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HEALTH AND SAFETY

TO PROMOTE SAFETY AMD TO AVOID RISK TO
HEALTH, USERS OF PETTER DIESEL EMNGIMES
SHOULD OBSERVE THE FOLLOWING
FRECAUTIONS,

EMSURE THAT THE ENGINE |5 CORRECTLY
INSTALLED, OFPERATED AND MAINTAINED.
ALWAYS FOLLOW MAKER'S INSTRUCTIONS,

BEFORE STARTING THE ENGINE, REMOWVE AS
MUCH OF THE LOAD AS POSSIBLE.

WHEN USING A STARTING HAMDLE, HOLD THE
HAMDLE FIRMLY WITH THE THUME ON TOF OF
THE GRIP AND MOT ROUND IT. KEEP THE
HAMDLE AMD SHAFT CLEAN AND LUBRICATED
TO ENSURE EASY WITHDRAWAL OF HANDLE.

0O NOT REMOVE GUARDS.

KEEFP CLEAR OF HOT, MOVING OR ELECTRICAL
FPARTS.

IF THE ENGIME IS INSTALLED IN AN ENCLOSED
SPACE, VENT THE EXHAUST FUMES TO
ATMOSFHERE,

WHEM TESTIMG FUEL INJECTORS, DO NOT
DIRECT THE SPRAY AT ANY EXPOSED PART OF
THE BODY - IT CAN PEMETRATE THE SKIN.




FOREWORD

This Waorkshop Manual covers the cperation and
maintenance of the Pelter PJ range of air and water
coolad diesel engines. The manual is divided into
two parts which are in turn divided into sections.
Part 1 covers the operation and maintenance of the
air cooled engines (PJ) and Part 2 the maintenance
of the water cocled engines (PIW), The commaon
details of bolh types ol enginas are covered in Part
1.

Cue to the robust construclion and simplicity of
design of Petier PJ range of engines they can be
relied on to aperate for very long periods under the
mosl adverse conditions. Efficient maintenance
howeaver prolongs the life of any engine and this
manual will enable the operater to achieve this
objective.

The information, specifications and illustrations in
this manual are correct at the time of going to print,
Patter's policy 1s one of continuous product
improvement and the right is reserved to alter
information in this manual withouwl prior notice,

ENQUIRIES

Enquiries for Sales, Parts and Service for Petter
air and water cooled diese! engines should be made
to the following—

Parts and Service Headquarters
Pettars Limitad

Harmbale

Southampton

Hampshire

5035 5N

England.

Telephone 0703 452061
Telex ATE26 Petter 3

For New Engine Enquiries and Orders
Fetters Limited

Causeway Works

Staines

Surrey

TW18 3AR

England,

Telephone 0784 51333

Telex 23871 Petter G

Overseas

Enguiries showld be dirccfed fo the local Petlers
Limited Representative. Lisls of Reprasentatives are
available from Pettets Limited on reguest,

ASSOCIATED PUBLICATIONS

PJ1/2 ODperators Handbook

PJTW/2W Cperators Handbook

PJ3/4 Operators Handbook

PJIW/ AW Crperators Handbook

PJZ/PIWE Dperators Handbook

P.J1 Petters Parts Interpretation
hdanuat

FJ1W Fetters Parts Interpretation
rManual

PJ12Z Fetters Parts Interpretation
Manual

PJ1WZ Petters Parts Interpretation
Manual

P42 Petters Parts Interpretation

Manual

PJ2wW Fetters Parts Interpretation
Manual

PJ2Z Patters Parts Interpretation
tanual

PJ2WZ Petters Parts Interpretation
Manual

PJ3 FPetters Parts Interpretation
Manual

PJ3W Petters Parts Interpretation
Manual

PJ4 FPetlters Parls Interpretation
Marnual

PJ4W Petters Parts Interpretation
Manual

PJ Service Hints
Genaral Service Hints

IMPORTANT

When purchasing parts or giving instructions far
repairs, customers should slate the engine type and
serial number, part number or reference number of
the part, the guantity required and in their own
interest, always spacify:

GEMUINE PETTER PARTS

Parts that have nol been supplied by the Petter
organisation cannot be relied upon for cormrec
materials, dimensicns ar finish, Petters cannaol,
therefore, be responsible for any damage arising
from (he use of such parts and the guarantee will
be invalidated,

In your cwn interest, tharelora, specily:

GENUINE PETTER PARTS

PLEASE REMEMBER ...

... @n engine needs fuel -
Keep fuel, tank, filter and piping, clean.

... an engine needs lubricating oil -
Use the correct grade and quality of oil. Keep
oil level topped up,

... 8N engine needs air -
Keep air cleaner clean. Keep alrinlet manifald
and entire exhausl system free of carbon and
any other restriction.

... an engine needs cooling -
Keap cooling system free fram obstruction.



TECHNICAL DATA PJ RANGE

ENGINE
Bore {nominal) 96.8 mm (3.8125 in.)
Stroke 110 mm {4.33 in.)

FPower and Speed per eylinder (Continuous rating).

3.7 kW {5bhp) at 1000 r/min

4.77 kW (6.4 bhp) at 1200 r/min
6.3 KW ({B.5 bhp) at 1500 r/min
7.5 kW (10.0 bhp) at 1800 r/min
8.4 kW (11.3 bhp) at 2000 r/min

0.810 litres {49.4 in%)
17.5:1
2.76 bar (40 Ibf in?)

Cubic capacity per cylinder
Compression ratio

Lubricating oil pressure {minimum)

FUEL TANK CAPACITY (standard engine mounted, one and twa cylinder engines
anly) 9.1 litres (2 gals)

OIL CAPACITY

PJ1 Engine including filker

PJ1Z Engine

PJ2 Engine including filter

Pl2Z Enginge

PJ3 Engine including filter

P4 Engine including filter

Clutch (P41 and PJ2 anly)

Speed Increasing Gear (PJ1 and PJ2 only)

LUBRICATING OIL:

FUEL:

STARTER MOTOR BATTERY:

PJ1 12Y 50AhR
PJ2 12V 65Ah
FJ3 12V 120Ah
FJ4 12V 12040

4 litres (6 pints)

85 litres (5 pints)
53 litres (11.5 pints)
T litres {10 pints)
7.67 litres (13.5 pints)
9.94 litres (17.5 pints)

0.3 litres (0.5 pints)
0.3 litras (0.5 pints)

3.
2.
6.
5.

to MIL-L-46152-B
formerly MIL-L-2104B (now obsolete)

A high grade light distillale

diesel fuel In accordance with
B.5. Specification Mo 2889, 1970
Class A1 or A2

FUEL INJECTION RELEASE PRESSURE: 197 to 217 bar (2850 to 3150 Ibf in®)

FUEL INJECTION TIMING (BY SPILL) : FIXED AND VARIABLE SPEEDS

Pd1, PJ2, PJ3 and PJ4

Fixed speed

Up to 1650 r/min

1651 to 2000 r/min

Variable and two speed
PJ1Z and PJ2Z

All speads

FIRING ORDER (FROM GEAR END)
Threecylinder 1,3, 2
Four cylinder  1,3,4, 2

VALVE TIMING
Intet valve opens
Inlet valve closes

Exhaust valve opans
Exhaust valve closes

TOLERANCES
Camshaft end float:
FJ
PJL

23" before TDC
26" before TDC
23" before TDC

23" before TDC

Slandard Rotation 1, 2, 3 Reverss Rotation

Standard Rotation 1,2, 4.3 Heverso Rotation
Early Late

4.5" pefore TDC 13.5" before TDC

35.5" after TDC 38.5° after TDC

35.5" before TDC 328.5° before TDC

4.5° after TDC 13.5" after TDC

0.71 mm (Q.005 to 0.028 in.)
0.38 mm {0.005 to 0.015 in.)



TECHNICAL DATA PJ RANGE (continued)

TOLERANCES (continued)

Crankshatt end float (new)
Crankshalt end float (not to exceed)
Crankpin ovality (not to exceed)
Cylinder bore wear (not to excesad)
Piston ring gap (new)

Fiston ring gap (nol te exceed)

Exhaust valve lift by decompressor
irmasx)

Bumping clearance
Valve rocker clearance {cold)

Valva dapth from eylinder head face
[rEew)

Small end bush diameter (fitled)

Drive shafl diameler:
PJ1 and PJ2 engines

PJzand Pl4 engines

PJ1Z and PJ2Z engines

Clutch (PJ1 and PJ2 engines anly)

Drive shaft keyway width:
PJ1 and PJ2 engines
P12 and PJ4 gngines
Clutch (PJ1 and PJ2 engines anly)
PJ1Z and PJ2Z engines

Bearing clearance (new) PJ1, PJ2, PJ3
and PJ4

Flywhesal end main bearing

Gear end main bearing
intermediate main bearing
Large end bearing

Bearing clearances (new) PJ12 and
PJ2Z

Main bearings
Large end bearing

CYLINDER REBORING DIAMETERS

Standard

Cwversize 0.5 mm (0,020 in.)

1.0 mm [0.040 in.)

0.203 to 0.508 mm (0.008 to 0.020 in.)
0.63 mm (0.025 in.)

0.08 mm {(0.003 in.)

0.25 mm (0.010 in.)

0.69 to 0.8% mm (0.027 to 0.035 in.)
1.52 mm (0.060 in.)

0.63 mm (0.025 in.)
0.91 to 1.07 mm (0.036 to 0.042 in.)
0.10 mm {0.004 in.}

0.68 to 1.09 mm {0.027 to 0,043 in.)

30.035 to 30.048 mm (1.1825
to 1.183 in.)

47.615 to 47.597 mm (1.8746
to 1.8739in.)

53.964 to 53.944 mm (2.1246
to 2.1238 in.)

28.05 to 38.07 mm (1.499
to 1.4999in.)

38.09 to 38.072 mm (1.4996
to 1.4989 in.)

12.67 to 12.7 mm (0.499 to 0.500 in.)
15.85 to 15.87 mm {0.624 to 0.625 in.}
9.50 to 9.53 mm [0.374 to 0.275 in.)
9.50 to 9.53 mm [0.374 to 0.375 in.)

0.080 to 0.135 mm (0.00275
to D.00525 in.)

0.051 t0 0.115 mm (0.0020 to 0.0045 in.)
0.064 to 0.102 mm (0.0025 to 0.0040 in.)
0.051 to 0.089 mm (0.002 to 0.0035 in.)

0.051 to 0.114 mm (0.002 to 0.0045 in.)
0.051 to 0.089 mm (0.002 to 0.0035 in.}

96.965 to 96.99 mm (3.8175
to 3.8185 in.)

97.478 to 97.498 mm (3.B375

to 3.8385 in.}
97.981 to 98.006 mm {3.8575

to 3.8585 in.}



TECHNICAL DATA PJ RANGE (continued)
CRANKSHAFT REGRINDING DIAMETERS

PJ1, PJ2, PJ3 and PJ4

Main journal
lgear end)

Standard 60.287 to 60.2T74
(2.3735t0 2.3730 in.)
ndersize
0.25mm 60.033 to 60.020 mm
{0.010in)  (2.3635 to 2.363010In.)
0.508 mm 59.779 to 59.768 mm
(0020 in) (2.3535 to 2.3530 in.)
0,762 mm 59.525 t0 59.512 mm
(0.030 in) (2.3435 to 2.343 in.)

(1.016 mm) 59.271 to 59.258 mm
(0.040 in) {2.333510 2.333 in.}

PJ1Z and PJ2Z

Main journal

Standard  60.287 to 60.274 mm

(2.37351t0 2.3730 in.}
Undersize
025 mm 50.021 to 60.02 mm
(0.0100n.) {2.3635 to 2.363 in.)
0.508 mm 59.779 to 59.766 mm
{0.020 iny {2.3535 10 2.353 in.)
0762 mm 59.525 to 59.512 mm
{0.030in) (2.3435 to 2.343 in.)
1.016 mm 59,271 to 59.258 mm
(0.040 in) 2.3335to 2.333 in.)

TORQUE SPANNER SETTINGS

Large end bolts
Cylinder head nuts
Cylinder crankease studs
Cylinder head rocker support;
Large nut
Small nut
Gear end extension shaft bolts
Flhywhee! extension shaft bolts:
FJ1 and PJ2
PJ3 and PJ4
Flywhee| securing bolts P, PJ2
FJ3 and PJ4 anly
Fuel pump high pressure union
Fuel injector nuts
Intermediate main bearing cap:
PJ2 and PJ22
PJ3 and P4
Inspection cover bolts
Crankshaft gear retaining bolt
Balance weight bolt

Main journal
ifhywheesl end)

104.673 to 104.661 mm
{4.121 to 4.1205 in.)

104.419 to 104.407 mm
(4.111 to 41105 in.)

104.165 to 104.153 mm
{4.101 to 4.1005 in.)
103.211 to 103.899 mm
(4.091 to 4.0905 in.)
103.657 to 106.643 mm
(4.081 to 4.0805 in.)

Intermediate journal
and crankpin

63.325 to 60.312 mm
(2.375 to 2.3745 in.)

60.071 to 60.058 mm
(2.2365 to 2.3645 in.)

59.817 to 59.804
(2.355 to 2.3545 in.)

59.563 to 59.55 mm
(2.345 to 2.3445 in.)

59.309 to 59.286 mm
{2.335 to 2.3345 in.)

T7 Nm (57 Ibf ft)

Intermediate journal
and crankpin

60.325 to 60.312 mm
(2.375 10 2.3745 in.)

60.071 to 60.058 mm
(2.365 to 2.3645 in.)

58.817 to 59.804 mm
(2.355 10 2.3545 in.)

59.563 to 59.55 mm
(2.345 to 2.3445 in.)

99.309 to 59.226 mm
(2.335 to 2.3345 in.)

75 to 88 Nm (55 to 85 |bf 1)
34 to 41 Nm (25 to 30 Ibf ft)

88 Nm (65 Ibf ft)
43 Nm (32 Ibf ft)

30to 34 Nm (22 to 25 |bf fi)

41 to 47 Nm (30 to 35 Ibf ft)
61 to 68 Nm (45 to 50 Ibf ft)

64 Nm (47 Ibf ft)

54 Nm (40 Ibf ft)
20 Nm {15 Ibf ft)

34 Nm (25 Ibf t)
54 Nm (40 Ibf ft)
22 Nm (16 Ibf i)
82 Nm (46 Ibf ft)

156 to 163 Nm (115 to 120 |bf ft)



TECHNICAL DATA PJW RANGE

ENGINE
Bore (nominal) 96.8 mm (3.8125 in.)
Stroke 110 mm (4.33 in.)

Power and Speed per cylinder (continuous rating)

at 1000 r/min
at 1200 r/min
at 1500 r/min
at 1800 r/min
at 2000 r/min

0.810 litres {49.4 in®)

3.7 kW (5 bhp)
4.77 kW (6.4 bhp)
6.3 kW (8.5 bhp)
7.5 kW (10.0 bhp)
B.4 kW {11.3 bhp)
Cubic capacity per cylinder
Compression ratio 17.5:1

Lubricating oil prassure (minimum)

2.76 bar (40 Ibf in®)

FUEL TANK CAPACITY (standard engine mounted,

one and twa cylinder engines anly)

OIL CAPACITY:

PJ1W Engine including filter
FIMWE Engine

FJ2W Engine including filter
PJZWZ Engine

FJ3W Engine including flilter
PJ4W Engine including filter

Clutch (PJ1W and PJ2W aniy)
Speed Increasing Gear (PJ1W and PJ2W only)

LUBRICATING OIL:

FUEL:

STARTER MOTOR BATTERY:
PJ1W 12V 50Ah
PJ2W 12V 65Ah
FJ3W 12V 120Ah
PJaw 12¥ 120Ah

9.1 litres (2 gals)

3.4 litres (6 pints)
2.85 litres (5 pints)
6.53 litres (11.5 pints)
5.7 litres (10 pints)
7.67 litres (13.5 pints)
9.94 litres {(17.5 pints)

0.3 litres (0.5 pints)
0.3 litres (0.5 pints)

to MIL-L-46152-B
formerly MIL-L-21048 {now obsolats)

A high grade light distillate
diesel fuel in accordance with
B.5. Specification No 28621870
Class A1 or A2

FUEL INJECTION RELEASE PRESSURE: 197 to 217 bar (2850 to 3150 Ibf in®)
FUEL INJECTION TIMING (BY SPILL): FIXED AND VARIABLE SPEEDS

FJ1W, PJ2W, PJ3W and PJ4W

Fixed speed
Upto 1850 r/min

1651 to 2000 rfmin

Variable and two speed
PJIWE and PJ2WZ

All speeads

FIRING ORDER (FROM GEAR END)

23" before TDC
267 before TDC
23" before TDC

23° before TDC

Three cylinder 1, 3, 2 Standard Rotation 1, 2, 3 Raverse Rotation

Four cylinder 1, 3, 4, 2 Slandard Rotation 1,2, 4, 3 FReverse Rotation
VALVE TIMING Early Late
Inlet valve opens 4.5° before TDC 13.5" before TDC

Inlet valve closes 35.5° after TDC

Exhaust valve opens 35.5" before TDC
Exhaust valve closes 4.5° after TDC

38.5" after TDC

38.5° before TDC
13.5° after TDC



TECHNICAL DATA PJW RANGE (continued)

WATER CAPACITY (RADIATOR)

PJ1W engine
PJ2W engine
FJ3W engine
PJ4W engine

Temperale
5.7 litres (10 pints)
8.5 litres {15 pints)

WATER CAPACITY (COOLING TANK)

FJ1W and PJ1WZ
FJ2W and Pd2wWe
P33y
PJaw

Run through water
pear Bhph

Temperate
545 litres (120 gals)
1090 litres {240 gals)
1840 litres (360 gals)
2090 litres (460 gals)

13.6 litres (3 gals)

Tropical
.8 litres (12 pints)
.5 litres {15 pints)
0.2 litres (18 pints)
2.2 litres (22 pints)

6.8
8.5
1
1

Tropical
1090 litres (240 gals)
2180 litres (480 gals)
3280 litres (720 gals)
4180 litres (920 gals)

TOLERANCES
Camshafl end float

P

PJWZE
Crankshaft end float (new)
Crankshatt end float (not to exceed)
Crankpin ovality (not to exceead)
Cylinder bore wear (not to exceed)
Piston ring gap {new)
Pislon ring gap (not to exceed)
Exhaust valve lift by decompressorimax)
Bumping clearance
Valve rocker clearance (cold)
Valve depth from cylinder head face (new)
Small end bush diameter {fitted)

Drive shaft diameter;
PAIW and PU2W enginas

PJ3W and PJ4W engines
PIIWE and PJ2WE engines
Clutch {(PJ1W and PJ2W engines only)

Drive shatl keyway width:
PJ1W and PJ2W engines
PJ3W and PJ4W engines
Clutch (PI1W and PJ2W engines only)
PJIWZ and PJ2WZ engines
Bearing clearances (new) PJ1W, PJ2W,

PJ3W and PJawW
Flywheel end main bearing
Gear end main bearing

Intermediate main bearing

Large end bearing

0.13 to 0.71 mm (0.005 to 0.028 in.)
0.13 to 0.38 mm {0.005 to 0.015 in.)
0.13 to 0.43 mm (0.008 to 0.020 in.)
0.62 mm (0.025 in.)
0.08 mm (0.003 in.)
0.25 mm (G.010 in.)
0.25 to 0.41 mm (0.016 to 0.024 in.)
1.52 mm {0.060 in.)
0.63 mm (0.025 in.)
0.91 to 1.07 mm (0.036 to 0.042 in.)
0.25 mm {0.010 in.)
0.68 to 1.09 mm (0.027 to 0.043 in.)

30.035 to 30.048 mm (1.1825
to 1.183 in.)

1.52 mm {0.060 in.)

47.615 1o 47.597 mm (1.8746
to 1.8739 in.)

53.964 to 53.944 mm (2.1246
to 2.1238 in.)

38.05 to 3B8.07 mm (1.499
to 1.4999 in.)

38.09 to 28.072 mm (1.4996
to1.4989 in.)

12.67 to 12.7 mm {0.499 to 0.500 in.})
15.85 to 15.87 mm (0.624 to 0.625 in.}
2.50 to 9.53 mm (0.74 to 0.375 in.)
8.50 to 9.53 mm (0.374 t0 0.375 in.)

0.080 to 0.135 mm {0.00275
to 0.00525 in.)

0.051 to 0.115 mm {0.0020
to 0.0045 in.)

0.064 to 0.102 mm (0.0025
to 0.0040 in.)

0.051 to 0.089 mm (0.002 to 0.0035 in.)



TECHNICAL DATA PJW RANGE (continued)

TOLERANCES (continued)

Bearing clearances (new)
PJIWZ angd PJ2WZ

Main bearings

Large end bearing

CYLINDER REBORING DIAMETERS

Standard

Oversize 0.5 mm (0,020 in)
1.0 mm (0.040 in.)

CRANKSHAFT REGRINDING DIAMETERS
PJIW, PJ2W, PJ3W and PJAW

Main |ournal

{gear end)
Standard B60.287 to 60.274 mm

(2.3735 to 2,.3730 in.)
Lindersize
0.25 mm 60.033 to 60.02 mm
(0.010in.) {2.3635 to 2.363 in.)
0.508 mm 59.779 to 59.766 mm
(0.020 in.) (2.3535 to 2.353 in.)
0,762 mm 58.525 to 59.512 mm
(0030 in) (2.3435 t0 2.343 in.)
1.016 mm 59.271 to 59.258 mm
(0.0400in) (2.3335 to 2.333 in.)
PJIWZ and PJ2WZ

Main journal
Standard 60.287 to 60.274

(2.3735 to 2.3730 in.)
Undersize
Q.25 mm 60.033 to 60.020 mm
0.010 ) (2.3635 to 2.3630i0n.)
0.508 mm 59.779 to 59.766
{0020 0in.)  (2.3535 to 2.3530 in.)
0762 mm  59.525t0 59.512 mm
(0.030In) (2.3435 to 2.343 in.)
(1.016 mm) 52.271 t0 59.258 mm
10.040 in)  {2.3335t0 2.333 in)

TORQUE SPANNER SETTINGS
Large end bolts

Cylinder head nuts

Cylinder block nuts

0.051 to 0.114 mm (0.002 to 0.0045 in.)
0.051 te 0.089 mm (0.002 to 0.0035 in.)

96.876 to 96.901 mim (3.8140 t0 3.8150 in.)

97.384 to 97.409 mm (3.8340 to 3.8350 in.)
97.892 to 97.917 mm (3.8540 to 3.8550 in.)

Main journal
ifhywhee! end)

104.673 to 104.661 mm
{4.121 to 4.1205 in.)

104.419 to 104,407 mm
(4.111 to 4.1105 in.}

104, 165 to 104.153 mm
(4.101 to 4.1005 in.}

103.911 to 103.899 mm
(4.091 to 4.0905 in.}

103.657 to 106.643 mm
{4.081 to 4.0805 in.)

Intermediale journal
and crankpin

63.325 to 60.312 mm
{2.375 to 2.3745 in.}

60.071 to 60.058 mm
{2.365 to 2.3645 in.)

59.817 to 59.804
(2.355 to 2.3545 in.)

59.563 to 59.55 mim
{2.345 to 2.3445 in.)

59.309 to 59.296 mm
(2.335 to 2.3345 in.)

77 Nm (57 Ibf ft)
84 Nm (62 Ibf ft)
176 Nm {130 Ibf f1)

Intermediate journal
and crankpin

60.325 to 60.312 mm
{(2.375 to 2.3745 in.)

60.071 to 60.058 mm
{2.365 to 2.3645 in.)

599.817 10 59.804 mm
(2.355 10 2.3545 in.)
59.563 to 59.55 mm
(2.345 to 2.3445 in.)
59.309 to 59.298 mm
(2.335 to 2.3345 in.)

Cylinder block crankcase studs
Cylinder head rocker suppaort:

Large nut
Small nut

Gear end extension shaft bolts
Flywheel extension shaft bolts:

PJ1W and PJ2w
FJ3W and PJaw

Flywheel securing bolts PJ1W, PJ2W,

PJ3W and PJ4W only
Fuel pump high pressure union

34 to 41 Nm (25 to 30 Ibf ft)

88 Nm (65 |bf ft)
43 Nm (32 Ibf ft)

30to 34 Nm (22 to 25 |bf ft}

41 to 47 Nm (30 to 35 Ibf fi}
61 to 68 Nm (45 to 50 Ibf fi)

64 Nm (47 Ibf ft)
54 Nm (40 Ibf ft)



TECHNICAL DATA PJW RANGE (continued)
TORQUE SPANNER SETTINGS (continued)

Fuel injector nuts 20 Nm (15 Ibf ft)
Intermediate main bearing cap:
PJ2W and PJ2WZ 34 Nm (25 |bf ft)
FJ3W and PJaw 54 Nm (40 |bf ft)
Inspection cover bolts 22 Nm (16 Ibf ft)
Crankshaft gear retaining bolt 62 Nm (46 Ibf ft)

Balance weight bolt 56 to 163 Nm (115 to 120 Ibf ft)



FUEL CCNSUMPTION CHARTS

The fuel consumptions quoted are for engines
running on full load. The no-lead fuel consumption

is approximately 25% of thefull load consumgption
at the same spaed.

= Continucus Power & Speed Fual sed
ENGINE TYOE
kW HBHP i LitressW i GallonsAcl h
PJ1/PJ1W 3.70 5.0 1000 215 .a78
PJ1Z/PJIWZ 6.30 8.5 1500 . 196 .Bo1
7.5 10.0 1800 .203 .992
8.4 11.3 2000 L2058 931
PJ‘E.-“_PJEW 7.5 10.0 1000 215 .978
PJ2Z/PJ2WZ 12.7 17.0 1500 .196 L8591
14.90 20.0 1800 .203 022
16.8 22.5 2000 .205 931
PJ3/PJ3W 19.00 25.5 1500 199 904
22.4 30.0 1800 .20 .809
25.2 33.8 2000 204 027
PJ4;_PJ4W 25.4 34.0 1500 199 .a04
29.8 40.0 1800 .20 8049
33.6 45.0 2000 204 827

ENGINE DE-RATING TABLES

Petter diesel engines are rated in accordance with
BS 551401 (1.5.0. 3046/1) which has standard
reference conditions as follows:—

TOTAL BAROMETRIC PRESSURE

= 100 kM/m®  (750.1 mm Ha)
AR INMLET TEMPERATURES

- 300°K (27°C)
RELATIVE HUMIDITY

- BOY% (16 mm Hg)

For non-standard site conditions angine power
should be adjusted in accordance with B.S. 55141
(L5.0. 3046/1). When exacl site service powers are
required they should be calculated by using the
following formulae:

1) Sile zevice powsr = Enging power

under slandard

reference conditions O

1

_ . — =1
= k-0.7(1-k) (‘qm

Px-Pyx Y [ Tr).75
Fr- PVr Tx

total barometric pressure
water vapour pressure
absolute temperature
§ reference conditions
X site conditions

nm machanical efficiency
Approximate site service powers can be obainad by
using the correction factors shown . The figures
obtained will usually be suitable for selecting lhe
engine reqguired for an application and can be
considerad accurate to 1% for derating up to 10%
and 2.5% tor derating up to 20%. Where exact
tigures are required, formulae (1}, (2} and {3) should
be used.

ALTITUDE:

B:5% per 500 m above 150 m.
TEMPERATURE:

3% per 10°K (10°C) above 300°K (27 C).

2) o

(31 K

Where P

T
<

_|
[ T (R T

All Petter engines can be de-rated using these
formulae and tables for altitudes up to 2500 m and
ambignt temperatures up to 52°C. For operation
abgve these figures consult Petters Limited for
accurate derate values and engine selection advice:

The tables given can be used when approximate de-
rating is sufficient. ‘

TABLE 1
PERCEMNTAGE DE-RATING FOR ALTITUDE
Allitude De-Raling
Metres Feet E
150 492 #]
200 656 0.6
300 o84 1.9
400 1312 3.2
500 1840 4.5
600 1969 5.8
700 2297 7.1
800 2625 8.4
g00 2953 9.7
1000 3281 11.0
1100 3600 12.3
1200 3932 13.6
1300 4265 14.9
1400 4593 16.2
1500 4921 17.5
1600 5249 18.8
1700 5577 20.1
1800 5906 21.4
1900 6233 22.7
2000 B562 24.0
2100 6890 25.3
2200 7218 26.6
2300 7546 27.9
2400 TB74 29.2
2500 8202 30.5




FUEL CONSUMPTION CHARTS

The fuel consumptions quoted are for engines

running on full load. The ne-lcad fuel consumption

is approximately 25% of thefull load consumgtion
at the same spaed.

: - Continuous Power & Speed Fual Used
ENGINE TYPE
kLY BHEP i Litress AW i Gallons kW h
PJ1/PJ1W 3.70 5.0 1000 215 .a7s8
PHMZ/PIIWZ &.30 8.5 1500 196 .Bo1
7.5 10.0 1800 203 8992
8.4 11.3 2000 205 931
PJ2/PJ2W .5 10.0 1000 215 8978
PJ2Z/PJ2WE 12.7 17.0 1500 1986 891
14.90 20.0 1800 .203 022
16.8 22.5 2000 .205 931
PJ3/PJ3W 19.00 25.5 1500 199 904
22.4 30.0 1800 20 809
25.2 33.8 2000 L2044 927
PJ4,/PJ4awW 25.4 34.0 1500 199 804
29.8 40.0 1800 .20 .809
33.6 4a5.0 2000 204 927

ENGINE DE-RATING TABLES

Petter diesel engines are rated in accordance with
BS 551441 (L5.0. 3046/1) which has standard
reference conditions as follows:-

TOTAL BAROMETRIC PRESSURE

- 100 kN/mM® (750.1 mm Hg)
AR INLLET TEMPERATURES

- 300°K (27°C)
RELATIVE HURIDITY

- BO% e mm Hg)

For non-standard site conditions engine power

should be adjusted in accordance with B.S. 551471

(1L5.0, 3046/1}). When exacl site service powers are

required they should be calculated by using the

tollowing formulae:

(1) Site service power = Engine power

under standard

reference conditions = o
1

@) o = Kk-0.7(1-k (ﬂr_ﬁ “)

(3) k = {Bx-Pvx | [Ir} 75
Pr- Py¥r Tx

Where P = tolal barometric pressure

FVW = waler vapour pressure

T = absolute temperature

§ = reference conditions

X = site conditions

nm = mechanical efficiency

Approximate site service powers can be obtained by
using the correction factors shown - The figures
obtained will usually be suitable for selecting the
engine required for an application and can be
considered accurate to 1% for derating up to 10%
and 2.5% tor derating up to 20%. Where exact
figures are required, tormulae (1), {2} and {3) should
be lsed,

ALTITUDE:

6:5% per 500 m above 150 m.
TEMPERATURE:

3% par 10PK (10°C) above 3007 K {(27°0C),

All Patter engines can be de-rated using thesze
formulas and tables for altitudes up to 2500 m and
ambient lemperatures up to 52°C. For operation
abowe these figures consult Petters Limited for
accurate derate values and engine selection adwice:

The tables given can be used when approximate de-
rating is sufficient.

TABLE 1
PERCENTAGE DE-RATING FOR ALTITUDE
Aftitude e-Halting

Melres Feat %

150 492 o
200 656 0.6
300 984 1.9
400 1312 3.2
500 1640 4.5
G600 1969 5.8
700 2z2a7 7.1
| BO0 2625 g.4
00 2953 [ a7
1000 3281 11.0
1100 3600 12.3
1200 3932 13.6
1300 4265 14.9
1400 4593 16.2
1500 [ 4921 17.5
1600 5240 i8.8
1700 5577 201
1800 5906 21.4
1900 6233 22.7
2000 6562 24.0
2100 6390 25.3
2200 T218 26.6
2300 7546 27.9
2400 7874 29.2
2500 8202 30.5




FABLE 2
FERCENTAGE DE-RATING FOR
AMBIENT TEMPERATURE

Temperalire Oe-Raling
G I i
27 ' 81 0
30 86 0.9
32 a0 1.5
34 93 2.1
36 a7 2.7
38 100 3.3
40 104 3.9
42 108 ' 4.5
44 111 5.1
46 ' 1156 5.7
! 48 118 6.3
50 122 6.0
52 126 7.5
TABLE 3
PERCENTAGE DE-RATING FOR ATMOSPHERIC HUMIDITY AT VARIOUS TEMPERATURES
Ambiant Tamp Fercentage Humidity
i He it 20 19 40 [ a0 &0 o | a0 an [ o0
27 81 - l - - - = rs 0.5 1.1 1.5 1.9
30 86 - - - - - 0.5 1.1 1.7 2.2 2T
32 a0 - = - = 0.3 0.9 1.5 2.2 2.8 3.4
34 g3 | - - - - 0.7 1.3 2.0 2.7 3.4 4.1
36 a7 - - = 0.3 1.1 1.8 2.6 3.4 4.1 4.9
38 100 - - - 0.7 1.5 2.3 3.2 4.0 4.9 5.7
40 104 - - 0.1 1.1 2.0 . 2.9 3.8 4.7 57 6.7
42 108 - - 0.5 1.5 25 | 35 4.5 5.5 6.6 7.7
44 111 - *= 0.2 1.9 3.0 q.2 5.4 6.5 7.7
46 115 - = 1.2 2.4 3.7 5.0 6.3 7.6
48 118 - 0.1 1.5 2.9 4.3 5.7 7.2
50 122 - 0.5 2.0 3.5 5.0 8.7 I
52 126 i - 0.9 2.5 4.2 6.0 .7

NOTE: [nany part ol the world, de-rating for

fumidity rarely gxceads 5%,

ExAMPLE:

The continuous power of englneis 7.5 BHP al
BS 5514 standard referance conditions: Whatwill be
thesite service power at 700 m, 40°C and

TO% humicdity?

