.

7. Move pointer forward until it is half over pump
flange. Check that timing mark is central to slot
in pointer. Make a new timing mark if
necessary.
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Lubrication circuit ricating ail comes out of this hale on the camshaft
side of the engine and passes through an outside
pipe to the lower connection of the centre camshaft
bearing. With some engines, oil is also passed 1o
the front camshaft bearing. .

The lubrication circuit is shown in fig. M1.

Pressure lubrication is supplied by a rotor type
pump driven through gears from the front of the
crankshaft. The lubricating oil is sent through a full

flow filter to the pressure rail which is horizontally As the camshaft turns, a slot in the camshaft centre
drilled along the left side of the cylinder block. From journal aligns with two holes in the camshaft bear-
the pressure rail, lubricating oil passes to the ing and a reduced lubricating oil supply passes to
I;;ir:rankshaft main  bearings and through the the cylinder head through another outside pipe to
"'¢rankshaft to the big end bearings. On T3.1524 lubricate the rocker shaft assembly. From the rocker
> engines, lubricating oil is” passed from the filter shaft assembly, oil falls from the cylinder head into
head/pressure rail connection, to the turbocharger the camshaft chamber and from the front of the
" : bearings. The cylinder bores, pistons and smali end chamber to the timing gears. The timing gears are
bushes are lubricated by splash. also lubricated by oil which passes from the
horizontal passage at the front of the cylinder block
A hole is drilled across the front of the cylinder to the idler gear hub. Qil then passes from the hub
block which connects with the pressure rail. Lub- through a hole in the idler gear boss.
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Lubricating oil pressure

Ensure that lubricating oil pressure is shown on the
gauge.

The oil pressure can be variable with different
engines, but the minimum pressure at maximum

engine speed and normal engine temperature is
207 kN/m? (30 Ibf/in%} or 2,1 kgf/cm®.

. There can he a decrease in pressure when idling
and when the engine is hot.

If the lubricating oil pressure shown on the gauge is
below normal, check for the reason in the order
which follows.

1. Check for carrect amount of lubricating oil in
sump.
2. Check oil pressure for accuracy.

Ensure lubricating oil filter is not dirty. If
necessary, fit new canister or element.

4. Ensure sump strainer is not dirty. Clean if
necessary.

5. Ensure that suction and delivery pipes to and
from lubricating oil pump are tight.

6. Dirt can keep the lubricating oil relief valve
open.
Lubricating oil filters

It is important that the lubricating oil filter canister
ar element is renewed at the correct interval as
given an page D2.

The strainer in the lubricating oil sump needs no
special maintenance but can be cleaned every time
the sump is removed.

With current engines, the main lubricating oil filter
has an element which is integral with the canister.

Earlier engines had a separate element fitted in a
filter bowl.

Both types of element must be renewed and not
cleaned. The correct service interval is given on
page D2.

To renew lubricating oil filter element
1. Remove centre bolt on filter head (see fig. M2).
Remove filter bowl {see fig. M3).

Remove the filter element and discard.

Clean inside of filter bowl and fit new element.

e ok b

Ensure that felt seal and rubber joints are in
good condition, Renew them if necessary.

6. Fit element and bowl to filter head and tighten
centre bolt.

7. Bun engine and check for leakage. Check
amount of lubricating oil in sump and fill as
necessary.

The bolt which fastens the filter bow! must be chec-
ked to ensure that it’is still tight after the first 20
hours of aperation,
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To renew lubricating oil filter canister

1. Remove the filter canister with a strap wrench
or similar tool and discard the canister (see fig.
M4,

Clean the filter head.

3. Add clean engine lubricating oil to the new
canister. Give the oil time to fill the canister
through the filter element.

4. Lubricate the top of the canister seal with clean
engine lubricating oil.

5. Install the new canister and tighten it by hand
only. Do not use a strap wrench.

6. Run engine and check for leakage. Check
amount of lubricating oil in sump and fill as
NEeCcessary.

Note: Always ensure that the correct type of canis-
ter is fitted.
Lubricating oil relief valve

The lubricdting oil relief valve is fitted in the lub-
ricating oil pump body {see fig. MB) and prevents
tao much pressure when the lubricating oil is cold.

It consists of a spring loaded plunger.

When the lubricating oil pressure is more than the
valve setting pressure, the valve opens and some of
the lubricating oil is released to return to the sump.
When the oil gets warm and reaches the correct
pressure, the valve then closes.

Only adjust the pressure setting by the use of new
parts.

To remove lubricating otl sump
1. Remove the drain plug and drain the sump.
2. Remove the dipstick.

3. Where necessary., remove setscrews which
tasten rear of sump to flywheel housing.

4. Remove all setscrews and nuts which fasten
sump to cylinder block and timing case and
remove sump.

To fit lubricating oil sump

1. Ensure that all joint faces are clean. Fit new
joints with jointing compound applied.

2. Put sump joints in position. Ensure that the
ends of the joints fit into the recesses for the
cork joints.

3. Fit cork joints in the recesses in the timing case
and rear main bearing cap {see fig. ME}.

4. Fit sump and tighten all setscrews and nuts.
5. Fit the sump drain plug and dipstick.

6. Fill the sump to the correct level with engine
lubricating oil. Run the engine and check for
leakage.




To remove lubricating oil pump
1. Remove lubricating oil sump as shown earlier.

2. Remove the three setscrews at bottom of tim-
ing case front cover and the two nuts at bottom
of timing case. Remove bottom half of timing
case.

3. Remove pump suction pipe and strainer and
disconnect delivery pipe from pumgp to cylinder
block.

4. Remove circlip and move idler gear forward.

Remove the three setscrews which fasten lub-
ricating oil pump to front main bearing cap and
remove the pump (see fig. M7).

To dismantle lubricating oil pump
Remove idler gear.

2. The lubricating oil pump gear must not be
removed as this can reduce the interference fit
of the gear. A pump which is worn can not be
corrected as separate parts are not available,

3. Remove the three screws with a special screw-
driver and remove the purmp end plate.

4. Remove rubber sealing ring — where fitted {see
fig. M8).

5. Remove outer rotor from pump body.

The lubricating oil relief valve is fitted in the
body of the oil pump. It is adjusted before the
engine goes out from the factory.

Lubricating oil pump inspection

The clearances for new pumps are given in Section
C.

1. Thoroughly clean all parts and check for cracks
and other damage,

2. Install outer rotor in purnp body. Ensure edge
of rotor with chamfer is to the inside of the
purnp body. Check clearance between max-
imum diameter of inner rotor and minimum
diameter of outer rotor at all positions {see fig.
M3j).

3. Check the clearances between top of rotors and
end of pump body {see fig. M10).

Note: If an oil pump is worn so that it does not
give the correct lubricating oil pressure, it must be
renewed. Component parts are not supplied
separately.

To assemble lubricating oil pump

1. Fit outer rotor in pump body with edge of rotor
with chamfer to the inside of the body.

Fit rubber sealing ring = whare fitted.

Fit end cover and tighten screws.

LUBRICATION SYSTEM—M.5
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To fit lubricating oil pump 7. Fit the three setscrews at the bottom of the

ot L \ . . timing case front cover.
1. Fill lubricating oil pump with clean |ubricating g

cil 8. Fit the lubricating oil sump as already given.

2. Fit idler gear to shaft but do not fasten with

Al Note: Before the engine is started, it must be
circlip.

turned with the stop control operated until Jubricat-

i
|
3. Fit lubricating oil pump to front main bearing | ing oil pressure is shown on the gauge.
cap and fasten with three setscrews. Connect | I an electrical solenoid stop control is fitted, turn
delivery pipe from pump to cylinder block. | the start switch to the "R position,

Fasten idler gear with circlip.
Fit suction pipe and strainer.

Fit timing case bottom half and tighten two
nuts and washers to timing case top half.
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Fig. N1

Fig. N2

Cooling system

The engine is supplied with coolant from a cen-
trifugal type water pump installed on the front of
the timing case cover. The drive is by belt from the
front of the crankshaft.

The pump does not need to be lubricated as the
bearings are packed with special quality grease at
the factory.

To check and adjust fan belt tension
1. Renew the belt if it is worn or damaged.

2. With thumb pressure of approximately 10 kgf
(22 Ibf), press the fan belt down at the centre
of the iongest free length of the belt and check
the beit movement (see fig. N1). The beit
movement must be 10 mm (3/8 in). Where
necessary, adjust the tension as given below.

3. Loosen the alternator or dynamo bolts and
adjustment link setscrews.

4. Change the alternator or dynamo position to
give the carrect tension and tighten the alter-
nator or dynmamo bolts and adjustment link
setscrew.