From the lables above the tollowing 5 darale figures

are obtained

Altitude = T.1%
Temperature = 3.9%
Hurn_irjiiy = 3.8%
Tatal = 14.8%
Siter service power = 7T.5%

100-14.8
100

7.5 x .852
6.39 BHP




TOOL LIST

This list details the recommended tools {or
equivalents) required to maintain a basic built
FPJ/PJW Petler diesel engine with no variants fitted.

DESCRIPTION

SIZE

QUANTITY

[ Cpen end spanner
Open end spanner
Open end/ring spanner
Open end/ring spanner
Open end/ring spanner
Ring spanner

| Ring spannear

| Hing spannear

| Ring spanner

Dpen end spanner

Cipen end spanner

Ring spanner

Tes bhar
Extension (5 in. long)

Socket
Socket
Socket
Socket
Socket
Socket

Open end spanner
Socket
Pin Punch

Micrometers) external
Micromeater(s) internal
Lead Wire

Circlip pliers internal
Circlip pliers external

Torque wrenchias)

Feeler Gauges
Screwdriver

Flat file

Pliers

il can

Grease gun

Qil pressure test gauge

Tachometer
Injector cleaning kit

316 in. BSF
5/8 in. BSF
1/4 in. BSF
5/16 in. BSF
3/8in. BSF
7MEB in. BSF
1/2 in. BSF
9/16 in. BSF
3/4 in. BSF
149 in. AF
1.1/18 in. AF
8716 in. AF
1/2 in. Drive
172 in. Drive
5416 in. BSF
FA16 in. BSF
9/16 in. BSF
5/8 in. BSF
11/16 in. BSF
1.1/16 in. BSF
16 mm

21 mm

1/8 in.

Oto125 mmiDtesin)
Ot 100 mmidtodin
1.524 mm {0.060 in) thick

0 to 203 Nm (O to 150 Ibf f1)

0 to B.76 Bar {0-100 psi)

I T I A A A R e T T e e e R R e ]

As required

1 pair
1 pair
1

1 st

=
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=
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SPECIAL TOOLS

This list details the special tools required to maintain a
basic build PJ and PJW Petter Diesal Engine. These
tools can be obtained from Petters Limited or their
represaentatives,

——

DESCRIPTION

QY FIG, NO,

Crankshaft Gear Puller

Injector Test Rig

Oil Seal Sleeve: Crankshalt = Flywheel End
Pd1, PIIW, PO Z, PJ2, PJ2W and PJWZ

Oil Seal Sleeve: Crankshaft — Flywheesl end
FJ3, PJ3W, PJ4 and Plaw

Ol Seal Sleeve (Extension Shaft)

Valve Collet Extracior

Fuel Pump Rack Gauge 12.7 mm (0.5 in.}

Fuel Pump Rack Gauge 20.6 mm (0.8125 in.)

Flywhesal Key Extractor Taper Drift PJZ & PJWZ

Engine Lifting Attachments {2 sets required for 3 and 4 cylinder engines}

k=
”—h

-t
(]

[N, S S A S S
Wm~~;mn b

=

Figure 3 Off Seal Sleeve Crankshaft Flywheel End
P4, PJTW, PUTZ, PJ2 PI2W and PUZWE

Figure 2 Injector Test Rig

Figure 4 Oil Seal Sleeve Crankshaft — Flywhee! End
Pd3, PAIW, PU4 and PU4W

Figure 5 Oil Seal Sleeve (Extension Shaft)

Figure 8 Valve Collet Extractar




=T1112.7 mm
(L5 i)

(2)20.6 min
Q8128 in)

Flgure § Flywhes! Key Extractor Taper
Driff PUZ and PJEZW

Figure 9 Engine Lifting Attachment
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PART 1

AlIR COOLED ENGINES
PJ1, PJ1Z, PJ2, PJ2Z, PJ3 AND PJ4

COMNTENTS

SECTION 1 - GENERAL INFORMATION
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Introduction

Enging Maunling
Solid Mounting
Flexible Mounting
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Air Cooling

Clutch (PJ1 and PJ2 anly)

Foundations
Concrete
Grouting

Couplings

Alignment

Air Intake Cleanars
Faper Element
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16 Cyclonic Alr Cleaners
17 Installation of the Cyclonic Air Cleaner
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DRIVE ARRANGEMENTS

1.36 PJ1, . PJ2
1.37 PI1Z, PJ2E
1.38 P43, PJ4
1.39  Rotation
1,40  Pulley Drive
1

A2 Starting Handbe

OPERATING INSTRUCTIONS
Mew of Overhauled Engine

1.43 Freparation for Starting
1.44 Bleeding and Priming the Fuel System
1.45 Engine Running In

Starting

AR Mormral Start

A8 Coid Start

B0 Hit Start

A1 Blopping

.52 Operating Precautions
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ROUTINE MAINTENAMNCE

1.53  Introduction
Initial Checks on New or Overhauled Engines

ot 20 Hours Initial Running
55 Daily Checks
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ST Every 250 Running Hours
S8 EBEvery 500 Bunning Hours
A8 BEvery 2000 Running Hours
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Introduction
Description
Rotary Ol Pump
Hemoyal
Dismantling
Assembly
Replacement
Filter
Ol Pressure Relief Valve
il Restrictor
Deacription
Ciperation
Removal
Maintenance
Replacemant
Cil Pump Strainer
Famaoval
PJ1. PJ2, PI1Z and PJ2Z Engines
FPJ3 and PJ4
Maintenance
Replacemeant
PJ1, PJ2, PI1Z, and PJ2Z Engines
PJ3 and P Engines
Checking the Oil Pressure

SECTION 3 - FUEL SYSTEM

[
Mo =k

(I N 1 S S e Rl G Rl 1. o N 16 0

WRGHURERPPROULERDOLLD
(0 ISR o B (o B w e O wy S B el S

Intraduction
Description
Fuel Tank
PJd1, Pd2, PJZ1 and PJZ2 Engines
PA3 and P Engines
Fuel Filter
To Clean Fuel Filter
Assembly
Fuel Injection Fump
Removal
Dismantling
Maintenance
Assembly
Replacament
Adjustment
Engines Fitted with Overload Stop
Timing
Fual Injector
Ramaowval
Testing (Without a Test Hig)
Dismantling
Maintanance
Assembly
Testing and Setting Up (Using a Test Rig)
Seat Leakage
Chatter Test
Spray Farm
Back Leakage
Replacement
High Pressure Fuel Pipas
Speed Control Adjustment
Speed Control
Fixed Speed
Adjustiable Fixed Spead - Early Type
Variable Speed Control
Variable Speed Control — Early Type
Variable Speed Ratchet Control
Adjustable Fixed Speed



SECTION 4 - AIR FILTRATION

4.1 Intraduction

Air Cleaner Paper Element Type
Famoval
fMaintenance
Assembly

Remaowval
mMaintenance
4, Assembly

SECTION 5 - ENGINE GENERAL
MAINTENANCE

5.1 Introduction
5.2 Decarbonising
Cylinder Head Removal
Rocker Box Dismantling
Cylinder Head Dismantling
Carbon Removal
Valve Seals
Valves: Grinding In
Cylinder Head Assembly
Rocker Box Assembly
Cylinder Head Replacement
Valve Rockers Adjustment
Rocker Box Replacement
Setting the Decomprassor Lever
Cylinder Fiston and Connecting Rod
Hemowal
Cylinder Maintenance
Fiston Maintenance
Connecting Rod Maintenance
519 Small End Bush
5.20 Large End Bearings
5.21 Replacaement
5.22 Bumping Clearance
Flywheel
Removal
5,23 PJ1, PJ2, P43 and PJ4 Engines
5,24 PJ1Z and PJ27 Engines
Feplacement
5.25 FJ1, PJ2, FJ3 and PJ4 Engines
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Hemowval
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5,30 Oil Pump Gearwhes|
.31 Crankshalt Maintenance
532 Main Bearing Maintenance
5.36 Flywhes! End Ol Seal
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542 PI1Z and PJ22 Engines
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5.44 Ohperation
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5.54 PJ1, PJ2, PJ3 and PJ4 Engines
5.55 FJ1Z and PJ2Z Engines
5.56 Extension Shaft Bearing Maintenance
Cooling Fan PJ3 and PJ4 Engines
5.61 Remowval
5.62 Cooling Fan Dismantling
563 Maintenancs
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Air Cleaner OIl Bath Type with Pre-Cleaner

5.64
5.65
5.66

Assembly
Replacement
Fan Drive Belt Adjustment
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Introduction
Adjustment
Ol Flew Adjustment
Removal
Dismantling
Replacemenl
Speed Increasing Gear PJ1 and PJ2 Engines
Discription
Speed Increasing Gear Ratio
Rotation
Remaowval
Replacemeant
Fuel Lift Fump
Remaoval
Dismantling
mMaintenance
Assembly
Checking the Push Rod Protrusion
Replacemant
Hydraulic Pumps
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Installation Checlks
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Engine Speed Gear end
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SECTION 7 - ELECTRICS
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7.30
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738
7.37
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| rtroduction
Electric Starting Equipment
Starter Motor
Raller Clutch
Removal
Maintenance
Replacement
Starter Motor Testing
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Test 2 Starter Terminal Voltage, Under Load
Test 3 Voltage Orop On the Insulated Line
Test 4 Voltage Drop Across the Solenoid
Contacts
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Belt Tension PJ3 and PJ4 Engines
Connections
Lubrication
Armalure Voltage Check
Figld Circuil Check
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ACR Alternator
Connaections
Mairntenance
Yoltage Drop in the Charging Circuit
Voltage Output
Driving Bell
Belt Tension — PJ1 and PJ2 Engines
Belt Tension — PJ3 and P4 Engines
ACH Alternator Chacks



SECTION 8 - PROTECTION AND
PRESERVATION

8.1 Protection

8.2 Intermittent Use
8.3 Freservation

8.5  Preparation for Use

SECTION 9 - FAULT FINDING
3.1 Introduction

Tables

a1 Engine Will Mot Start

9.2  Engine Starts but Fires Intermittently or Soon
Stops

9.2  Engine Lacks Power and/or Shows a Dirty
Exhaust

5.4  Faulty Running



PJ Range Air Coolad

SECTION 1
GENERAL INFORMATION

INSTALLATION

INTRODUCTION

1.1 N is essential that an air cooled diesel engine
is installed correctly to obtain the maximum
performance and reliability. Users are advised that
installation drawings are obtainable from Petters
Limited or their representatives, Petters Limited or
their representatives should also be consulted in
the following caseas)

(1) Beafore proceeding with any new form of

installation,

(2] Where the use of anti-vibration mountings is
contemplated.

ENGINE MOUNTING
Solid Mounting

1.2 The engine and driven unit must be mounted
on a rigid framewaork of sufficiant strength to resist
twisting. Twisted frames can lead to misalionment
which could in extreme cases resull in bearing
wear, fracture of mounting feet or crankcase, Good
quality holding down bolts or studs must be used.
Do not use setscraws.

CAUTION

it is important that the engine is not used to
hold the frame together by being one of the
members itself. Petter engines must be
supporied on their mounting feet. They must not
be overhung.

Flexible Mounting

1.3 Petters Limited work in conjunction with an
anti-vibration manufacturer and should be consulted
before attempting to install an engine on anti-
vibration mountings.

ACCESS

1.4 Before installing any engine suitable provision
must be made to allow accass for the following:

{1} Lubricating oll dipstick removal,

{2} Lubricating ol filler cap remaval, lubricating
oil filling and topping-up.

{3 il filter maintenance.

{4y Fuel filter maintenance.

(50 Air cleaner maintenance.

(B Starting handle operation and withdrawal.

(7Y Operation of controls,

AIR COOLING (Figure 1.1)

1.5 Before installing any engine suitable
cansideration must be given to the fact that it is
vital for alr cooled engines to be supplied with
sufficient air for cooling and combustion to avoid
overheating and overloading.

CAUTION

Under no circumstances may an engine be run
without fan cowlings in position.

1.6 Cooling air is supplied by a cantritugal,
flywhee| mounted, fan (FJ1 and PJ2) or belt driven
axial cooling fan (PJ3 and PJ4) and care must be
taken to ensure that the cooling air intake is
unohstructed. Engines mounted inside housings or
confined spaces must be provided with sufficient
correctly placed apertures to give a tree flow of air,

(1) Cne and Two Cylinder

{2y Three and Four Cylinder

Figure 1.1 Coaoling Air Flow

CLUTCH (PJ1 and PJ2 only)

1.7 It a Petter clutch is fitted and the final drive is
through a belt or chain, a2 bearer must be fitted to
the base pad of the clutch housing.

FOUNDATIONS

1.8 To mount engines on a concrete base,
foundations must be prepared as shown in Figure
1.2. The dimensions shown are for normal site
conditions with solid subsoll and should be
enlarged upon or a raft constructed, if a sofl or
made up ground condition axists. Surfaces should
finish about 25 mm {1 in) below the dimensions
given to allow for grouting up. Foundation bolts can
be supplied to special order only.

Section 1 General Information



Pd Range Alr Cooled

Concrete 1.11 The final surfaces af the foundation bBlock
1.9 The concrete should be made up of one part must be checked to ensure that they are flal, level
best portland cement, twe parts clean sharp sand and at the correct relative heights for engine and
and four parts washed ballast or hard broken stone drivan units. A small allowance (3 mm — 0125 in
ol a size that will pass through 2 25 mm (1 in) .HF!_r:r(mmat{-s_I:.r] should be made in the finished
diametear ring. height for thin metal strips to be placed under the
. mounting feet on either side of, and as close as
Grouting possible to the holding down bolts. Shimming
1.10 The grouting should be made up of one part should then be used in conjunction with these strips
best portland cement and twa parts fine sand. i{: ensure an equal b_e'armg Icuard and prevent
Note distortion of the engine mounting feet when finally

Chwing to the varying nature of ground conditions, Eg;#;mg Inand-tightening:down. the faundation

Petters Limited cannot accept responsibility for
ensuring thal loundafions are satisfactory
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COUPLINGS

1.12 Selection of the correct flexible coupling for
an installation is dependant on application, engine
power and torgue capacity. Pelters Limited or their
representatives should be consulted when in doubt.

ALIGNMENT

1.13 Accurate allgnment is necessary betweean
the engine drive shaft and the driven unit even with
a flexible coupling fitted, as poor alignment
shortens coupling life, causes bearing wear and
produces excessive vibration, Twa principal types of
misalignment can occur; parallel and angular or
thers can be a combination of these two, Parallel
misalignment is whan the shaft driven unit is
parallel to, but not in line with, the engine drive
shaft. Angular misalignment Is when the axis of the
two shafts meet at the correct point but the shafts
are at-an angle to each other. The two types of
misalignment are shown in Figure 1.3. To check the
alignment the following procedure should be carried
out:

(1) Fit the coupling halves to the respective
engine drive shaft and the driven unit shaft,
Shafts should protrude slightly past the inner
faces (Figure 1.4).

(21 Position the driven unit on its base frame so
that the coupling halves are apart by the
same amount as that of the thickness of the
couplings middie section.

(31 Check the parallel alignment by laying a
straight edge across the coupling flanges at
several positions around the circumference,
An alternative method using a dial indicator
can be usaed. Both these methods are shown
in Figure 1.4 (1) and (2) respectively.

4] Using a suitable measuring tool check the
angular alignment by measuring the gap
between the coupling halves at several
pasitions around the circumterence of the
coupling as shown in Figure 1.4 {1).

(5] I the measurements made are in excess of
.05 mm {0,002 in.) adjust the parallel
alignment by placing shims, as necessary,
under the supports of the driven unit and the
canical alignment by adjusting position of the
driven unit on its frame.

(B8] Secure the driven unit to its frame.

\_‘
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Figure 1.3 Misalignment
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Figure 1.4  Checking Misalignment

171 Fitand secure the middle tlexible section of
the coupling making sure that no strain is
applied o the flanges, If necessary with the
middle section secured gently tap the
flanges towards each other at the flange
bases.

CAUTION

Ensure that when the coupling is secured the
end float of the engine shaft and the driven unit
is as specified.

(8) Tighten the grub screws ar bolts securing
the flanges to the shaft.

AlIR INTAKE CLEANERS

1.14 It Is important that the air drawn into the air
manifold inlet is clean and free from contaminants
as these can find their way into the engine and
cause abnormal wear and consequent damage. To
combat this, an efficient air cleanar must be
installed and correctly maintained. Yarying types of
air cleaners and filters for ditfering conditions and
specially engineered to meet individual engine
reguirements, are available. Any doubt in
regquirements consull Petters Limited or their
reprasentatives. The air cleaners are of two basic
types, dry paper element and oll bath.

-

Paper Element

1.15 The paper element is a dry type air lilter
manufactured from a special high quality, resin-
impregnated filter paper. The pleated construction
of the element aliows a large filtering area to be
contained within a comparatively small volume, The
efficiency of this type of element is high and
remains so at-all air flows. In operation the air
passes through the element from the outside to the
inside and the dust is collected on the outer surface
of the pleats.
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Cyclonic Air Cleaners

1.16 For extreme dust conditions it is
recommended that a Cyclonic air cleaner is used,
Airis drawn Into a pre-cleaner where axial vanos
impart a cyclonic twist to the air. This spins out the
larger contaminants against the wall of the cleaner
where they are expelled through a vacuator valve.
The pre-cleanad air is then fed via a paper element to
the angine.

Installation of the Cyclonic Air Cleaner

117 The Cyeclonic air cleaner must be mounted on
a vibration free parl of the engine installation and
not on the engine itsell It is importan! 1o ensure
that a good seal exists belween the pipes
connecting the air cleaner to the inlet manifold. The
number of joints must be kept to minimum, The
length of connecting pipe must not exceed 1 m

(3.2 i) and should be of smooth bore, re-inforced
hose suilable for use in a fuel and lubricating oil
environmeni. 1 must be routed away from exhausi
pipes and kept free from sharp bends and
supported clear of other components to préevent
chafing. ldeally a moulded hose should be used to
suit the particular application. |f it is necessary to
accommaodate different diametear fittings a moulded
adaptor should be titted to the inlet manifold. Worm
drive hose clamps should be used to fix the pipes
and should be check lightened after the first eight
hours of operation.

1.18 It is recommended thal the depression in the
intet manifold should be checked on each different
application to check that the maximum depression
af 8.in H.O is not exceeded and thus degrade the
performance of the enpgine. Althaough pressure
differential devices are available from the air
claanar manufacturer to indicate when the air filter
aelement Is restricted and requires changing they
musl not be fitted as the current pressure settings
that can be supplied are unsuitable for Petter
angines,

Oil Bath

1.19 The oil bath type of cleaner allows the
combustion air to impinge upon oil in an oil cup
befare passing through a wire gauze filter. The oll
cup removes the larger particles of dust and the
incoming air carries the oil up to wash the filter, The
dust particles extracted {rom the air are then carrigd
Lack to the ol cup by the circulation of the oil
through the filter. To cope with mere arduous
conditions, heavy duty air cleaners are available
which have a pre-cleaner fitted to the air intake.
This pre-cleaner is designed to impart a swirl to the
air. This centrifugal action set up by the air throws
the larger particles of dust to the side of the pre-
cleaner. In addition, the heavy duty air cleaners
have a removable elemeant betweean the oll cup and
the fixed element,

Servicing

1.20 Whilst it Is policy to recommend air cleanar
element change periods under narmal
environmental conditions it will be necessary to
increase frequency of element changes where the
engine is being used in dusty conditions {(see
Section 4).

EXHAUSTS

1.21 When fitting an exhaust system to a Petter
engine it is important to ebsernve the following
auidelines:
(1) The exhaust pipe should be uniform in
diameter and length used as short as
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possible. The number of bends should be
restricted to the minimum and the use of
elbows is not recommended.

(2) Exhaust pipes should be installed with a
flange connection in preference to a nipple
ta facilitate periodic dismantling, so that
carbon adhering to the Inside of the pipe can
be removed. A flanged exhausl outlei
manifold with threaded adaptor is available
for all Petter engines,

{3) Where possible, exhaust pipes must slope
down away from the engine, If there is a
possibility of condensate draining back into
the engine, a suitable water trap with a drain
cock must be fitted. This cock should be left
aopen when the engineg s idle.

(4] The weight of the exhaust pipe should not be
taken by the engine manifold. Brackets
which allow far expansion of the pipes
should be fitted and a length of flexible pipe
fitted between the engine and pipe run to
absarb vibration.

(5} The exhaust pipe should be lagoed where it
is liable to obstruct the carrying out of
maintenance or operation of controls. Total
lagging of the exhaust pipe assists In
prevanting internal condensation and helps
to lower engine room of housing
temperature.

Calculating Exhaust Pipe Sizes

1.22 The use of sharp bends and elbows restricts
the flow of exhaust gases and is nol recommended.
The number of bends should be kept to a minimum,
as when the exhaust gas has to pass through a
bend the restriction to flow is equivalent Lo that
caused by a much langer piece of pipe. For example
a1 in BSP pipe bend has the same restriction to
flow as a 300 mm {12 in.) length of pipe, whilsta 2 in.
BSP bend has the equivalent restriction of 10 mm
(24 in.) of straight pipe. As the exhaust pipe size is
calculated using the relationship between length
and diameter it is therefore necessary to make
allowances for the number of bends. This is
achieved by calculating a theoretical pipe length
corresponding to the number of bends and adding
lhis to the pipe length already determined. In order
to establish the exhaust pipe size for a particular
installation proceed as follows:

{1} Accurately measure and note the total
proposed exhaust pipe length.

2] Using Table 1.1 determine the pipe size.
i3] Mote the number of bends required.

4 Using Table 1.2 determine the theoretical
pipe length cerresponding to the number of
bends and add to the pipe length noted in
paragraph 1,221

(5) Using this calculated length and Table 1.1
determine the pipe size.

1.23 Two examples of calculating exhaust pipe
slzes are as follows:

i1} Example 1 — Two Cylinder No Bends
Actual length 10 m

With reference to Table 1.1 — Exhaust pipe
zize 2.5 in. BSP.

2] Example 2 — Four Cylinder Three Bends
Aclual length 10 m

With reference to Table 1.1 — Exhaust pipe
size 3.5 in. BSP

With reference to Table 1.2



Three bends =3 X 11 m=33m
Calculated length = 10 m (actual length) +
3.3 mallowance) = 13.2 m

With reference to Table 1.1

Exhaust pipe length 13.3 m {calculated) =
4.5 in. BSP

Therefore exhaust pipe size 4.5 in. BSP X
10 m lang.

TABLE 1.7
EXHAUST PIPELENGTHAND SIZES (BSP)
RELATIONSHIF

Exhaust pipe size B5P
Exhaust pipe length PJ1, PIIZ T
PJz. PJ2Z y
Upto 6 m
(20 ft.) 2 in. 2.5 in.
6mtol12 m .
(20 ft. to 40 ft.) 2.51n. 3.5in.
1Z2mtoiB8 m
(40 ft. to B0 ft.) 3.5 1In. 4.5 i0n.
18 mto 30 m
{60 ft. to 100 fi.} 4.5 in. 5.5 in.

Note

The 1.5 In. BSP and the 2 in. BSP threadod adaptor
fitted to the PJT, PJ1EZ PJ2, PU2E and PJ3, Pdd
engines respectively, is only suitable for fitting the
standard “pepper pol” type silencer, If an exhaus!
pipe of any length is required an expansion nipple
must be fitted lo the adaptor and the appropriate
size of exhaust pipe used as detaiied.

TABLE 1.2
PIPE LENGTH ALLOWANCES FONF BENDING

Fipe 5ize Add far each bend
2in. 610 mm (2 ft.)
2.5 i0n. 760 mm (2.5 fi.)
3.5i0n. 1.1m (3.51L)
4.5 in. 1.4m (4.51t)
5.5in. 1.7m [5.5 ft.)
Note

Far bends with a radius greater than six imes the
pipe bore no extra allowance /& necessary.

SILENCERS

1.24 A simple "pepper pot” type silencer which is
supplied as standard equipment on most Petter
industrial engines is adequate for general sllencing.
This may also be fitted to the open end of an
exhaust pipe if required, but if the pipe length used
demands an increase in diameter an appropriate
size of silencer must be fitted, Where a higher
degree of silencing is reqguired, a piped exhaust
system Including an asoustic silencer should be
fitted. This type of silencer must be positioned at
the open end of the pipe and the size must conform
to the size of plping. For maximum efficiency a tail
pipe should be fitted to this silencer, the length of
which should ba ten times the diameter of the
exhaust pipe, that is a tail pipe 510 mm {20 in} leng
must Be fitted to a 2 in. BSP silencer and pipe, For
maximur silencing it Is necessary to include an
expansion silencer, fitted closa to the engine
exhaust manifald, in addition to the acoustic
silencer and tail pipe,

P Bange Air Cocled

Spark Arrestor

1.25 Spark arrestors with replaceable elements
can be abtained from Petters Limited or their
representatives and are for use with the acoustic
silencer only. The arrestors should beinstalled as
high as possible and at the open end of the exhaust
pipe. Regular inspection and servicing are essential.

Note
Thiz type of arrestor iz nol a flame trap

LUBRICATION
LUBRICATING OILS

1.26 The engine lubrication oils used in Pelter
engines are haawvy duty oils which must conform to
the minimum performance level as specified by the
.S, Department of Defence Standard MIL-L-

461 52-B which supersedes MIL-L-2104-B [now
obsolete). Other suitable heavy duty engine oils may
be recommended by a local distributor, but the
perfarmance level must be as specified by MIL-L-
46152-B. Pelters Limited or their representatives
must be consulted if doubt arises regarding the
selection of engine oil.

CAUTION

Series 3 or MIL-L-2104-C Lubricating oils inhibit
the running in of new or overhauled engines.
They are not suitable for engines running at
light load in low ambient temperatures. Their
use must be restricted to the combination of
high loads, speeds and ambient temperatures.

Selection of Viscosity [Grade)

1.27 The correcl selection of oil viscosity ta ba
used at various temperatures is given in the charl
shown in Figure 1.5, Although difference viscosilies
of ail are recommended for differing temperatures it
is not always practical o change oils where engines
are operating in various temperature conditions
{marine auxiliary installations). Under these
circumstances it is recommended that an approved
multi-grade be used, il this is not available then the
oil used should be of viscosity (grade) suitable for
the coldest temperature likely to bae encountared,
This recommendation is made with sase of hand
starting as first consideration.

Lubricating Oil to comply with MIL-L-461528 or
ML =21 04 8 [obsolete)
Temperature
R
I" SAE Grades
2+ =125
a0
30— —86 — | RN
i N0
20% O LD
2020 15 a0
54 |-41 S——
U 0w |
Mote: The useof 15WA0 oll at low temperatures may
impair the starting perlormance,
Figure 1.8 Selection of oil grades
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FUEL

STORAGE

1.28 The storage of digsel fuel is subject to local
requlations, but generally, 15 permitted above
ground using conlainers or tanks of authorised
construction and capacity. In order to keap the
engine fuel system functioning carrectly it is
important to ensure that the fuel used is clean and
free from water.

CAUTION

Do not use galvanised containers or the zinc
coating will react with the fuel and damage the
fuel injection equipment.

1.29 FProvision must be made at the base of
storage tanks to drain off water which may
accumulate at the base of the tank. Water absorbed
by the fuel can be kept to the minimum by keeping
storage tanks as full as possible and ensuring that
filler caps and inspection covers are effectively
sealed

HANDLING
1.30 The following points must be observed in

TABLE 1.3 EXTRACT FROM B52868 | 1870
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order to ensure a supply of clean and efficient fuel

(1) The fuel used must be a high grade light
diesel fuel, gas oil or DERY fuel and comply
with BS2869 : 1970 Class A1 or A2 an
extract of which is given in Table 1.3, It |5 not
advisable to use an inferior fuel.

{2} Fuel should be allowed to settle for sufficient
time to allow sludge or water to accumulate
at the bottom of the container or tank,

(3] Fuel from storage tanks should be taken
from a short distance above the base,
enabling clean fuel to be withdrawn without
disturbing water or sediment.

{4) Funnels or cans used for fuel must be kepl
absolutely clean and dry and only used for
fuel.

{5) The engine fuel tank must always be filled
through a strainer. The tank should
occasionally be drained and cleaned by
flushing out with kerosene.

(6] The engine fuel tank should be kept full
when the enging is not in use to prevent
condensation,

Detai

Cetane number {minimum)
Viscosity (kinemalic) at 37.8°C (100"F)

Carbon residue; Ramsbottom pareent
by Mass, on 10% residue (maximum)

Distillation recovered at 357°C
(B75"Fr by volume

Flash point (closed)

Water: by volume (maximum;
Saediment: by weight {(maximum)
Ash by welght imaximump
Sulphur: by weaighl {maximum)

Class Al Class AZ
Autemative Use General Purpose Use
50 45
1.5t05.5 ¢5t 1.5 to 5.5 ¢S5t
0.2% 0.2%
a0% 90%
55°C (130°F) 55°C [130°F)
0.05% 0.05%
0.015% 0.01%
0.01% 0.01%
0.3% 0.5%

GRADES

1.31 Diesel fuels are graded for use under varying
temperature conditions, and the fuel grade used
shauld be suitable for the prevailing temperature,
Diesel fugls available for use in low temperalures
are classiflied as Cold Start Reference Fuels.
Although ditferent grades of Tuel are recommendead
for different temperatures it is not always practical
to change grades when operating under canstantly
changing conditions {that is marine auxiliary
engines). Under these circumstances the luel
suitable for the coldest condition likely to be met
should be used,

1.32 Some diesel fuels not suitable for low
temperatures may form wax under these conditions.
If it is suspected that wax has formed, the whole
engine should be gently warmed throughout and
the fuel tank, pipes, injector and fuel injection pump
then completely drained and flushed with the
correct fuel, The system should be then flilled with
the correct fuel, bled and primed before atlempting
to start.

GOVERNING

1.33 The governor controls the engine at a
predetermined speed irrespective of load varations:
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1.34 The governor weights are fitted to the
camshaft and their action 15 transmitted by push
rods in the camshaft to the fuel pump rack which
governs the fuel avallable to the engine. The
centrifugal forces on the governor welghts are
balanced out by an adjustable speeder spring. By
varying the speeder spring pressure the speed of
the engine can be altered.

1.35 The overload stop is set by Petters Limited
and should not be disturbed, Interference with the
setting may result in the engine being everloaded or
not delivering its rated power. Excessive load must
be avoided and this will be indicated by the engine
running below its rated speed and/or dirty exhaust

DRIVE ARRANGEMENTS

PJ1, PJ2 (Figure 1.6 (1))

1.36 Engine drives for P41 and PJ2 are varied and
are dependant upon application. They are classified
by Mark (ME) Numbers as shown in Figure 1.6 and
are as follows:

(1) MK1 — Drive at half engine speed al end
remote from the flywheel (gear end). Starting
handle at fliywheel end.



(21 MEZ — Drive at engine speed at end remote
from the flywheel {gear end). Starting handle
at flywheel end.

3] MEZ — Drive at half engine speed at end
remote from the flywheel [gear end) through
a clutch drive. Starting handle at flywhesl
end,

4] ME4 — Drive at engine speed at end remote
from the flywhee| (gear end) through a clutch
drive. Starting handle at flywheeal end.

(5) MES — Drive at engine speed at flywhesl
end. Starting handle at half speed at end
remaote from flywheel (gear end),

PJ1Z, PJ2Z (Figure 1.6 (2)})
1.27 Engine drive for PJ12 and PJ2Z is at engine

PJd Range Air Cooled

speed, flywheel end. Half speed start at end remote
from the flywheel (gear end).

PJ3, PJ4 (Figure 1.6 (3))

1.38 The alternative drives available for PJ3 and
PJ4 engines are as follows:

111 Drive at engine spead flywheel end, Half
speead start at end remote from the flywheel
(gear end).

(2} Main drive at engine speed, flywheel end.
Auxiliary drive (up to 22 BHF) al half engine
spead al end remaote from flvwhesl Electrical
or mechanical starting.

{3} Drive at engine speed through Hywheel end
clutch. Half speed start at end remote
thywheel (gear end,

[y PJ1 and PJ2

o=

g

Pk, 2

P, o Mk, 5

Pl 3

12y PI1Zand PU2Z

(30 PJd3and PJa

g

LN |

ot

Wy

N

Figure 1.6 Engine Drive Arrangements
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ROTATION

1.39 Standard engine rofatian Is clockwise when
viewed from the flywheel end Engines with counter-
clockwise rotatlon, that is with rotation reverse-to-
standard are identified by a letter ‘R’ following the
eéngine sarial numbaer.

PULLEY DRIVE

1.40 When belt drives are used the belts should
be as close to the engine as possible. When fixed
and loose pulleys are fitted, the fixed drive must ba
neares! the enging.

1.41 To preven! damage to new vee bells when
fitting. the distance between the centre of the
engine pulley and the driven pulley as shown in
Figure 1.7 must be capable of a reduction from the
designed running position. Provision must also be
made for an increase of at least 2,5% over the
designed running position to provide adjustment for
bell stretich and wear during the lite of the belts
Multiple belts should always be renewed In
matched sats

Allow tor 2%% incraase
i _J_:_tg_lygan caenlres

ey A —

Figure 1.7 Adjustment of Drive Bells

STARTING HANDLE

1.42 The starting handle can be arranged for
agithar clockwise or counter-clockwise rotation of the
starting shaft as shown in Figure 1.8. Check that the
paw! is carracily assembled. The pawl may be fitted
at the top or bottem 1o give alternative starting
positions.

Figure 1.8 Starting Handle Paw! Positioning
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OPERATING INSTRUCTIONS

NEW OR OVERHAULED ENGINE
Preparation for Starting

1.43 To prepare a new or overhauled engine for
starting proceed as follows:

(1) Check that the cooling fan air intake is free
from obstruction and that the fan cowlings
are secured.

CAUTION
Under no circumstances attempt to start an
engine without the fan cowlings in position.

(2} Remove the oll filler cap and, with the engine
tevel fill with lubricating oil which conforms
to specification MIL-L-46152-B (paragraph
1.28) and of the correct grade (paragraph
1.27) to the high level mark on lhe dipstick
To ensure a correct reading, the dipstick
should be withdrawn while the oil is baing
added. It should be submearged for at leasl
five seconds before baing removed for
reading. Wipe the dipstick sach time it is
replaced for further readings. Replace the
cap when oll level is at the high mark on the
dipstichk.

(31 I a Petter cluich is fitted remove the cover
piate and pour 0.3 litres (0.5 pints) of engine
lubricating oil into the clutch housing. The
clutch Is a positive action lype and must not
be slipped when operating, The lever must
be smartly engaged and disengaged.

{4) Litt the decompressor leveris) and turn the
engine-about fifteen times to circulate the ail

(61 Fill the fuel tank with the appropriate type
and grade of fuel (paragraph 1.30 and
paragraph 1.31).

i8] Bleed and prime the fuel system as detalled
in paragraph 1.44.

Bleeding and Priming the Fuel System

1.44 To bleed and prime the fuel system, each
cylinder (in the case of multi-cylinder engines) must
be done in turn. The flywheel TDC mark, must be set
for the appropriate cylinder about hall a revolution
away from the pointer before top dead centre. If a
fual lift pump is fitted fual will not low unless the lift
pump priming lever s oparated, With referance to
Figure 1.9 carry oul the lollowing procedure:

(1) Slacken the two vent screws {1) on top of
the fuel filler, when clean, air free fuel leaks
out tighten the two vent screws.

(2] Slacken the venl screw (2) on the fuel pump.
when air free fuel is expelled tighten the vent
SCraw.

(3] Unscrew the delivery pipe connactian (4)
from the tuel injector. Operate the priming
lever (3) until air free fuel |5 expelled.
Reconnect the delivery pipe.

(4] Repeatl the pumping action on the priming
lever (3) untll the injectar is heard to sguaak

(5} FRepeat operations {2) to (4) on each
subsequent cylinder, If appropriate re-
aligning the flywheel mark

Engine Running In

1.45 To avaid excessive oll consumption the
fallowing running in procedure mus! be carried out
on naw o overhauled engines:

(1) Runtor 2 minutes; check oil pressure and
ensure that there are no oll leaks
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Figure 1.9 Bleading and Priming the Fuel System

MNote
After the inihial few minules running stop the engine
and check the ol level top up ag required The lave!
of engine il usually falls slightly after the initial
circulation.
{21 Run for 10 minutes at approximately half
load.

13) Run for a further minimum of 8 hours or
longer, it possible on full load.

CAUTION

Initial running for long periods at idling speed of
a new or overhauled engine causes glazed bores
and thus excessive oil consumption.

STARTING
WARNING

{1} EMSURE THAT THE STARTING HANDLE IS
CLEAN, LIGHTLY LUBRICATED AND IN
GOOD CONDITION TO ALLOW IT TO EASILY
AND SAFELY ENGAGE AND DISENGAGE.

{(2) MAKE SURE THAT AFTER INSERTING THE
STARTING HANDLE THAT THE LOCATING
PIN, WHERE APPLICABLE, IS SECURELY
LOCATED IN THE SLOT IN THE HOUSING
IN THE CAPTIVE POSITION.

{3) THE STARTING HANDLE SHOULD BE HELD
FIRMLY WITH THE THUME ON TOP OF THE
GRIP NOT ROUND IT.

MNormal Start (Figure 1.10)

1.46 To start an enging under normal operating
conditions using the starting handle proceed as
follows;

{1y If a variable speed control is fitted, set the
control lever to the full spaed position,

{2} Lift the red painted overload stop (1) and
allow the fuel pump rackis} to move into the
fully apen position.

(3} Operate the fuel pump priming lever for each
cylinder about six times to prime the
cylinder. (This operation is net required if the
engine is warmj.

{4} Lift the decompressor lever(s) (2] and turn
the engine by hand as fast as possible. When
the engine is turning over at a good spead,
knoock down the decompressor lever, The
engine should now fire. On multi cylinder
endines fitted with separate decompressors,
knock down one lever and then as soon as
the engine fires, knock down the other
lever(s).

Section 1 General Information



(5} If the engine does not fire, lift the
decompressor levers] and slowly turn the
engine a few times before attempting to start
again.

1.47 When using a starter molar to turn the
engine the decompressor lever(s) are not raised. Do
not operate the starter motor for more than 20
seconds at a time.

Figure 1.10  Engine Stariing Controls

Cold Start

1.48 When operating in low temperature
conditions it may be necessary 1o use a cold
starting aid, details of which can be obtained from
Petters Limited or their representatives. This aid
may be In the form of an auxiliary fuel introduced
into the combustion system during starting, through
a permanently fitted equipmeant spraying directly
intae the inlet manifold. Care must be used when
using a cold starting aid as indiscriminate use may
cause damage to the engine. Petters Limited or
their representatives must be consulted if doulbt
arises regarding the use of such aid,

1.49 Temperalures below which a cold starting aid
may be required depends on the installation and

BJ Range Alr Coolad

the condition of the engine and are as in Tahle 1.4.

Hot Start
1.50 Carry cut the following procedure:

(1) Raise the fuel pump priming lever(s} to the
vertical position.

(2) Lift the decomprassar lever(s).

(3) Turn the engine to clear the cylinder of hot
air and fuel.

(4) Lower the priming lever(s),

(5] Turn the engine as fast as possible. When
the engine is turning at a good speed knock
down the decompressor lever. The engine
should now fire, On multi-cylinder engines,
knack down one lever and then as soon as
the engine fires, knock down the remaining
lever(s).

STOPPING

CAUTION
Do not turn off the fuel supply or raise the
decompressor lever(s) to stop the engine.

1.51 Before stopping the engine it is advisable to
run it an a light load for two minutes, To stop the
engine raise the fuel pump priming lever(s) to the
vartical position, or push the governor fulcrum lever
towards the fuel pumpis) until the engine stops.

OPERATING PRECAUTIONS

1.52 The following points should be noted when
operating Petter diesal engines:

(1) Do not stop the engine by lifting the
decompressor lever(s).

{2) Do not allow the engine fuel tank to run dry.
This means that sediment or waler could be
drawn into the fuel system and also air will
be drawn into the fuel lines thus
neceassitating bleeding and priming of the
fuel system.

(3) Do not remove or alter the setting of the
overload stop.

ROUTINE MAINTENANCE

INTRODUCTION

1.53 The routine servicing and maintenance
instructions givenin this manual are based on average
operating conditions and cover the minimum require-
ments to keepan engine running at peak performance
with trouble free operation. Under very dusty
conditions, air cleaners, lubricating oil and fuel filters
will require more frequent attention. Decarbonising
may be required more frequently when engines are
running an light loads for long periods.

PLEASE REMEMEBER

«..dan engine needs fual —
Keep fuel, tank, filter and piping clean.

TABLE 1.4 COLD STARTING AID TEMPERATURES FOR STARTING (BARE ENGIMES)

Electric Start

Engine Type
Inataliation — —|
PJT and PJ2 P33 and PJ4 PITE and PJ2Z
On halt-speed extension shaft — Hand Start -8°C {(17'F) =6"C [217F) -B"C{17"F)
On tull-speed extension shaft — Hand Start 5°C (41°F) 5°C [41°F) —
-16°C (3°F) -16°C (3°F) —

Section 1 General Information




..an engine needs lubricating oil —
Use correct grade of oil and quality. Keep il
level topped up.

...an engine needs air —
Keep air cleanar clean, Keep air inlat manifold
and entire exhaust system free of carbon and any
other obstruction,

..an engine needs cooling —

Keep air intakes clean and provide adeguate
vantilation:

INITIAL CHECKS ON NEW OR
OVERHAULED ENGINES

20 Hours Initial Running

1.54 After approximately 20 hours initial running
of & new or overhauled engine carry oul the
following procedure:

{1y With the engine cold, ré-torgue the cylinder
head nuts as detailed in Section 5.

(2 Check the valve clearance.

(3 Drain the lubricating oil from the sump,
change the filtter elemeant {if applicable) and
fill with clean oil (Section 2).

(4 Check the fuel filter {Section 3).

151 Check the tightness of all nuts (excluding the
cylinder head) bolts, securing screws and
hose clips.

(6] Check any belt drives.

DAILY CHECKS
1.55 Carry aut the lollowing procedure:

i1 Check and top up the fuel tank with the
caorrect type and grads of fuel,

(21 Check the oil level on the dipstick, if
necessary top up the engine at the ol filler
with the carrect type and grade of lubricating
oil,

i3] Check that the cooling fan intake |s free from
ahstructions,

4 Wisually check the engine for signs of oil or
fuel leaks,

i5) PJ3 and PJ4: On the fan belt idler pulley
housing, screw the grease cap clockwise half
a turn {inwards),

EVERY 50 RUNNING HOURS
1.56 Carry out the following:

(1) PJ1 and PJ2: Check the alternator or
dynamo drive belt tension, if applicable.

(2} Clean the oil bath type air cleaner, if fitted
(Section 4).

(3 PJ3 and PJd4: Check the fan belt tension,

EVERY 250 RUNNING HOURS
1.87 Carry out the following procedure:
11 Clean the fuel Tiller (Section 3).

12y Cheack the lightness of all nuts (excluding
the cylinder head), bolts, securing screws
and clips,

{3) Check that the fuel tank filler cap vent hole
is clear, and clean il necessary.

{4) Clean the air cleaner paper element, if
fitted.

{5) Check the exhaust system for damage,
carrosion and holes, clean out deposits of
carbon,

{61 Clean the fuel tank strainer.

PJ Range Alr Cooled

{7y Drain the cil sump and refill with new
lubricating @il of the correct type and grade
(Section 2).

{8y Fit a new lubricating oil filter element and
joint ring {where fitted),

NOTE
The ol tevel shouwld be checked after Inifial run
when the off fitter element has been changed.

191 Wisually check the tuel system for leaks,

110y Remove the fuel injectons) (Section 3) and
teat spray. If in order replace,

{11) Check valve clearance (Section 5) and
adjust if necessary.

(121 Clean the lubricating ol feed restrictor to
rockers (Section 2],

(13} Lightly lubricate the speed control linkage.

{14 Clean the fuel Il pump strainer, if lilted
(2ection B),

{15 PJ32 and PJ4: Grease the fan bearings as
detailed in Section 5.

EVERY 500 RUNNING HOURS

1.58 Carry out the following:
(1) Fit a naw fuel filter element {(Section 3).
[2)  Fit a new air cleaner element(s) (if fitted).

EVERY 2000 RUNNING HOURS
1.52 Carry out the following

111 Decarbonise the pistonis)and cylinder
head{s) in accordance with the procedure
detalled in Section 5.

{2} Clean out piston oil return holes.
131 Check piston rings for wear (Section 51
{4} Check sach cylinder bore wear (Section 5).

{5) Check the connecting rod bearings
iSection 5).

By Drain and clean out the engine fual tank.

Section 1 General Information
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SECTION 2
LUBRICATING OIL SYSTEM

INTRODUCTION

2.1 The lubricating oil system used on PJ engines
incorporates a rotary type oil pump. With the
exception of the PJZ type an il filter is fitted as
standard,

DESCRIPTION

2.2 The lubricating oil system is shown in Figure
2.1, The pump (1} is mounted at the gear end of the
crankcase and is driven via an idler gear (2) by a
gear fitted on the crankshaft. Lubricating oil is
drawn from the sump {3) via a strainer (4) by the
pump and then pumped via an adjustable pressure
relief valve [5) to a full flow oil filter (B). The oil is
then fed via a distribution bracket to the crankcase

oilways. Oil from the oilways is fed to the gear end
and flywheel end main bearings and thence via
drillings in the crankshaft to the large end bearings
and in the case of multi-cylinder engines to the
intermediate main bearing(s). Additionally ol is
fed from the oll distribution bracket via a restrictor
(7) and a banjo bolt, threugh an extarnal pipe {8) to
the valve rockers (@), The cylinders, small end
bearings and camshalt are splash lubricated. The
sump /s drained by removing the drain plug (10)
which is located at the bottom front of the
crankcase adjacent to the oil pump. On PJ1, PJ2,
PJZ1 and PJZ2 engines only, a second gxternal
pipe {11) from the distribution bracket feeds oil to
the extension shaft bearing.

Figure 2.7 Typical Lubricating Ol System

Section 2 Lubricating Dil System



ROTARY OIL PUMP
Removal (Figure 2.2)

2.3 Toremove the ofl pump carry out the fallowing

procedure:
(1) Drain the oil from the sump by removing the

oil drain plug from the bottom front of the
crankcase to the ol pump.

2] Remove the three 5/16 in. BSF bolts and
washers and the 1/4 in. BSF nut and washer
retaining the pumip.

{3} Screw two 5/16 In. BSF belts into the holes
provided in the pump and exerl an even pull
on both balts as shown in Figure 2.2,

Mote

The fdier gear is on a spigol localed in the
crankcase by the gear cover piate. The gear is
retalned by a washer and circlip and s accessible
through the crankcase (nspection cover,

Figure 2.2 Removal of Rotary Ol Pump

Dismantling (Figure 2.3)

2.4 To dismantle the rotary oil pump proceed as
follows:

(1} Tap out the retaining pin from the driving
gear huk.

(2} Remove the driving gaar,

(3} Remove the three screws retaining the oil
pump cover and remove the cover.
Mote
The cover is dowelled o the body of the oll pump.

4y Withdraw the inner and outer rator.

Maintenance

2.5 Clean all componenis and éxaming lor signs
of scoring of wear, If warn it new parts.

Figure 2.3 Dismantled Rofary Qi Pump

Section 2 Lubricating Dil System

PJ Range Air Cooled

Assembly
2.6 To assemble the retary oil pump proceed as

tollows:

11y Fit the Inner and outer rotors into the pump
body. Ensure that the cuter rotor chamfared
edge is entered into the pump bBody and |s
not adjacent to the cover.

(2] Fit the cover, locating it an the dowels in the
pump body,

13) Securs the cover with the three screws,

(4] Fit the driving gear to the rotor shalt, align
the hiole in the shaft to the hole in the gear
and replace pin.

Replacement

2.7 Tofit the ratary oil pump to the engine
proceed as follows:

(1) Fit a new joint washer.
(2) Locate the pump on the stepped stud,

ensuring that the stud is in the correct
position as shown in Figure 2.4,

Note

The stud should be fitted at (1) for standard ratation
engines or at {2) for reverse retation engines. See
Section 1.39,

13h Make sure that the idler gear is engaged
with the driving gear and push the pump fully
into the crankoase.

{4) Replace the retaining screws, washers and
nut and tighten down evenly.

Figure 2.4 O Pump Logating Stud

FILTER

2.8 The filter assembly consists of a detachable
bowl. containing the filter element which Is secured
by a centre bolt to a filter head. The filter head
incorporates a bypass valve that should the filter
becomea blocked the valve opens and allows
unfiftered oil to be pumped through the system. To
change filter 2lement proceed as follows;

(1) Unscrew the centre bolt at the bottom of the
filter bowl (sump) and withdraw the bowl
complate with element.

i2) Clean the bowl,

(31 Check the centre boll seal and the seal at
the bottom of the bowl (batlom sump seal)
for deterioration, replace as necessary,

) Teo replace the seals, remove the centre bolt
circlip, element guide, centre bolt seal,
centre boll washer, centre bell spring and
remove centre bolt collar and seal. Replace
the seals as required and assemble in
reverse arder



(5) Fita new top =seal between the bowl and
filter head.

{6) Fita new elemanl, obtainable from Petters
Limited or their representatives.

(7 Locate the centre bolt and tighten down,
ensuring that the filter bowl fits correctly intc
the filter head.

OIL PRESSURE RELIEF VALVE

2.9 The ol pressure relief valve s fitted in the
head of the filter. The valve is set by Petters
Limited. If the oll pressure relief valve is dismantled,
note the number of turns when removing the
adjusting screw so that il can be returned to lts
original position on assembly.

2.10 0Ol pressure must be checked and adjusted
finally when the engine has been completely rebuill,
initially started and running. Oil pressure must be
set when the engine |s hot as detalled in paragraph
224,

OIL RESTRICTOR (Figure 2.5 and 2.6)
Description

2.11 The ail reatrictor consists of a plunger (1)
and a spring (2) in a barrel housing (3) located at
the top of the oil distribution bracket. The plunger
and the spring are retained by a banjo baolt (4). The
cil from the restrictor is then fed via an extarnal
pipe from the banjo connection to the rocker box,
This supplies melered oll for the rocker bushes.

Operation

2.12 Gil from the pump is forced under pressure
through two drilled holes in the barrel (5), around a
recess in the plunger body, oul through a centre
drilling to the barrel outlet {6) and via the banjo bolt
and external plpe to the rocker box, Oil flow is
further restricted by the limited clearance of the
rocker bushes and this in turn is felt as & back
pressure against the front face of the plunger. This
moves tha plunger away from the banjo bolt against
the pressure of the spring misaligning the plunger
recess to the barre| supply hales to still further
restrict the ol low. The back pressure in the supply
line is thus reduced and this allows the spring ta
return the plunger towards the banjeo bolt and
increase the oll flow, to repeat the oyele. Hydraulic
lecking of the plunger is prevented by allowing
excass ol lo pass between plunger and barrel and
through the open end of the barrel back to the
crankcase,

Removal

2.13 Disconnecl the external pipe by unscrewing
and removing the banjo bolt. Remove the barrel
housing complete with restrictor and spring.
Maintenance

2.14 Remove the plunger and spring, clean the

barrel assembly and replace the plunger and spring,

Ensure that the plunger slides freely in the barrel

Repiacement

2.15 To replace the oil restrictor proceed as
follows;

(1) Loosan the ol distribution bracket assembly
by slackening the three 5/16 in. bolts and
the 5/16 in. screw.

(2] Locate the il restrictor barrel housing and
tighten down finger tight

3 Tighten the oil restrictor and bracket
securing bolts gradually and diaganally.

PJ Range Alr Cooled

{4} Connect the external pipe by replacing and
tightening the banjo bolt.

Figure 2.6 Oif Restrictor Location showing
Restrictor farrowed left) and Reliel Valve (afrowed
righit)

——
4 ;';ﬁﬂﬁm@'h@%

Figure 2.6 Ol Restrictor Sectional View

OIL PUMP STRAINER
Removal
2.16 Drain the oil from the sump by removing the
ail drain plug at the bottom of the crankcase.
PJ1, P2, P11 Z and PJ2Z Engines
217 Carry out the following procedure:
(1) Remove the crankcase inspection cover.
(2} Hemove the banjo bolt securing the strainer
to the crankcase and remove the strainer,
PJ3 and PJ4 Engines
2.18 Carry out the following procedure:

i1 Hemove the Mo, 2 aylinder fuel pump bracket
complete with injection pump to allow access
to the strainer pipe supporl bracket.
Unfasten the nut, bolt and copper washer
sacuring the support bracket to the
crankoass,

(2] Raemove the banjo bolt securing the strainer
pipe 1o the crankcase.

(3] Push the strainer pipe end inwards so that
the pipe end releases from the crankcase.
The pipe can then be moved, as required,
allowing the strainer to be separately
removed.

Maintenance
2.19 Wash the strainer in clean kerosene,

Section 2 Lubricating Qil System



Replacement
PJ1, PJ2, PN Z and PJ2Z Engines
2.20 Carry out the following procedure:

1] Locate the strainer in the crankcase making
sure that the oil seal and joint washer are.in
position.

i2) Replace and tighten the banjo bolt, at the
sama time helding the strainer in position to
prevent it turning and being damaged.

PJ3 and PJ4 Engines
2.21 Carry out the following procedure:

{1} Fit the oil seal in position on the graoved
end of the strainer pipe.

12} Enter the strainer pipe and strainer intg the
crankcase separately.

13} Fit the oil pipe into the strainer and then
locate the other end in position in the
crankcase wall,

4] Fit the screw retaining the support bracket to
the crankcase and secure using the copper
washer and self-locking nut.

5] Fit the jeint washer to the banjo bolt. Fit and
tighten the banjo boll

2.232 Fil the il drain plug and fill the engine with
the approved type and grade of oil {Section 1.26).

CHECKING THE OIL PRESSURE

CAUTIGN

The engine oil pressure must be checked with
the engine hot and running at its rated speed
and reset if necessary after engine overhaul orif
the oil system is disturbed. Failure to do this
may result in extensive damage to the engine.

2.24 To check the oil pressure proceed as follows:

{1} At the oil distribution bracke! locate and
removia the hexagonal plug and washer. Fita
suitable pressure gauge in this position.

12} I necessary, adjust the oil pressure relief
valve to aobtain 2.7 bar to 3.1 bar {40 to
45 |b/in#). Turn the adjusting screw clockwise
to Increase pressure and counter-clockwise
to decrease pressure,

2.25 On enolnes fitted with gear end extension
shafts or comman variants which incorporate an
external oil supply pipe, provision is made for an
additional capillary pipe to be fitted. To check the oil
pressure remove the union nut and seal and fit a
suitable capillary pipe and pressure gauge, check
the oil pressure as detailed In paragraph 2.24(2},

Section 2 Lubricating Oil System
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SECTION 3
FUEL SYSTEM

INTRODUCTION

3.1 The fuel injection equipment is manufactured
to very fine limits and requires extreme care and
absolute cleanliness in handling. Any part of the fuel
system including pipes removed from an engine
must be placed in a clean container containing
clean fuel

CAUTION

Mo filing, grinding, scraping or sawing must be
carried out adjacent to dismantlied fuel
equipment. No rag. cloth or waste should be
used for cleaning purposes.

DESCRIPTION (Figure 3.1)

3.2 The fuel system comprises a fuel tank, fuel
filter and a fuel injection pumpis) and an injector(s).
Fuel is supplied from the tank via a filter to the
pumpl(s) through flexible fuel pipes and by rigid
pipels) from the pumpl(s) to the injectors. The leak-
off from the Injector(s) is fed via an external pipe
back to the tank or to the inlet side of the filter
when the system is fitted with a remote tank.

' FUEL TANK

PJ1, PJ2, PJZ1 and PJZ2 Engines

3.3 The fuel tank can be either a 9 litre {2 gal),
18 litre (4 gal) or a 27 litre (6 gal) tank strapped to
a mounting bracket on the engine. Located inside
the filler neck is a strainer. Engines can also be

used with a remote fuel tank,

PJ3 and PJ4 Engines

3.4 The fuel tank meounted on the engine is of a
45 litre (8.8 gal) capacity. Engines can also be used
with a remote fuel tank

FUEL FILTER

3.5 The fuel filter assembly consists of a
detachable bowl, containing the filter element,
which is secured by a cenire boll to a liller head,
The filter head has two screws to allow the fuel
system to be bled free of air. The filter assembly s
mounted on a bracke! attached to the top two geal
cover retaining bolts.

To Clean Fuel Filter {Figure 3.2)
3.6 To clean the fuel filter proceed as follows,
(1) Isolate the fuel supply.
2y Unscrew the clamp bolt (1) at the centre of
the fitter bowl and withdraw the bowl
complete with the element.
3y Clean out the bowl (2).
{4y Visually check the element for deposits of
dirt. If the element has a deposit of dirt it
must be renewed.

CAUTION
Do not attempt to clean the element.

e

Figure 3.1 Typical Fuel System _J

Section 3 Fuel System



Assembly (Figure 3.2)
3.7 Toassemble the fuel filter proceed as follows:

(1) If the same element is being re-used check
that the seals (3), (4), (5) and (8} are In good
condition. If damaged in any way renew. If a
new element is being fitted the bowl seal (3)
and he element joint washer (4} are
?upiélied with a new element and should be

itted.

CAUTION

When assembling the filter fit the internal
components as shown in Figure 3.2. Ifassembled
incorrectly fuel will bypass the filter element and
be fed directly to the fuel pump and injector,
passibly damaging these components.

(2} Fit the centre boll lower seal {5) Lo the
centre bolt and push down to fit at the head
of the bolt,

{3} Place the centre balt through the hole in the
filter bowl,

{4} Fit the centre bolt spring {6) followed by the
plain washer (¥) and the centre boll upper
seal (8) on the centre bolt inside the fitter
browl.

(5] Fit thae elemant in the bow! locating it on
upper seal {B).

{8) Fit the element joint washer (4) and the filter
bowl seal in the head.

(7] Locate the filler bow! assembly squarely on
the sealing ring (3) and tighten the centre
bolt just sufficiently to prevent leaks.

CAUTION
After changing or inspecting the filter element it
is advisable to check for leaks on initial start up.

18] Bleed the luel system of air as detalled in
Section 1.

Figure 3.2 Typical Fuel Filter Asgsembly

FUEL INJECTION PUMP

3.8 A separate fuel pump is fitted for each
cylinder, The pump is mounted on a bracket which
in turn is mounted on the crankcase, The pump is
driven by a rocker arm which is actuated by the
camshaft. An external handle allows the pump to be
hand operated for priming and bleeding.

Section 3 Fuel System
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Removal (Figure 3.3)

3.9 Toremove a fuel injection pump procesad as
follows,

(1] Isalate the fuel supply.

2] Disconnect the pipe from the pump to the
injector and from the filter to the pump.

(3 On variable speed engines remove the
connecting spring batween the governor
fulerum arm and {uel pump rack extension
iflywheel end pump only).

(4 Multi-cylinder engines only — disconnect
pump linkage.

(5) Remove the two 5/16 in. BSF relaining

screws and remaove the pump by lifting it
from its mounting brackat.

Figure 3.3 Removing the Fuel Infection Pump

Dismantling (Figure 3.4)

CAUTION

If adequate workshop facilities or skills are not
available it is advisable not to attempt to service a
faulty pump. it is recommended that a replace-
ment pump is fitted.

3.10 To dismantle a fuel injection pump proceed
as follows:

i1 Ensure that the work area is clean.
i12) Clean the exteriar of the pump,

(3) Unscrew the union body (1} and lift out the
delivery valve spring (2) and the delivaery
valve (3).

([ Withdraw the delivery valve seal (4) and the
jaint {&).

MNote
For Bryce pumps a special foal for (his purpoge can
be abtained from Pettars Limited or their
represenfatives. G CAV pumps the delivery valve
sedt can be pustred cut with the element as
dascribed I paragraph 31007, This-also applies o
Bryce pumps it the special toal is not available,

(3] Pressin the tappet (8) and remove the circlip
{7). During this operation the lappel may be
held in by a pin inserted through a hele in
the pump body.

i8] Remowve the tappel, the lower spring plate
(8). the plunger {9) and plunger spring {(10),
the upper spring plate (11) and the pinion
{12} Mote the assembly marks on the pinion




(7

Figure 3.4  Fuel Injection Pump Cxploded View
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and rack {13). On Bryce pumps the upper
spring plate and pinion are retained by a
circlip (14).

Remove the element locating screw {(15) and
push out the element {16} through the top of
the pump.

Maintenance (Figure 3.4}
CAUTION
Each plunger of a pump assembly is mated to

one elemant only and must never be used in
another.

3.11
(1)
{2

(3)
{4)

Carry out the following procedure:
Clean all parts in clean fusl

Checlk that the delivery valve joint is not
cracked or scored,

Check the valve seat tor damage.

Make sure the rack is free throughout its
travel

Assembly (Figure 3.4)

3.12

MNote

Carry out the following procedure:

All parts must be assembled fual wel

(1)

Replace the element {(16) in the top of the

(2

{3

(4)

(5
(B)
(7
(8)

Note
I the pump reguires iming just screw the union
body o finger-tight

{9

pump and replace the element locating
screw [15) Make sure the elemant can move
up and down slightly when the locating
screw is tightened,

Assemble the rack and pinion ensuring that
the marked teeth are in their relative
positions.

Replace the upper spring plate {11) plunger
spring {10), the plunger {9) and the lower
spring plate (8) and tappet (6). On Bryce
pumps fit the upper spring plate and pinion
retaining circlip (14).

Fress in the tappet and fil retaining circlip
(7).

Replace the delivery valve seal (4).

Fit the delivery valve (3} and spring (2).

Fit the joint (5) and assemble the union body,
Tighten the union boady to 54 Mm (40 Ibf ft).
Do not overtighten,

Fuel pumps not required for immediate use
must be sealed to prevent ingress of dirt and
maoisture

Section 3 Fuel System



Replacement

3.13 To replace the fuel injection pump proceed
as follows:

11y Haotate the enging to position the rocker arm
such that the tappet plunger will be at the
bottom of its stroke, This allows easier fitting
of the pumip.

(2) Fit the pump to the mounting bracket making
sure that the two 5716 in. BSF screws are
fitted in their correct positions, That is the
acrew with the extended plain shank is fitted
in the right-hand position. This screw locates
intc a groove in the priming shaft to retain it
in position,

{3} Onvariable speed engines connect the
spring between the governor fularum arm
and the fuel pump rack extansion (flywheel
end pump onlyl, Ensure that there is no
clearance between the governor fulcrum arm
and the end of the fuel pump rack extension.

{4}  Multi-cylinder engines only — connect the
pump linkage.

{5} Reconnect the pipe from the pump to the
injector and from the Tilter to the pump.

161  Bleed the fuel system.

Adjustment (Figure 3.5)

3.14 On mubti-oylinder engines start at the
fhywheel end pump, and carry out the following
procedurs:

(1) Sed the fuel pump rack to the maximum fuel
position. That is with the end of the rack held
against the governer fulcrum arm adjusting
scriew and pushed as far as possible
towards the flywheel For engines fitted with
an overload stop this necessitates lifting up
the hinged l[ower part of the stop 1o allow the
rack to move Into the maximum fuel position,

Jf_‘iﬁm
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2] Measure the distance from the calibration
mark on the fuel pump rack to the spot face
on the side of the pump not the rack bush.
This should be 127 mm (0.5 in), MNote a Fuel
Pump Rack Setting Gauge 392645 is
avatlable for this purpose and is obtainahle
from FPetters Limited or their representatives,
If neceszary slacken the locknut on the
gowvernor lever screw (1) and adjust {2) to
achieve this measurement. Tighten the
locknul when set.

{3) On multi-eylinder engines all calibration
marks must be equal distance from the pump
body. This is important because an incorrect
selting will result in the cylinders receiving
unequal amounts of fuel, If necessary, adjust
the subsequent pumps by slackening the
locknut {4) on the joining link (3) and rotate
adjuster (5) to give required setting. Tighten
locknut. This adjustment must be carried oul
on subseguent pumps without disturbing
previous setting.

Engines Fitted with Overload Stop

3.15 With the adjusting screw held against the
stop plate the measurement from the calibration
mark ¢n the fuel pump rack to the spot face on the
pump side should be initially set to 20.6 mm
(13/18 in). Mote a Fuel Fump Rack Setting Gauge
382646 is available for this purpose and is
obtainable from Petters Limited ar their
representatives. Adjust by rotating screw. Alter
pump timing (paragraph 3.16) run the engine and
adjust screw ta give black smoke on acceleration.
Then re-adjust screw as required until the black
smoke just clears. Turn the adjusting screw
clockwize to reduce black smeke. It may be
necessary to repeaat this operation several limes 1o
achieve the optimum position.

ri| "
He
Setting
Distanoe
~"‘\

| Calibration

M ark

Figure 3.5 Fuel Injection Pumpis): Adjusiment
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Timing {Figure 3.7)
3.16 To time the fuel injection pump carry out the
tollowing procedure on one cylinder at a time;

i1 Hemove the four 5716 in. BSF bolts and
spring washers retaining the fuel pump
bracket cover. Take extra care when
removing the cover on which a speed
control is mounted.

i2) Secure the fuel injection pump rack with
the calibration mark (Figure 3.5) 20.6 mm
{(13/16 in.) from the spot face on the pump
bady, not the rack bush,

(31 Remove the pump-to-injector pipe and
unscrew the union body (Figure 3.4 (1)
from the pump. Lift out the delivery valve
and place in clean fuel, Do not disturh the
delivery valve seat. Replace the union body,
leaving oul the delivery valve. Fit a spill
swan neck pipe (Figure 3.6) to the pump
union body.

(41 Turn the flywheeal until the appropriate
timing mark (refer to Table 3.1) preceding
the TDC mark is opposite the pointer.

{5) With reference to Figure 3.7 slacken the
pump recker pinch bolt {1). Unscrew the
adjusting scraw (2} until the pump is at the
bottom of its stroke. Allow the fuel to flow
from the pump. If a fuel lift pump is fitted
fuel will not flow unless the feed pump lever
is operated,

TABLE 3.7 FUEL INJECTION TIMING (BY SPILL}

FJd Range Alr Cooled

(11} Reconnect the injectorto-pump pipe,
(12} Refit the fuel injection pump bracket cover.
(13} Bleed the fuel system (Section 1).

Engine Speed Flywhee! Selting

PJ fixed speed

up to 1850 r/min. 23" BTDC
1851 to 2000 rimin. 26" BTDC
Variable and two speed 23" BTDC
PJZ all speeds 23" BTDC

(71 Screw up the rocker adjusting screw until
the fuel flow just stops. Set the screw at the
exact position where the fuel flow stops.
This position is known as the spill point.