5. Check the belt tension again to ensure that it is
still correct.

Note: If a new belt is fitted, the belt tension must

be checked again after the first 25/50 hours of

operation.

To drain cooling system

1. Ensure that the machine is on level ground.

2. Remove the radiator filler cap.

3. Remove the drain plug from the side of the

cylinder block to drain the engine. Ensure that
the drain hole does not have any restriction.

4. Open the tap or remove the drain plug at the
hattom of the radiator to drain the radiator. If a
tap or plug is not fitted to the radiator, discon-
nect the bottom radiator hose.

5. Where necessary, flush the system with clean
water.

6. Fit the drain plugs and radiator cap. Where
necessary, close the radiator tap or connect the
radiator hose.

To remove water pump
1. Drain the cooling system.
2. Remove fan belt and fan.

3. Disconnect water pump inlet and outlet hose
connections.

4. Disconnect by-pass connectign from thermostat
housing.

5. Release the three setscrews which fasten back-
plate to timing case and cover and the two
setscrews which fasten water pump to cowver
and remove pump complete with backplate {see
fig. N2}.

6. Release the two nuts and screws and remove
water pump from backplate.




To dismantle water pump {see fig. N3)

1. Remove water pump pulley by the use of a
suitable tool (see fig. N3}). The holes tapped in
the pulley can be used for this purpose.

2. Press water pump shaft (2) complete with
bearings and impeller {7} out through rear of
pump body (1).

3. Press shaft and bearing assembly out of
impeller.

4. Remove ceramic counterface (6}, seal {5} and
thrower where separate, (4} from water pump
shaft.

The water pump shaft.and bearings are a complete
assembly and can not be dismantled.

Note: Later water pumps are fitted with a one piece
‘cassette’ type seal which includes the counterface
and thrower. (See fig. N4A).

To assemble water pump (see fig. N4)

1. With the shorter end of the water pump shaft
to the front, press the shaft and bearing
assembly (2) into rear of water pump (1) until
the end of the bearing housing aligns with the
front of the water pump body.

2. Fit thrower where separate, (4) and seal (5)
with carbon face to rear of pump and flange
against the inside face of water pump body.

3. Fit ceramic counterface {B) to shaft with
ceramic insert towards seal.

4. With a support on the front end of the water
pump shaft, press impeller (7), with blades
inwards, on rear of shaft until there is a
clearance of 0,25 mm {0.010 in) to 0,51 mm
{0.020 in) between blades of impeller and
pump body (see fig. N5).

Ensure pump turns freely.

Fit any setscrews that can not be put in posi-
tion after the pulley is fitted. These setscrews
have aluminium sealing washers.

7. With a support on the impeller end of the water
pump shaft, press on water pump pulley until
the front end of pulley aligns with front end of
shaft. Where the fan mounting face is extended
forward (see fig. N6), press the pulley on the

water pump shaft until the fan mounting face is .

140,49 mm (5.531 in} from the rear face of
the pump body.

8. Check the clearance again between impeller
blades and water pump body and ensure pump
turns freely.

Note: Where a water pump is fitted with a ceramic
seal and the engine is run without coolant in the
water pump, the carbon seal and ceramic counter-
face can get very hot and will cause cracks in the
ceramic. This can cause water to leak from the
pump and does hot always indicate that the seals
have been fitted wrongly.

Py

,_
N

NoorwN=

COOLING SYSTEM—N.3

__ 0.010/0.020in

{0,25/0,51 mm}
)
- o
5 1
1
4
[ 2
1
1
1
3 .
4
Fig. N4 .
Water Pump Assembiy
Pump Body
Shaft and Bearing Assembly
Pulley
Thrower
Seal
Ceramic Counterface
Impeller




COOLING SYSTEM—N.4

020 {0,51) To fit water pump to engine
-010 10,25} » L
=T 1. Fit new water pump joints with jointing
' compound.
2. Fit water pump to backplate and fasten with .

screws, spring washers and nuts,

w

. Fit pump and backplate assembly to timing
11— : case cover and tighten the setscrews. The
setscrews which fit in the timing case have
spring washers and those which fit into the
timing case cover have aluminium washers,

AP |

4. Connect water pump inlet and outlet hose con-
I—— nections and by-pass connection from thermo-
stat housing.

A : | B. Fit fan belt and adjust tension {see fig. N1).
6. Fit fan.
6 | 2
1
5
! 0.002 0.010 in
Flg N4 A (0,51/0,25 mm} H
WATER PUMP ASSEMBLY L]
1. Pump Body
2. Pulley
3. Shaft
4. Impeller
5.
6. Ceramic Counterface

{140,49mm)
§.531in.

I
I
I
I
I
I
|
|
I
I
I
Seal |
I
|
I
I
|
:
I
f
|
| Fig. N6

Fig. N&
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Thermostat

A thermostat is installed in the cylinder head water
outlet to enable the engine to reach its correct tem-
perature faster.

The thermostat can be removed after the water
outlet connection has heen removed (see fig. N7).

When a thermostat is fitted, ensure that the jiggle
pin in the top is free to move and the vent hole is
free from restriction.

To check the thermostat put it in water and heat
gradually. With the use of a thermometer, check
that the thermostat opens at the temperatures given
in Section C. If there is a fault, it must be renewed.
A thermostat ¢can not be adjusted.

3.152 Series Workshop Manual, October 1991
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Fig. P2A
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Fuel system

The main components of the equipment to supply
fuel 1o the engine are as follows.

Fuet filters.
Fuel lift pump.

Fuel injection pump.

PowoNo~

Atomisers,

The fuel lift pump supplies fuel from the tank
through fuel filters to the fuel injection pump which
passes it in measured quantities and at correct
intervals to the atomisers.

Fuel must be clean, free from dirt and must be
equal to one of the fuel specifications given on page
c12.

Fuel filters

Precautions have been made to ensure that only
clean fuel reaches the tuel injection pump.

Fuet fifters are installed, also a dirt trap in the fuel
tank.

The first fue filter is a fine gauze type in the filler of
the fuel tank. If there is no gauze filter in the filler,
the tank must be filled through a fine gauze
strainer.

The second fuel filter is a pre-filter fitted between
the fuel tank and the fuel lift pump. This pre-filter
must be dismantled and any water remaoved and the
gauze strainer cleaned at the service interval given
on page D2. Ensure that good joints are made
when this filter is assembled or air leakage can
occur an the suction side of the fuel system.

On some engines, there is an extra filter between
the fuel Jift pump and the main fuel filter and the
maintenance of this fitter is the same as for the
main filter.

The main. filter before the fuel injection pump is a
paper element type. The element must not be
cleaned but renewed at the service interval given on
page D2.

To renew fuel filter element {current
engines)

1. Remove setscrew in centre of fuel filter top
cover (ses fig. P1),

2. Lower filter bottom cover |see fig. P2).
Remove the element canister and discard.

Before new filter element canister is fitted,
clean the top and bottom filter covers,

5. Check that the rubber joints are in good condi-
tion. Renew If necessary.

6. Fit element canister and bottom cover and
tighten setscrew.

After the filter is assembled, remove air from the
fuel system as given later.




To renew fuel filter element (earlier
engines)

The earlier type main fuel filter contains a separate
papet element in a bowl fastened by a bolt at the
bottom of the bowl. A vent plug is fitted in the filter
head.

Renew the element as follows:

1. Remove the boft at the bottom of the filter
bowl.

Lower the filter bowl.
Remave the element and discard.

Clean filter bowl and fit new element.

oos oW

Check the washers and joints are in good con-
dition. Renew if necessary.

6. Fit element and bowi and tighten boit.

After the filter is assembled, remove air from the
fuel system as given later.

To remove air from fuel system

If air gets into the fuel system, it must be removed
before the engine can be started.

Air can get into the system if:

1. The fuel tank is drained during engine
operation.

The low pressure fuel pipes are disconnected.

Any part of the low pressure fuel system leaks
during engine operation.

Note: Some engines are fitted with Stanadyne fuel
injection pumps. These pumps are self venting and
will automatically remove air from the system,

Remove air from the fuel system as follows:

1. Remove air from the fuel filter through the filter
vent plug. If a filter vent plug is not fitted, the
return to tank banjo connection in the top of
the filter can be loosened to reduce the time
needed to fill the filter with fuel. Tighter the
plug or connection.

2. Where the fuel filter is fitted lower than the fuel
injection pump, loosen the inlet connection at
the fuel pump {see fig. P2ZA} and operate the
fift pump to remove any air (see fig. P5).
Tighten the connection.