(8) Tighten the rocker pinch bolt taking care
not ta alter the setting.

{9) Remove the swan neck pipe:

{10y Remove the union body and replace the
delivery valve, Replace the union body,
Tighten the union body to a torque loading
of 54 Nm {40 |bf ft.).

Figure 3.6 Swan Neck Fipe

O

Figure 3.7 Fuel Injector Pump Timing

FUEL INJECTOR

3.17¥ The fuel injector is located in the cylindet
head and comprising two main assemblies: a nozzle
holder and nozzle. Fuel is pumped under pressure
through the fuel inlet and down the nozzle holder
body to the nozzle. The fuel pressure lifts the
nesdle and fuel is sprayed out via hales in the
nozzle The opaning pressure of the needle is
confrolled by the injector spring. The spring
pressure is set by an adjusting screw. The {uel
injector provides four fine mist sprays of fuel to the
cylinder.

Removal

3.18 To remove the fuel injector procead as
follows:

(1) Disconnect at the injector the fuel pipe from
the pump and the injector leak-off pipe.

Section 3 Fuel System



(2] Remove the two 5/16 in. BSF nuts and
spring washers securing the injector flange,

13 Carefully ease out the injector from the
injector cooling sleeve. Withdraw the injector
cooling sleeve and sealing washer. Ensure
that the sealing washer which fits between
the cylinder head and cooling sleeve is
retained.

Testing (Without a Test Rig)

3.19 Totest the luel injector without a test rig
proceed as follows:

(1) Connect the injector to the pump-to-injectar
fuel pipe in such a manner that the injector
nozzle points away from the engine (Figure
3.8).

WARMING

WHEN TESTING ENSURE THAT THE SPRAY IS
NOT DIRECTED AT ANY EXPOSED PART OF
THE BODY. THE SPRAY WILL PENETRATE THE
SKIN.

(2] Operate the fuel pump priming lever. The fuel
should squirt out suddenly in four fine mist
sprays, these should then stop just as
suddenly. If the nozzle fails to spray, or gives
solid squirts of fuel, or dribbles after the
sprays have stopped, fit 8 new nozzle:

Dismantling (Figure 3.8)

CAUTION

If adequate workshop facilities or skills are not
available it is advisable not to attempt to service a
faulty fuel injector, it is recommended that a
replacement fuel injector is fitted.

3.20 Before dismantling clean the injector and
remove carbon deposits from the nozzle taking care
not to damage the nozzle tip or end face:

3.21 Carry out the following procedurs:

11 Remove the cap nut {1} and adjusting screw
(2}

(2] Remove the spring (3) and spindle assembly
(4}, The lower spring plate {(5) is integral with
the spindle,

13 Unscrew the nozzle nut {8) and taking care
to avoid dropping the needle valve (8)
remove the nozzle {(7) from the holder. It may
be necessary to push the nozzle out of the
nut by means of & copper or brass tubular
drift. The nozzle must not be driven out by
striking the nozzie end lace or tip.

Maintenance {Figure 3.8}

3.22 The sealing faces batween the nozzle holder
and nazzle body must be clean, flal and smooth.

3.23 Immerse the nozzle body and neeadle valve in
clean fusl gil. The needle valve stem and seat
should be lightly brushed with a brass wira brush,
Mote that nozzle bodies and needle valves are
mated pairs and must not be interchanged. (It is
advisable to deal with one injector at a time). Check
that the guide surface of the needle valve is clean
with an even, mirror-like finish. There should be no
scratched or dull patches, very bright spots or any
discolouration on or above the needle seat.

3.24 Inspect the nozzle body joint face for
soratches or damage, Clean the fuel feed holes (9)
by pushing a suitable probe (10) (wire or twist drill)
down into the fuel chamber (11). Take care not to
damage the joint face. Using a special fusl chamber
soraper (12) clean the deposits from the fuel
chamber. Clean, using a seat cleaning tool, the

Section 3 Fuel System
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nozzle body seat making sure that all traces of
foreign matter have been removed,

3.25 Clean the nozzle spray holes using a spray
hole cleaner {14).

(2] Cleaning

{1) Exploded View

Figure 3.8 Fue!l Injector

Assembly (Figure 3.8)

3.26 Carry out the following procedure washing all
component parts in ¢lean fuel ¢il as they are
assemhbled

(1] Fit the needle valve into the nozzle.

(2] Fit the nozzle assembly to the nozzle holder,
holding it hard against the pressure face in
the position determined by the dowels (13)
and tighten the nozzle nut,

(3] Replace the spindle assembly and spring.
i4] Replace the adjusting screw.
(5] Set the fuel injection release pressure as
detailed in paragraph 3.27.
Testing and Setting Up (Using a Test Rig)

3.27 Using the test rig {Figure 3.9) test and set up
the fuel injector as tollows:
(1) Connect the assembled injector to the tast
rig by a length of high pressure pipe.

(2)  Fill the test rig oil reservoir with Tuel oil or
test il (Shell Calibration Fluid C or B).



WARNING

TAKE CARE TO DIRECT THE INJECTOR
NOZZLE AWAY FROM THE BODY AS THE
SPRAY CAN PENETRATE THE SKIN.

Figure 3.9  Testing the Fuel Injector using a Tes! Rig

Seat Leakage
3.28 Carry oul the Tollowing procedure:

(1) Operate the test rig pump until ol is
discharged from the Injector.

(2] Continue pumping and adjust the nozzle
apening pressure (o 197 lo 217 bar (2850 to
3150 Ibffin®. Turn the adjusting screw in
(clockwise} to increase pressure and out
(counter-clockwise) to decrease the
pressure, Discharge the nozzle and wipe dry.

{34) Ralse the pressure to approximataly 10 bar
(180 ltfins} below opening pressure, and
maintain this pressure for 10 seconds.

{4} After this period check that the leakage on
lhe nozzle body s insufficient to farm a
continuous film on the finger L

Chatter Test

3.29 Al the nozzle opening pressure and with the
gauge cock closed operate the pump lever al
approximately six strokes every ten seconds. Under
these conditions the nozzle should discharge with a
sharp and crisp chaltering action.

Spray Form

3.30 Check that the spray from each nozzle hole
is alomized, of regular form and fres from ragged
edges

Back Leakage

3.31 Setthe nozzle opening prassure to 162 to
172 bar (2350 to 2500 Ib/in#l Ralse the pump
pressure (o 162 bar (2200 1bffin®), Measure the
time taken for the pressure to drop o 101 bar
(1470 lafdin~) This must exceed six seconds, Ol
temperature should be 15.6°C (B0°F) during this
test,

3.32 Setthe correcl nozzle Dpening pressure to
197 to 217 bar (2B50 to 3150 Ibffin. Replace and
tighten the cap nut. Operate the hand pump afoew

P Range Alr Coolad

times with the gauge-cock closed to ensure that all
the components have settled and then rechack the
pressurea,

MNote
Injectors not required for immediate use must be
sealed (o prevent Ingress of dirl and moisture,

Replacement

2.33 Toreplace the fuel injector proceed as
Tollows:

(1) Fit a new insulating washer into the
cylinder head.

(2] Fit the cooling sleeve into the cylinder head.
(3) Slide the injector into the cooling sleeve.

CAUTION
{1] The engine must not be run without a
cooling sleeve around the injector.

(2} Extreme care must be taken in the
replacement of the injector as incorrect
fitting can damage the connecting pipe
and/or the injector.

(3) There is no copper sealing washer fitted to
injectors on air cooled engines.

{4) Fit the spring washers and loosaly tighlen
the saecuring nuts

(%) Fil the pump-to-injectar fugl pipe and tighten
the union nuts finger-tight.

() Tighten the union nuts a [urther third of a
turn with a spanner.

(7} Tighten the injector Hande nuls evenly,
i8] Connect the leak-ofl pipe,
9} Blead the fuel injector.

HIGH PRESSURE FUEL PIPES

3.34 High pressure fuel pipes must be correctly
clipped to avoid pipe failure through excessive
vibration. It is therefore essential that pipe clips are
properly installed and maintained as follows:

(11 The pipa(s) must be firmly gripped by the
metal clip.

2} The clip must be replaced If the material
shows any signs of deterioration. The
swaged ends of the high pressure pipes
should be checked pericdically to see that
each end has nat been delormed by
overtightening. Restriction can cause
pxoessive pumping prassure and abnormal
leakage.

i3} Do not overtighten proprigtary compression
type fittings as high spannear torgues are not
required to make a satisfactory joint. The use
of unnecessary force can damage the pipe
and or the threaded connection an the pipe.

{4y The high pressure pipe must be pre-formed
to the correct shape belare fitting. In
particular the pipe ends must align with the
pump and injector fittings, without strain.

SPEED CONTROL ADJUSTMENT
Speed Control (Figure 3.10}

3.35 The centrifugal forces on the govarnor
waights are transmitted to the fuel pump rack.
These forces, which vary with the speed of the
engine are balanced by an adjustable speader
spring (1). This adjustmen! allows a set range of
speed, To adjust the speed ocutside this range a
different spring may be required and is obtainable fram
Pettars Limited or their representatives. The adjusting
screw (2) is set by Petters Limited and should not

Section 3 Fuel System



riziyuire adjustment; any further adjustmeant may result
in the engine averspeading when the load is suddenly
removed. Howeaver, if the setting is disturbed on fixed
and variable speed engines, or a different speed is

required on variable fixed speed engines adjustments
are carried out as detailed in the following paragraphs,

Fixed Speed (Figure 3.10)

3.36 To set the fixed speed control proceed as
follows:

{1} SBlacken the locknut (3).

(2} Adjust the nut (4} against the spring
iclockwise) to increase the spead, or away
from the spring (countar-clockwisa) to
decrease the speed, The speed should be
set at 4.5% above the rated speed as shown
on the engine nameplate, when running
without load.

Figure 310 Adjusting Speed Control

Adjustable Fixed Speed — Early Type
{Figure 3.11}

3.37 To set the adjustable fixed speed control
procead as follows:

{1} Todecrease speed slacken the locknut (1)
and nut {2) and turn nut (3} towards the
fhywheel until the required speed Is obtained.
Tighten nut {2) against the bracket (4).
Tighten the locknut {1).

121 Toincrease speed slacken the locknut (1]
and nut {3). Turn nut {2) away from the
fhwheel until the required speed is oblained.
Tighten nut (3) against the bracket (4).
Tighten locknut {1}.

(3] Check the spill timing as detailed in
paragraph 3.16 and adjust, if necessary.

Section 3 Fuel System
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Flgure 3,11 Adjustable Fixed Speed Confrol —
Early Type: Adjustment

Variable Speed Control (Figure 3.12)

3.38 To szel the variable speed control procead as
Tollows:

(1] Setthe speed control to the idling position.

121 Slacken the locknut (1) and adjust the idling
spaed to 850 to 1000 r/min. by screwing the
adjustment (2} up to decrease or down to
increase the speed. Tighten the locknut {1)

{3} Sel the speed contral to the full speed
position.
{4) Slacken the locknut {3} and adjust the full

speed by screwing in the adjustment {4) to
increase the speed or cut to decrease 1. The
maximum speed should be set to 8% above
the rated speed as shown on the engine
nameplate, when running off load.

i5) Tighten lecknut (3) and wire lock and seal
the adjustment,

Figure 3.12 Variable Speed Controlr Adfustment




Variable Speed Control — Early Type
{(Figure 3.13)

3.39 To set the variable speed control proceed as
follows:

{1} Set the control speed control levar in the
idling position.

(2] Slacken the locknut (1) and set the idling
speed to 500 to 600 r/min. by adjusting
screw (2) in or out to increase or decrease
the speed, respectively. Tighten locknut {1}
Check that thare s sufficient slack in the
control cable to allow the control arm to bear
hard against the stop. If not adjust the cable
by slackening locknut (B} and screw in the
adjuster (8) until there is a small amount of
slack in the inner cable. That is the cable
control lever can be moved before the inner
cable begins to move the control. Tighten
lockrut (5).

{3y Set the speed control lever to the full speed
position.

{4) Blacken the locknul (4) and set the full
speed to 8% above the rated speed as
shown on the engine nameplate, when
running off load. Thal is 2160 for 2000 r/min.
engines, Adjus! screw (3} in lo decrease
speed and out to increase speed. Tighten
lacknut {4) and wire lock and seal the
adjusting screw.

Figure 313 Variable Speed Control —
Early Type: Adjusiment

1800 1260/
rfmin rimin |/
2200 '
ramin’

rimin x‘g {]
{

1650 |
rrmin

Figure 3.14  Variable Speed Ratchet Control —

Adjustment
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Variable Speed Ratchet Control
(Figure 3.14)

3.40 To set the variable speed control proceed as
fol lows:;

(1] Setthe speed control to the idling position.
{2} Slacken the locknut {1) and set the idling
speed to 500 to BOO rfmin, by adjusting

screw [2) in or out to increase or decrease
the speed, respectively, Tighten locknut {1).

{3} Set the full speed stop (3) to the appropriate
full speed position (see Inset).

Adjustable Fixed Speed (Figure 3.15)

3.41 To set the adjustable fixed speed control
proceed as follows:

(1) Ensure that the maximum speed stop (1} s
set to give the maximum rated speed of
2200 r/min, plus 8% and the bottom end of
the lever {2} corresponds with the 2200
rimin. graduation an the speed scale (3} If
nat slacken the locknuts (4), (5) and (B). Turn
the adjusting screw assambly (7)) In
conjunclion with the maximum speed stop (1)
until the maximum spead is obtained

121 Tighten the locknut (4) and secure the top
with wire and a lead seal.

(31 If the operating speed required is below
2200 rfmin. turn the adjusting rod until the
bottom edge of the lever (2) corresponds
with the speed required on the speed scale,
Tighten the locknuts {3} and (6]

(4] Check the spill timing as detailed in
paragraph 3.16.

Note

In some instances it may be found that during the
setting of the maximum rated speed the lever (2)
does nof correspond exactly with the 2200
graduation on the scale although the engine
runhing speed is correct 10 this case it is necessary
to adfust the speeder spring tension as well as the
adfusting rod until the exact speed setting and
graduation alignment (s achiaved.

|~

Figure 3.15 Adjustable Fixed Speed: Adiustment

Section 3 Fuel System



P Range Air Coofed

SECTION 4
AIR FILTRATION

INTRODUCTION

4.1 The operating conditions that are met in semvice
play an important part in the selection of air cleaners
the various types being given in Section 1,

TABLE 4.1 OPERATING CONDITIONS

Table 4.1 shows the typical dust concentrations
against site conditions and the typical paper element
replacement frequency.

Typical Operating
Conditions

Dust Concentration mgim? Element Replacemaent
Light up to 175 Every 500 Hours
Medium 175 to 350 Every 250 Hours
Heawy 350 to 70O Every 50 Hours
Very Heawy T00to 1400 Every 10 Hours

Metalled Roads
Machine Shops
Ship Auxilaries
Sand Pits
Unmetalled Roads
Floughing Dry Soil
Temporary Air Strip
Road Warking Equipment
Building Sites
China Clay Pits
Cement Works
Stone Crushers

4.2 The need for regular attention to maintenance
cannot be over-emphasised and where operating
conditions are dusty 90% of engine breakdowns are
due to the dust entering the engine through lack of
attention to the air cleaner or its fitting. A badly made
alr filter connaction on an engine operating in a dust
cloud can cause noticeable wear after 15 hours
operation, A further 10 hours can make itimpossible to
start the engine due to worn piston rings and cylinder
bores.

CAUTION

MNeglect of an air filtration system can lead to rapid
wear of major engine components.

AR CLEAMNER PAPER ELEMENT TYPE
Removal

4.3 Unscrew the cover retaining nut remove the
cover and elemant.

Note
PU3 and PJ4 engines have two covers and two
efements fitted,

Maintenance

4.4 Clean the element by blowing from the inside to
the outside with low pressure air. A& strang light
directed into the inside of an elemeant and viewed from
the outside will reveal any damage to the paper
corrugations. If the element is damaged or shows a
large deposit of dirt, fit a new element obtainable from
Petters Limited or their represantatives.

Assembly

4.5 Replace the element and fit lhe cover. Ensure
that the sealing surface on both cover and cleaner
base are undamaged and that the element sealing
faces are intact. Check the interconnecting flexible
pipes (if fitted) betweaen the cleaner and intake
manifold are not cracked or haoled.

AlIR CLEANER CIL BATH TYPE WITH PRE-
CLEANER

Remaoval

4.6 Remove the bottom cup and top half of the
cleaner,

Maintenance

4.7 Clean out the sediment from the bottom half of
the cleaner. Invert the top half of the cleanerand wash
out in kerosene and allow to drain.

Assembly

4.8 Fitthetopot halt ofthecleanerand tillthe bottom
cup with engine oil to the indicated level. Relit the
cup. Check that the two halves of the cleaner are
correctly mated. Check thal the interconnecting
tlexible pipes iif fitted) batween the cleaner and intake
manifald are not cracked or holed.

Section 4 Air Filtration



AJ Ranga Al Cooled

SECTION 5
ENGINE GENERAL MAINTENANCE

INTRODUCTION

5.1 This section contains fitting and sarvicing
instructions for major repairs and maintenance of
the PJ diesel engine. Major servicing should be
carried out by gualitied personnel in a workshop
environment. Itis important that all component
parts should be kept clean.

DECARBONISING

5.2 A carbon deposit forms on piston and cylinder
heads and the presence of an excessive carbon
deposit is usually indicated by a loss of power.
Decarbonising necessitates the removal of the
cylinder head, followed by the remaoval of all carbon
and the grinding in of the valves.

Cylinder Head Removal (Figure 5.1)
5.3 Toremove a cylinder head proceed as follows:
{1) Remove the cylinder cowlings.

{2) Remove the inlet and exhaust manifolds by
unscrawing the 5/16 in. BSF retaining bolts,

(3} Remove the fuel injector as detailed in
Section 3.

(4 Disconnect the lubrication oil feed pipe to the
rockers.

5] Remove the rocker box by unscrewing the
large centre nutl and lifting the box off.

{6} Unscrew rocker support post nuls and
remove the rockar assembly complete with
its support and withdraw the push rods
noting their position.

MNote
It is important that the push rods are refitted in the
same position on assembly.

(71 Remove the push rod tubes and note the
position of the push rod tube adaptors,

(&) Gradually slacken the cylinder head seli-
locking retaining nuls in sequence as
shown in Figure 5.2

(9) Remove the nuts and lift off the cylinder head.

1 a

O O

O O

1 2

Figure 8.2 Cylinder Head Nuts Removal and
Replacemant Sequence

Rocker Box Dismantling

5.4 Remove the pin retaining the decompressor
shaft. Mating the positions of the washers and oil
zeal slide them off the shaft. Remove the rocker
box plate, decompresseor screw and withdraw the
shaft.

Cylinder Head Dismantling (Figure 5.3)
5.5 Carry out the following procedure:
{1} Place the cylinder head as shown,

e

S s

Figure 5.3 Valve Removal
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12) Remove and retain the valve stem caps
noting their positions.

(3) On the inlet valve(s) withdraw and disgard the
split pin from the top of the valve stem.

4y Using the special tool, as shown, depress the
valve and remove the split colletls fraom the
valve stam,.

i5) Remove the valve caps and springs noting
their positions,
(&) Withdraw the valves, noting their positions,

Carbon Removal
5.6 Toremove the carbon proceed as follows:

(11 Turn the crankshatt until the piston is at the
top of its stroke.,

(2] Remove the carbon deposit from the cylinder
head and the top of the piston using a blunt
tool. Itis important not to damage the top of
the piston. Do not allow carbon particles to
fall between the piston and the cylinder bore.

CAUTION
Do not use emery cloth
{3) Clean the carbon from the counter-bore at
the valve head end of the valve guide bore.
(Figure 5.3). Check the valve guides for wear
if worn renew the guides.

{4} Clean the valves and check the valve seats.
If the valves are badly pitted or distorted it
will be necessary to fit new valves. Grind the
valves in as delailed in Paragraph 5.8.

15y If the valve seats are pocketed carry out the
procedure detailed in Paragraph 5.7.

(B) Check that the breather tube, which is
located to one side of the inlet port is clear.

B

| Counter-Bare :
| ~4

\x

Figure 5.4 Valve Guide Bore

) Range Air Cogled

(2] Press the valve seal inserts chamfered end
first into the cylinder head.

13) Machine the valve seats concentric to the
valve guide bore to the dimensions shown In

Figure 5.6.
Walve
/"’J
-~ Valve Insert
—
[J..
F]
II
! - .'I b
Valva Haad Clearance Flame Face Cylinder

Head

Figure 5.5 Flame Face-to-Valve Head Clearance

Valve Seats

5.7 If the valve seats are badly pocketed and
cutting the valve seats back will exceed the flame
face-to-valve head clegrance 0.68 mm to 1.09 mm
(0.027 in. 1o 0.043 In.) as shown in Figure 5.5 valve
inserts must be fitted, Suitable valve seat inserts
can be supplied and are fitted as follows:

(1) Bore each valve port to the dimensicns
shown in Figure 5.6. |t is essential not to
machine the cylinder head beyond the
dimensions shown,

Section 5 Engine General Maintenance

Valves: Grinding In
5.8 To grind the valves in proceed as follows

(1) Lightly lubricate the valve stem with engine
ail,

(2] Place a very small guantity of grinding paste
evenly around the valve face and Insert the
valve In its correct seat, Partially rotate the
valve backwards and forwards on its sealing,
exerting a gentle but firm pressure.

(3] Periedically lift thevalve from its seating and
rotate it through approximately 120°, Itis
unnecessary to continue grinding once the
faces of the valve and its seating have a
clean, even matt-surfaced appearance.

(41 Remove all traces of grinding paste.

(5] Replace the valves and rotate them
backwards and forwards a few times. |f the
valves have been correctly ground a thin
polished line will appear all round the mating
surfaces.

Cylinder Head Assembly

5.9 |If new valves, or valve saat inserts are fitted
the valves must be ground in as detailed in
Paragraph 5.8. Before assembling lightly oil the
valve stems with engine lubricating oil, |f the
original valves are being refitted ensure that the
exhaust and inlet valves are returned to their
correct positions as noted in Paragraph 5.5(6).

5.10 To assemble the cylinder head proceed as
follows:

(1) Lecate the valves in the valve guides,

(2] Assemble the valve spring plate, springs and
valve cup to the appropriate valve, as noted
in Paragraph 5.5(4),

(3 Using the special tool depress the valve
springs and fit the collects, ensure that the
inlet guide spring cap is correctly located on
its guide pin,

i4) Fit a new split pin in the top stem of each
inlat valve.

{5) Fit the valve stem caps as noted in
Paragraph 5.9 (2).
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G.045mm (0,2387)
6.079mm (0.237")
Cylinder Head to
be bored to this
depth far insert

4218 mm (1.882") Cylinder Head to be
4216 mm (1.661") bored ta this diameter

~|3.5052mm (0.138")
A 3.4929mm (0.135)

Exhaust Port

_ “_"’ _
Inlet Port i

l

i

o

x“'“x
55 Clearance

R |
169mm (0.085") '
o32mm (0.080") |

—_— ]

i, ;
.
’f{;\ A5" Seating —a -
i 37.25 mm to 37.21 mm

{1A468" to 1.466"7)

Figure 5.6 Valve Seat Inserts Machining Dimensions

Valve Insert
Part Mo, 323168

Chamfered Lead on
Valve Insert

Rocker Box Assembly

5.11
follows:
m
(2)

(3)
(4]

Tao assemble the rocker box proceed as

Replace the decompressaor shaft.

Fit the washers and oil seal In the order
noted in Paragraph 5.4

Fit the decompressor shaft split pin,
Fit the decompressor screw,

{9} Fit the fuel injector (Section 3).

(101 Fit the inlet and exhaust manifolds.

Cylinder Head Replacement

5.12

follows:

{1
(2}

(3}

(4)

(5)

(&)

{7}

{8)

To replace the cylinder head proceed as

Fit a new cylinder head gasket and lower the
head over the studs into position.

On multi-cylinder engines ensure that the
manifold bolling faces are parallel with each
othar. Check with a straight edge as shown
in Figure 5.7, or by bolting on a manifold.

Fit the cylinder head nuts. Tighten cach nut
in turn sufficiently to touch the cylinder head.
Do not compress the cylinder head gasket.

With reference to Figure 5.2 tighten each ,
nut a quarter of a turn at a time in the
sequence shown. Each nut must be finally
tightened to a torque loading of 81 Nm (60
Iaf ft).

Assemble the push rod tube as shown in
Figure 5.8 ensuring that the oil seals and
washer/'Q' rings are in good condition and
seating correctly. Where push rod tube
covers are fitted ensure that the ends are
folded inwards to form a dust and oil tight
seal. Ensure that the push rod tube adaptors
are fitted in position as noled in Paragraph
5.3{8),

Lightly lubricate the push rods with engine oil
and fit in the positions noted in Paragraph
5.3(8),

Fit the rocker support and secure using the
two self-lacking nuts.

Connect tha racker lubrication oll feed pipe.

| T @) Late Type
Figure 5.8 Push Rod Tubes (Both Types)

{1) Early
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Valve Rockers Adjustment (Figure 5.8}

5.13 Set up the valve clearances on each cylinder
inturn with the engine cold as follows:

CAUTION

The cylinder head and rocker support post nuts
must be tightened down before the rocker
clearance is adjusted.

(1} Set the piston at TDC on the firing stroke
{both valves closed).

(2) Slacken the locknut (1) and using a
sorewdriver set the rocker adjusting screw (2)
to give the correct valve clearance with a
feeler gauge as shown. When the correct
setting of 0.10mm (0.004in.), is abtained
tighten the locknut,

13) After tightening the locknut re-check the
clearance,

Rocker Box Replacement
5. 14 Tofit the rocker box proceed as follows:

(1) Fit the rocker box gasket,

(2] Fit the rocker box and secure,using the large
nut and special washer to the rocker box
stud.

Figure 59 Setling the Valve Clearances

Setting the Decompressor Lever

5.15 The exhaust valve must be lifted the correc!
amaunt by movement of the decompressor lever
trom the horizontal to the vertical position. To set
the movement carry out the following procedure,

(1) Set the cylinder on compression stroke TDC.

{2} Remove the two screws and spring washars
securing the rocker box plate to the rocker
box cover. Remove the plate and gasket.

{3} Set the compressaor lever to the vertical
position.

(4] Using a suitable spanner through the access
hale in the rocker box cover loosen the
decompressor locknut.

{5} Using a screwdriver sel the decompressor
pin so that it just touches the valve rocker
taking up the valve clearanca,

{8} Turn the pin clockwise a further twe thirds of
aturn in, this will lower the valve the reqguired
amount,

{7} Prevent the pin frem turning and tighten the
loeknut,
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(8] Fit the rocker box plate and gasket.

CAUTION

The valve must not be lifted more than 0.63mm
{0.025in.} or it will cause serious damage by
hitting the piston.

CYLINDER, PISTON AND CONNECTING
ROD

Removal
5.16 Carry out the following procedurs:

{1} Remove the cylinder head as detailed in
Paragraph 5.3.

{2} Remove the crankcase inspaction cover,

(3} If parallel connecting rods are fitted, lift the
fuel pump lever and remaove the fuel injection
pump together with the pump bracket (six
51 6in. bolts and spring washers),

{4} Set the piston inthe TOC position.

(&) Mote the position of the large end bearing
caps, mated sides are numbered for
identification,

(B) Remove the large end bolts (or bolts and nuts
if applicable).

7y Mark the cylinder and crankcase {o ensure
that the cylinder is fitted in Its original
position.

(8) Lift off the cylinder complete with piston and
connacting rod. Hetain the shims fitted
hetween the cylinder and crankcase these
control the bumping clearance,

(91 Withdraw the piston and connecting rod
assembly from the cylinder barrel.

(10} Using circlip pliers remove cne of the
gudgeon pin circlips,

(11} Remove the gudgeon pin. If the gudgeon pin
is & tight fit soak the piston in hot water,
After a fenw minutes the piston will have
expanded sufficiently to allow the pin to be
removed,

Figure 510 Cylinder, Piston and Connecting Rod
Remaoval



Figure 5,11 Piston and Connecting Rod (Both Tvpes)

Cylinder Maintenance

517 Check the cylinder bora wear, If this has
reached the maximum 0.25mm (0.010in.) the
cylinder must be rebored and an oversize piston
and rings fitted. The cylinder anly should be bored
and honed 16 the sizes listed in Table 5.1

TABLE 51 CYLINDER REEORING DIAMETERS

Cylinder Size

96.965 to 96.990 mm
{3.8175 to 3.8185 in.)

87.478 to 87.498 mm
{3.8375 te 3.8385 in.)

97.981 to 98.006 mm
(3.8575 to 3.8585 in.)

Standard

15t Oversize
0.508 mm (0.020 in.)

2nd Oversize
1.016 mm (0.040 In.)

CAUTION

Cylinder barrels must not be rebored beyond the
maximum oversize diameter 1.016mm (0.040in.)
as recommended by Petters Limited. Sleeves
must also not be fitted. These practices could
result in cylinder fracture. Any cylinder worn
beyond the maximum limit must be replaced.

Piston Maintenance

5.18 Excessive lubricating oil consumption, loss of
compression and knocking are signs that a piston
needs attention. Teo check the piston rings carry out
the following procedure:

{1) Remaove the rings from the plston as shown
in Figure 5.12 noting the order of assembly
and which ring face is uppermost, )

(2) Remove all the carbon deposit from the rings
and ring grooves. The small holes in the
scraper ring grooves should recaive attention
as their purpose is to return excess ofl to the
SUMmp.

{3) Insert the piston into the cylinder bore with
the crown towards the bottom end of the
bore and about 13 mm (0.5in.) from the
bottom edge. Insert the rings one at a time,
pushing each ring hard up against the piston
crown to ensura that it is level in the eylindar
bore. Withdraw the piston sufficiently to
allow the gap to be measured with a feeler
gauge. The piston ring gap must not excead
1.52mm (0.060In.). If necessary the rings
must be renewed.

4 Assemble the rings on the plston in the
correct order with the correc! face
uppermost, as shown in Figure 5.13. rings
should net be slack or stuck fast in the
groove.

(58} When the engine has been fully run in, the
bore will have a highly polished and very hared

PJ Ranga Alr Cooled

surface. If new pisten rings are fitted without
the cylinder being rebored, the new rings will
not bed in satisfaciorily., Under these
cenditions the hard polished bore must be
lightly roughened using a medium grade
carborundum cloth. The roughening should
be carried out radially by hand and should be
sufficient only to produce a matt surface on
the bore Alternatively, a suitably sized de-
glazing tool of the rotary brush type with
sllicone-carbide tips may be usad provided
mathod used is in accordance with
manufacturers instructions. After this
treatment the cylinder must be thoroughly
washed in kerosene to remaove all traces of
carborundum.

Note

To allow the piston rings to bed n satisfactory carry

out the inifial running procedura;

{1} Run for 2 minuies with no load.
{(2) Run for 10 minutes at half load.

{3) Run for a further minimum of 8 hours or
longer on full load.

Soitholes x@;
i

I
Figure 5.13 Piston Ring Arrangement
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Connecting Rod Maintenance
Small End Bush

5.18 When fitting a small end bush take care thal
the oil hole coincides with the hole in the
connecting rod. Ensure that the bush enters the
connecting rod squarely,

Large End Bearings

5,20 Large end bearings are of the precision thin
wall steel backed type and consist of two half shells
lined with bearing metal. They should be replaced
In their original pasitions. New bearings are
machined to give the required fit whan in position
and should not be scraped or baddead in, neither
should shims of any description be fitted, If the
laces of the connecting rod or its cap are filed the
red becomes useless regarding replacement
bearing shells. When fitting make sure that the
connecting rod bore and the outside of skells and
their split faces are clean. Connecting rods and
caps are stamped with an assembly serial numbear
and care must be taken that numbera are correctly

assembled and on the same side, Undersize bearings

are oblainable lrom Pelers Limied or their
representatives,

Replacement

5.21 Betfore fitting the piston on to the connecting
rod Immerse the piston in hot water to allow the
oudgeon pin to alide freely. Replace the cvlindear,
piston and connecling rod as tollows:

(1) Place the piston on the connecting rod
ensuring that the valve recesses (if applicable)
in the piston crown face away (or opposite) from
the-connecting rod bearing cap (scarfed type
rods).

i2) Secure the gudgeon pin by replacing the
circlips. Ensure that the circlips fit correctly
in their grooves.

(3) Distribute the piston ring gaps around the
piston circumference so that the gaps are not
in line.

i(4) Lightly lubricate with engine oll the oylinder
bore, the piston and piston rings.

{5) Using a piston ring clamp compress the rings
and fit the piston and connecting rod
assambly into the cylinder,

Note
it is possible with care to slide the piston into the
cylinder comprassing the rings hy hand.

(i) Replace the shims betwean the cylindar and
crankcase. These shims conirol the bumping
clearance between the piston and the
cylinder head at TDC. Place the cylinder on
its studs aligning the marks made on
dismantling if the ariginal cylinder is being
fitted,

CAUTION

It s Imperative that the valve recesses (if
applicable) in the piston crown are lowards the
camshaft side of the engine,

(7] Check thal the bearings and journal are
clean. Lightly lubricate the crankshaft journal
and bearing face.

(8) Assemble the connecting rod to the
crankshaft ensuring that the rad and cap
assembly numbers are correctly aligned on
the same side. Note if a scarl type
cannecting rod ensure that the cap retaining
bolt heads face away from the camshaft and
fuel injection pump.
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(8) Tighten the bolts or nuts to a torque of 77 Nm
(57 bt 1)

Figure 5.14 Piston Fitting inte Cylinder

Bumping Clearance (Figure 5.15)
5.22 Check the bumping clearance as follows:

(1) Set the piston to 6.35mm (0.25in,) bafore
TREC.

(2] Place three pieces of lead wire on top of the
plston as shown.

(3) Replace the cylinder head (Faragraph 5.12)
and turn the engine over TDC.

(4} Remove the cylinder head and meaasure the
thickness of the flattanad wire with a
micrometer. It should ba 0.91 to 1.017mm
(0.036 to 0.042in.) for an average of the three
readings. If necessary adjust the clearance
by re-shimming. (Paragraph 5.21(8))

(5} Replace the cylinder head.

f

A
H

T

Figure 515 Bumping Clearance



FLYWHEEL
Removal
BJ1, PJ2, PJ3 and PJ4 Engines
5.23 To ramove the flywheel proceed as follows:
(1) Remove the flywheal cowling and brackets
(P11 and PJ2 only).

(2} Unlock the flywheel bolts by bending back
the {ab washers.

I3} Remove any two diagonally opposite bolts
and fit two identical threaded studs that
protrude approximately 28mm (1.5in.) out of
the flywhesl. (These sluds act as guides and
take the weight of the flywheal).

(41 Remove lhe remaining bolls and pull off the
fhywheel and extension shaft along the two
fitted studs. Betain the locating dowels,

CAUTION

On single and two cylinder engines when
removing the flywheel take care not to damage
the plastic flywheel cooling fan (if fitted).

PJ1Z and PJ2Z Engines
5.24 To remove the fiywheel proceed as follows:

(1) Remove the six retaining screws and lift off
the cooling fan.

(2 Withdraw the flywheel key with a tapered key
drift (Figure 5,18 which is obtainable from
Petters Limited or their representatives. It is
advisable to support the head of the key by
placing a spacer in the key way of the
reduced portion of the crankshaft during
removal. This stops the key from bending
and digging into the crankshaft.

(3] In some Instances it may be found that the
flywheel is tight on the crankshaft due to dirt
or corrosion. Clean the exposed portion of
the crankshaft and lubricate with penetrating
cil, Position a block of wood through the
crankcasa in such a manner so that the
crankshaft will only partially turn. Turn the
thywheel sharply in gither direction o that the
crankshaft strikes the wood block, The
inertia of the flywhee| will break its hold on
the shaft allowing removal in a screw like

manner,

Figure 5.16 Remaoval of Flpwhee!l Key Using a
Tapered Key Drift,

P Range Air Cooled

Replacement
PJ1, PJ2, PJ3 and PJ4 Engines
5.25 To replace the flywheel proceed as follows;

(1) Screw the two guide studs usead for remaowval
into two diagonally opposite holes in the
crankshaft. Ensure that the locating dowels
are in position.

{2} Align-and slide the flywheel onto the two
studs as far as possible.

{3) Fit the extension shaft (if applicable) and four
flywheel bolts,

{4y Remove the two guide studs and fit the two
remaining flywhees! bolts.

i5) Tighten all bolts gradually in turn working
diaganally; finally torque load PJ1 and PJ2
engines to 43 Nm (32 |bf ft.) or PJ3 and PJ4
engines to 63.5 Nm (47 ki, ft).

PJ1Z and PJ2Z Engines

5.26 Before fitting the flywheel apply a small
quantity of grease or oil to the crankshafl. Push the
fhywheel on the shaft ensuring that it is fully against
the shoulder an the crankshaft.

5.27 Fit a new flywheel key as follows:

(1) File a chamfer on all four corners of the key
to prevent any possibility of the corners
bBinding in the keyway corners.

23.8mm (158167 )
\
j s
—_———————] 2
] 1. Flywheel Boss
T 2. Crankshafl
3. Taper Key

(1) Insertian by Hand

[ 11 1 mmiTB")
g

/ 121 Key fullyin

Figure 5.17 Flywhee! Key Replacemeri!
PUTE and PJ2Z Engines

{2) Push the key by hand as far as possible into
the keyway. Measure the distance between
the flywheel boss and Kevhead, as shown in
Figure 5.17, this should be 23.8mm
(15/16in) It it is more, remove metal from
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the botton of the key to obtain this
measurement.

CAUTION
Do not remove metal from the tapered surface of
the key.

{3} Knock the key further into the flywheel until a
measurement of 11, 1mm (7/18in.) |s attained
between the flywheel boss and the keyvhead

{4} Refit cooling fan and tighten screws
diagonally.

CRANKSHAFT

Removal

Single and Two Cylinder Engines

5.28 To remove the crankshaft proceed as follows:

{1} Remove the cylinder head(s) (Paragraph 5,3),
cylinderfs) and connecting rad(s) (Paragraph
5,16}

(2) Remove the flywheel (Paragraph 5.24).

(3) Remove the gear covaer. The gear cover Is
dowelled to the crankcase.

{4} Remove the bolt and gearwhesl retaining
plate from the gear end of the crankshaft,
Replace the boll in the end of the crankshaft
o prevent damage to the threads; withdraw
the gearwhee| using an extractor. (Figure
5.18). A special tool for this purpose can be
obtained from Petters Limited or thair
reprasentatives,

(E) On the PJ2 engine remove the intermediate
main bearing housing locking screw (Figure
5.18) holding the housing in position

(8) Mark the balance weights to identity the

assembly positions. Unscrew the bolts and
remove the balance weighls and washers.

(7} Hemove the bolts securing the flywheel end
main bearing housing, and withdraw the
housing.

{8) Hemove the crankshaft by pulling towards the
flywheel and,

Figure 5. 18 Withdrawing the Gearwheel using an
Extraclor
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Figure 519 Removing the Intermediate Bearing
Housing Locking Screw (PJ2)

Figure 5.20 Removing the Crankshaft

PJ3 and PJ4 Engines
5.29 To remove the crankshaft proceed as follows:

(1} Remove the cylinder heads (Paragraph 5.3),
cylinders and connecting rods (Paragraph
8.18).

(2) Remove the Tront fan belt guard, Slacken the
idler pulley, dynamo or alternator sufficiently
to remove the fan belt.

{(3) Remove the set screws sacuring the
crankshaft pulley and withdraw the pulley.

(4} FRemove the rear fan balt guard

(3) Remove the gear cover and fan assembly
complete. The gearcover is dowelled to the
crancase.

(6} Hemove the bait and retaining plate from
Inside the crankshaft gearwhesl, replace the
bolt in the end of the crankshaft to prevent
damage to the threads and using an extractor
withdraw the gearwheel [Figure 5.18). A
special tool for this purpose can be obtzained
from Petters Limited or their representatives.

{7} Remove the flywheel (Paragraph 5.24d).

(8) Mark the balance weights to Identify the
assembly positions. Unscrew tha retaining
bolts and remove the washers and waights.

{9) Remove the intermediate maln bearing
housing locking screw(s) (Figure 5.19),



(10) Remove the bolis securing the flywheel end
main bearing housing, and withdraw the
housing.

{11) Remove the crankshaft by pulling towards the
thywheel e,

{12) Mark the halves of the intermediate main
bearing housings to identify the assembly
positions and remove the housings. The
halves of each housing are machined as an
assembly and must not be mixed with those
of another housing assembly.

Oil Pump Gearwheel

MNote

The ofl pump gearwheel 15 a shrink fit on the
crankshaft and should not be removed unless worn
or damadged

5.30 |Itit Is necessary to renew the oil pump
gearwheel care must be taken to fil the gearwheel
with its thrust face outermost. [If fitted incorrectly
the gearwheel will stand proud of the crankshall
radiug, making the crankshaft endfloat
uncklainable. The gearwheel should be heated
preferably in an oil bath belore fitting to the
crankshaft. |If using any other method of heating do
not overheat ar the gearwheel’s hardness may be
effected.

Crankshaft Maintenance

5.31 Examine the bearing |ournals and crankpins
for scoremarks and ovality., The ovality should not
excead the maximum of 8mm (0.003in.) If the
journals or the ovality exceeds the maximum
tolerance the crankshaft should be reground to the

TABLE 5.2 CRANKSHAFT H_EGﬁJ’_.’_‘-_JD.’NG DIAMETERS PJ E."{QFNES

Pd Range Afr Cooled

diameter shown in Table 5.2 (FJ) or Table 5.3 (PJZ)
and undersize bearings fitted. Betore refitting
carefully clean out the oil holes and ensure that
they have radiused edges.

Main Bearing Maintenance

5.22 The main baarings are of the precision thin
wall, steel backed, sleeve type lined with a bearing
metal. To renew these bearings a suitable mandrel
must be used to press or drive the bearings out of
their housings. Before titting new bearings ensure
that the crankcase/housing oil holes are clean.
Ensure that the surface around the part numbers
stamped on the bearing outer face Is not raised, if
50 this should be removead before fitting.

5.33 When replacing a bearing ensure that it
enters the bearing housing or crankcase sguarely
and that the cil holes in the bearing and the
housing are in ling. Check that the bearing split is
slightly above the horzontal.

5.34 Mote that new bearings are machined to give
the required fit when in position and should not be
scraped or bedded in, neither should shims of any
description be fitted.

5.35 Ensure that the bearing bush at the gear end
protrudes between 1.27 to 1.52 mm [0.05 to 0.06
in.) as shown in Figure 5.21{1), This assists in the
correct positioning of the outer thrust washer when
the crankshaft gearwhesl is fitted. Do nol exceed
the maximum protrusion,

CAUTION

Excess protrusion can affect crankshaft end
float.

[ Main Journal
Crankshaft Gear End

Crankpin and
Intermediate Journal

Main Journal
Flywheeal End

Standard

Lindersize 0.254 mm

Undersize 1.0016 mm

650.287 to 60.274 mm
(2.3735 to 2.3730 in.)

60.031 to 60.020 mm

(0.010 0n.) (2.3635 to 2.3630 in.)
Lndersize 0.508 mm 59,779 to 59.766 mm
{0.020 in) {2.3535 to 2.3530 in.)
LIndersize 0.762 mm 55.525 to 59.512 mm
(0.030 in.) {2.3435 to 2.3430 in.)

59.271 to 59.285 mm

(04 in.) ] (2.3335 to 2.3330 in.)

104.673 to 104.667 mm
(4.1210 to 4.1205 in.)

104.419 to 104.407 mm
{4.1110 to 4.1105 in.)
104.165 to 104.153 mm
(4.1010 to 4.1005 in.)
103.911 to 103.899 mm
(4.0910 to 4.0905 in.)

103.657 to 103.643 mm
{(4.0810 to 4.0B05 in.)

TABLE 5.3 CRANKSHAFT REGRINDING DIAMETERS PJZ ENGINES

63.325 to 60.312 mm
{2.3750 to 23745 in.)

60.071 to 60.058 mm
(2.3630 to 2.3645 in.)

59.817 to 59.804 mm
(2.3550 to 2.3545 in.)

59.563 to 59.550 mm
(2.3450 to 2.3445 in.)

55.309 to 59.296 mm
(2.3350 to 2.3345 in.)

Crankpin and fntermediate

Crankshaft

Main Journal

Standard

Undersize 0.254 mm
0010 10n.)

Indersize 0.508 mm
(0020 in.)
Undersize D.762 mm
(0030 in)
Undersize 1.016 mm
(.00 10

Journal

60.287 to 60.274 mm
(2.3735 to 2.3730 in.}

60.031 to 80.020 mm
(2.3635 to 2.3630 in.)
59.779 to 59.766 mm
{2.3535 to 2.3530 in.)

59.525 to 59.512 mm
{2.3435 to 2.3430 in.}

50.271 to 59.285 mm
{2.3335 to 2.3330 in.)

63.325 t0 60.312 mm
{2.3750 to 2.3745 in.)
60.071 to 60.058 mm
(2.3630 to 2.3645 in.)
59.817 to 59.804 mm
{2.3550 to 2.3545 in.)
59.563 to 59.550 mm
{2.2450 to 2.3445 in.)
59,309 to 59.296 mm
(2.3350 to 2.3345 in.)
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/- dﬁ L
(1) Bearing Bush Protrusion |II \
] /

i

|H_
1.27 to 1.52 mm
10,05 o006 in

{2 Crankshaft Endtioat

Flywheel End Qilseal {5}

5.36 When fitting the ilywheel end oil seal ensure
that it is fitted squarely in the housing befora
pressing or driving in, The seal face must be flush
with the outer face of the bearing housing.

Replacement (B)

5.37 To replace the crankshafl carry out the
following procedure:

{1} Fit timing cover backplate (if removad),

{21 Fit the gear end main bearing housing
making sure the oil hole is In line with the oil
hole in the crankcase, This is simplified by
aligning the small cul-away on the bearing
housings outer flange with the raised dimple {7}
on the timing cover back plate,

(3] Fit the crankshaft thrust washers making sure
that the grooved sides are away from the 8
bearing housing and their tongues located in
their respective grooves Figure 5.21 (1)
Flace a light smear of grease on the back of
each thrust washer to hold it in position.

{4} Check that the crankshaft journal bearing
surfaces and oil holes are clean, Place a
small quantity of engine lubricating oil on the 19
crankshaft journal and bearing surfaces,

Section 5 Engine General Maintenance

Figure 5.21 Bearing and Thrust Washer Assembly

Two Cylinder Engines On two cylinder
engines make sure that the intermediate
main bearing housing is correctly assemblad
an the crankshaft with the sides marked TOP
towards the flywheel eénd. Tighten the

cap nuts to a torgue of 34 Nm (25 [bi. ft).

Three and Four Cylinder Engines (Figurs
5,221, On three and four cylinder engines
make sure that the intermediate bearing
housings are corractly fitted with the oil hole
{1} and locking screw hole (2) in their relative
positions. Make sure the dowels (3) are
correctly fitted and tighten the capscrews to
a torque of 54 Nm (40 |bf, ft).

Insert the crankshaft into the gear end
bearing, taking care not to damage the
bearing surface.

Apply a small quantity of engine lubricating
ail to the fhywheel end main bearing and
crankshaft journal and fit the main bearing
housing assembly. Fit an oil seal sleeve to
avoid damage to the oil seal when entering
over the crankshaft, Tighten down the three
securing bolts evenly.

With the SAES bellhousing fitted, ensure that
the oil seal and its bearing face are



serviceable. Fil a new gearwheel retaining
plate seal and a new sealing washer 1o the
retalning plate bholt.

(10) Fit the intermediate main bearing housing
locking screw(s) on the multl-cylinder engines
taking care that the screw(s) enters the
correct hole in the bearing housings.

{11} Fit the balance weights in thair original
positions as noted and torgue load the
welght securing bolts to 158Nm (117 Ibf ft),
Iif new weights are litted they must be
balanced to within 7g (0.25a0z).

Figure 522 Fitting the Intermediate Bearing
Haousing PJ3 and PJ4

Fitting the Crankshaft Gear

5.38 The crankshalt gear is a Interference fit on
the crankshaft and to ease fitting it is recommended
that the gear should be heated, preferably using an
oil bath, belore attempting to fit it to the crankshatft.
If an alternative source of heat Is used, ensure that
the gearwheel is not overheated as this may effect
the hardness. Before driving the gearwheel on to
the shaft, ensure that the keyway is in line with the
crankshaft key and the shaft is lightly oiled, If tha
camshaft is fitted ensure that the teath marked with
dots are In thelr relative positions. It is important
that the crankshaft is held firmly against the inner
thrust washer during the fitting of the gear.

CAUTION

Under no circumstances should a wedge be
used to hold the crankshaft. Failure to observe
this caution may cause extensive damage to the
crankshaft, balance welghts and crankcase.

5.39 The crankshaft can be held In position by a
hard wood block supported by additional weigh! as
required. Afer litting the gearwheel check that the
thrust washer is still in position by rotating the
crankshaft by hand. Fit the gearwheal ralaining
plate and securing Bolt,

Crankshaft Endfioat

5.40 Using a set of feeler gauges check the
crankshatt endiloat by measuring between the
thrust washer and Inner face of the gear as shown
in Figure 5.21 (2). The endfioat should not exceed
0.62 mm (0.025 in.) The end!loat when new should
be 0.2 to 0.5 mm (0.008 to 0.020 in.).

P Range Air Coolod

CAMSHAFT
Removal
PJ1, PJ2, PJ3 and PJ4 Engines
5.41 To remove the camshaft carry oul the
following procedure.
(1) Remove the gear cover, The gear cover |8
dowelled to the crankcase.

(2) Disconnect the fuel plpes and remove the
fuel pump brackst assembly (Section 2).

{3) Remove the rocker biox, push rod and lubes
iParagraph 5.3).

{4} Wind a rubber band or piece of string around
the shanks of the valve tappets to prevent
their falling into the sump when the camshaft
I withdrawn.

{5} Withdraw the camshaft assembly which
Includes the governor, from the gear end of
the engline.

(6) When an SAES bellhousing |s fitted, the
crankshaft gearwheel and oil thrower
assembly must be removed before
withdrawing the camshalt,

PJ1Z and PJ2Z Engines (Figure 5.23)

5.42 To remove the camshaft carry out the
following—
(1] Remove the gear cover., The gear cover is
dowelled 1o the crankcase.

(2} Disconnect the fuel pipes and remove the
fual pump bracket assembly (Section 2).

(3) Remove the rocker box, push rod and tubes
(Faragraph 5.3).

(4) Wind a rubber band or piece of string (1)
around the shanks of the valve tappels lo
preavant thair falling into the sump when the
camshaft is withdrawn.

(5] A camshaft thrust plate (2) is located
batwaen the camshait gearwhesl and the
crankcase, with two vartical slots for holding
screws which are accessible through holes in
the gearwheel. The thrusl plate will drop
about 13 mm (0.5 in.).

(6) Withdraw the camshaft assembiy which
includes the governor, from the gear end of
the engine.

{71 When an SAES bellhousing is fitted, the
crankshatt gearwheel and oil thrower
assembly must be removed befare
withdrawing the camshaf.

Figure 5.23 Camshalt Removal PJ1Z and P22
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Governor (Figure 5.24)

5.43 The governor maintains a constant
predetermined engine speed irrespective of load
conditions, and in the case of variable speed
engines prevents the maximum permitted speed
baing exceadad. The govarnor system consists ol
weights housed in the camshaft gearwheal which,
with the application of centrifugal force operates a
push rod located within the hollow camshaft. Thae
movemeant of tha push rod is transmitted via a
fulorum arm to the fuel pump(s) where it controls
the amount of Tuel delivered to the fuel injectors
which In turn controls the engine speed, The push
rod is in two parts separated by a steel ball.

Operation

5.44 Asthe camshaft and consaquantly the
govarnar weights (1) rotate, centrifugal force
causes the weighis to be thrown outwards pivoting
about their retaining pins (2). The heeal of the
waights move the push rods (3) which in turn move
the fulcrum arm (4) mounted on tha crankcase at
the rear of the camshafl. The fulorum arm moves
the fuel pumpls) rackls) thus controlling the fuel,

5.45 The centrifugal forces acting an the governar
walghts are balanced by three springs, two (5) are
fitted to the weights (governor weight springs) and
are fixed and the third {(8) (speeder spring) which is
adjusiable is fitted to the fuel pump rack extension.
The engine speed can be set (within a narrow
range) by adjusting the pressure of the speeder
spring. Adjustment oulside this range can be
achieved by varying the speeder spring and In some
cases fitting different tension springs on the
governor welghts. Petters Limited or their
representatives should be consulted if this is
required.

5.48 |Initially the springs bring the fuel pump
rackis) Into the starting position, that Is maximum
fuel, and as the engine starts and runs up to speed
a balance position baetween the centrifugal torce of
the governor weights and the springs is achleved
and the fuel supplied holds the engine &l a steady
speed, An increase in load will reduce speed and
consequently the centrifugal force of the welghts
and thus the spring pressure opens the fuel pump
rack further to Increase fuel. The engine speed
recovers and a balance of forces Is again achieved.
Caonversely if the load is removed the appasite
action takes place and the fuel supply is reduced.
The steel ball (7] between the push rods in the
camshaft acts as a bearing and prevents rotation of
the sharler rod, this stops wear between the
pushrod and the fulcrum arm inner face.

Figure 5.24 Engine Governing System
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5.47 Variable speed engines amploy lighter
governor weights without springs, the spring action
being supplied by springs fitted to the variable
speed linkage. This reduces the accuracy of the
govarnar and is unsuitable for applications where a
high degree of control is required.

Camshaft and Governor Maintenance

5.48 Examine the cam faces, if worn or damaged
it is necessary to fit a new camshalt. Any damage
to the camshaft gearwheel will also necessitate
fitting a new camshaft as the gearwheel is shrunk
an the camshalt and canno! be removed.

5.49 Remove the governar push rods, the push
rod at the Hywheel end can be easily withdrawn but
at the flywheel end it is necessary to remove the
governor weights. The push rods are separated by
a steel ball. Clean the push rods and the hole
through the camshatt with kerosene. Any stickiness of
the push rods will affect the speead control.

5.50 Assemble the governor by replacing the stee|
ball and long push rod in the camshaft. Fit the
governor waights using new pins.

Note

The governor weights are fitted in pairsand are
balanced within Tg (0.035 oz).

5.51 Ensure that the contact surfaces of the fuel
pump rack operating lever adjusting screw and fuel
pump rack extension are smooth and lubricated.
5.52 Examine the governor fulcrum lever
assambly. Cheack that the internal lever lace is not
worn and the down shaft freely swivals in its body.

Mote
Excessiva wear on the down shalt or body will cause
oif leakage.

5.53 Check the camshaft bush for wear or
damage and if necessary ta renew the bush ensure
that it does not protrude beyond the timing cover
backplate.

Note

There is no bush on the flywheel end bearing fournal

Replacement
PJ1, PJ2, PJ3 and PJ4 Engines

5.54 To raplace the camshaft carry oul the
following procedure:

(1) Ensure that all bearing surfaces are clean
and lubricated before inserting the camshaft
and govarnor assembly.

(2} Fit the valve tappets and hold in position
using a rubber band or string.

(3] Ensure that the two thrust washers are
securely located In position. One thrust
washer (1) is located behind the camshaft
gearwheel the other (2) to the inside of the
gear cover. Both thrust washers are held in
position by securing pins (3) {Figure 525},

{4} Fit the camshaft making sura that the marked
teath on the gearwheels are In their relative
positions as shown in Figure 5.26.

(5) Fit the gear cover and gasket locating It on
the aligning dowels. Ensure that the correct
gasket is fitted between the gear cover and
the extension shaft housing or blanking plate.
The thickness of the gaskel will effact the
camshaft end float.

{6} Check the camshaft end floal is between
0.13 mm to 0.71 mm (0,005 to 0.028 in.) as



PJ Rangeo Alr Coolod

Figure 525 Camshalt Showing the Positions of the Thrust Washers

..--"'""_-'-_-___________-_"'_""--w

Figure 5.26 Marked Gaar Teeth Showing Relative
Positions

(7

shown in Figure 5.27. The fieat can only

be checked with the extension shaft housing
or blanking plate in position. If an extension
shaft is fitted check the end float by
moaunting a dial test indicator on the timing
cover with the pointer against the end of the
shaft. If a hlanking plate Is fitted check the
end float by mounting the dial test indicator
an the fuel pump side of the crankcase with
the pointer against the side of ane of the cam
profiles,

If the endiloat is excessive fit new thrus!
washers. When fitting new thrust washers,
ensure that the grooved side of the inner
thrust washer is against the thrust face of the
camshaft and that the tongue Is located in
the recess, Seacure the thrust washers in
position using new pins (Figure 5.25),

— Endllpat 0.13 to 0.71 mm
(0.005 1o 0.028 in))

Figure 527 Check the Camshaft Endfloat
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{2) Remove the four securing setscrews and
withdraw the fan from the shaft,

(3) Remove the drive pulley key and washer.
Pull out the distance sleeve.

{4) Taking care not to damage the thread, gently
tap out the shaft from the pulley end.

{5) Remove the two oil seals from the housing.
(6) Remove the two circlips.
{7) Place the housing in boiling water for

sufficient time to allow easier removal of the
bearings.

Maintenance

5.63 Clean and inspect all parts for wear or
damage and renew where necessary.

Assembly

5.64 Tp assemble the cooling fan proceed as
follows:

{1) Place the housing in boiling water tor
sufficient time to allow easier fitment of the
bearings.

(2} Pack the bearings with a suitable high
melting point grease. Fit the roller bearing al
the drive pulley end of the housing and the
ball bearing at the end nearest the fan.

{3} Fit the distance sleeves and retaining circlips.

{4) Fit the two oll seals ensuring that they are
fitted sguarely into the housing. Failure to do
this will result in a loss of lubricant and
ingress of dirt.

() Fit the fan shaft, distance sleeve, washer and
pulley key,

(&) Fit the drive pulley and washer. Fit and
tighten the retaining nut,

Replacement
5.65 To replace the fan proceed as follows:

(1) Fit the fan housing to the gear cover. Secure
using the four setscrews and spring washer.

{2) Pump a suitable high melting point grease
through the grease nipple until the reliel
valve is seen to rise.

{3) Secure the strap holding the cylinder cowling
to the fan housing.

Fan Drive Belt Adjustment

5.66 To adjust the fan drive belt proceed as
follows:

{1} Remove the fan belt guard.

(2} Slacken the idier, dynamo or alternator hinge
bolts and the clamping sel screw.

13) Press the idler, dynamo or alternator drive
pulley against the belt until all slackness is
removed without the belt being stretched,
tighten the clamping setscrew,

i4) Measure the outside length of the belt and
note this measurament.

(5) Slacken the clamping setscrew and increase
the pressure on the drive pulley suificiently to
increase the measured length noted by 6
mm (0.25 in.). Tighten the clamping setscrew
and pivot bolts.

(6) Fit the fan belt guard.

BJ Range Alr Cooled
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SECTION 6
COMMON VARIANTS AND ACCESSORIES

CLUTCH PJ1 AND PJ2 ENGINES
Introduction

8.1 All the Patter clutchas used on PJ1 and PJ2
engines are multi-plate, hand-operated and fitted to
the gear end of the engine, that Is the opposite end to
the flywheel. The clutch consists of a number of metal
plates sandwiched together, enclosed in an oll filled
housing. Allernate plates are driven by the engine and
the intermediate plates are connected to the drive
shafi. The plates are held together when engaged and
the frictlon between the plates transmits the drive.

6.2 The clutch s initially set by Petters Limited but
adjustment may be necessary after a running-in
period, dependant.on the frequency of operation, or
when slip Is Indicated by a reduced resistance to the
movemant of the operating lever from the disengaged
pasition. The clutch is lubricated by engine ol fed via
an external pipe and a restrictor, The restrictor is
painted rad and is located in a banjo bolt mounted in
the top of the clutch housing

Adjustment (Figure 6.1)
8.3 The adjust the cluteh proceed as follows:

{1} Remove the four 5/16 in, B.5.F. bolts and
spring washers securing the clutch housing
cover {1). Remove the housing cover and joint
washer (2).

{2) Slacken the locknut and the adjusting ring
grubscrew (3).

(3) Using a tommy bar turn the adjusting ring (4)
until the operating lever (8) can be pushed
inte the fully engaged position without undue
strain,

CAUTION
Do not over adjust as this may cause damage

{4) Tighten the grubscrew and locknut.
{5) Fit the cover [oint washer and housing cover

Oil Flow Adjustment

6.4 The adjust the oil flow to the clutch proceed as
follows:

(1) Locate the red painted restrictor on the top of
the clutch housing.

{2) Slacken the restrictor locknut and screw the
restrictor fully in.

(3) Screw the restrictor out a quarter of a turn.
{4) Tighten the locknut taking care not to move the
restrictor.
Removal (Figure 6.1)
6.5 Toremove the clutch procead as follows:

(1} Setthe clutch operating lever to the dis-
engaged position.

(2} Disconnect the oil pipe by removing the
restrictor assembly banjoe bolt.

{3) FRemovethe eight 5/16in. B.S.F. bolts securing
the clutch housing tothe engine gear coverand
withdraw the clutch assembly.

(4} Remove the lead seals and the four 5/18 in,
B.S.F. cap screws securing the driving flange
(6). Withdrawn the driving flange.

(8] Remove the clutch adaptor plate (7) and
gasket {8)

Dismantling (Figure 6.1)

6.8 To dismantle the clutch proceed as follows:

(1) Remove the four 5/16 in, B.S.F. bolls and
spring washers and remove the cluteh housing
cover (1) and joint washer.

Mk.3

Figure 6,1 Clutch Assembly: Exploded View
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{2) Remaove the two 1/4 in. B.S.F. pinch bolts (9)
from the clutch yoke (10). Withdraw the
operating lever and yoke shafl, leaving the
yoke in the housing.

[3) Remove the five 3/8 in. B.S.F. bolls and spring
washers securing the oll seal housing (11).
ﬁazTuua the oll seal housing and joint washer

{4) Hemove the external circlip (13).

(5) Carelully push cut the clutch shaft and plate
assembly from the driving end. Remove the
circlip from the clutch shaft.

{8) Slacken the adjusting ring grubscrew locknut
and loosan the grubscrew.

7] Screw the adjusting ring towards the drivin
end of the shaft until the sliding sleeve (14
can be removed.

{8) Remove the sliding sleave and thrust ring
assembly (15).

9] Remove the adjusting ring,

{10) Remove the clutch plates noting the order ol
assembly

Assembly (Figure 6.1 )
6.7 To assemble the clutch proceed as lollows:

{1) Fit the clutch plates in the orders as noted in
Paragraph 6.5.

(2} Fit the adjusting ring by just screwing on the
shaft sufficiently to allow the toggles (18) to
engage the sliding sleeve. Fit the sliding
sleave and thrust ring nssembly and tighten
the adjusting ring. Note if the two halves ol the
thrust ring have been separated assemble the
halves with the serlal numbaers on the same
side. The halves of aach thrust ring are
machined as a pair and must not be inter-
changed with a part of another assembly.

(31 Replace the clutch yoke on the thrus! ring
ensuring that the pinch bolt bossas tace away
from the ball bearing. Fit the circlip

(4) Insert the clutch shatt and plate assambly into
the clutch housing bearing.

151 Fit the external circlip (13).

(6} Fit the oll seal housing (11) and joint washer
{12) taking care not to damage the seal.

(7)) Fit the operating lever and yoke shalt with key
fo the housing and yoke,

(8] Fitthe two 1/4 In. B.S.F. pinch bolts and

lacking tabwasher (17). Tighten the bolts and
bend up the tab washers 1o lock the bolts,

Pd Range Alr Coalad

Replacement (Figure 6.1)
8.8 Tolittheclutchtothe engine proceed as follows:

(1) On the Mk 4 engines ansure thal the front _
camshaft thrust washer (19) is in position. Fit
the clutch adaptor (7) and a new gaske! (8) to
the engine using six 5/16 in. BS.F. scrows.
These counter sunk screws must be locked by
centre-popping

(2) Fit the driving Hlange using the four 5/18 in,
B.5.F. cap screws. Lock using lead seals.

(3] Fitthe clutch housing to the engine gear cover
using the eight 5/16 in. B.S.F. bolts.

(4) Connect the oll pipe to the clutch housing.
(5) Adjustthe oll flow as detailed in Paragraph 6.4,
(B) Adjust the clutch as detailed in Paragraph 6.3.

SPEED INCREASING GEAR PJ1 and PJ2
ENGINES

Description

6.9 The speed increasing gear is a cast iron
assembly consisting of a rear housing and cover. The
rear housing has a mounting flange which Is bolted to
the angine gear cover and locatled by removable
dowegls, The cover is also bolted and dowelled to the
housing, the mating taces having thin paper joints
betwaen them. A driving gear is keyed to the Input
shaft between the crankshalt gear and the outer
bronze bearing. Ball and roller bearings support the
oulput shatt into which the driven gear s keyed.
Lubrication is provided from the engine oll pump. The
plain bearing for the input shalt has a speclal pressure
feed. The oil forms an oll bath in the lower half of the
unit and excess oil lows back into the engine sump.
Both gears and shalt bearings are lubricated by the oll
bath, an oll seal Is litted on the output shaft.

Speed Increasing Gear Ratio

6.10 Two speed increasing gear ratios are available
1.61:1 and 1.86:1: either ratio is accommodated in the
same housing, It Is only necessary o change the gears
and output shaft.

Rotation
6.11 Speed increasing gears are suitable for both
standard and reverse rotation angines.

Removal (Figure 6.2)

8.12 To remove the speed increasing gear proceed
as follows:

(1) Disconnect the external oil pipe at the top of
the cover (1) and drain the oil by ramoving the

drain plug.
TABLE B.1 SPEED INCREASING GEAR RATIOS
Engine Type Ratio
PJ P4 2 1.61:1 1.86:1
Engine Cutput Engine Output
KW BHF W BHP Spead Shatt Speed Speed Shatt Speed
rfmin r/min rfmin rfmin
3.70 5 7.5 10 1000 1610 1000 1860
8.3 B.5 12.7 17 1500 2415 1500 2790
T.5 10 14.9 20 1800 2898 1800 3348
B.4 11.3 18.8 22,5 2000 3220 2000 3720
Section 8 Common Variants and Accessories



(2}

(3

(4)

{5)

(6

(7

81

)

Remove the eight 5/16 In. B.S.F. biolts (2)
securing the two halves of the housing,

Withdraw the four hexagon-headed dowels (3)
locating the two halves of the housing. The
dowels may be removed with a spannar an
sdge.

Withdraw the cover half of the housing together
with the power take-off shaft (4) and drivan-
gear assembly (5). Care must be taken nof to
damage the inner ring of the pllo!l beanng
which is now exposed on the end of the shaft,

Remove the four 5/16 in, B.S.F. nuts and

washers (B} securing the oil seal housing (T}
and withdraw the housing taking cara not (o
damage the seal (B).