3. Ensure that the stop control is in the “Run”
position. If an electrical solenoid stop control is
fitted, turn the start switch to the "R position.

4. Loosen the vent screw on the side of the
governor control cover of the fuel injection
pump (see fig. P3). :
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Fig. P6
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5. Loosen the vent screw in the hydraulic head
iock screw on the side of the fuel injection
pump body (see fig. P4). Loosen vent screw on
top of main fuel filter {where fitted).

6. Operate the priming lever of the fuel lift pump
(see fig. P5) until fuel, free from air, comes
from each vent point. |f the fuel pump drive
cam is on maximum lift, it will not be possible
to operate the priming lever and the crankshaft
must be turned through one revolution. Tighten
the vent screw on filter head cover (where fit-
ted), hydraulic head vent screw and then gover-
nor vent screw.

7. Loosen the unicns at the atomiser ends of two
of the high pressure pipes.

8. With the engine speed control in its maximum
position and the engine stop control in the 'run’
position, operate the starter motor until fuel,
free from air, comes from the pipe connhections.
Tighten the unions of the high pressure pipes.

9. If fuel ¢il has drained from the Thermostart fuel
supply pipe, the pipe must be disconnected at
the Thermostart and the priming lever operated
until air free fuel comes from the pipe before
the Thermaostart is operated.

The engine is then ready to start.

i the enging 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 fusl system, there is
probably leakage in the suction or low pressure
system.

Fuel lift pump

The fuel lift pump is of the diaphragm type. It is fit-
1ed to the side of the camshaft chamber and is
driven from an eccentric on the engine camshaft.

It is fitted with a hand priming lever so that the
pump can be operated when the engine is stopped;
to remave air from the fuel systern.

To use this priming lever, operate by hand untit fuel
pipes, fuel lift pump, fuel filters and fuel injection
pump are full of fue! oil.

Note: If the eccentric on the engine camshaft is in
its maximum high position, it will not be possible to
operate the hand pump. Turn engine until pump
can be operated.

Earlier engines had an integral pre-filter fitted but
on later engines, the pre-filter is separate.

To test fuel lift pump when fitted to
engine.

Disconnect fuel lift pump outlet connection.

Turn engine or operate hand priming lever {see fig.
P5). Fuel will be discharged from the outlet connec-

tion every second revolution of the engine or every
time the hand priming lever is operated.
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To check pressure output of fuel lift
pump when fitted to engine

1. Fita 0 to 0,7 kaf/cm? {0 to 10 Ibf/in’} or 0 to
0 70 kN/m? pressure gauge to the fuel lift pump
outlet connection. Ensure that there is no
leakage at the connection between pump and
gauge.

2. Operate starter motor to turn engine for ten
seconds and read the maximum pressure on

gauge.
3. ¥f the pressure is below 0,3 kgf/cm? (4.5 Ibt/

inf) or 31 kN/m® the lift pump must be
corrected.

4. Check the time for the pressure to fall to half
the maximum pressure found under item [2)
after the gngine has stopped. If this is less than
thirty seconds, correct the pump.

To remove fuel lift pump

1. Disconnect fuel pipes from fuel lift pump inlet
and outlet connections.

2. Remove the nuts and washars or setscrews
and plates which fasten the fuel lift pump to
the cylinder block and remove the pump {see
fig. P6).

o To dismantle fuel lift pump (see fig.
. P7)

1. Loosen nut at bottom water trap filter (where
fitted} and remove glass bowl and gauze
strainer.

2. Make a mark across the two flanges for loca
tion purposes when the pump is assembiled.

3. BRemove the five cover screws and divide the
two main parts of the pump.

4. Turn diaphragm 90° in either direction and
remove diaphragm assembly from bottom half
of pump.

5. Remove the valves with a screwdriver or other
suitable tool.

6. Put rocker lever in a vice. Remove the fastener
plates from the grooves in the casting. Remove
rocker lever pin and rocker lever assembily.
Check rocker, pin, lever and return spring for
wear. Renew if necessary.
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To assemble fuel lift pump

1. Fit rocker lever assembly into bottom half of
fuel lift pump.

2. Fit rocker lever spring. Ensure it is in its correct
location.

3. Fit new fastener plates in grooves of casting.
To make them secure, hit with centre punch
over open ends of grooves.

4. Fit the valves into bottom half of pump. To
fasten them in position, hit the casting round
the valves in six places with a centre punch.

5. Fit diaphragm assembly over spring with pull
rod to the bottom. Ensure top of spring is in
correct  position in  diaphragm  protection
washer.

6. Ensure that correct end of pull rod engages into
rocker lever link.

7. Press down on diaphragm assembly so that
noiches on pull rod align with rocker lever link.
Turn diaphragm 90° in either direction to
engage and connect pull rod in the end of the
link.

8. When assembling the two halves of the pump,
push rocker lever towards pump until
diaphragm is aligned with body flanges. The
cover assembly can now be fitted with the
marks on the flanges aligned. With pressure
still applied on rocker lever, fit and tighten
screws and washers evenly.

9. Where necessary. fit the gauze strainer and
glass bowl to water trap filter. Ensure that an
air tight joint is made.

To fit fuel lift pump

1. Ensure that fuel fift pump flange and mounting
face on cylinder biock are clean.

2. Use a new joint and put pump operation lever
into hole in cylinder block.

3. Fit fuel lift pump on studs and tighten nuts and
spring washers, or setscrews and plates.

Fuel injection pump

The fuel injection pump is a distributor type. It is
made of very fine parts and any damage or the
smallest amount of dirt can pravent its accuracy of
operation. Ensure that fuel is thoroughly clean
before it reaches the pump.

Where information is needed for the fuel injection
pump, its type and number must be given.

If service is needed, this is available from your
Perking Distributor or the fuel injection pump
manufacturers distributor.




To remove fuel injection pump

The fuel injection pump is fastened to the back of
the timing case on the left side of the engine. The
fuel injection pump gear is connected 1o the pump
shaft by three setscrews and a dowel or keyway is
fitted to ensure correct location.

Note: Some applications use a fuel injection pump
with a tapered shaft and single nut to fasten the
fuel pump gear.

To remove pump:

1. Remove fuel pipes-from fuel injection pump.
Seal open connections.

2. Disconnect engine speed and stop controls at
pump.

3. Remove cover plate on left side of timing case
front cover in front of fuel pump position.

4. Remove the three setscrews and washers or
nut which secure gear to fuel pump shaft (see
fig. P8). Do not drop them into timing case. For
gears with a tapered drive shaft bore, use puller
tool PD1558 and adaptor PD155B-5. When
gear is loose, ensure it does not drop on
aluminium lug in timing case as this can break
and fuel pump gear can come out of mesh with
idler gear. If gears come out of mesh it will
change the fuel pump timing.

5. Remove the three nuts and washers which
secure fuel pump to back of timing case.

6. Remove fuel injection pump (see fig. P3). If
gear is still tight on fuel pump shaft, hold gear
$0 that it does not drop and break the lug in
timing case and come out of mesh. Do not
turn crankshaft with pump removed and
gear loose in timing case.

To fit fuel injection pump

1. Ensure that slot or key in end of fuel pump
shaft aligns with dowel or keyway in gear and
put pump in position on back of timing case.
Fit pump flange nuts but do not fully tighten.

2. Ensure that dowel or keyway in fuel pump gear
fits in slot or key in pump shaft and fasten gear
to pump shaft with three setscrews and
washers or nut. Tighten nut to the torque given
on page C3. N

3. Adjust fuel injection pump so that line o¢n
flange aligns with line on back of timing case
and tighten nuts.

4. Fit cover plate to timing case cover.
Connect fuel pipes to pump.

6. Remove air from fuel system as given on page
P3.

7. Connect engine speed and stop control.

8. Run engine and check for fuel leakage. If a new

FUEL SYSTEM—P.7

fuel injection pump has been fitted, set the
maximum ng load speed as given below.

To set maximum no load speed

When the fuel injection pump is changed, the
governor is set to a nominal maximum speed and it
must be adjusted on the engine.

The maximum no load speed can be found from the
fuel injection pump setting code. A typical code is
XW50E600/8/2470. It is the last group of num-
bers which indicates the no load speed which, in
this example, is 2,470 rev/min {engine speed).

Note: Current pump codes are now changed, for
example: 2643B131BW/6/2370. (See page C14).
Run the engine until the coolant reaches its normal
operation temperature.

With the use of an accurate tachometer, check the
maximum speed with no load on the engine.

Where necessary, adjust the maximum no load
speed by the adjustment screw on the fuel injection
pump. Turn screw out to increase or turn screw in
1o decrease maximum no load speed.