Slacken the |locking screw (8) on the ball
bearing locknut (10) and remove the latter.
Withdraw the shaft from the bearing. Note on
the 1.86:1 ratio gear release the circlip (11) to
remave the innar ring of the pilot bearing and
driven gear.

Loosan the locking screw(12) fram the driving
gearwheel locknut (13), remove the locknut
and gearwheel (14).

Remove the four setscrews {15) securing the
extension shaft {16) to the crankshatt gear-
wheel,

Remove the four 5/16 in, B.5.F. nuts and
washers securing the ergine-hall housing lo
the gear cover. From the inside of the housing
remove the 5/16 in. B.5.F. bolt and tabwasher
(19) and the 5/16 in. B.5.F. socket-head
scraw (20),

Replacement

612

To fit a speed increasing gear lightly oil all pants

and proceed as follows:

(1)

Fit the extension shaft using the lour set-
screws, making sure thal the extension shafl

(2]

2)

(4}

(5)

(8]

{7

8}

PJ Range Air Copled

dowel (18) is in position. Ensure that the end
taces of the crankshaft gearwheel and the
extension shaft are clean and undamaged.
Check that the concentricity of the extension
shaft wilh the crankshaft axisis within 0.05 mm
{0.002 in.) throughout its full langth.

Check the concentricity of the gear cover bore
with the crankshaft. If the eccentricity (that |s
half the total Indicator reading) is in excess of
0.13 mm (0.005 in.) remove the gear cover and
the gear cover dowels. Refit the gear cover
without the dowels the gear covar set screws
must be tightened sufficiently to held the cover
in position but at the same time allow
movement when the cover Is gently tapped on
Its side. Gently tap the cover until the
ecoentricity is within tolerance. Tighten down
the setscreews and re-check. Ream the dowel
holes to 8.33 mm (21/84 In.) and it oversize
dowels,

Fit the engine-hall studs (f necessary) lo the
gear cover and it ithe engine-half housing with
joint. Renew the joint if damaged,

Fit the 5/1& in. B,S.F. bolt and tabwasher {19)
and the 5/16 in. B.S.F. socket-headed screw
(20). Bend up the tabwashertalock the bolt and
lpck the screw by caulking the seal against the
sarrated screw head.

Fitthe track of small roller bearing to the engine
hall hausing.

Fit the driving gearwheel (14} to the crankshatt
axtension shaft. The gearwheesl is keyed to the
shaft and the large chamfer in the bore of the
gearwheel is placed agains! the extansion

‘shafl shoulder.

Fit and tighten the locknut and lock with
locking scraw.

1.86 to 1 Ratlo
1. Fitthedrivengearwheeltothe powerlake-

Figure 6.2 Speed Increasing Gear - Exploded View
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off shaft, The gearwhee! is keyed to the
shaft, and the shouldered face is towards
the roller bearing end of the shaft.

2. Fittheinnerringof the roller bearing to the

powaer take-off shaft and fit the circlip{11).

(9) 1.61 to 1 Ratio

1. Fitthedriven gearwhael to the power take-
off shaft, The gearwheel is keyed to the
shall and the plain face Is towards the
roller bearing end of the shaft.

2. Fit the collar {21) to the paower take-off
shafft.

3. Fittheinnet ring of the roller bearing to the
powar take-off shaft.

(10} Fit the ball bearing to the pawer take-off shaft.
Fit and tighten the locknut {10) and lock with
locking screw (8).

i11) Fitthe crankshaft extension bush to the power
take-off half-housing (1), Ensure that the ol
hole in the bush Is aligned with the housing
oilway and that the bush is flush with the inside
of the housing.

(12) Fit the power take-off shaft assembly to the
cover housing ensuring that the ball bearing is
pressed lully Into the housing,

{13) Fit the oll seal (8) to the seal housing {7) and
lightly eil the power take-olf shaft. Fit the oil
seal joint (23), shim(s) {24)and cil seal housing.
Make sure that the oil seal is not damaged
when fitting it over the end of the shaft,

(14} Fitand tighten the four 5/18 in. B.S.F. nuts and
washers{8) retaining the oil seal housing tothe
cover(1), Check the end fioat of the ball
bearing, this should not excead 0.10 mm
(0,004 in.). Normally two shims (24) are fitted to
aensure free rotation of the output shaft without
dragging and also give the required end {loat,
but more or less shimscan be added to achieve
the required conditions as necessary.

[15) Fit the cover half assembily to the angine half
assembly ensunng that the joint (25) is
undamaged. Fil the eight 5/16 in. B.S.F. bolts
and the four hexagon-headed dowals, Tighten
the bolts.

(16) Connect the oil lubricating pipe.

(171 Fit the oll drain plug (26).

(18) Lightly smear the counter-bore of the
crankshaft extension shaft bush with jointing
compound and lit a care plug (27). Spread the
core plug by giving the centre of the plug a
sharp blow ta form an-oil tight fit in the housing

FUEL LIFT PUMP

6.14 An engine fuel lift pump is normally titted in an
engine installation using a separately mounted fuel
tank. The tuel lift pump s mounted on the right-hand
side of the engine when viewed from the fiywheel end.
The pump is operated by a push rod which js in turn
operated by a roller attached to the fusl injection pump
operaling rockar. A hand priming lever allows a supply
of fuel to be pumped through the fuel filler to the
injection pump(s) for bieeding the fuel system.

Removal

6.15 Toremove thetuel lift pump proceed as follows:
(1) Isolate the fuel supply.
i2) Disconnect the two fuel pipes from the pump.
(3} Unscrewthe twoset boltssecuring the pump ta
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the fuel injection pump support bracket and
withdraw the pump, shims and joint.

Dismantling

6.18 To dismantie the fuel lift pump proceed as
tollows:

(1) Remove the domed cover and |oint ring fram
the top hall of the pump body,

(2} Lift out the gauze filier.

{3) Make amarkacrossthetwoflangesof the body
(this is for guldance on assembly).

4] Hemove the seiscrews and separate the two
halves of the pump body.

(5] Remove the diaphragm and pull rod assembly
by turning clockwise through 90° and lIft out.

i6} Remove (where applicable) the suction and
delivery valves from the top half of the pump
body.

Maintenance

8.17 Carry out the following procedure:

i1} Cleanallthe componentsin kerosene and biow
dry, paying particular attention tothe passages
in the pump body.

(2} Examine the diaphragm and renew if it shows
signs of cranking or hardening.

(3} Examine the suctionand delivery valves{wheare
possible) for proper seating.

{4) Check all pump linkage for wear and pump
flanges lor distortion,

Assembly

B.18 To assembla the fuel lift pumps proceed as’
follows:

(1) Fit {where applicable) the suction and delivery
valves.

(2] With reference to Figure 8.3 assemble the

diaphragm and pull rod by satting the locating
tab on the periphery of the diaphragm atthe 11
o'clock position, Press down on the diaphragm
against the spring pressure and turn counter-
clockwise through 90°, This allows the pull rod
1o engage the fork in the linkage. The tab
should now be in the B o'clock position,

11 Delock

-

Figure 6.3 Fitling the Fuel! Lift Pump Diaphragm




(3) Assemble the two halves of the pump ensuring
that they are in their original positions as
marked (paragraph .18 (3)). Holding the
priming laver fully against the spring secura the
two halves together using the six salscrews.

(4) Fit the gauze lilter.

(51 Fit the domed cover and jaint ring and tighten
the setscrew just sufficiently to make a fuel
tight jaint.

CAUTION
Do not overtighten the domed cover setscrew

Checking the Push Rod Protrusion

6.19 Befara fitling the fuel lift pump to the engine
it Is important to check the protrusion of the push rod
as follows:

(1} Turn the engine untll the push rod is in the
maximum lift position.

(2] Fit the fuel lift pump joinl

(3) With reference to Figure 6:4 measure the
maximum protrusion of the push red, this
should be 3.81 mm (015 in.). Il necessary
adjust the protrusion by means of shims fitted
under the mounting flange of the pump to
achieve this figure. Shims (0.015 in. thick) can
be obtained from Patters Limited.

Replacement

6.20 Fitthe fuel pump to the support bracket and
tighten the two sat bolis. Connect the fuel pipes and
blead the fuel system as detailed in Section 1

PJ Range Air Coolad

1

AL
Ve s

(l 1 . . |E ) ]ﬁl

- ) 3.81 )

- o |
( T

': ¢ : -‘I"',.ﬁf.t'

! I:-‘“—‘:I —

Push Rod Jsint
Washar

"~ shims

Figure 6.4 Fuel Lift Pump: Checking the
Push Rod Protrusion

HYDRAULIC PUMPS
Drive Positions (Figure 6.5)

8.21 Ahydraulic pump can be fitted to a PJ engine In
one of three positions:

(1) Half engine speed, gear end,
(2) Engine speed, gear end.
(3] Engine speed, gear end (raised).

(1) Halt Engine Speed Goar End

(3] Engine Spead Gear End (Ralsed)
with SAES Bellhousing

i2) Engine Speed Gear End

—

(4} Englne Speed Gear End (Raisad)
PJ3 and PJ4 (power requirement
must not excead 168.4 kW (22 bhpl

Figura 6.5 Hydraulle Pump Drive Positions
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6.22 An hydraulic pump can be fitted to any of the
three positions on PJ 1 and PJ2 engines but it can anly
be fitted al the engine speed gear end (raised) on PJ3
and PJ4 engines. When fitted toa PJ3 or PJ4 engina
the power requirement must not exceed 168.4 kW
{22 bhp).

Installation Checks

6.23 When the hydraulic pump is installed or
replaced after engine ovaerhaul it is necessary to check
the clearance depending on drive positions.

Hall or Engine Speed Gear End

8.24 Toobltainlhe correct clearance of the coupling
proceed as follows:

(1) Fit the pump half of the coupling to the
hydraulic pump drive shaft. Do not tighten the
sotkel scraw.

{2y Fit tha hydraulic pump unit In position leaving
out the gasket between the adaptor and the
pump, This will push the coupling on the drive
shalt so that with the gasket fitted the
clearance will be salisfactory.

(3) Remove the pump unit taking care not ta move
the coupling.

(4] Tightan the sockel screw 1o secure the
coupling on the drive shaft.

(B) Fit the gasket and replace the pump unit.

Engine Speed Gear End (Raised)

€.25 To cbtain the correct clearances when litting
a hydraulic pump to the engine speed gear end
{raisad),
(1) Check the backlash between the camshafl
gear and pump drive gear is 010 mm (0.004
in)to0.15 mm (0.006 in). If necessary this can
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be adjusted by using difterent thickness shims
between the gear cover flange or bellhousing
flange and the drive housing.

(2) Fit the pump half of the coupling to the
hydraulic pump drive shaft. Do not tighten the
socket scraw.

{3y Fit the hydraulic pump unit in position leaving
out tha gasket between the spigot plate and
pump. This will push the coupling on the drive
shaftso that with the gasket fitted the clearance
will be satistactory.

(4 Remove the pump unit taking care not to maove
the coupling.

(5) Tighten the socket screw to secure the
coupling on the drive shaft.

(6) Fit the gasket and replace the pump unit.

MARINE ENGINES

6.28 Petter PJ enaines which are bullt for marine
use are ldentical in construction to the normal PJ
engine but are fited with certaln modified components
built to withstand the corrosive effects of the marine
anviranment, These components are:

(1) Valve spring (innar and outan.

{2) Fuel injection pump(s).

(3) Spesder spring(s).
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SECTION 7
ELECTRICS

INTRODUCTION

7.1 This section gives serviging information and
wiring diagrams for basic elatrical starting systems
that can be used on the PJ range diesel engines.
Further information can be obtained from Petters
Limited or their representatives.

ELECTIC STARTING EQUIPMENT

7.2 Thisconslsts of a batlery-operated starter motor
engaging with a gear ring on the flywheel, a dynamo or
alternator for battery charging, a regulator, ammeter
and starter switch. Operating the starter swilch
enargises a sclanald on the starter, which in turn
engages the motor pinion with the flywheel gear ring.
When the pinlon is fully engaged the solenoid
completes the circult to turn the starter motor. The
pinion remains engaged until the starter switch is
released, but a free-wheel prevents the motor from
being driven when the engine fires.

STARTER MOTOR (Figure 7.1 and 7.2)

7.3 The starter is a pre-engaged, four pole four-
brush motar with a solencid-operated rotler clutch
drive. The starter provides a positive drive
aengagement asfull battery voltage is not connected to
the atarter until the pinlon s completely meshed with
the engine drive. This also prevents premature
ejection of the drive during isclated firing strokes. The
alutch drive transmils the torque developed by the
starter and runs free when the engine starts. The
solenoid has two windings connected in parallel, a
closing coll {low resistance) and a hold-op coll (high
resistance), When the starter switch is closed the
solenoid is enargised and draws the plunger into the
solencid core which in turn via the operating lever,
brings the pinion into mesh with the engine drive. The
solenoid contacts close and bypasses the closing
winding. Current flows from the battery to the sltarter
satting the armature in motion. The solenoid Is held in
position by the hold-on caoil. When the starter swilch ig
ralaasad the hold-on coil is de-energised and the
plunger returning to its normal position withdraws the
pinion from the angine drive. At the same time the
solenoid contacts open and the starter is
disconneated from the battery. On occasions of tooth-
to-tooth abutment (when the pinion does not slide into
mesh with the englne driva) the solanoid energises
normaily and the forked operating lever causes the
opearating plate to compress the engagement spring.
As the solenold plunger has full travel the solenaid
contacls close, the starter motor rotates and the

Figure 7.1 Typical Starter Molor

pinion slips into mesh under pressure from the
compressed engagement spring. A spring (lost
motion) located around the solenoid plunger stirrup
assembly ensures that the contacts apen befare the
pinion is extracted on starter switch release.

-y Lost Motian

-!'l'.'- | = gﬂ;inu
Solenold |l_»’;'*.}__ —_Plunger

|. — Operating Levar

Lo P = 1
J_| *, . Pinian
- L
J1 B
R e

| =—
- = — Rollar Chutch

~ Dperating Plate

Figure 7.2 Starter Motor Drive Mechanism

Roller clutch (Figure 7.3)

7.4 The roller clutch consists of a driving and driven
member and a number of cylindrical rollers running in
cam tracks in the clutch outer member, Thesea rollers
are spring-loaded and according to the direction ot the
drive they are elther free-running or wedge-locked
between the driving and drivan member,

Figure 7.3 Roller Clutch Drive Assambly

Removal
WARNING
DISCONNECTTHE BATTERY BEFORE CARRYING
OUT ANY MAINTENANCE ON THE STARTER
MOTOR.
7.5 Carry oul the following procedura;

(1} Disconnect the battery

(2} Disconnect the starter,

(3) Unscraw the thrae 3/8 in. UNC securing bolts
and remove the starter.

Maintenance

7.6 When dismantling for periodical overhaul the
brush gear and commutator surfaces should be
checked as follows:

{1} Check that the brushes move freely in their
respactive holders. A sticking brush can be
freed by cleaning both the brush and holder
with a petral-moistened lint-free cloth,
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(2) Check the brushes for wear and renew when
worn to or approaching 7.94 mm (5/18 in.) in
length.

{3) Check the commutator |s burnished and free
from pits or burned spots. [f necessary clean
the surface with a petrol moistenad clath, If the
surface (s badly warn it s advisable lo fit a
replacement motor,

7.7 Check the roller cluteh drive as fallows:

(1) Check that the clutch provides instantaneous
drive take-up in one direction and rotates freely
and smoothly in the other direction.

(2) Checkthatthe roller clutch drives moves round
and along the shaft splines without roughness
ar a tendency to bind.

(3) Lubricate all moving parts with Shell SB2628
Qreasa,

Note
ifthe roller clutch drive fails to operate correctly (t must
be replaced

Replacement
7.8 To it the starter proceed as follows:

(1) Fitthestarterand securg using the three 3/8in.
UNGC bolts.

{21 Connect the starler ensuring that terminals are
clean,

(3) Connect the battery,

STARTER MOTOR TESTING

7.9 Thelollowing paragraphs detall tests that can be
carried out on the starter motor to assist locating faults
in the starting system. A voltmeter with a range of O to
20V in required. Before carrying out any tests on the
starting system it is important to ascertain that the
battery is capable of supplying sufficient current to
operate the starter motor and that the battery
conneclions are clean and tight. Tests should be
carried oul in the order detailed.

WARNING

WHEN CARRYING OUT STARTER MOTOR TESTS
CARE MUST BE TAKEN TO AVOID ANY MOVING
MACHINERY.

Test 1 Battery Terminal Voltage Under Load

7.10 Connect the voltmeter across the batlery
terminals as shown in Figure 7.4 and operate the
starter switch. The voltage reading depends an the
engine load and battery size (Ah). A typical figure is
about 9.0V, A low voltage reading would indicate

PJ Range Alr Cooled

excessive current lfow in the circult and the starter
should be removed.

7.11 Carry out Test 2.

Test 2 Starter Terminal Voltage Under Load

7.12 Connect the voltmeater between the starter
input terminal and earth (commutator end brackel) as
shown In Flgure 7.5 and operate the starting switch.
The voltage reading should not be more than 0.5V
balow the voltage measured across the battery
terminals (Test 1). If the voltage reading Is within this
limit the starter circuit I3 satisfactory. If the voltage
reading is low (battery voltage correct) it indicates a
high resistance in the cable or at the starter contacts.
This could be bad or dirty connactions.

7.13 Carry out Test 3.

_@ —
ol

/—f;_ - >

Figure 7.5 Starter Terminal Voltage Under Load:
Test 2 Connections

Test 3 Voltage Drop On the Insulated Line

7.14 Connect the volimeter between the starler
input terminal and the insulated battery terminal as
shown in Figure 7.6, With the starter switch apen, the
voltmeter should read the battery voltage. When the
starter switch Is operated the voltmeter reading
shouid be practically zero. A high voltmeter reading
indicates a high resistance in the starter circult and al|
Insulated connections at the battery, solenoid and
starter should be checked.

7.15 Carry oul Test 4.

i B0
| .,.H_Ql,

Figure 7.4 Battery Terminal Voltage Under Load.

Test 1 Connactions

Figure 7.6 Voltage drop on Insulated Line:
Test 3 Connections
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Test 4 Voltage Drop Across the Solenoid
Contacts

7.16 Connect the voltmeter across the two main
solenoid contacts as shown in Figure 7.7. With the
starter switch open the voltmeter should read battery
voltage. When the starter switch is operated the
voltmetar should read zero valts or a fractional value.

7.17 A zero or fractional reading on the voltmeter
indicates that if a high resistanceisdeducedinTest 3 a
fault is due lo bad or dirty connections. A high reading
(similar to Test 3) indicates a faulty solenoid or
connections.

Figure 7.7 Voltage Dvop Across the Solenoid
Contacts: Test 4 Connections

Test 5 Vaoltage Drop on Earth Line

7.18 Connect the voltmeter between the battery
earth terminal and the starter (commutator end
bracket) as shown in Figure 7.8. Operate the starter
switch and check that the voltmeter reads practically
ZEr0,

Mote
The total voltage drop in the starting circuit insulated
fine (Test 3} and earth line must not exceed 0.8V,

7.18 |If the mater reading is high, clean and tighten
all earth connections and bonding straps.

Figura 7.8 Voltage Drop on Earth Line:
Test & Connections

P Range Air Coolad

DYNAMO (Figure 7.9)

7.20 The dynama is a non-ventilated earth-return
two-pole, two-brush, shunt connected model, with a
maximum output of 11A. To protect the dynamo
against overload and the battery against overcharge a
contral box is fitted. Dynamos or control boxes may be
replaced separately, but if either item is changed both
units should bechecked and/or set-up by an electrical
engineer,

Figure 7.9 Typical Dynamo

CAUTION

Check that the dynamao rotation as marked by an
arrow is correct when related to the engine. A
reverse rotation dynamo is available from Petters
Limited or their representatives.

Polarisation (Figure 7.10)

7.21 Whenever a new, replacement or repaired
dynamao s fitted it is essential that it is polarised to suit
the engine installation. To polarise the dynamo
procesd as follows:

{1} Fit the dynamo to the engine installation, Do
not connect the 'D¥ and 'F' leads.

{2} Ensure that the battery earth is connected,

{3} Connecta umper lead to the battery insulated
terminal and touch the free end to the dynamao
‘Fterminal for a tew seconds,

{4y Remove the jumper lead and connect the ‘D'
and 'F' leads.

Maintenance
Driving Belt
T.22 Carry out the following procedure

111 Check the general condition of the driving bell,
if warn ar damaged renew,

() Check that the driving and dynamo pulleys are
in ling and parallel with each other to within
.5 mm {0.020 in} Pulley alignment may ba
checked by placing a straight edge across the
pulley faces.

{3) Check the belt tension is sufficient to ensure
that the slack side does not sag, fluctuate or
bulge away from the pulley when the engine is
FLNming.

CAUTION

An under tensioned belt overheats, causes low
dynamo output and may work off the pulleys. An
over tensioned belt causes premature belt failure
and dynamo bearing wear,

Section T Electrics



Belt Tension - PJ1 and PJ2 Engines

7.23 Bell tension is correct when moderate hand
pressure applied at the centre of the belt betweean the
pulleysgives adeflection of approximately 13 mm (0.5
in.). Te adjust the tension slacken the two dynamo
pivot bolts and the boll on the slotted adjustmeant
straps. Pull the dynamo outwards to increase the
tension. Maintain the correct tension and tightan the
adjusting strap boll, then tighten he pivet bolts.

Belt Tension - PJ3 and PJ4 Engines

7.24 To adjust the belt tension on PJ3 and PJ4
engines procead as follows

(11 Remove the belt guard

(21 Slacken the dynamo pivet baolts and the
clamping setscrew.

(31 Setthe dynamo drive pulley so that the belt iz
not stack but not stretched. Tighten the
clamping setscrew,

41 Measure the outside length of the beltand note
this measurement.

(5} Slacken the clamping setscrew and increase
the pressure on the drive pulley sufficiently to
increase the measured length noted by 6 mm
{0.25 in.), Tighten the clamping selscrew and
pivol bolts:

(6] Fit the fan belt guard.

Connections

7.25 Check for broken, loose and/or dirty
connections at the dynamo and control box. Rectify
ary faults.

Lubrication

7.26 The armature shall bearings consist of a ball
bearing at the drive end and a bearing bush at the
commutator end. The ball bearing is packed with
grease which provides adequate lubrication until a
majar overhaul of the dynama is required. The Baaring
bush, however needs lubrication every § months or
700 running hours. To lubricate the bearing use a
farce-feed oil can and inject a small quantity of clean
engine lubricating oil in the hale marked QIL on the
end-face of the bearing bush housing of the
cammutatoer-end bracket as shown in Figure 7,10,

‘o
Connectar

Connector

Figure 7.10 Commutator End Bracket

PJd Range Alr Cooled

Armature Voltage Check

7.27 To check the armatureg vaoltage proceed as
follows:

{1} Disconnect the 'D and 'F' leads at the
commutator end bracket (Figure 7.100

{2} Connect a voltmeter between ' terminal and
earth,

{3} Run the engine and check that the voltmeter
raads 1.5V to 3.0V,
Field Circuit Check (Figure 7.11)
7.28 Teo check the field circuit proceed as follows:

{1} Disconnect the ‘D’ and 'F’ leads at lhe
commutator end bracket.

{2} Connect a voltmeter between 'D' terminal and
earth.

{3y Connect an ammeter between ‘07 and 'F.
{4 Run the engine.

{5y Check that the valtmeter reads a nominal 12
and the ammeter approximately 2A.

Figure 7.11 Tesling the Field Circuit

Dynamo Leads Check (Figure 7.12)

7.29 Ifthecorrectreadings are obtained on the tests
at the dynamo, check the dynamo cables as lollows:
(11 Ensure that ‘D" and 'F leads are connected at
the dynamao.
(2] Disconnect the 'D and 'F' leads at the control
b,

13) Connect one lead of the voltmeter to the '
lzad and the other to earth and run the engine,

lar)a F oolE

Figure 7.12 Checking the Dynamo Leads
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Figure 7.13 Electrical System Dynamo

4y Check that the valtmeter reads 1.5V to 3V, No
reading indicates a faulty 'D' lead, a high
teading indicates a short between the ‘D" and
'F' leads.

(&) If the reading is correct, leave the valtmeterin
position and short °F lead to ‘DY lead. Voltage
should rise. If the reading increases only
zlightly, an open circuit 'F' lead is indicated. A
zaro reading indicates ‘F lead shorted to earth.

ACR ALTERNATOR (Figure 7.14)

7.20 The ACR alternator produces alternating
current which is converted to direct current suitable
for a 12V battery starter system. The output of the
alternator is controlled by an electronic vollage
regulator which is more reliable and stable than the
conventional type of mechanical regulators used with
a dynamo. The cut-out is not required with this type of
contral since the semi-conductor devices prevent
reverse currents from flowing. Also the self-regulating
properties of the alternator limit the output currenttoa
safe value so that there is no need for a current
regulator,

7.31 A lypical ACRH alternator as shown in Figure
7.16 consists of:

(11 A laminated stator pack on which is wound a 3-
phase star connected output winding.

(21 A12-pole rotor carrying the field winding. Each
end of the rotor shaft runs on ball-race
bearings. These bearings are pre-packed with
grease for life.

(31 Arectifier packtorconverting the A G output of
the stator to D.C.

4y A built-in voltage regulator.

7.32 Rectification of the alternator culput is
achieved by six silicon diodes housed in a rectifier
pack. The pack also contains three diodes to provide
self-excitation of the rotor field winding.

7.33 The voltage requlator is a modular pack and is
an integral part of the alternatar,

7.34 The electrical connections to the external
circuits are brought out to Lucar connector blades,
which are grouped so as to accept a non-reversible
socket to prevent damage to the semi-conductor
devices through connections of the wrong palarity.

Figure 7,14 Typical ACR Alternator
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Rectifier Fack

Ragulator

i
Slip-Ring End Cover

Drive-End Brackel

Stator

Slip-Ring End Brackeal

Figure 7.15 Typical ACR Alternator — Expladed View

Connections

7.35 Figure 7.16 shows the alternator (European
Termination) connections, It consists of twa large +
Lucar connactions and a small 'INDY connector. The
negative connection is made through the alternator
body, The two Lucar '+' cannectors give a better
mechanical grip for the sockel, but there is only a
single cable to the battery.

Starter

Solenoid ™ \]

Juf) )
~nnres Switch
1 &

R

Figure 716 ACH Alternator Simplified Circuit

Maintenance

CAUTION

It is important that the following precautions
should be obsarved to avoid extensive damage to
alternator system.

{1) Do not disconnect the battery whilst the
alternator is running

{2) Do not disconnect any lead unless the
alternator is stopped and all switches are in
the OFF position.

{3) Always ensure that all leads are connected
to their correct terminals.

{4} Do not connect a battery into the system
without ensuring that the voltage and
polarity are correct.

Section 7 Electrics

{5) Do not ‘flash’ the connections to check
current flow.

(6) Do not experiment with adjustments or
repairs to the system.

7.36 The alternator reguires minimum maintenance
in service the only items subject to wear being the
brushes and bearings. Brushes should be examined
after 2000 hours running and renewed if necessaty.
The bearings are pre-packed with grease for life,

Voltage Drop in Charging Circuit (Figure 7.17)

7.37 To check for a high resistance in the charging
proceed as follows:
(1) Connect a voltmeter between the battary
insulated terminal and the alternator main
output terminal.

{2} Start and run the engine at approximately
rated speed, the voltmeter (V1) reading
should not exceed 0.5V,

|

SOLENOID

ALTERNATOR

Figure 717 Checking the Veltage Dropn the
Charging Circuft




(3 Transier lhe voltmeter connections to the
battery earth and alterpator body and run the
engine as betore, The valtmeter (V2) reading
should not excesd 0.25Y. If the readings are
higherthan thefigures given in Paragraph
F237(2) or ¥.37(3), then there is a high
resistance inthe circuit which must be
lpcated and rectitied,

Voltage Output (Figure 7.18)

7.38 Ta check the vollage oulpul ensure that he
battery is fully charged then proceed as follows:

(1) Dizconnect the battery earth cable.

2y Connect an-ammealer between the slarter
solenaid terminal and the alternater main
output cable,

3y Connect a voltmeter across the battery

terminals.
[}
(5)

Reconnect the battery earth cable.

Start the engine and run al approdimately
rated speed. When the ammeter is reading
less than 10A the voltmeter reading should
be within the limits 13.6 1o 144V, I the
reading is unstable or ocutside the specified
limits the alternator is faulty,

Driving Belit
7.39 Carry cutl the following procedure

Pd Range Afr Cooled

131 Check the belt tension is sufticient to ensure
that the slack side does not sag, fluctuate or
bulge away from the pulley when the engine is
ranning.

CAUTION

An under tensioned belt overheats, causes low
dynamo output and may work off the pulley. An
over tensioned belt causes premature belt failure
and dynamo bearing wear

SOLEMOID

ALTERMATOR

Figure 7.18 Checking the Voltage Output.
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Figure 7.189  Eleclrical System Alternator

{11 Check the general condition of the driving belt, _
it worn or damaged renew. Belt Tension— PJ1 and PJ2 Engines
{2} Check that the driving and alternator pulleys 7.40 Belt tension is correct when moederate hand
are in line and parallel with each other to within pressure applied at the centre of the belt between the
0.8 mm (0020 in.) Pulley alignment may be pulleys gives adetlection of approximately 13 mm (0.5
checkead by placing a straight edge across the in). To adjust the tension slacken the two alternator
pulley faces. pivot bolts and the bolt on the slotted adjustmeant
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strap. Pull the alternator outwards to increase the
tension. Maintain the correct tension and tighten the
adjusting strap bolt, then tighten the pivot bolts.

Belt Tension PJ2 and P.J4 Engines
7.41 To adjust the belt tension an PJ3 and PJ4
engines proceed as follows

(1} Remove the belt guard

{2} Slacken the alternator pivot bolts and the
clamping setscrew.

3} Setthealternatordrive pulley sothat the belt is
nat slack but not stretched, Tighten the
clamping setscrew.

4y Measure the outside length of the belt and note
this measurement.

(5) Slacken the clamping setscrew and increase
the pressure on the drive pulley sufficiently to
increase the measurad length noted by 6 mm
10.25 in.). Tighten the clamping setscrew and
pivotl baolts,

(B} Fit the fan belt guard.

Section 7 Electronics
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SECTION 8
PROTECTION AND PRESERVATION

PROTECTION

8.1 Toincreasethalifeofthe engineitis advisahle to
pratect the engine as much as possible from
environmental damage. When notin use engines must
be protected by a dust and waterproof cover. Under
tropical eonditions a permanent awning should be
pravided,

Intermittent Use

8.2 When not is regular use, engines should be run
on load al normal operating temperaturs each month
to lubricate internal parts and remove condensation,
External unpainted parts should be wiped clean and
lightly sprayed with a proprietary de-wetting agent,

PRESERVATION

8.2 Engines remaining idle for more than a month
may corrode resulting in serious damage. In order to
prevent this it is recommended that the following
presemvalion procedure |s carried out.

(1) Carry oul a 500 hours service as detailed in
Section 1,

(2] Drain the sump, flush out with flushing oil and
refil with the correct grade of lubricating oil.
Alternatively a lubricating oil with preservation
praperties may be used as recommendead by
Petters Limited or their representatives.

{3} Drain the fuel tank and tilter and refill with 0,57
litres (1 pint} of Shell Fuses Oil or Calibration
Fluid C. Bleed and prime the fuel system
iSection 1)and run the engine onalight loadfor
five minutes.

{4y If prolonged slorage is envisaged remove the
injector and apply a small quantity of
presarvative oil to the cylinder and piston while
turning the engine by hand. Replace the
injector, fitting a new sealing washer,

{5y Remaove air inlet and exhaust fittings and with
eachcoylinderonthe compression stroke in turn
(inlet and exbaust valves closed) apply
preservative oil to both inlet and exhaust ports
to protect the valve seats. The manifolds
shaould then be sealed to prevent ingree of
moisiure,

(B) If electric starting |5 fitted the battery must be
removed and the terminals cleaned and
greasad. To maintain the battery in good
condition it should be trickle chargedat regular
intervals,

7y Clean and dry the engine, repaint where

necessary and wipe all unpainted parts with an
oil rag. All pivol paints and external controls
should be cleaned and sprayed with a
proprietary de-watting agent.

8.4 Protected engines should be periodically

examined to check the preservation effectiveness.

Bectification of the protection should be carried out if

Necessary.

PREPARATION FOR USE

8.5 Afteranengine hasbeenpreserved thefollowing
procedure must be carried out to return it to its
operating condition,

(1} Remove all protective coverings.

{2y Checkand top up the fuel tank with the correct
type-and grade of fuel {Section 1).

13) Check the il level on the dipstick and ensure
that the engine is filled with the correct type
and grade of oil. (Section 1)

(4] HRe-connect the battery, if fitted.

i5) Check the air cleaneroil bath, if fitted (Section
4,

(6] Checkthetensionofthe drive belt (if fitted) and
adjust if necessary.

(7] Check the exhaust syastem for damage and
security of joints.

(8] Clean and lightly lubricate the speed control
linkage.

{9 Bleed the fual system {Section 1),

(10 Check the tightness of all nuts (excluding
cylinder head), bolts and clips.

B.6 Afteraninitial run check the oil level and visually
check for leaks.
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INTRODUCTION

9.1 This section is a guide to assist in the location
of a fault thal may cccur on a ‘PJ' range engine.

SECTION 9

FAULT FINDING

TABLE 8.1 ENGINE WILL NOT START

Pt Range Afr Coaled

Infermation or causes and suggested remedies are
also given.