When the maximum no load speed is correct, the
adjustment screw must be sealed by approved
persennel.

High pressure fuel pipes

If the union nuts on the high pressure fuel pipes
are tightened too much, damage can occur to the
clives and the complete pipe must be renewed.

Fit the pipe to the fuel injection pump and atomiser
unigns. Ensure that the pipe is correctly aligned at
both ends. Do not fit one end and then bend the
pipe to align it at the other end.

When a pipe is fitted, tighten the union nuts by
smail amounts until the correct torque of 30 Nm
(15 Ibf ft) 2,1 kgf m is reached.

When an atomiser is removed, always remove the
whole high pressure pipe. Do not bend the pipe.
Atomisers .

Each atomiser is fastened in the cylinder head by a
flange and two studs.

The joint between the atomiser and the cylinder
head is a special thin copper washer between the
lower face of the nozzle cap nut and the bottom of
the recess in the cylinder head. Only the correct
copper washer must be used. The recess in the
cylinder head, the faces of the copper washer and
the bottom face of the nozzle cap nut must be
thoroughly clean or leakage will occur. A new
washer must be used every time an atomiser is fit
ted. Always ensure that the old washer has been
removed.

Ensure that a serviceable dust seal is fitted to the
atomiser. Earlier dust seals consisted of a single
piece rubber seal, later arrangements use a two
piece dust seal which consists of a plastic or
aluminium sleeve and a rubber seal The sleeve
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must be fitted directly under the atomiser flange
with the soft rubber seal up against the sleeve at
the nozzle end of the atomiser.

When an atomiser is fitted in "the cylinder head,
ensure it fits freely on its studs. The nuts on the
flange must be tightened by small amounts until a
torque of 16 Nm (12 Ibf #) 1,7 kgf m is reached.

If a separate clamp is fitted, tighten to 12 Nm
(91bf 1} 1,2 kgf m.

An atoriser must not be fitted in a tilted position or
gas leakage will occur.

The maintenance pericds for atomisers are given on
page D2, .

With 3.1522 engines. a thin metal heat shield is fit-
ted around the atomiser nozzle and this shield must
be renewed if an atomiser is dismantled.

Do not remove atomisers for correction unless an
atomiser tester pump or other atomisers are
available.

An atomiser fault can be shown by an engine
misfire. :

3.152 Series Workshop Manual Oclober 1991

To find which atomiser is at fault, run the engine at
fast idle speed and loosen and tighten the high pre-
ssure fuel pipe union at each atomiser. When the
union nut of the atomiser at fault is loosened, it will
have little or no effect on the engine speed. Do not
let the fuel spray ento your skin.

Atomiser pressures are given on page C15 and can
be decided from the code letters stamped either on
the atomiser bady or on the atomiser tab washer.

The 'Setting Pressure’ is the pressure at which a
new atomiser is set and is a little high due to the
drop in pressure which occurs during the first hours
of operation. The ‘Check and Reset pressure is the
pressure at which an atomiser which has been used
is checked or set.

After an atomiser has been corrected, it is set to the
setting pressure if a new spring has been fitted or
to the check and reset pressure if the old parts have
been used.

Do not correct and set the pressure of an atomiser
if the necessary equipment is not available.

Always ensure that the correct atomisers are fitted.
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Flywheel and Flywheel Housing
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To remove and fit flywheel

1.

Hemove two opposite setscrews from the

Aflywheel and temporarily fit two guide studs to

ensure safe removal and assembly.

Remove the remainder of the setscrews and
lock plates and remove flywheel.

Check the fywheel and ring gear for damage
and renew as necessary.

Ensure that the location faces of the crankshaft
and flywheel are clean and free from damage.

Fit the flywheel over the guide studs with the
small hole in the flywheel aligned with the hole
which is not tapped in the crankshaft flange. Fit
the lock plates and setscrews in position,
remove the gquide studs and fit the other two
setscrews.

Tighten the setscrews to the torque given on
page C3.

Check the flywheel run-out with a dial test
indicator {see fig. Q1). This must not be mare
than 0,30 mm (0.012 in) total indicator
reading.

Check the alignment of the flywheel face {see
fig. Q2). This must not be more than 0,03 mm
{0.001 in} total indicator reading for every 25,4
mm {1 in) of flywheel radius from the
crankshaft axis to the indicator plunger. During
this check, keep the crankshaft pressed forward
towards the front to remove the effect of the
crankshaft end clearance.

Lock the fiywheel setscrews with the ends of
the lock plates, where fitted.

Flywheel ring gear

The ring gear is heated on to the flywheel. When a
new gear is to be fitted, heat it to an approximate
temperature of 246° (475°F). Ensure that the
chamfered edges of the teeth are to the front of the
flywheel except for some marine engines where
they must be to the rear of the flywheei.




FLYWHEEL AND FLYWHEEL HOUSING—Q.3

Alignment of flywheel housing

1. Ensure that the rear face of the cylinder block

and the front face of the flywheel housing are

" clean and free from damage. Ensure that the
location dowels are correctly fitted.

2. Fit the_flywheel housing and tighten the
setscrews.

3. Check the flywheel housing face alignment with
a dial test indicator with the base fitted to the
crankshaft flange. The maximum tolerance is
given below. During this check, keep the
crankshaft pressed forward towards the front to
remove the effect of the crankshaft end
clearance. Any necessary adjustment must be
made on the front face of the housing and not
on the cylinder block.

4. Check the run-out of the flywheel housing bore
to ensure that it is within the limits given
below. If adjustment is necessary, the dowels
must be removed and new oversize dowels fit-
ted after the adjustment has been made.

Diameter of flywheel Maximum

housing tolerance

Up to 362 mm

{14 % in} G,15 mm {0.006 in)
36216511 mm

(14 % 1020 % in) .. 0,20 mm {0.008 in}
511 to 648 mm

(20 % t0 256 Y2 in) .. 0.25 mm (0.010 in}

o 648 to 787 mm

{25 Y2 to 31 in} 0,30 mm {0.012 in}
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Fig. Rt

Fig. R1 shows a test circuit for 15ACR and 17ACR
alternators with standard terminatls, battery-sensed.

Fig. R2 shows a test circuit for 15ACR and 17ACR
alternators with standard terminals and two piece
connection plug {machine-sensed).
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Fig. R2

Components in figs. R1and R2.

1. 12 voit, 2.2 watt bulb,

2. 0- 60 ammeter.

3. 12 volt battery.

4. 0 - 20 moving coil voltmeter.
5

0 - 15 ohm 50 amp variable resistor.
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ALTERNATORS

Models 15ACR, 16ACR, 17ACR,
18ACR. 23ACR, A115/36, Al115/45,
A127, 9AR and LR Series

Precautions

The diodes in the alternator operate as one way
valves and the transistors in the regulator/control
box operate as fast switches.

They do not wear or need adjustment, but the pre-
cautions which follow are necessary to ensure that
no damage occurs.

1. Do not disconnect the battery while the engine
is in operation. This will cause a high voltage in
the alternator charge system and immediately
burn out the diodes or transistors.

2. Do not disconnect a wire while the engine is in
operation. Ensure all electrical switches are
turned to the off position.

3. Do not cause a shont circuit by the connection
of wires to the wrong terminals. Always con-
nect a wirg to its correct terminal. A short cir-
cuit or wrong connection can give reverse
polarity and burn out transistors or dicdes.

4. Do not connect a battery into the system with
wrong polarity or voitage.

5. Do not touch connections together to check for
current flow. The transistors can be burnt out.

Maintenance

The alternator charge system needs little attention,
but must be kept clean and a check must be made
if it does not keep the battery charged.

1. Check the drive belt for cerrect tension or wear.
Where two drive belts are used, they must both
have the same tension. Loose belts will wear
fast and will not turn the alternator at the cor-
rect speed.

2. Tight belts will cause too much of a load on the
alternator bearings and wear will oceur, ’

3. Where two drive belts are used, both must be
renawed at the same time.

4, Clean the- alternator with a cloth used with
kerosene or similar fluid. Ensure that slots and
air spaces for ventilation are open.

5. Remaove any dirt from the regulator/control box
and ensure that air can pass over the housing.




To test alternator on engine

Check drive belt for wear and tension. Check hot
outputs at 6,000 rev/rmin {alternator speed} to the
nominal values given below.

15ACR - 28A
16ACR - 34A
17ACR - 36A
17ACR {de-rated) - 25A
18ACR - 454
23ACR - 5564
A115/36 - 36A
A115/45 - 45A
A127 - BB/6BA
9AR Series - 70A
LR135 Series - 365A
LR150 Series - 50A

The de-rated 17ACR alternator is used on some
applications which operate under very dirty
conditions.

These outputs can be more when the alternator is
run cold. The test procedure given below must be
used when the alternator is at its normal operation
temperature.

Alternator output test - regulator
disconnected

Remove the twa part connector from the aiternator,
remave the cover (fastened by two screws} and
connect the regulator green wire Or connector to
earth.

Connect a test circuit to the alternator output ter-
minals as shown in figs. R1, R2, R3 or R4.

Carefully note the polarity of the battery and alter-
nator terminals — reversed connections will cause
damage to the alternator dicdes.

The variable resistor across the battery terminals
must not be left cannected for more time than is
necessary to do the test which follows.

Start the engine. At 1,500 rew/'min (afternator
speed), the light in the test circuit will go off.
increase engine speed until alternator runs at
approximately 6,000 rev/min and adjust the vari-
able resistor until the voitmeter shows 13.6 volts.
The reading on the ammeter will then be approx-
imately equal to the rated output as already given. If
there is a large difference between the output read-
ing and the rated output, the alternator must he
removed from the engine for further inspection.

Failure of one or more of the diodes will he shown

in the above test by effect on alternator autput and
can cause high alternator temperature and noise.
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Fig. R3

Fig. R3 shows a test circuit for 1BACR, 17ACR,
1BACR, 23ACR, A115/45, A133/6b and LR
series alternators with European terminals and
single 3 terminal connector plug (machine-sensed).

Broken line cable connection applies to battery-
sensed, in which case, the connections between the
twe "+ terminals will net apply and the broken line
terminal will be marked S instead of '+. {For LR
series, 'IND' terminal is marked D+}.

Fig. R4 shows a test circuit for Motorola SAR
series.
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Fig. R4

Components in figs. R3 and R4.
1. 12 volt, 2.2 watt bulb.

0 - 8D ammeter,

12 volt battery.

0 = 20 moving coil voltmetar.

S S

0 - 15 ohm 50 amp variable resistor.
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To test regulator

The test which follows is where an alternator has
been tested and found to be ¢orrect.

Disconnect the variable resistor and remove the
earth connection from the regulator green wire or
connector strip to frame.

With the remainder of the test circuit connected as
for the alternator cutput test, start the engine and
again run the alternator up ¢ 6,000 rev/min until
the ammeter shows an output current of less than
10 amperes. The voitmeter will then read 13,6 -
14,4 volts. If there is more than a small difference
from this {regulating) voltage, there is a fault in the
- regulator and it must be renewed.

If the above tests indicate that the afternator and
regulator operate correctly, disconnect the test gir-
cuit and connect the alternator terminal connector.
Connect a {low range) voltmeter between the posi-
tive terminal of the alternator (the shaped terminal
connector has an open end to permit this) and the
positive terminal of the battery. Switch on battery
load {headlighis etc), start the engine and increase
speed until alternator runs at approximately 6,000
rev/min. Note the voltmeter reading.

Change the voltmeter connections to the negative
terminals of the alternator and battery and again
note the voltmeter reading.

If the reading is more than 0,5 volt on the positive
connections or 0,25 volt on the negative connec-
tions, there is a high resistance in the charge circuit
which rmust be corrected.

DYNAMO
Model C40A

The C40A dynamo is used with a compensated
voitage control reguiator. A hall bearing hoids the
armature at the drive end and a bronze bush at the
rear holds the cornmutatar end.

The output of the dynameo is controlled by a
regulator which changes the amount of charge as
needed by the battery and the load of the electrical
equipment in use. When the charge of the battery is
low, the dynameo gives a high output, but if the bat-
tery is fully charged, the dynamo gives a low output
to keep the battery in good condition. The output is
increased 1o give current for lights and other
accessories when in use,

When the control box is renewed only the correct
type must be used. A wrang type control box can
cause damage to the dynamo.

Maintenance

t. Lubrication.
Every 250 hours, put a little clean SAE 30
engine oil into the hole stamped "'OIL" at the
commutator end bearing housing.

2. Brushes.
Every 2.500 hours, the dynamo must be
removed from the engine and the brushes
inspected by an approved electrician.

3. Drive belt adjustment.
Every 250 hours, check tightness of dynamo
drive belt. |f loose, make necessary adjustment
of dynamo on its bracket.
Do not tighten the belt too much (see page
N2). Check nut which fastens dynamo puliey.
Correct torque is given on page C3.

To test dynamo on engine

1. Check drive belt tension and adjust if
Necessary.

2. Check the connections on the commutator end
bracket. The large connector is- for the main
dynamo output and the small‘connectar is for
the field current.

3. Switch off all lights and accessories, disconnect
the cables from the terminals of the dynamao
and connect the two terminals with a short
pteces of wire.

4. Start the engine and set to run at normal idle
speed.

5. Connect the negative lead of a 0 — 20 maoving
coil voltmeter to one dynarmnc terminal and the
positive lead to 2 good earth point to the out-
side casing.

6. Gradually increase engine speed when the
voltmeter reading must increase rapidiy without
intermittent movement. The voltmeter reading
must not reach 20 volts. Do not run the engine
at high speed to increase the voltage. Only run
the dynamo up to 1,000 revw/min. [f the voltage
does not increase rapidly without intermittent
movement, the dynamo must be removed from
the engine for further inspection, Too many
sparks at the commutator in the above test
indicates a fault in the armature which must be
renewed.

STARTER MOTOR

Maintenance

Maintenance is not necessary other than regular
checks to ensure that the starter motor and terminal
gonnections are securely fitted and that the connec-
tions are clean.

It is advised that the starter motor be dismantled for
inspection during complete engine overhaul, The
commutator must be inspected and the brushes
and bearings ranewed.

To test in service

ff the starter motor does not operate correctly,
check that the battery is fully charged and that all
commections are clean and tight Check that the
voltage difference hetween hattery, starter motor
and starter switch is not too high.

If these checks show no fault, remove the starter
motor for inspection.
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Fig. T1

T3.1524 Engine

The turbocharger is fitted on the exhaust manifold
outlet, {see page BE). It is lubricated by oil taken
from the engine lubrication system. The minimum
permissible lubrication il pressure is 30 Ibf/in?
(2,11 kgf/cm?) 207 kN/m? at maximum engine
speed and normal operation temperature. Check
pressure regularly.

The maximum boost pressure is 6.0 [bf/in?
(0,42 kgf/em®) 41.0 kN/m? when the engine is
run at maximum speed and full load.

With some engines where it is not possible 1o fully
load the engine, the boost pressure will be lower.

Note: The speed of the turbocharger will change
autornatically with the speed and load of the engine.

Maintenance

Every 20,000 miles {30,000 km) or 1,000 hours,
clean the oil drain pipe from turbocharger to sump,
also turbocharger compressor wheel and cover.

Remove the air inlet connection and compressor
housing and check for dirt etc. (see fig. T1).

Clean the impeller and housing with a soft brush.
Find and correct cause of dirt etc. in compressor as
it can affect rotor balance and cause bearing failure.

With the compressor housing removed, push the
compressor wheel towards the turbine wheel and
turn the assembly that rotates, by hand, to see that
it moves freely. If it does not move freely or there is
bearing noise, remove the turbocharger and disman-
tie for inspection.

To remove turbocharger

1. Disconnect turbocharger inlet and outlet
connections.

Disconnect exhaust pipe.

Remove oil supply pipe and release oil drain
pipe.

4. Release turbocharger outlet assembly from the
cylinder biock.

5. Remove turbocharger from exhaust manifold,
{see fig. T2).

6. Seal open engine connections.

Airsearch T-31 (see fig. T3)

Clean the outside with a pressure spray of a non-
caustic solvent before it is dismantled. Dismantle
only as needed to make the necessary inspection or
repairs.

Remove the bolts, clamps and lockplates which
hold the compressor and turbine housings to the
centre housing group, hit the housings with a soft
faced hammer if force is needed for removal.




Note: if the housing is removed, be careful to pre-
vent damage to the compressor or turbine wheel,
especially the blades, as if the wheels or blades are
damaged they cannot be repaired.

Place the centre housing in a suitable clamp so that
the turbine wheel does not turn. To stop possible
distortion of the shaft use a 'T handle spanner to
remove the compressar wheel locknut.

Remove the compressor wheel from the shaft
Remove the shaft and turbing wheel assembly from
the centre housing. Keep the shaft central with
bearings until out of centre housing.

Note: The turbine steel shroud is not retained to
the centre housing and will fall free when the shaft
wheel is removed.

Remove lockplates and bolts from backpiate.