Reason Cause Suggested Remedy Reference
Incorrect starting Adopt correct procedure Sect. 1
procedure
Low temperature Starting aid may be Sect. 1

required
Incorrect lubrication Too high viscosity il Drain the sump ard Sect. 2
Hl Causing excessive fill with correct ail Sect. 1
drag
Contaminated fuel Water, dirt or unsuitable Drain and flush Sect, 3
fuel in system fuel system and
fill with correct fuel Sect. 1
Excessive load Excessive drag from Remove all load
driven maching during starting
Fuel supply failure Mo fuel Fill with correct fuel Sect. 1
check by cranking the _
engine and listen for Air in system Bieed the fuel system Sect. 1
the characteristic squeak
of the injector Fuel filter blocked Fit new element Sect. 3
Faulty Injector nozzle Replace the nozzle or
fit replacement fuel
injector Sect. 3
Injection pump failure Fit a replacement Sect, 3
injection pump
Poor compression Valves sticking or not Decarbeonise and grind Sect. 5
seating properly in valves
Cylinder head gashet Fit a new gasket Sect, 5
Blown
Fiston rings stuck in Clean piston and fit Sect. 5 |
piston grooves new rings |
Waorn cylinder and piston Replace cylinder, piston Sect, 5
and piston rings
Incorrect bumping Check large end Sect. 5
clearance bearing and reset
bumping clearance
Broken or waak valve Renew valve springs Sect. 5
springs.
Incorrect valve clearances Adjust valve clearances Sect. 5
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TABLE 9.1 Continued

Reason Cause Suggested Remedy Refarence

Starter motor Flat battery Charge battery or

will not crank replace

engine — — — S P ]

j Flat battery due to lsolate fault and Sect, 7

faulty charging egquipment repair
Dirty or loose terminals Clean and tighten Sect. 7
Broken wirs Replace Sect. 7
Faulty starter Replace switch
switch
Faulty starter Repair or replace Sect. ¥
motor or solenoid
Engine seized Owerhaul engine Sect. 5
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TABLE 9.2 ENGINE STARTS BUT FIRES INTERMITTENTLY OR S00N STOPS

Reason Cause Suggested Remedy Reference
Faulty Tuel supply Watar in the fuel Drain and flush the Sect 3
fuel system and fill
with clean fuel Sect. 1
Sticking Injector Fit a new nozzle or Sect, 3
needle a replacement injector
Fartially blocked Renew fuel filter Sect, 3
fuel fitter elerrant
Alr in system Bleed fusl system Sect. 1
Restricted air intake Drirty air cleanar Claan air cleaner and/ Sect, 4
or fit new element
Faulty comprassion Valves sticking or Decarbanise and grind Sect. &
not seating correctly in valves
Cylinder head Fit a new gasket Sect. &
gasket blown
Piston rings stuck Clean piston and fit Sect. 5
in piston grooves new piston rings
Worn cylinder and Replace cylinder, Sect. 5
piston piston and piston rings
Incorrect bumping Check large end bearings Sect, 5
clearance and reset bumping
clearance
High exhaust back Blocked exhaust pipea Clean or replace Sect. 1

from driven machine

pressure or silencer, incorract
axhaust
Owverloaded Excessive drag Remove the load

during starting
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TABLE 8.3 ENGINE LACKS POWER ANDYOR SHOWS A DIRTY EXHAUST GAS

PS Range Air Coolad

Reason Causeg Suggaested Aemedy Refarence
Faulty fuel supply Airin fuel system Bleed the fuel system Sect. 1
Incorrect fuel Drain and Hush the Sect. 3
fuel system and fill Sect. 1
with the correct fuel
Fuel leaks Check tighten pipe Sect. 3
connectors, renew
or repair fuel lines
Faulty injector Fit a new nozzle Sect 3
or a replacemeant
injector
Incorrect fuel pump Time the injection Sect. 3
timing puUMmp
Faulty injector pump Renew pump Sect, 3
Incorrect injector pipe Fit correcl pipe Sect. 3
Kinked flexible fuel Fit new pipe
pipes
Partially blocked fuel Renew filter element Sect, 3
filter
Festricted air intake Drirty air cleaner Clean and/or refit Sact. 4
a new alement
Running at an Woarn ar incorraectly Renew or adjust Sect 3
incorrect speed adjusted speed
contral
Faully compression Valves sticking or Decarbonise and grind Sect. &
not seating corraecly in valves
Cylinder head Fit a new gasket Sect. 5
gasket blown
Piston rings stuck Clean piston and fil Sect, 5
in piston grooves new piston rings
Worn cylinder and Replace cylinder, Sect. 5
piston piston and piston rings
Incorrect bumping Check large end bearings Sect. &
clearance and reset bumping
clearance
High exhaust back EBlocked exhaust pipe Clean or replace Sect. 1
pressure or silancer, incorrect
exhaust
Extended periods Glazed oylinder De-glaze cylinder bore Sect. 5
of running off load bore and fit new pistan rings
or with a light load
Chverloaded Load requirement in Reduce load Preliminaries
excess of engine
power rating

Section @ Fault Finding




TABLE 9.4 FAULTY RUNNING

£

Range Alr Cooled

s —

Raason Cause Suggested Remedy Reference
Knocking Excessive carbon Decarbonise Sect. 5
farmatian
Air in fuel system Bleed fuel system Sect. 1
Low oil supply Replenish oil system Seet. 1
Sect, 2
Diluted or incorrect Drain and refil sump Sacl. 1
oil with correct grade and Sect. 2
type of oil
Injector neadle sticking Fit new nozzle or Sect. 3
of release pressure a replacemant |njector
incorract
Injeciion pump Adjust timing Sect. 3
timing too far advanced
Broken piston ring Examine piston and Secl. 5
cylinder for damage
and repair as necessary
Slack piston Check piston and cylinder Sect. &
for wear and renew as
NEcessary
Warn large end Check crankpin for damage Sact. &
bearing fenew as necessary
check lubrication system Seat. 2
Worn small end Renew small end bearing Sect. 5
bearing and check gudgeon pin
Loose flywheel Refit Sect, 5
Cwverheating Cooling system Check that the cooling Sect, 1
failure system is in order and
air flow |5 not obstructed
Owverloaded Reduce load to conform Freliminaries

with engine power rating

OF woarn

Excessiva valve Adjust valve clearances Sect. &
clegrances
Incarrect lubrication Drain and refil sump Sect. 1
oil ar level with correct grade and Sect 2
type of oil or drain
to the correct level
Injecticn pump Adjust timing Sect. 3
timing incorrect
Speed surges Owar heating See overheating
Air in fuel system Bleed the fuel system Sect. 1
Injector release Fil a replacement Sect, 3
pressure incorrect injector
Injector pump Fit a replacemant Sect. 3
rack sticking pump
Governor sticking Free or fit a new Sect. 5

governer componeanls

Section @ Fault Finding



TABLE 9.4 Continued

P Range Alr Cooled

Heasorn Caise Suggested Remeady Reference
Sudden stop Empty fuel tank Fill fuel tank and Sect, 1
blead fuel system
Blocked or stuck Fit a replacemeant Sect. 3
injector injectar
Brokan fuel pipe Repair or renew Sect, 3
Engine seized Cwverhaul engine Sect. &
Heawy vibration Loase flywhesl Redit SecL 5
Faulty installation Check holding down bolts Sect. 1
flexible mountings
and couplings
Engine overspeeds Lubrication oil overfilled Drain down to Sect 1
correct level
Lubrication ol dilutéed Rectify cause of dilution Sect. 1
of incorrect grade drain and refil with
correct grade of oil
Injection fuel pump Replace injection Sect. 3
stuck in full fuel pLMmp
position
Governor faulty Fit new governor Sect. 5
Excessive oil Qil leaks Rectify leaks
consumption
Warn valve guides, Ranew as necsssary Sect. &
piston rings, or cylinder
Incorrect type or Drain and fill with Sect. 1
grade of il correct type and grade
of oil
Extended periods De-glaze cylinder bore Sect. 5
of running off load and fit new piston
or with a light load rings
Excess oll in sump Drain oil to correct Sect. 1
level
Overheating See overheating
Lubrication oil Leaking lift pump Fit new diaphragm Sect, &
dilution diaphragm
Leaking injection Fit replacement Sect. 3
pump elemeant pump
Faulty injector Fit a replacemant Sect. 3
i injector

Saction 9 Fault Finding
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SECTION 1
GENERAL INFORMATION

INSTALLATION

INTRODUCTION

1.1 |t is essential that a water cooled diesel
engine is installed correctly to obtain the maximum
performance and reliability. Users are advised that
installation drawings are oiainable from FPetlers
Limited or their representatives. Petters Limited or
their representatives should also be consulted in
the following cases:

{1} Before proceeding with any new form of
installation,

12} Where the use of anti-vibration mounting is
contemplated,

{3) When a portable installation is contemplated,

ENGINE MOUNTING

1.2 The engine mounting procedure i commaon to
all PJ series engines and reference should be made
to Part 1. Section 1.

ACCESS

1.3 Before installing any engine suitable provision
must be made to allow access for the following,

(1) Lubricating oil dipstick remaoval,

(2} Lubricating oil filler cap remaoval, lubricating
ail filling and topping up.

{3) Lubricating oil filter maintenance.

{4y Fuel lilter maintenance.

5y Cooling system topping up, coolant draining
and filling.

(G)  Air cleaner maintenandce,
(71 Starting handle operation and withdrawal,
(8 Operation of controls,

AIR COOLING

1.4 Before installing any engine ensure that
sufficient air supply is available for the radiator fan
and that the fan air intake is unobstructed. Engines
mounted inside howsings or confined spaces must
be provided with ample openings for the free
circulation of air. Hot air from the radiator must not
ber allowed to recirculate to the fan.

CLUTCH [(PJW1 and PJW2 only)

1.5 |f a Petter clutch is fitted and the final drive is
through a belt or chain, a bearer must be fitted o
the base pad of the clutch housing.

FOUNDATIONS

1.6 Foundalion preparation is identical 1o all P
sefies engines and reference should be made to
Fart 1, Saction 1.

COOLING SYSTEMS

CAUTION

Sea water must not be used except in engines
equipped to withstand the harmful effects of
corrosion.

1.7 The fellowing points must be taken info
account when installing a coaling system.

(1) The cooling system must not be connected
directly to a main water pressure supply
urless a control valve is fitted in the inlet

side of the system. The control valve musl al
all times pravent the system from being
pressurised.

121 The cooling system must be arranged so that
water remains in the engine cooling jacket
when the engine is shut down or the water
flow is interrupted.

Cooling Tanks (Figure 1.1}

1.8 The following points should be noted when
installing cooling tanks;

(1) Coolant connections to and from the engine
are by means of 35 mm (1.375 in.} bore
pipes.

(2] Coolant pipe (1) should go to the top of the
cooling tank (2) in a steady incling. The
bottom of the cooling tank should be level
with or slightly below the bottom of the
cylinder. Pipes should be as short as
possible with a minimum of bands.

3] The coolanl level must not fall below the top
connaction,

(4) I two or more cooling tanks are installed Lo
achieve the correct water capacity, they
should be connected by 50 mm (2 in) bore
pipes (3), one below the level of pipa (1) and
the other about 50 mm (2 in) from the base.

(51 A tap or cock {5) should be fitted to the pipe
(4) for maintenance purposes. The outlet
temperature of the coolant should not
exceed 95°C (203°F) and not be less than
78°C (187°F). A thermostatic valve {B) should
be instalied in pipa (1) to maintain this
temperalure:

Figure 1.1 Coaling Tanks Arrafgement

Section 1 General Information



TABLE 1.1 WATER CAPACITY COOLING TANK(S)
Cooling Tankis) Capacity
Engine
Temperate Tropieal
Fd 1w 545 litres 1090 litres
{120 gal) {240 gal)
PJIWZ 545 litres 1080 litres
{120 gal) (240 gal)
FJ2w 1090 litres 2180 litres
{240 gal) {480 gal)
PJ2W2 1080 litres 2180 litres
{240 gal) {480 gal)
PJ3W 1640 litres 3280 litres
| {360 gal) (T20 gal)
Faaw 2090 litres 4180 litres
(460 gal) {920 gal)

Radiator Cooling

1.2 Gooling air is supplied by the radiator fan and

care must be taken to ensure that the air flow is

unohstructed.

TABLE 1.2 RADIATOR COOLANT CAPACITY
Radialor Capacity
Engine
Tempearate Tropical
PJ1W 5.7 litres 6.8 litres
{10 pints) (12 pints)
PJzw 8.5 litres 8.5 litres
{15 pints) (15 pints)
Paaw 10.2 litres 10.2 litres
(18 pints) (18 pints)
P 12.5 litres 12.5 litres
(22 pints) (22 pints)

Anti-freeze

1.10 LUnder low temperature conditions it s
atlvisable 1o use an anti-lreeze coolanl. The anli-
fregze should be (n accordance with B.S.2151 to
ensure that it contains the correct corrosion

inhibitor, Do not mix different grades of coolant and

always top up with a mixture of the same strength
Make sure that the coolant is suitable far the
coldest conditions likely to be encountered,

ALIGNMENT

1.11 The alignment procedure |s as detailed in

Fart 1, Saction 1,

AIR INTAKE CLEANERS

1.12  Air intake cleaners are common to all P
series engines and is as described in Part 1,

Section 1,

EXHAUSTS AND SILENCERS
1.13 Exhaust and silencer fitting is common to all

FPJ series engines and is as described in Part 1,

Section 1.

LUBRICATION

1.14 Lubrication systems are identical on all PJ
series enginas and reterence should be made to

FPart 1, Section 1.

Section 1 General Information
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FUEL

1.1!_5 Fuel systems are identical on all PJ series
engines and reference should be made to Fart 1,
Section 1.

DRIVE ARRANGEMENTS

1.16 The engine drive arrangemeants are commaon
to all PJ series engines and reference should be
made to Part 1, Section 1.

OPERATING INSTRUCTIONS
NEW OR OVERHAULED ENGINE
Preparation for Starting

1.17 To prepare a new or overhauled engine for
starting proceed as follows:
(1] Check that the cooling system is in order
and that the radiator is unobstructed.
2} Remove the ail liller cap and, with the engine
leved fill with lubricating il which conforms
to specification MIL-L-48152-8B (Part 1,
Section 1, Paragraph 1.28) and of the correct
grade (Fart 1, Sectlion 1, Faragraph 1.27) 1o
the high level mark on the dipstick. To
ensure a correcl reading, the dipstick should
be withdrawn while the oil is being added. It
should be submerged for at least five
seconds befora being removed for reading,
Wipe the dipstick each time it is replaced for
further readings. Beplace the cap when oil
level is at the high mark on the dipstick.

(3) If a Petter clutch is fitted remove cover plate
and pour 0.3 litres (L5 pints) of engine
lubricating qil into the clutch housing. The
clutch is a positive action type and must not
be slipped when operating. The lever must
be smartly engaged and disengaged.

(4} Lift the decompressor levers) and turn the
enging about fifteen times to circulate the oil

(5} Fill the fusl tank with the appropriate type
and grade of fuel (Part 1, Saction 1,
Paragraph 130 and 1.31).

{6) Bleed and prime the fuel system as detailed
in Paragraph 1.18.

Bieeding and Priming the Fuel System

1.18 To bleed and prime the luel system, each
cylinder {in the case of multi cylinder engines) must
be done in turn. The flywheal TDC mark must be set
for the appropriate cylinder about half a revolution
away from the pointer before lop dead centre. 1l a
[uel lift pump is fitted fuel will nat flow unless the
[uel litt pump priming lever is operated. With
reference to Figure 1.2 carry out the following
procedurs:

(1) Slacken the two vent screws (1) on top of
the fuel filter, When clean, air free fuel leaks
out tighten the wo venl screws.

2] Slacken the vent screw (2) an the fuel pump
until air free fuel is expelled, Tighten the vent
BOTEW,

(3] Unscrew the delivery pipe connection (4)
from the fuel injector. Operate the priming
lever (3) until air free fual iz expelled.
Reconnect the delivery pipe.

4] Repeat the pumping action an the priming
lever [(3) until the injector is heard to squeak

(5] RHepeat operations (2) and (4) on each
subseguent cylinder, if appropriate, re-aligning
the flywheel mark,



Engine Running In

1.19 To avoid excessive oil consumption the
tollowing running in procedurs must be carried out
on naw or overhauled engines;

(1 Run for 2 minutes on ne load and ensure
that there are no ol leaks.
(2) Check that there are no coolant leaks.
MNote
After the jnitial run check the oil level, top up as

required. The fevel of enging ofl usually falls slightly
after the initial circulation.

(31 Run for 10 minutes at approximately hall
load.

{4} Run for one hour en full lead, and carry out
the procedure detailed in Paragraph 1.28.

{5} Run for a further minimum of 8 hours or
longer, on full lead,

P Range Water Cooled

CAUTION

Initial running at idling speed for long pericds of
a new or overhauled engine causes glazed bores
and thus excessive oil consumption.

STARTING
WARMNING

{1)

(2)

(2)

ENSURE THAT THE STARTING HANDLE IS
CLEAN, LIGHTLY LUBRICATED AND IN
GOOD CONDITION TO ALLOW IT TO EASILY
AND SAFELY ENGAGE AND DISENGAGE.

MAKE SURE THAT AFTER INSERTING THE
STARTING HANDLE THAT THE LOCATION
PIN, WHERE AFPPLICABLE, IS SECURELY
LOCATED IN THE SLOT IN THE HOUSING
IN THE CAPTIVE POSITION.

THE STARTING HANDLE SHOULD BE HELD
FIRMLY WITH THE THUMB ON TOP OF THE
GRIP NOT ROUND IT.

Figure 1.2 Bleeding and Priming the Fuel System

Section 1 General Information



Mormal Start (Figure 1.3)

1.20 To start an enging under normal operating
conditiens using the starting handle proceed as
follows:

i1 If & variable speed control is fitted, set the
control lever to the full spead position.

(2] Lift the red painted overload stop (1) and
allow the fuel pump rackis) to move into tha
fully @pen position,

{3) Operate the fuel pump priming lever for each
cylinder about six times to prime the eylinder.
{Thiz operation is not required if the engine
is warm).

(4] Lift the decompressor lever(s) (2) and turn
the engine by hand as fast as possible. When
the engine is turning gver at a good speed,
knock down ang decompressor lever. The
engine should now fire, then knock down the
other lever(s)

(51 If the engine does nat fire, lift the
decompressor lever(s) and slowly turn the
engine a few times before attempting to start
again,

FJ Range Water Coafed

1.21 When using a starter motor to turn the
angine the decomprassar lever(s) are not raised. Do
not operate the starter motor for more than 20
seconds at a time,

Cold Start

1.22 When operating in low temperature
conditions it may be necessary {o use a cold
starting aid, details of which can be obtained from
Patters Limited or their representatives. This aid
may bein the ferm of an auxiliary fuel introduced
into the combustion system during starting, through
permanently fitted eguipment spraying directly
into the inlet manifold, Care must be used when
using a cold starting aid as indiscriminate use may
cause damage to the engine. Petters Limited or
their representatives must be consulted if doult
arises regarding the use ol such aid.

1.23 Temperatures below which a cold starting aid
may be required depends on the installation and
the condition of the engine and are as in Table 1.2,

i Figure 1.2 Engine Starting

TABLE 1.3 COLD STARTING AlD TEMPERATURES FOR STARTING (BARE ENGINES)

Installation Engine Tvpe

Palaw PaTwe PU2w FJ2Ws PJ3W Faaw
On half-speed . : . .
extension shafl | —8°C (17°F) | —8°C{17°F)| —8°C (17'F) | —8°C{(17°F) | —6°C (21°F}) | —6"C(21"'F)
{Hand)
On full-speead ) B : 3
extension shaft 5°C {41"F) == 5°C (41°F) — 5°C {41°F) 5°C {41°F)
tHand) | B
Electric —18°C [37F) -_— —18"'C {3°F) —_ —16°C {3'F) | —186°C (3°F)

Section 1 General Information



Hot Start
1.24 Carry out the following procedure,

(1) Raise the fuel pump priming lever to the
vertical position.

(2] Lift the decompressaor lever(s).

(3] Turn the engine to clear the cylinder of hot
air and fuel,

{4y Lower the priming levens).

(8} Turn the engine as fast as possible, When
the engine is turning at a good speed knock
down ane decompressor lever. The enging
should now fire, On multi-oylinder engines
knoclk down the remaining decompressor
leveris), On engines with a starter motar lower
the decaompressor levers). Do not operate
the starter motar for more than 20 seconds
at a time

STOPPING

1.25 Before stopping the engine it is advisable to
run on & light load for a few minutes. To stop the
enging raise the fuel pump priming levers to the
vertical position, or push the governor fulerum lever
towards the fuel pump until the engine stops.

CAUTION
Do not turn off the fuel supply or use the
decompressor levers to stop the engine.

OPERATING PRECAUTIONS

1.26 The following points should be noted when
aperating Petter diesel engines:

{1} Do not stop the engine by lifting the
decompressaor lever(s). This will damage
valve seafs and cylinder head joints.

(21 Do not allow the engine fugl tank to run dry.
This means thal sediment or water could be
drawn into the tuel system and alse air will
be drawn inlo the fuel lines thus
necessitating bleading and priming of the
fuel system.

{3} Do nol remove or alter the setling of the
overload stop.

ROUTINE MAINTENANCE
INTRODUCTION

1.27  The routine servicing and maintenance
instructions givenin this manual are based on average
opearating conditions and cover the minimum
requirements to keep and engine running ai peak
performance with trouble free operation. Under very
dusty conditions, air cleaners, lubricating oil and fuel
filters will require more fregquent attention.
Decarbonising may be required more frequantly when
engines are running on lght leads for long periods,

Please remember

.. an engine needs fuel
Keep fuel, tank, filter and plping clean.

... an engine needs lubricating oil
Lise correcl grade and quality of oil. Keep oil
level topped up.

... @N engine needs air
Keep air cleaner clean, Keep air inlel manifold
and entire exhaust system free of carbon and any
other abstruction.

PJ Fange Warter Coolfed

. an engine heeds cooling
Keep air intakes clean and provide adequate
wventilation,
keep coalant level topped up.

INITIAL CHECKS ON NEW OR
OVERHAULED ENGINES

After an Initial Run of One Hour on Full Load

1.28 After an initial run of one hour an full load and
wilh the engine cold re-torgque the cylinder head and
block nuts. To achieve this slacken and lighten each
cylinder head nut in turn a quarter of a turn and re-
torgque load to 84 Nm (B2 1bf ft.). Slacken each cylindear
block nut a quarter of a turn and re-torque to 176 Mm
(130 Ibf ft.), Reset the tappet clearance to 0.25 mm
010 i,

20 Hours Initial Running

1.29  After approximately 20 hours initial running
aof a new or ovarhauled engine carry out the
following procedure:

{1) Drain the lubricating oil from the sump,
change the filter element (it applicable] and
fill with clean oil (Section 2)

(21 Check the fuel filter (Section 3),

(3] Check the tightness of all nuts {excluding the
cylinder head and cylinder block nuts) bolts,
securing screws and hose clips.

{4} Check any belt drives

50 Hours Initial Running or Three Months

Marine Engines Only

1.30 Protection againsl electrolytic corrasion is
provided by a zing anode fitted at the hose connaction
end of the water inlet manifald. This anode should be
checked at reqular intervals especially in the case of
engines where direct sea water (raw water) cooling is
used, Duetothevaried environmental conditions thal
existit is nol possible to specify a uniform period when
the anaode should be checked. Initially it is
recammendead thatthe anode should be checked afler
50 hours running or no later than thres maonths from
the date of ownership (excluding any perled where the
engine is nol in use with the cooling system drained).
Depending on the condition of the anode al this time
determines a suitable servicing fregquancy for the
future,

DAILY CHECKS
1.31  Carry out the following procedure;

{1) Check and top up the fuel tank with the
correct type and grade of fuel,

(2] Check the oil level an the dipstick, if
necassary lop up at the engine oll filler with
the correct type and grade of lubricating oil.

i3] Check coolant level in the radiator ar coaling
tank and top up if necessary. Check fan belt
tension Cheack that the radiator is nat
obstructed.

{4} Wisually check the engine for signs of oil or
[uel lzaks.

EVERY 50 RUNNING HOURS
1.32 Carry out the following procedure:

i1} Clean the oil bath type air cleanar, i fitted,
(Fart 1, Section 4).

12} Check the alterator/dynamo drive belt, if
fitted.

Saction 1 General Information



EVERY 250 RUNNING HOURS
1.33 Carry out the following procedure:
(1} Clean the fuel filter {Part 1, Section 3).

12} Check the tightness of all nuts (excluding
the cylinder head and black), bolts, securing
screws and hose clips,

{3) Check that the fuel tank filler cap vent hole
is clear, and clean if necessary.

4y Clean the air cleaner paper element, if
fitted, (Part 1, Section 4).

(58] Check the exhaust system for damage,
corrasion and holes, clean out deposits of
carbon.

iG] Clean the fuel tank strainer.

(7t Drain the oil sump and refill with new
lubricating cil of the correct type and grade
(Part 1, Section 2).

{8) Lubricate radiator cooling fan shaft (if
applicable).

{2y Clean fuel lift pump filter gauze {if
applicable).

(100 Fit a new lubricating ol filter element and
joint ring (where fitted).

Mote
The ail leve! should be checked after initial run
when the oif filter element has been changed,

(11) Misually check the fuel system for leaks.

{12) Remove the fuel injector(s) (Section 3} and
test spray. If in order replace.

Section 1 General Information
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(13} Check valve clearance (Section 5) and
adjust if necessary.

(14} Clean the lubricating oil feed resirictor to
rockers (Part 1, Section 2).

(15} Lightly lubricate the speed control linkage.

EVERY 500 RUNNING HOURS
1.34 Carry out the following:

{1} Fit a new fuel filter elemant {Part 1,
Section 3).

{2} Fit a new air cleanar element {if fitted).

EVERY 1000 RUNNING HOURS

1.35 Drain the cooling system and flush with clean
fresh water. Refill the system with coolant.

EVERY 2000 RUNNING HOURS
1.36 Carry out the following:

{1} Decarbonise the piston{s} and cylinder
heads) in accordance with the procedure
detailed in Section 5.

{2) Clean out piston oil return holes.
{3y Check piston rings for wear (Section 5).
{4y Check each cylinder bore for wear (Section 5).

151 Check the connecting rod bearings
{Section 5).

(6] Drain and clean out the engine fuel tank.
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SECTION 2
LUBRICATING SYSTEM

INTRODUCTION

2.1 The lubricating system is identical to the PJ air
cocled engine and is as described in Part 1, Section 2.

Section 2 Lubricating System



SECTION 3
FUEL SYSTEM

INTRODUCTION

2.1 The fuel system used on the PJ waler cooled
saries engine is almost identical to the air cooled,
described In Fart 1, Section 3, the exception is the
fuel injector which is fitted with a sealing washer.

FUEL INJECTOR
Removal
3.2 Toremove the fuel injector proceed as follows:

(1) Disconnect at the injectar the fuel pipe from
the pump and the injector leak-off pipe.

{2} Remove the twe 5/16 in. BSF nuts and
spring washers securing the injector flange.

{3 Carefully lever aut the injector complete with
the sealing washer,
Testing (Without a Test Rig)
3.3 Test the fuel injector as detailed in Part 1,
Section 3.
Dismantling
3.4 Dismantle the fuel injector as detailed in
Part 1, Section 3.
Maintenance
3.5 Service the injector as detailed in Part 1,
Section 3.
Assembly
3.6 Aszemble the injector as detailed in Part 1,
Saction 3.
Testing and Setting-Up (Using a Test Rig)
3.7 Test and set up the injector as deiailed in
FPart 1, Section 3.
Replacement (Figure 3.1}
3.8 Toreplace the fuel injector proceed as follows:

(1) Fit a new sealing washer on the injector with
the concave side facing upwards as shown in
Figure 3.1,

CAUTION

Extreme care must be taken in replacement of
the injector as incorrect fitting can damage the
connecting pipe and/or the injector.

(1 Fit the injector and sealing washer into the
cylinder head.

{3) Fit the spring washers. and the flange
securing nuls.

{4) Fit the pump-to-injector fuel pipe and tighten
the union nuts finger tight

(%) Tighten the union nuts a further third of a
turn with a spanner.

i6) Tighten the flange nuts evenly.
(71 Connect the leak-off pipe.

PJ Range Walter Cooled

Figure 3.1

Section 3 Fuel System
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SECTION 4
AIR FILTRATION AND
ENGINE COOLING

AIR FILTRATION

4.1 Airfiltration is commaon to all PJ series
engines and reference should be made to Part 1,
Section 4.

ENGINE COOLING
Cooling Tanks

4.2 Maintenance of cooling tanks is limited to
checking for leaks, damage to pipes and if
necessary changing the coolant and flushing the
aystem with clean water,

Radiators

Draining

4.3 To drain the cooling system proceed as
follows:
{1y Drain the radiater by removing the drain plug,

{2} Remove the plugis) from the cylinder(s)and open
the tap an the manifald water inlet to allow
the coolant to drain from the engine.

Flushing
4.4 To flush the cooling system carry out the
following procedure:

(1) Isclate the cooling tanks or drain the
radiator.

2] Remove the plug(s) from the cylindersand open
the tap on the manifold water inlet to allow
the coolant to drain from the engine,

(3] Remove the water inlet and outlet manifolds.

(4 Insert a piece of wire or suitable tool through
each arifice in the eylinder and cylinder head
and rake out any deposil. This operation
shiould be carried out whilst flushing with
fresh water, preferably under pressure.

151 Replace the water manifolds and cylinder
plugis) with its washeris),

(61 Fill the system with the appropriate coolant,
(71 Check the system for leaks during initial run
after flushing,
Adjusting the Radiator Fan Belt
4.5 To adjust the fan bell proceed as follows:
111 Leoosen the locknut on the fan pulley support.
(21 Loosen the six fan guard securing bolts:

i3} Slide the pulley support assembly upwards
to increase the belt tension or downwards to
decreasa |t

t4] The fan belt tension s checked by applying
pressure on the belt as shown In Figure 4.1
The belt should have about .35 mm .,
{0.25 in) movement

(5] Tighten the fan pulley support locknut.

(6) Centralize the tan guard so that it is
completely clear of the fan blades when
rotated and tighten the six securing bolts.

Fan

Pulley \ /

/
i
ik
!
!
b
I 1L &35mm
1| T (0.250n.)
1l
i
1
1
'R

oo | \

Drive
Pulley

Figure 4.1 Checking the Fan Belt Tension

Radiator Fan Spindle Lubrication (Early Type)

4.6 The spindle runs in an oll impregnated bush
and should be oiled when the engine is overhauled
as follows:

(11 Remove the round-headed screw and
washears retaining the fan pulley,

(2} Using a syringe fill the small reservoir in the
shaft with SAE 20W/20 lubricating ail,

(3} Fit the washer and retaining screw.
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Water Pump (Belt Driven) (Figure 4.2}
Removal

4.7 To remove the water pump from the engine
proceed as follows:

111 Drain the cooling water,

(2} Disconnact the inlet and outlet pipes at the
pU ML

[3) Remove the four setscrews (1) securing the
tan {2) and fan plate {3} to the water pump
pulley (4)

14) Blacken the dler pulley or dynamo/allernator
pivat bolts and clamping setscrew. Hemove
the drive belt.

15) Remove the setscrews securing the pump
bracket (5).
Dismantling

4.8 Taodismantle the water pump proceed as
follows:

i11 Separate the pump body (B8) from the bracket
{5) by removing the bolts (7).

(2} Using suitable screws in the tapped holes of
the impallar (8) as an extractor remove it
from the shaft {9)

131 Remove the water pump seal (10).
i4) FRemove the circlip (11) from the shaft and
withdraw the pulley and shatt assembly from
the pump body.
Maintenance
4.9 Carry out the following:

(11 Clean all parts and check for wear or
damage.

2] Replace any detective parts.

Assembly

4,10 Toassemble the water pump proceed as
tollows:

(1) Insert the shall {9) inte the pump body (8)

PJd Range Water Cooled

and fit the circlip {11).

(2)  Fit the seal (10). ;

13) Press the impeller onto the shaft,

i4) Fit a new gasket and bolt the pump body (8)
to the bracket ().

Replacement

4.11 To replace the water pump on the engine
procead as follows:

(1] Position the water pump bracket and secure.

(21 Fit the drive belt.

(3) Connect the water pipes to the pump
connections.

(4} Fill the system with coolant and check for
leals.

(5 Adjust the belt tension as detailed in
Paragraph 4.12,

Water Pump Belt Drive Tension

4.12 The bell tension must be set correctly as a
slack belt overheats and gives a low dynamao/
alternator cutput if fitted, An over-tensioned bell
causes premature belt and bearing wear. To adjusta
bramer the belt tension proceed as Tollows:

(1) Slacken the clamping setscrew,

{2} Set the pulley so thal the beall is nat slack
but not stretched, Tighten the clamping
setgoraw,

(3 Measure the oulside length of the belt and
note this maasurement.

(4 Slacken the clamping setscrew and increase
the pressure on the pulley sulficiently to
increase the measured length noted by
A mm{0.25 in). Tighten the clamping
setscrew and pivot bolts,

{5) Fit the guard.