Hit backplate with soft mallet to remove from
Tecess in centre housing.

Remove thrust collar and thrust bearing from centre
housing.

Remove bearings and retainers from centre hous-
ing. Discard rubber sealing ring.

F G H |
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To clean

Inspect all parts that are to be cleaned for signs of
burns or other damage which possibly will not be
seen after they are cleaned.

Place all parts in clean non-caustic carbon solvent
and use a hard brush to remove all dirt particles.
Dry parts thoroughly.

Note: Normally a light deposit of carbon particles
will not affect turbine operation.

A. Bolt

B. Lock Flate

C. Thrust Bearing

D. Backplate Assembly

E. Lock Nut

F. Compressor Wheel

G. Piston Ring
Compressor

H. Thrust Collar

I. Seal Ring

J. Centre Housing Assembly
K. Retaining Ring

L. Bearing

M. Shroud

N. Piston Ring, Turbine

0. Shaft Wheel Assembly
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Internal parts inspection (see fig. T4)

Parts must not show signs of corrosion, wear, or
other damage. The turbine wheel must not show
signs of wear or contact with other parts. Threads
must not be damaged. The shaft must not show
signs of scratches or seizure with the bearings.

The compressor and compressor wheel bore must
not show signs of damage. Seal parts must not
show signs of scratches or damage to the faces that
rotate. Housings must not show signs of contact
with parts that rotate. Oil and air passages must be
clean and free from dirt etc.

Hone out minor surface damage, Use “Silicon car-
bide abrasive cloth” for aluminium parts and
"crocus abrasive paper” for steel parts.

Change any parts that do not conform.

Change parts as follows: Seal ring, lockplates,
piston rings, turbine housing boits, journal bearings,
hearing retainer rings and compressor wheel lock-
nut. If thrust bearings and thrust collar show signs
of scratches, burns, or other damage, they must be
changed. Make a thorough inspection of the bearing
hores in the centre housing and if the above condi-
tions apply, change the centre housing.

To assemble

Check each part before installation to ensure it is
clean,

Take care to prevent entry of dirt etc. on assembly.

Check thrust collar piston ring groove for cuts or
burns.

Assemble as follows:

1.

Install inner bearing retainers. Lubricate bear-
ings with clean engine oil. Fit bearings and
outer bearing retainers.

. Place turbine whee! in a vertical position. Care-

fully guide shaft through shroud and centre
housing bearings. Place thrust bearing over
thrust collar,

. Fit piston ring on thrust collar. Place thrust

collar over shaft so that thrust hearing is flat
against the centre housing and engages the
centre housing rotation stop pins.

- Ensure that thrust spring is installed in back-

plate. Align mounting holes of centre housing
and backplate and install over shaft and thrust
collar. Use care not to break piston ring when
engaging seal into backplate bore. Backplate is
easily installed if open position is engaged into
backplate bore first.

. Install compressor backplate, bolts and lock

plate. Tighten to 79 Ibf in (104 kgf cm) or
8,93 Nm and secure lockplates.

. Fit compressor wheel. The larger face of the

locknut and the front face of the impeller must
be smooth and clean. Lightly oil threads and
face of nut and tighten to 20 Ibf in {23 kgf cm)
or 2,26 Nm. Then continue to tighten until
length of shaft increases by 0.0055,/0.0065 in
(0,14/0,16 mm). Tighten by the use of T-
handled spanner to avoid side load which may
cause shaft to bend. Check axial end piay for
0.001/0.004 in (0037010 mm) travel. If
equipment is not available to measure shaft
increase in length, this other method may be
used: After installing impeller nut, tighten to
20 Ibf in {23 kgf cm) or 2,26 Nm, continue to
tighten through an angle of 110°.
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10.

11.

. Check for clearance between wheel shroud and

turbine wheel.

. Align compressor housing with centre housing.

Fit the six bolts and three lockplates. Tighten
boits to 130 Ibf in {150 kgf cm) or 14,09 Nm.

. Align turbine housing with centre housrng :

Cover boit heads with a high temperature
thread lubricant. Install bolts, clamps and lock-

plates. Tighten bolts to 130 Ibf in {180 kgf cm)

or 14,09 Nm. Bend up lockplates.

After assembly, push the rotation assembly as
far as possible from the turbine end and check
that it moves freely. Push from compressor
end, and repeat check.

If the unit is to be put into storage, lubricate
internally and instali protection covers on all
open engine connections.

Note: The turbocharger does not need a test after
overhaul. .

i Schwitzer S2A
| To dismantie

1.

Mark the positions of the compressor cover
and turbine housing in relationship to the bear-
ing housing.

. Fasten the turbine housing in a soft faced vice

with the turbocharger shaft vertical.

. Remove the large circlip which secures the

compressor cover and lift off the cover,

. Remove the V Band clamp which secures the

turbine housing and lift the central core

assembly out of the turbine housing.

. Fasten a suitable 12 point socket spanner in a

vice with the socket axis vertical.

. Put the 12 point hub of the turbine wheel into

the socket Hold the core assermbly tight and
release the compressor wheel locknut

. Remove the compressor nut and slide the com-

pressor wheel from the turhine shaft.

. To remove the .turbine shaft and wheel, lightly

hit the compressor end of the shaft with a
small soft faced hammer. Be careful not to
distort or damage the shaft

. Put the bearing housing on the turbine back

plate and remove the retaining ring which
secures the insett.

. Remove the insert and thrower with the extractor

tool as follows:

Put the expander collet into the throWer hore
and unscrew the "T° handle, this will expand
the collet until it grips the thrower.

Turn the aluminium body of the extractor tool
in the thread until it makes contact with the
bearing housing. Hold the body tight and
unscrew the threaded part of the extractor by
careful use of a 1-1/8 AF. (10mm} spanner.
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TURBOCHARGER—T.5

This will pull the insert and the thrower out of
the “O" ring seal in the bearing housing.

To dismantle the insert assembly, push the

thrower sleeve out of the insert and remove the
oil deflector, thrust bearing, thrust washer and
thrust colfar from the bearing.

Remove the outer circlips from both ends of
the bearing housing, then remove the journal
bearings and inner circlips.

Internal parts inspection

1. Bearing housing

{a) Inspect bearing bore visually for signs of
damage or wear.

(b} Check turbine end seal bare for darmage.

. Compressor wheel

(a) inspect visually for signs of corrosion wear
or other damage and for signs of scratches
on the back face. Hone out minor surface
damage. Renew if damage affects wheel
balance.

. Shaft and wheel assembly

{a} Check journal diameter for wear, minirnum
permissible diameter 0.35 in (8,99 mmj

(b) Check seal groove width, maximurm per-
missible width 0.06 in {1,568 mm)

{c) Measure concentricity between large and
small shaft diameter. Limit of concentricity,
total indicator reading, 0.0003 in {0,0076
mm)

{d} Check balance to 0.0005 oz in (0.36 gm
mm) in both planes. Renew_ if not within
limits.

. Compressor cover

Visually inspect cover for signs of damage.
Renew if necessary.

. Turbine housing

Inspect visually for signs of body damage or
high temperature damage such as cracks,
distortion or erosion. Renew if necessary.

. Turbine backplate

Renew if cracked or distorted.

. Thrower sleeve

Check piston ring groove for signs of taper or
damage. Maximum permissible width 0.06 in
(1,58 mm). Renew if worn,

. Thrust ring

Renew if thrust surface is worn. (1t can be used
again if the side that is not worn is put into
contact with the thrust bearing).

. Thrust collar

The thrust collar must not show any signs of
waear on the thrust face,
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TURBOCHARGER—T.6

Tao assemble

Use the Schwitzer Service Parts kit.

1

. Wash all parts in ctean solvent and dry with

compressed air.

. Fit inner bearing retainers to bearing housing

bore. Lubricate the bore with clean engine oil
and fit the journal bearings and outer bearing
retainers.

. Fit a new piston ring seal to the groove in the

shaft and wheel assembly.

. Fit turbine backplate over the shaft section and

put on the back of the turbine wheel,

. Lubricate the shaft and piston ring and fit the

shaft and wheel etc. into the bearing housing.

. Put this assembly into the turbine housing with

the shaft vertical and fit the thrust ring onto the
shaft.

. Fit the thrust bearing into the bearing housing

and lubricate the bearing surfaces,

. Fit the thrust collar and il deflector and fit a

new “Q ring to the groove in the insert

10.

11.
12.

13.

. Fit a new piston ring into the thrower sleeve

and put the thrower sleeve assembly into the
insert Ensure the piston ring is not damaged.

Lubricate the “0O” ring and put the insert
assembly into the bearing housing and shaft
assembly. Ensure the retainer ring has its
bevelled edge at the top.

Fit the compressor wheel and locknut.

Put the 12 point socket spanner in a vice with
the socket axis in a vertical position and put the
12 point hub of the turbine wheel into the
socket,

Tighten the compressor locknut with “T" handle
spanner to 7% (b, ft (1,04 Kg M} and apply
two drops of Loctite 601 to the threads.

. Fit the core assembly into the assembly cover.

Loosely assemble the circlip over the bearing
flange with the chamfered edge towards the
turbine. Fit the circlip in the groove.

. Fit the core assembly into the turbine housing,

align the marks and fit the "V’ band clamp.
Tighten the locknut to § b, ft. (0,7 Kg M.},
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Fig. T
1. Locknut 9. "Q" ring (Optional) 17. Piston ring
2. Compressor wheel 10. Retainer ring 18. Shaft and wheel assy.
3. Compressor cover 11. Oil deflector 19. Turbine housing
4. Thrower sleeve 12. Thrust collar 20. Bearing
5. Piston ring 13. Thrust bearing 21. Circlip
6. Insert 14. Thrust ring 22. V" band clamp
7. Retainer ring 15. Bearing housing assy. 23. Locknut
8. "O" ring 16, Backplate




TURBOCHARGER—T.7

To fit turbocharger
1. Remove seals from open engine connactions.

X 2. Fit turbocharger 1o exhaust manifold, use a new

0 gasket.

3. Fit turbocharger outlet assembly to cylinder
block.

4. Fit il drain pipe, use new gasket.

5. Pour 4 to & fiuid ounces (1107114 ml} of
clean engine oil through oil inlet port of tur
bocharger central housing. Turn  rotation
assembly by hand to pass oil over bearing
surfaces.

6. Connect compressor inlet and outlet pipes and
exhaust pipe.

7. Fit oil supply pipe but do not tighten setscrews.

8. Operate the stop control and turn engine by the
starter motor until a steady flow of oil comes
from the oil supply pipe.

9. Tighten pipe flange setscrews.

10. Start the engine and check for leaks. The
engine must be run at idling speed for three to
four minutes to allow the lubricating oil to flow
before the engine speed is increased.
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MARINE ENGINES—W.2

Marine engines

The D3.152(M) marine engine with a rating of
316 kW (42.5 b.hp) at 2,000 rev/min and the
3HD46 rated at 345 kW {46.0 b.h.p} at 2250
rev/min are for commercial and heavy duty com-
mercial applications. They are similar in design to
other series of D3.152 diesel engies and most of
the component parts can be checked as given in
other sections in this manual for the D3.152,

Some auxiliaries are used with marine engines and
instructions which follow are for the overhaul of
these items.

Altitude

Where marine engines operate at an zaltitude higher
than 600 m (2,000 fi), the fuel delivery must be
changed as given on page C3.

Preventive maintenance

These preventive maintenance periods are general
in application. Check the periods given by the
manufacturer of the boat (if supplied} in which the
engine is installed and, where necessary, use the
shorter periods. These periods must also be adap-
ted to ensure correct operation for any local
regulations.

It is good maintenance to check for leakage and
loose fasteners at each service interval.

These maintenance periods are only for engines
that are operated with fuel and lubricating oils to
the specifications given in this manual,

The schedules which follow must be applied at the
interval (hours or months} which occurs first.

Daily or every 8 hours

Chack amount of lubricating oil in engine sump,
gearbox and reduction box.

Check amaount of coolant.

Check lubricating oil pressure {where a gauge is
installed).

Every 50 hours

Check amount of distilled water in batteries {where
fitted).

Check fresh water
tension.

purmp/generator drive belt

Every 100 hours

Lubricate chain drive and bushes of hand start
equipment and pawl assembly at rear of crankshaft
pulley {where fitted).

Apply grease to hand start ratchet {where fitted).
Clean fuel cil pre-filter {where fitted).

Clean air filter gauze.

Check strainer in the water intake {where the condi-
tion of the water makes this necessary).

Check engine mounting bolts.

3.1562 Series Workshop Mapual. October 1891

Every 250 hours or 4 months

Renew the lubricating oil.
Renew the lubricating oil filter canister.

Every 500 hours or 12 months

Check tappet clearances and oil flow to rocker
assembly.

Check atomisers.

Clean breather pipe on cylinder head cover,

Check heat exchanger (where fitted) and oil coolers
for corrosion and clean where necessary.

Renew the fuel filter element.

Renew lubricating oil in gearbox and reduction gear.
Clean gauze filter in Borg Warner gearbox.

Every 2,500 haqurs

The accessory equipment must be checked (starter
motor, dynamo, alternator etc).

Starting equipment

Hand start or 12 volt electrical start equipment can
be fitted.

Where hand start equipment is fitted, this must be
used with the decompressor lever of the cylinder
head cover.

Where 12 volt electrical start equipment is fitted,
the starter motor is fitted on the right side of the
engine. The starter pinion engages with the starter
ring on the flywheel at the rear end of the engine.

Sump drain pump

With some engines, it is_not possible to drain the
sump by the sump drain plug. If this occurs, a hand
operated sump drain pump can be fitted to the right
side of the engine. The sump capacity is 6,3 litres
(11 pints) 6.6 US quarts. The tatal engine capacity
is 7.1 litres {12.5 pints} 7.5 US quarts.

Gearboxes

Three types of gearbox can be fitted to [3.152(M} and
3HD46 marine engines. These are the Borg Warner
71CR with 2:1 or 2.9:1 reduction, the PRM 1408
with 2:1 reduction and the later PRM 180 with
1.96:1 or 2.94:1 reduction. All boxes are hyd-
raulically operated.

To remove the gearbox

Remove the propeller shaft from the gearbox outlet
flange and move away from gearbox. Remove oil
pipes between cil cooler and gearbox.

Remove setscrews which fasten gearbox to flywheel
housing.

The gearbox can then be removed.




Remove drive plate which connects the gearbox to
the flywheel. If either the flywheel or flywheel hous-
ing is removed, it must be aligned when fitted as
given in Section QL

To fit the gearbox to the engine is the reversg pro-
cedure to removal.

Cooling system

Two systems can be used, either direct or indirect
{heat exchanger]. With an indirect system, the
closed circuit coolant capacity is 8 litres (14 pints}
8.8 US guarts.

With the direct cooling system, a rubber impeller
water pump is used. Water is lifted up from the
outside water inlet to the engine oil cooler and then
through the gearbox oil cooler to the water pump.
From the pump, it is supplied to the c¢ylinder block
and head. The water passes from the engine at the
front of the cylinder head and is discharged to the
outside of the boat.

With the indirect cooling system, two separate
water pumps are used. A rubber impeller water
pump is used to lift the water from the outside
water inlet up to the gearbox oil cooler and then to
the pump. The water is then supplied to the heat
exchanger and the engine oil cooler and then
discharged to the outside of the boat.

The coclant in the fresh water side of the closed cir-
cuit is moved by a centrifugal pump which is belt
driven from the crankshaft pulley. Coolant is
supplied from the heat exchanger by this pump to
the cylinder block and head and then returns from
the front of the cylinder head to the heat exchanger.
For service instructions for the centrifugal type
water pump, see Section N.

To remove and dismantle rubber
impeller water pump

On D3.152{M} and 3HD46 Mkl engines the pump
is driven from the camshaft gear and is fitted on the
right side of the engine.

For 3HD46 Mk2 engines, the pump is driven from
the fuel injection pump drive gear fitted at the front
left side of the engine.

To remove the pump, disconnect the water inlet and
outlet hose connections. The pump can then be
removed by the removal of the setscrews which
fasten it to the engine timing case.

To dismantle the pump:
Remove rear end cover plate.
Rermove impeller.

Remove wear plate.

With the front bearing cover removed, a press can
be used to press out the impeller shaft (from the
impeller end) together with the front bearing. This
releases the drive gear in its housing.
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. The cam in the impeller housing can then be

removed by the removal of the single setscrew.
Remaove rubber seal in impeller housing.
Remove rubber ‘O’ ring.

Remove distance pieces.

The drive gear housing and impeller shaft rear bear-
ing can then be rermovad from the pump body.

Remove front rubber seal.

To assembly the pump, the reverse precedure is
used. The rubber impeller blades must all be in the
same direction in the correct refationship with the
rotation of the pump.

When the water pump is assembled, ensure that
the rubber impeller is lubricated with a suitable
grease.

Note: The impeller can be removed without the
removal of the pump.