Figure 4.2 Water Pump
iBell Driven) — Exploded View
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Water Pump (Shaft Driven] (Figure 4.3)
Removal

4.13 To remowve the water pump from the engine
procecd as follows:

(1) Isolate the coolant supply; drain the coolant
if necessary. Disconnect the pipes at the
pump body,

(2 Remove the two nuts securing the pump to
the gear cover,

(3 Remove the pump and gasket,

Dismantling

4.14 To dismantie the water pump proceed as
Fortleaes:

111 Remove the three screws (1) securing the
cover (2) and remove the cover and gasket
{3).

2l Remeove the impeller and shafl assembly by
pressing lhe drive end of the shaft.

(31 Remove the sealis) (4) and 'O ring {5)
[if applicable),

(4 Remove the impeller {6},
5] Remaove the cam screw, (7)
cam (8) and wear plate (9) (if fitted),
Maintenance
4.15 Carry out the following procedure:
(1) Clean and inspect all parts for wear or
damage and renew any defective parts,

(2) Check that the drain hoele in the pump body
is not blocked,

PJI Hange Water Conled

Fig 4.3. Watar Pump {Shaft Driven) ; Exploded View

—

Assembly
4.16 To assemble the water pump procead as
follows:

{11 Insert the wear plate (9) {if fitted) with the
dimple facing outward and in line wilth the
cam lecating screw hole

{2y Apply a suitable sealing compound to the top
surtace of the cam (B).

{3y Fit the cam {8) and screw (7) ensuring that the
groove an the inner edge locates with the
dimple on the wear plate.

(4} Press in the seal (4) with its lip towards
the impellar,

(51 Fit the impeller onto the shatt.

(B) Insert the shaft into the pump body carefully
50 as not to damage the seal or impeller
blades.

(7) Fit the ‘0’ ring seal (5) and the ouler seal
with its lip towards the driving tongue and its
edge flush with the pump body face.

(81 Fit the gasket (3} and cover plate (2) using the

three sorews (1)

Replacement

417 To replace the pump on the engine proceed
as follows:
(1) Fit the gaskel overthe studs in the gear
COVER.
12) Locate the pump over the studs engaging
the drive.
3 Fit and tighten the nuts,

Section 4 Air Filtration and Engine Cooling
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SECTION 5
ENGINE GENERAL MAINTENANCE

INTRODUCTION

5.1 This section contains fitting and servicing
instructions for major repairs and maintenance of
the PJ water cooled diesa| engines. Servicing which
is commaon to all PJ series engines is referenced to
FPart 1. Major servicing should be carried out by
qualified personnel in a workshop environment. |t is
important that all componeant parts are kept clean.

DECARBONISING

5.2 A carbon deposit forms on piston and oylinder
heads and the presence of an excessive carbon
deposit is usually indicated by a loss of power.
Decarbonising necessitates the removal of the
cylinder head, followed by the remaval of all carbon
and the grinding in of the valves.

Cylinder Head Removal

5.3 Toremove a cylinder head proceed as follows:

(1) Drain off the cooling system as detailed in
Saction 4.

(2] Remove the cooling pipe connections
{3} Remove cooling outlet manifold,

{4y FRemove the inlet and exhaust manifolds by
unscrewing the 5/16 in. BSF retaining bolts,

5y Remaove the fuel injector as detailed in
Part 1, Section 3.

(B Disconnect the lubricating oil feed pipe to
the rockers.

(7] Remove the rocker box by unscrewing the
large centre nut-and lifting the bax off.

i8) Unscrew the rocker support post nuts and
remove the rocker assembly complete.
Withdraw the push rods noting their
position,

Mote
It is imporfant that the push rods are refitted in the
same position on assembly.

(9) Remove the push rod cover.

(101 Gradually slacken the cylinder head self-
locking retaining nuts diagonally in
sequence as shown in Figure 5.2,

(11} Remove the nuts and lift off the oylinder
hea.

Cylinder Head Dismantling

5.4 Dismantle the cylinder hezad as detailed in
FPart 1, Section 5,

Valve Removal

5.5 Remove the valves as detailed in Part 1,
Section 5.

Carbon Removal

5.6 Remove the carbon as detalled in Part 1,
Seclion 5.

Valves Grinding In

5.7 Grind the valves in as detailed in Part 1,
Section &

Valve Seais

5.8 Check the valve seals in accordance with the
procedure delailed in Part 1, Section 5.

1 3

O O

O O

b z

Figure 5.1 Cylinder Head Nuts: Remaoval and
Replacament Sequance

Cylinder Head Assembly

5.9 Assemble the cylinder head as detailed in
Part 1, Section 4.

Cylinder Head Replacement
5.10 Teafit the cylinder head procesd as follows:

(1) Fit a new cylinder head gasket ensuring
that the face marked TOP is uppermaost, If
the gasket is not marked the meatal fold
should face uppermaost, Lower the cylinder
head over the studs into position, Locate the
exhaust porl heat shield.

{21 Fit the cylinder head nuls and tighten
finger-tight. On multi-cylinder engineas,
ensure that the manifold belting faces are
parallel with each other. Check with a
straight edge as shown in Part 1, Section §,
ar by bolting on a manifold.

(31 With reference to Figure 5.1 lighten each
nut a gquarter of a turn at a time in the
sequence shown, Each nut must be Tinally
tightened lo a torque loading of 84 Nm
162 |bf 1),

i4) Lightly lubricate the push rods with engine
ail and fit in the positions noted in
Paragraph 5.3 (8).

{5) Fit the push rod cover and gasket
67 Fit the valve caps.

(71 Fit the rocker support and secure using the
two self-locking nuts,

(8] Connect the rocker lubrication oil feed pipe.
(9} Fit the fuel injecter (Section 3).
(10} Fit the Inlet and exhaust maniteld.

Valve Rockers Adjustment (Figure 5.2)

5.11 Set up the valve clearances on each cylinder
in turn with the engine cold as follows:

Section 5 Engine General Maintenance
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CAUTION (5] Mote the position of the large end bearing
The cylinder head and rocker support post nuts caps, mated sides are numbered tor
must be fully tightened down before the rocker identification,
clearance is adjusted. {6) Remove the large end bolts (or bolts and
{1) Bet the engine at TDC on the firing stroke nuts if applicable).
(both valves closed). (7} On multi-cylinder engines note the position
(2) Slacken the locknut {1} and using a of each cylinder block to ensure thal it is
screwdriver set the rocker adjusting screw returned to its original position.
{2) to give the correct valve clearance with a (8) Remove the coolant inlel manifold,
feeler gauge as shown. When the correct
setting of 0.25 mm (0.010 in.) is obtained (8) Remove the push rod cover.
tighten the locknut. M0 Remove the four 5/8 in. BSF nuts and

spring washers securing the cylinder block and
linerassembly to the crankease.

(11} Lift off the cylinder block complete with
piston and connecting rod. Retain the shims
fitted between the cylinder block and crank-
case. These contrel the bumping clearance.

(12} Withdraw the piston and connecting rod
assembly from the cylinder biock.

113} Using circlip pliers remove one of the
gudgeon pin circlips.

14} Remove the gudgeon pin, If the gudgeon
pin is a tight fit soak the piston in hot water
for sufficient time to allow the pin to be
removed.

{3} After tightening the locknut re-check the
clearance.

Cylinder Liner Removal (Figure 5.3}

5,15 Toremove the cylindar liner invert the
cylinder block and place on twe blocks of wood.
FPlace a piece of wood across the bottom of the liner
and gently tap the liner out.

Figure 52 Setting the Valve Clearances

CAUTION

It is important that the eylinder head nuts are re-
torqued to the specified torque and the tappet
clearance reset with the engine cold after an
initial run of one hour on full load. (Section 1}

Rocker Box Cover Replacement

5.12 Replace the rocker box cover as detailad in
Part 1, Section &,

Setting the Decompressor Lever

5.13 Set the decompressor lever as detailed in
Parl 1, Section 5.

CYLINDER, PISTON AND CONNECTING ROD

Removal
5.14 Carry out the following procedure:
111 Remove the cylinder head as detalled in
Paragraph 5.3
{2} Remove the crankcase inspection cover,
i3 parallel connecting rods are fitted 1ift the fuel
pump lever and remove the fusl injection pump
together with the pump bracket (six 5716 in.
bolts and spring washers).

{4y Set the piston In the TDC position.

Flgure 5.3 Removal of Cylinder Liner
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Cylinder Liner Maintenance

516 Check the cylinder liner bore wear if this has
raached lhe maximum of 025 mm {0.010 in) the
liner must be rebored and an oversize piston and
rings fitted, The cylinder liner should be bored and
honed to the sizes listed in Table 5.1, Chechk the liner
joint ring groove for damage.

TABLE 5.1 CYLINDER LINER REBORING DIAMETERS

Cylinder Liner Size

96.876 to 96.901 mm
{3.814 to 3.815 in.)

87.384 to 97.409 mm

Standard

1st oversize 0.508 mm

(0.020 in.) {3.834 to 3.835 in.)
2nd oversize 1.016 mm | 97.892 to 97.917 mm
(0.040 in.) (3.854 to 3.855 in.)

Cylinder Liner Replacement

5.17 To replace the cylinder liner proceed as
tollows:

(1) Clean all jonint faces ensuring that the liner
reglster in the top of the cylindar block is
clean and undamaged,

(21 Stand the cylinder block on two pieces of
wood, making sure they are ciear of the bore,

{3y Lightly lubricate a new joint ring and place it
ir the groowve in the liner,

(41 Push the lingr into the cylinder by hand,
Ensure that the liner enters the block
souarely to avoid damage to the ring.

i5] Check the linar stands proud of the top face
of the cylindar block by 0.267 to 0.384 mm
0105 te 00155 In). The protrusion should
be checked in various positions around the
upper face of the block as shown in Figure
5.4. If necessary skim the cylinder block to
achigve this figure.

Figure 5.4 Checking the Cylinder Liner Prolrusion
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Piston Maintenance

5.18 Carry out the maintenance as defailed in
Fart 1, Section 4.

Connecting Rod Maintenance

5.19 Carry out the maintenance as detailed in
Part 1, Section &

Replacement

5.20 BEefore fitting the pisten on to the connecting
rod sosak the piston in hot water to allow the
gudgeon pin to slide freely. Replace the cylinder,
piston and connecting rod as lollows:

(1) Place the piston on the connecting rod
ensuring that the valve recesses (i
applicabla) in the piston crown face away
{or oppasite) from the connecting rod
bearing cap (scarfed type rods).

{#) Becure the gudgeon pin by replacing the
circlips. Ensure that the circlips fit correctly
in their grooves.

i3) Distribute thi piston ring gaps around the
piston circumferance so that the gaps are
nal in line.

(4} Lightly lubricate with engine oll the cylinder
liner bore, the piston and piston rings.

i5) Using a piston ring clamp compress the
rings and fit the piston and connecting rod
assembly into the cylinder.

Mote

It is possible with care o siide the piston info the

cyliinder compressing the rings by hand.

[B) Ensure that the shims are still in place

betwean the cylinder block and crankease.
These shimscontrol the bumping clearance
belween the piston and the oylinder head
at TOC, Place the cylinder block on its studs
aligning the marks made on dismantling if
the original cylinder is being fitted.

CAUTHIN

It is imperative that the valve recesses (if

applicable) in the piston crown are towards the

camshaft side of the engine.

(7] Check that the bearings and journal are
clean. Lightly lubricate the crankshaft
journal and bearing face.

(81 Assemble the connecting rod to the
crankshaft ensuring that the rod and cap
assembly numbers are carrectly aligned on
the same side. Note with a scarfed lype
connecling rod ensure thatl the cap
retaining boll heads face away from the
camshaft and fuel injection pump,

(9} Tighten the connecting red bolts or nuts to
a torque of 77 Mm (57 Ibf ft.).

(10 Tighten the four cylinder block nuts
diagaonally and evenly, Finally torgue load
the nuts to 176 Nm (130 bl i),

Bumping Clearance (Part 1, Section 5,
Figure 5.15)
5.21 Check the bumping clearance as tollows:

111 Set the piston to about & mm (0.25 in)
betare TDE,

(2} Place three pieces of lead wire on top of the
piston as shown,

i3} Replace the cylinder head (Paragraph 510}
and turn the engine over TOC.
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{4y Remove the cylinder head and measure the
thickness of the flattened wire with a
micrometer. It should be 0.91 o 1.07 mm
{0.036 1o 0.042 in) for an average of three
readings. If necessary adjust the clearance
by re-shimming (Paragraph 5.20 (8)).

18] Replace the cylinder head as detailed in
Faragraph 5.10.

FLYWHEEL

Removal

PJ1W, PJ2W, PJ3W and PJ4W Engines

5.22 To remove the flywheel proceed as follows,

(1) Unlock the tlywheel bolts by bending back
the tab washers.

(2) Remove any two diagonally opposite bolts
and fit two identical threaded studs. These
studs should protrude appraximately 38 mm
(1.5 in) out of the flywheel.

(3 Remaove the remaining bolts and pull off the
flywheel and extension shaft along the two
fitted studs. Ratain the locating dowels.

PJ1WZ and PJ2WZ Engines

5.23 Withdraw the flywheel key with a tapered key
drift (Part 1, Section 5, Figure 5.16) which is
obtainable from Petters Limited or their
representalives, L is advisable to support the head
of tha key by placing a spacer in the key way of the
reeduced portion of the crankshaft during removal,
This stops the key from bending and digging into
the crapkshafl on remaoval

5.24 Insome instances it may be found that the
flywheel is tight on the crankshaft due ta dirt or
corrasion Clean the exposed portion of the
crankshatt and lubricate with penetrating oil
Pasition a block of waood through the crankcase in
such a manner so that the crankshaft will only
partially turn. Turn the flywheel sharply in gither
direction so that the crankshaft strikes the wood
block, The inertia of the flywheel will break its hold
on the shaft allowing removal in a scraw like
manner,

Replacement
PJ1W, PJ2W, PJ3W and PJA4W Engines
5.25 To replace the flywheel procead as follows:

(11 Screw the two studs used for removal into
two diagonally opposite holes in the
crankshaft. Ensure that the locating dowels
are in poesition.

(21 Align and slide the llywheel onlo the two
studds as tar as possible,

(3] Fit the exlension shaft (it applicable) and four
flvwhesl balis,

4] Remove the two studs and 1it the lwo
remaining flywheaeal bolls.

(5] Tighten all bolls gradually in tlurn working
diagonally around the flywheel Finally torque
load PJTW and PJ2W engines to 43 Nm
(32 bt ft) or PAAW and PJ4W engines (o
83.5 Nm (47 b f)

PJIWZ and PJ2WZ Engines

E.26 Apply a small guantity of grease or il to the
crankshaft and push the flywheesl on the shail.
Ensure that the flywheel is fully up to the shoulder
on the crankshalt

5.27 Mote when [itting the flywheel a new kay
must ba used and should be fitted as follows;
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(1} File a chamier oncall four cormers of the key
to prevent any possibility of the cormers
binding in the keyway corners.

{2y Push the key by hand as far as possible into
the keyway, Measure the distance between
the flywhael boss and keyhead, as shown in
Figure 5.5, this should be 27 mm {1.1/16 in).
Ifit is more, remove metal from the bottaom of
the kay to obiain this measurement

CAUTIOMN
Do not remove metal from the tapered surface of
the key.
{3} Knock the key further into the flywheel until
a measuremeant of 14.3 mm (918 n) s
attained betweaen the {lywheel boss and the
keyhead.

—

1

P—— T T P K S

1. Flywhee! Boss
2. Crankshatt
3. Tapar Key

{11 Insertion by Hand

I__._M.Srnrn 1S1EY)
L N

{21 Key Tully in

Frgure 5.5 Flywheel Rey Replacement




CRANKSHAFT
Removal
5.28 To remove the crankshaft proceed as follows:

{1} Remove the cylinder head(s) (Paragraph 5.3)
and connecting rod(s) (Paragraph 5.14).

{#) Remove the flywheel

i(3) On engines fitted with a flywhesl
belihousing, remove the bellhousing.

(4] Remove the gear cover. The gear cover is
dowelled to the crankcase.

(5] Remove the bolt and gearwheal retaining
plate from the gear end of the crankshaft.
Replace the bolt in the end of the
crankshafl to prevent damage to the
threads when using an extractor. Withdraw
the gearvhee! using the extractor, The
extractor used for this purpose can be
obtained from Petters Limited or their
represantatives.

{6) On multi-eylinder engines remove the
intermediate main bearing housing locking
screw(st (Part 1, Section 5, Figure 5.183)
halding the housing(s) in position.

(71 Mark the balance weights to identify the
assembly positions. Unscrew the bolts and
remove the balance weights and washers.

(8] Remaove the bolts securing the flywheel end
main bearing housing and withdraw the
housing.

{9) Remove the crankshaft by pulling towards
the flywhesl end,

{(1Q) On three and four cylinder engines mark
the halves of the intermediate main bearing
housings to identify the assembly positions
and remove the housings from the
crankshaft.

CAUTION

The halves of each bearing housing are
machined as an assembly and must not be
interchanged between assemblias.

PJ Range Water Cooled

Oil Pump Gearwheel

MNote

The ofl pump gearwheel (where applicalile) s a
shrink fit an the crankshalt and should nat be
removed unless worn or damaged,

5.29 Ifit is necessary to renew the oil pump
gearwhee| care must be taken to fit the gearwhes|
with Its thrust face outermaost. If litted incorrectly
the gearwheel will stand proud of the crankshaft
radius, making crankshaft endfloat unobtainable.
The gearwheel should be heated preferably in an oil
bath bafora fitting to the crankshaft. If using any
other method of heating do not overheat or the
gearwheel's hardness may be effected.

Crankshaft Maintenance

5.30 Carry aul the procedure detailed in Part 1,
Section 5.

Main Bearing Maintenance

5.31 Carry out the procedure detailed in Part 1,
Seaction 4.

Flywheel End Dil Seal

5.32 When fitting the flywheel end oll seal ensure
that it iz fitted squarely in the housing before
pressing or driving in. The seal face must be flush
with the outer face of the hearing housing.
Replacement

5.33 To replace the crankshaill carry out the
procedure detailed In Parl 1, Section 5.

Fitting the Crankshaft Gear

5.34 Fit the crankshaft gear as detailed in Part 1,
Section 5.

Crankshaft End Float

5.35 Check the crankshaft end float, this should nol
excesd 063 mm (L0225 in). The end float when new
should be 013 to .38 mm (L0055 to O.015 in),

CAMSHAFT
5.36 Reafer ta Part 1, Section 1.

Section 5 Engine General Maintenance



SECTION 6
COMMON VARIANTS AND ACCESSORIES

INTRODUCTION

6.1 The commeon variants and accessories
including the clutch, speed increasing gear, fuel lift
pump and hydraulic pump mounting are identical to
all the PJ series of engines and are described in
Part 1, Bection 6. The variant of the water-cooled
engine used for marine purposes is described in
this section.

MARINE ENGINES

6.2 Petter PJW engines which are built for marine
use are identical in construction to the normal PJW
engine but are fitted with certain modified

companents built to withstand the corrosive effects
of the maring environment, These companants ara:

(1) Valve springs (inner and outer),

(2] Cylinder head core plugs.

(3 Fuel injection pumpis).

) Speeder spring(s),

15) Zinc anodes (corrosion preventatives),

6.3 Frotection against electralyiic corrosion is given
by a hollow zinc anode fitted at the hose connection
end of the water inlet manifold, and this anode should
be checked at regular intervals paying particular
attention to engines where direct sea water {raw
waler] cooling is used. Due to the varied conditions
that can exist which effects corrosion, it is not possibie
to specify a uniform period when the zinc anode
should be checkad, Initially it is recommended that
the zing anode should be checked no later than after
Ihree manths of vessel ownership (excluding any
period where the vessel is out of the water),
Depending on the condition of the anode at this time
determines a suitable servicing frequency for the
future.

6.4 The cylinder(s) and cylinder head(s) must be
flushied oul every 1000 gperating hours or yearly,
depending on which comes first, as follows:

{1y Drain the coolant from the cylinders) and
cylinder head(s).

(2} Remove the water manifold{z) and gaskets.

[3) Insert a suitable piece of wire through the
various erifices In the cylindens) and sylinder
head(s) and rake ocut any deposit. This
operation should be carried out whilst
flushing with clean fresh water, preferably
under pressure. The use of a suilable
descaling agent will assist in removing any
inaccessible or stubborn deposits.

) Replace the manifaldis).

Mote
i may be necessary to flush the cooling system at

more frequent intervals depending on operating
conditions.

PJ Range Water Cooled
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SECTION 7
ELECTRICS

INTRODUCTION

¥.1 The electrical systems are commaon to all PJ
saries engines and are described in Part 1,
Section 7.

Section 7 Electronics
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SECTION 8
PROTECTION AND PRESERVATION

PROTECTION

8.1 Toincrease the life of the engine it is
advisable to protect the engine as much as poessible
from envirenmeantal damage, Whan not in use
engines must be protected by a dust and
waterproof cover. Coolant systems musi be kepl
fully topped up or completely drained, anti-freeze
must be added when cperating in temperatures
below 0°C {22°F), Under tropical conditions a
permanent awning should be provided. It is
important that the engine is kept clean and where
necessary any damaged paintwork repaired,

Intermittent Use

8.2 When not in regular use, engines should be
run on load at normal operating tempearalures each
month to lubricate internal parts and remove
condansalion. External unpainted parts shDL_:Id be
wiped clean and lightly sprayed with a proprietary
de-wetling agent,

PRESERVATION

8.3 Engines remaining idle for more than a month
may corrode resulling in serious damage. In order
to prevent this it is recommended that the following
preservation procedure is carried oul

{1} Drain the coolant system and flush the
system with clean fresh water. Ensure that
tha system is fully topped up or completely
drained. If the system is to be filled it is
advizable to include an inhibiting agen! and
il the temparature is liable to fall below 0°C
(32°F} a suilable antifreeze must be added,

{2} Drain the oil sump, flush cut with flushing oil
and refill with the correct grade of lubricating
ail. Alternatively refill with a lubricating oil
with preservation properties as
recommended by Petlers Limited or their
representatives.

{3} Drain the fuel tank and filter and refill with
057 litres {1 pint) of Shell Fusus Qil or
Calibration Fluid C. Bleed and prime the fugl
system (Section 1) and run the engine on a
light load for five minutes.

(4) 1 prolenged storage is envisaged remove the
injector(s) and apply a small guantity of
preservative il to the eylindars) and piston(s)
while cranking the engine by hand, Replacethe
injectors) fitting new sealing washerish

{5} Remove air inlet and exhaust fittings and
with each cylinder on the compression
stroke (inlet and exhaust valve closed) apply
presarvative oil to both inlet and exhaust
ports to protect the valve seats, The
manifelds should be replaced and then
sealed to prevent the ingress of water and
dirt,

(6) I electric slarting is fitted, the battery must
be removed and the terminals cleaned and
greased. To maintain the battery in good
condition It shauld be trickle charged at
regular intervals,

(¥1 Clean and dry the engine, repaint where
necessary and wipe all unpainted parts with
an oll rag. All pivol points and external
controls should be cleaned and sprayed with
a proprietary de-wetting agent.

(8)  Apply protective coverings.

8.4 Protected englnes should be pericdically
examined to check the preservation effectiveness.
Rectification of the protectien should be carried out,
if necessary,

PREPARATION FOR USE

8.5 After an engine has been preserved the
follawing procedure must be carried out

(1) Remove the protective coverings,

(2] Drain the fuesl tank and refill with the
correct type and grade of fuel (Section 1)

131 Check lhe oil level on the dipstick and
ensure that the engine is filled with the
correct Iype and grade of oil

(4] Check the coolant level, top-up ar fill the
system as required.

(5] Re-connéect the battery, if fitted.

6] Check the air cleaner, clean or renew the
element (paper), If an oil bath type air
cleaner is fitted check the oil level

(7} Check the tension of the drive belt (if fitted}
and adjust if necessarny.

8} Check the exhaust system for damage and
security.
(9 Clean and lightly lubricate the controls and
linkage.
10y Bleed the fuel systen,

(11) Check the tightness of all nuts (excluding
cylinder head and block) bolts and hose
clips.

B.6 Atfter an initial run chaeck the ol and coolant
levels and visually check the system for leaks.

Section 8 Protection and Preservation



INTRODUCTION

9.1 This section is a guide to assist in the location
of a fault that may occuron a PJ range water-

SECTION 9

P Range Water Cooled

FAULT FINDING

TABLE 9.1 ENGINE WILL NOT START

cooled engine. Information on causes and
suggested remedies are also given,

required

Reason Cause Suggasted Remedy Reference
Incorrect starting Adopt correct procedure Sect, 1
procadurs
Low temperature Starting aid may be Sect. 1

Incorrect lubrication
il

Too high viscosity ol
causing excessive
drag

Crrain the sump
Fill with correct il

Part 1, Sect. 2
Part 1, Sect. 1

| Contaminated fuel

Water, dirl or unsuitable
fuel in system

Dirain and flush
fuel system

Fill with correc)
fuel

Part 1. Sect. 3

FPart 1,.Sect. 1

Excessive lpad

Excassive drag from
driven machine

Remowe all load
during starting

Fue!l supply failure
Check by cranking the
angine and listen for

the characteristic squeak

Mo luel

Fill with correct fuel

Part 1, Sect. 1

Alrin system

Bleed the fug| system

Part 1, Seat, 1

of the injector Fuel filter blocked Fil new element Part 1, 5ect. 3
Faulty injactor nozzle Replace the nozzle or Sect. 3
fit replacement fuel
injector
Infection pump fallure Fit a replacemean Secl. 3
injection pump
Pool compression Yalves sticking or not Decarbonise and grind Sect. 6
seating properly in valves
Cylinder head gasket Fit a new gaskeat Becl 5
blown
Fiston rings stuck In Clean piston and fit Sect 5
pHston grooves new rings
Woarn cylinder and piston Replace oylinder, piston Sect. 5
and piston rings
Incorrect Bumping Check larme end Secl. &
clearance bearing and reset
bumping clearance
Broken or weak valve Renew valve springs Sect 5
Springs
Incorrect valve clearances Adjust valve Glearances Sect &

Inigector seal washer
lealking

Clean orifice and
fit new washer

Part 1, Sest 3

Starter molar
wil| not crank
enging

Flat battery

Charge battery or
replace

Flat hattery due to
Faulty charging equipment

lzolate faull and
repair

Parl 1, Sect. 7

Section 2 Fault Finding




TABLE 8.1 continued

Pd Range Watar Cooled

Heasorn

Cause

Suggested Remedy

Refergnce

Dirty or loose terminals

Clean and tighten

Fart 1, Sect. 7

Broken wire

Replace

Part 1, Sect. 7

Faulty starter
switch

Replace switch

Faulty starter
motor or solenaid

Repairor replace

FPart 1, Sect. 7

TABLE 0.2 ENGINE STARTS BUT FIRES INTERMITTENTLY OR SCON STOPS

Reasan

Faulty fus| supply

Endgine seized Cwverhaul engine | Sect. 5
P l
Cause Suggested Remedy Reterance

Waterin the fuel Drrain and Hush the Part 1, Sect. 3
fuel system and il Part 1. Sect. 1
with clean fuel

Sticking Injector Fit & new nozzle or Secl 3

neeadl|e a replacemeant injactor

Partially biocked Renew fuel filkar Part 1, Sect. 3

fuel filter

elemanl

Airin system

Blead fuel system

Part 1, Sact. 1

piston

Restricted air intake Dirty air claaner Clean air cleaner and/ Part 1, Sect, 4
ar fit new element
Faully compression Valves sticking or Decarbonise and grind Sect. 5
not sealing in valves
correcly
Cylinder head Fit a new gasket Sect, 5
gasket blown
Piston rings stuck Clean piston and fit Secl 5
in piston grooves new piston rings
Worn cylinder and Replace cylinder, Sect. 5

piston and piston rings

Incorract bumping
clearance

Check large end bearings Sect B

and rezet bumping
clearance

High exhaust back
pressure

Blocked exhaust pipe
or silencer, incorrect
exhaust

Clean or replace

Fart 1, Sect 1

Chverloaded

Excessive drag
fram driven machineg

Beduce the load

Section 9 Fault Finding
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TABLE 8.3 ENGINE LACKS POWER AND/OR SHOWS A DIRTY EXHAUST GAS

Reason

Cause

Suggested Remedy

Relference

Faulty fuel supply

Airin fuel system

Blead the fuel system

Part 1, Sect. 1

Incorrect Tual

Drain and flush the
fuel system and Fill
with the correct
[uel

Part 1, Sect. 3

Fual leaks Check tighten pipe Sect 3
Connectors, renow
or repair fuel
lines
Faulty injector Fit a new nozzle Sect, 3
or a replacement
injexctor
Incorrect fuel pump Time he injection Secl. 3
timing LTS
Faulty injactor Renew pump Sect, 3
pumpe
Incorrect injieclor pipe Fit correct pipe Sect. 3

Kinked lexible fuel

FH S

Fit new pipe

Partially blocked fus|

filler

Henaw filter elemoent

Fart 1, Secl. 3

Restricted air intake

Crirty air cleanar

Clean and/or refit
anew eleament

Part 1, Sect, 4

Runming at an
incorrect spaed

Worn or incorreat!y

adjusted speed
control

Fenew or adjusl

Faulty comprassion

Part 1, Sect 3

Sect. 5

Valves sticking or Decarbonise and grind

rat seating in valves

correctly

Cylinder head Fit a new gasket Saat. &
gaskel Blown

Pistan rings stuck Clean piston and fit Sect b
in piston grooves new piston rings

Worn cylinder and Replace cylinder, Secl &
piston pisten and piston rings

Incorrect bumping Check large end bearings | Sect 5

clearance

and reset bumping
clearance

High exhaust back
pressure

Blocked exhausi pipe
or silencer, incorreat

exhaust

Clean or replace

Part 1, Sect. 1

excess of engine
power rating

| Extended periods Glazed cylinder De-glaze cylindar bore Sect 5
af running off load biore and lil new piston rings
or with a light load
Excessive carbon Prolonged use De-carbonise Sect. &
formalion
Cwerloaded Load requirement in Reduce load FPreliminaries

Section 9 Fault Finding




TABLE O.4  FAULTY RUNNING

PJ Range Water Cooled

Aeason

Catse

Suggested Remedy

Refsrance

Knocking

Excessive carbon
farmation

Decarbonise

Sect 5

Adrin fuel system

Bleed fual system

Part 1, Sacl.

Low oil supgly

Replenish oll system

Part 1, Sect.
Fart 1, Sect.

{ L

Criluted or incarrect
oil

Draim and retill sump with
correcl grade and type of
cil. Rectily cause of

oil dilution

Part 1, Sect,
Part 1, Sect.

1
1

See ol dilution

Injector needle sticking Fil new nozzle or Secl. 3
Or releass pressure a replacement injecton
incorract
I!1jeI|;tinn pLmp Adjust timing Sect, 3
timing too far
advanced
Broken piston ring Examine piston and Secl &
cylinder for damage
and repair A% necessary
Slack piston Check piston and aylinder Sect &
for wear and renew as
[ NECessary
L
Warn large and Check crankpin for damage secl b

bearing

Renew 88 necessary

! Check lubrication system Part 1, Bect. 2
| Warn small end Renew small end bearing Secl O
bearing and check gudgeon pin
| Loose flywheeal Retfit _SEEL (5]
Overheating Cooling system Gheck that the cooling Secl 1

taillure

system s in order and
air flow is nol obstructed

Owverloaded

Reducs load to conlorm
with engine power rating

Fraeliminaries

Excassive valvo
clearancas

Adjust valve clearances

Becl &

Incorrect lubrication
ail ar leveal

Injection pump
tirming ncorrect

Oz and refill sump
wilh correct grade and
type of ail or drain

to the correct level

Part 1, Sect,
Fart 1, Sect,

1
P

Adjust timing

Seal, 3

Speed surges

Dwerhieating

See overheating

Adran fuel system

Bleed the tuel system

Fart 1, Beat.

Injector release Fit a replacement Sect, 3
pressure incorrect injector

Injector pump Fit a replacemeant [ Bect 3
rack sticking P

Gioverrnor stieking Free or fit new component| Sact &

Or wWarm

Section 9 Fault Finding
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TABLE 8.4 continued

PJ Range Water Cooled

Ragson

Cause

Suggested Bemedy

Relarence

Sudden stop

Empty fuel tank

Fill fuel tank and
bieed fuel system

Part 1, Secl. 1

Blocked or stuck Fit a replacement Sect 3

injector injector

Broken tuel pipe Hepair or renew Seot 3

Engine seized COwerhaul engine Sect. & N
Heaawy vibration Loose flywheel Refit Sect. 5

Faulty installaticn

Check holding down bolts,
flexible mountings
and couplings

Part 1, Sect. 1

Engine overspeaeds

Lubrication ol overfilled Drain down o Part 1, Sect. 1
correct level
Lubrication il diluted Reclily cause of dilution, Part 1, Sect. 1

or incorrect grade

drain-and refill with
correct grade of ol

See oll dilution

piston rings, or aylinder

Injection Tuel pump Replace injection Sect 3
sluck in full fusl pump
position
Gavernor tauity ggn?pegvngﬂsernm Sect 3
Excessive il il leaks Rectity leaks
consumption ; _
Waorn valve auides, Renew as necessary Sect, 5

Incorrect type or
grade of oll

Crain and il with
correct type and grade
of il

Part 1, Sect. 1

injector

Extended paeriods De-glaze oylinder bore Sect &

of running off lead and fit new piston

ar with a light load rngs

Excess ol in sump Crain oil to correat Part 1, Secl

level

Cwverheating See overheating
Lubrication ail Leaking lift pump Fit new diaphragm Fart 1, Saecl. &
dilution diaphragm

Leaking injection Fit replacement Sect 3

pump elemeant puUmp

Faulty injectar Fit a replacement Sect, 3

Section 2@ Fault Finding