When the cam is fitted in the impeller housing, a
suitable jointing compound must be appiied to ali
the top surface, rear face and fastener setscrew
hole of the cam. The cam will go into place one way
only.

With the assembled pump fitted to the engine, the
backlash between the pump and camshaft must be
0.08-0,23 mm (0.003/0.009 in). At the fagtory,
two joints can be fitted between the pump housing
and timing case. If so, ensure that two new joints
are used when the pump is fitted.

If the engine is 10 be removed from service for an
extended period, it will be necessary to remove the
pump end cover and lubricate the rubber impeller
with Marfak 2HD grease at the start of the storage
period.

Qil coolers

These are fitted to D3.152(M) and 3HD46 marine
engines to keep the [ubricating oil and gearhox oil
at the correct temperatures.

To remove oil coolers

Remove inlet and cutlet rubber watgr connections
to the oil coolers.

Remove inlet and outlet oil pipes (gearbox oil cooler
only).

Remove engine oil cooler by the removal of the
bolts which fasten it to the cooler/filter adaptor.
Remove the gearbox oil cooler by the removal of the

two nuts on the ends of the oil cooler fastener
clamp.

To fit the oil coolers, use the reverse procedures 1o
that given above.
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To clean the oil cooler tube stack
The oil coolers will need little maintenance if the
outside water inlet strainer is kept clean.

After a long period of service. it can bé found
necessary to clean the tube stacks and this can be
done in a similar method to that given later for the
heat exchanger.

Note: Qil cooler tube stacks are integral with the

outer casing and can not be removed.

To dismantle the heat exchanger
With the heat exchanger still fitted to the engine:-

Remove the two water pipes from the end covers.

Remove the two end covers by the removal of the
setscraws,

Remove the ‘0" ring seals frem each end of the
tube stack.

The tube stack can now be removed from the heat
exchanger casing.

To clean the heat exchanger tube stack

1f there are hard deposits or debris in the tubes, the
best method to clean them is to use a non-caustic
solution approved by the manufacturers. 1f the
deposits or debris are soft, the tubes can be
cleaned by a length of steel rod 3,2 mm {1/8 in)
diameter, pushed through the tubes in the opposite
direction to the coolant flow. {Ensure the steel rod
does not cause damage to the tube walls).

To assemble the heat exchanger

To assemble the heat exchanger, use the reverse
procedure to that given to dismantle. If the ‘O ring
seals are badly worn or out of shape, they must be
renewed.
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Available from V.L. Churchill & Co. Ltd., Daventry, Northamptonshire, NN11 4NF, England

Churchills Description

Tool No.

PD1D VALVE GUIDE REMOVER AND REPLACER
(MAIN TOOL}

PD1D-1A ADAPTCR FOR PD1D
Two pull bars fitted with nuts. Suitable for
7,94 mm (5718 in) and 9.52 mm (3/8 in)
guides.

PD1D-4 ADAPTQOR FOR PD1D
A 156 mm (19732 in) distance piece used to
fit valve guides to the correct height.

PD1D-9 ADAPTOR FOR PD1D
A 9.5 mm (3/8 in) distance piece used to fit
valve guides to the correct height

No. 8 PISTON RING SQUEEZER

PD41B PISTON HEIGHT AND VALVE DEPTH GAUGE
An easy method to check piston height and
valve depth.

MS67B TOOL TO CHECK FUEL INJECTION PUMP
TIMING

PD67B-1 ADAPTOR FOR USE WITH MSE7B
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Churchills Description
Tool No.
I
® g
I @“Wﬁ“’f
| Qg PD.67B-6 ADAPTOR FOR USE WITH MSG67B AND
| MS678-1
[ Q
!
i |
!
i B
PD.67-2 ADAFTOR FOR MS.678B
For use with tapered drive shaft fuel injection
pump.
. 1
PD.67-3 "L ADAPTOR FOR MS.67B
- For use with tapered drive shaft fuel injection
pump.
| PD.67-4 ADAPTOR FOR MS.67B
; For marking timing case
I
' MS73 VALVE SEAT CUTTER KIT
I {for 45° seats)
MS76 HANDLE FOR VALVE SEAT CUTTERS
Also in 45° valve seat cutter kit MS73,
MS150-8 PILOT FOR VALVE SEAT CUTTERS
Also in 45° valve seat cutter kit M573
MS690 EXHAUST VALVE SEAT CUTTER (357}
Used with handle MS76 and pilot MST150-8.
] ) MS695 INLET VALVE SEAT CUTTER (35°)

Used with handle MS76 and pilot MS150-8.
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Churchills
Tool No.

Description

PD145C -

CRANKSHAFT REAR OIL SEAL REPLACER
ADAPTOR
{lip seal type)

PD1508

CYLINDER LINER REMOVER/REPLACER
(main tool)

For use in service to fit single liners. Not
advised for complete overhaul. .For this work,
use adaptors and hydraulic press,

PD150-18B

ADAPTORS FOR PD150B
To remove and fit 91,44 mm (3.6 in} cylinder
liners.

PD155B

BASIC PULLER

The head has multiple holes at different cen-
tres for use with adaptors given below.
(Perkins tool is complete with adaptors).

PD155-1

1

ADAPTORS FOHR PD155B
To remove water pump pulleys.

PD155B-5

ADAPTORS FOR PD1E65B {METRIC)
To remove fuel pump drive gear with tapered
bore.

338 -

CONNECTING ROD JIG AND 336 MASTER
ARBOR

336-102 -

CONNECTING RCD ARBOR ADAFPTOR
Used with 335,
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Churchills Description
Tool No.
61188 VALVE SPRING COMPRESSOR
PD6118-3 ADAPTOR FOR 6118B
)y MF200-26 WATER PUMP OVERHAUL KIT
ﬁ’ Used with 370 taper base and press.
PD159 TIMING CASE COVER CENTRALISING TOOL
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Alternator
Data
Maintenance
Output test
Regulator test
To test in position

Atomisers
Data
General

Backlash, timing gears
Bearing, connecting rod, data
Bearing, main

Data

To fit
Belt, drive, adjustment
Bush, small end

Data

To fit
Bush, camshaft

Camshaft
Data
Thrust
To remove
To fit
Case, timing
To remave
To fit
To renew
Cooling system, capacity
Cover, timing case
To remove
To fit
Crankshaft
Data
Overhaul
To remove
To fit

Data, engine
Dynamo
Data
Maintenance
To test in position

Filter, fuel oil

General

To renew element
Filter, lubricating oil

General

To renew glement
Flywhee!

To remove

To fit

To renaw ring gear
Fuel system, to remove air

Gear, camshaft
Data
To remove
To fit
Gear, crankshaft, data
Gear, idler
Data
To remove
To fit
Gear, fuel pump
Data
To remove
To fit
Gear, lubricating oil
Pump drive, data
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Gear, lubricating oil
Pump idler, data

Head, cylinder

Data

Overhaul

To remove

To fit
Housing, flywheel alignment
Hub, idler gear

Data

To remove

To fit

Levers, rocker, data
Liners, cylinder

Data

To remove

To fit
L.ubricating oit pressure
Lubricating oif sump

Capacity

To remove

To fit
Lubrication circuit

Marine engines
Number, engine location-

Pin. gudgeon
Data
To remove
To fit
Pipes, fuel
Piston
Data
To remove
To assemble
To fit
To renew
Plugs, coolant, restriction
Precautions, safety
Pump, fuel injection
Data
To check mark angle
To remove
To fit
Pump, fuel lift
Data
Testing
To remove
To dismantle
To assemble
Ta fit
Pump, lubricating oil
Data
To remove
To dismantle
Inspection
To assemble
To fit
Pump, water
Data
To remove
To dismantle
To assemble
To fit

Rating details

Rings, piston
Data
To fit

c12
N2
N3
N3
N4

cz2

Cé
G4




Rocker shaft assembly
Rod, connecting

Data

To remove

To assembie

To fit

Seal, crankshaft front end, oil
Seal, crankshaft rear end, oil
Shaft, rocker
Data
Springs, valve
Data
Starter motor
Data
Maintenance
To test
Tappets
Data
General
Tappet clearance
Adjustment
Thermostat
Data
General
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c10

Fi1

ci2
NG

INDEX—Z.3

Timing
Marks L2
Static position cl4
Engine L2
Valve L2
Torque, recommended tensions Cc3
Turbecharger T2
Valve, crankcase vent F11
Valve guides
Data c9
General F4
Valve, inlet and exhaust c10
Data c10
Overhaul F3
To remove F2
To fit F9
Washers, crankshaft thrust .
Data c8
To fit Jz2
Weights, crankshaft balance J4
Weights, engine dry c2
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