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PERKINS COMPANIES

AUSTRALIA
BRAZIL
CANADA
FRANCE
GERMANY
GREAT BRITAIN
ITALY

JAPAN
SOUTH AFRICA

U.S.A.

ARGENTINA
INDIA

KOREA

MEXICO

SINGAPORE

SPAIN

URUGUAY

YUGOSLAVIA

. Perking Engines Australia Pty. Lid.

P.Q. Box 156, Dandenong. Victoria 3175, Australia.
Telephone; 792-0431. Teiex: AA 30816. Cables: ‘Perkoit".

Motores Perkins S.A.
Caixa Postal 30.028, ¢ Sao Paulo, CEP 09700, Estado de Sao Paulo, Brazil,
Telephone: 448-1499. Telex: 114013. Cables ‘Perkoil’ Sao Paulo

Perkins Engines Canada Ltd.
7 Meridian Road, Rexdale, Ontario, Canada,
Tetephone: B77/4960. Telex: 0221225, Cables: ‘Perkoil’ Toronto.

Maoteurs Perkins S.A.
55 Boulevard Qrnano, 93203 Saint-Denis, France.
Telephone: 243-04:40. Telex: 620251 Saint-Denis. Cables: 'Perkeil’ Paris.

Parkins Motoren G.m.b.H.
8752 Kieinostheim, Postfach 12, Germany.
Telephone: 06027/8081 Telex: 4186869.

Perkins Engines Limited
Peterborough, England PE1 SNA.
Telephone: Peterborough 67411, Talex: 32501. Cables: 'Perkoil’ Petorborough.

Motaori Perkins S.p.A.
22100 Como-Camerlata, Via Pasquaie Paoli 9/A, Italy.
Telephone: 504885, Talex: 38063, Cables: 'Perkoil’ Camertata.

Perkins Engines (North Paciticy Lid.

6th Floor, Reinanzaka Building, 14-2 Akasaka 1-chome
Minate-Ku, Tokyo 107, Japan. ‘
Tetephone: (03) 586-7377. Telex: 24292 Takyo.:

Perkins Engines (Pty.} Ltd,

P.O. Box 31285, 6ih Floor, Noswal Hall, Braamfontein 2017
Johannesburg, South Africa.

Tetephone: Johannesburg 725-5715. Telex: 8-0037 SA. Cables: ‘Perkoil’.

Perkins Engites Inc.
P.O. Box 283, 21475, Research Drive, Farmington, Muchlgan 48024, U.S.A.
Tetephone: 313-477-3900. Telex: 023-5300. Cables: 'Perkoil’ Farmington.

Perkins Engines Latin America Inc.
2600 Dougias Road, Suite 600, Coral Gables Florida 33134, U.S5.A.
Telephone: (305} 4484884, Telex: 515880. Cables: 'Perklac’.

ASSOCIATE COMPANIES & MANUFACTURING LICENSEES

Perkins Argentina S.A.[.C.
Bolivar 368, Buenos Aires, Argentina.
Telephone: 33-8231/36. Telex: 121182, Cabies: 'Perkinsa’,

Simpson & Co. Ltd.
.0, Box 303, 202/203 Mount Road, Madras 2, India.
Telephone: Madras 83091 (PABX-10 lines). Telex 41-538. Cables: 'Simpsons’.

Hyundai Motor Co. Ltd.

Hyundai Building, 178 Sejong-Ro, Jongro-Ku, Seout, Korea.

Telephone: 74-8311 and 75-6511. Telex: Hdmoco K2391.

Motares Perkins S.A,

Antiguo Camina San Lorenza S/N., Toluca, Mexico (Apartado Postal 194},
Telephone: Toluca 4-44-55, Telex: G-17-84-93 Mopesa Tol.

Perkins Engines Eastern Lid.
549 Upper Thomsaon Read, Singapore 20.
Telephone: 534471, 2, 3. Telax: R23360.

Motor Iberica S.A. {division Zona 2},

Carrelera del Aero-Club, Carabanche! Alto, Madrid, Spain.
Telephone: 208 52-40, 208 96-40, 208 98-40. Telex: 27324. Cables: 'Perki-e’ Madrid.
Perkins Rio de la Plata S.A.

Av. Juan Carlos Gomez 1482, Montevideo, Uruguay.
Telephone: 916254/8B844, Telex: 278.

Industrija Motora Rakovica

Patrijarha Dimitrija 7-13

Rakovica, Belgrade, Yugoslavia.

Telephone: 562-043/562-322/562-392. Telex: 11341 YU IMR.
Cables: 'Indmotor' Belgrade.

In addition to the above, there are Perkins Distributors in the majorily of countries

thraughout the world. For further details, appty to Perkins Engings Ltd., Peterborough,

or to one of the above companies.
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This publication is published by the Service Publications

Department of Perkins Engines Limited and every endeavour

is made to ensure that the information contained in this

Manual is correct at the date of publication but, due to

continuous developments, the manufacturers reserve the
right to make alterations without notice.

PERKINS PARTS
FOR

PERKINS PRODUCTS

TO ENSURE YOU OBTAIN THE BEST RESULTS FROM

YOUR ENGINE AND TO SAFEGUARD YOUR OWN

GUARANTEE, FIT ONLY GENUINE PERKINS PARTS.

THESE ARE READILY OBTAINABLE THROUGHOUT
THE WORLD.

_—
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FOREWORD

This Workshop Manual has been compiled for use in conjunction with normal workshop practice.
Mention of certain accepted practices, therefore, has been purposely omitted in order to avoid
repetition.

Reference to renewing joints and-cleaning off join't faces, has to a great extent been omitted from
the text, it being understood that this will be carried_ out where applicable.

Similarly, it is understood that in re-assembly and inspection, all parts are to be thoroughly cleaned,
and where present, burrs and scale are to be removed.

it follows that any open ports of high precision components, e.g. fuel injection equipment, exposed
by dismantling, will be blanked off until re-assembled, to prevent the ingress of foreign matter.

Throughaut this manual, whenever “left" or “right” hand side of the engine is referred to, it is that
side of the engine when viewed from the flywheel end.

Engine Number location

The engine number is stamped on the auxiliary drive housing immediately below the fuel injection
pump— see Figs. A1 and A3. it consists of figures and letters, e.q., 35441J251T. The first three figures
represent the cubic capacity, i.e., 354in3the fourth figure denotes the engine model and the letter
“U" signifies that the engine was built in the United Kingdom. The last group of figures comprises the
engine serial number. Other letters which may follow the serial number denote specific information,
i.e., aletter "T" indicates a turbocharged engine: a letter “L" indicates a lip type seal on the end of the
crankshaft. .

In all cases, the engine number when guoted, should be in full.

For new system of engine numbering, see Page 6.

Running In Procedure

New or replacement engines should not be operated at full power cutput for the first 500 miles
{800 km) or 25 hours. Neither should they be run without any load upon them.

To assist in the initial bedding in of the moving parts such as piston rings, bearings, seals etc., the
engine should be used at about 80% of its maximum power output for the first 500 miles {800 km} or
25 hours, after which, it may be operated at full power.

Do not “run in” an engine by applying a smail load foran extended period, nor by runnmg the engine
at idling speeds with no load.
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A new system of Engine {dentification is being introduced into the various Manufaciuring Operations
throughout the world, within the Perkins Group of Companies.

This new number consists of up to fifteen letters and numbers which represent:

Engine Family

Engine Type and Phase

Parts List

Country of Origin

Production Serial Number

Year of Manufacturer

Country of Ofigin Code

A code, as below, indicates the country in which
the basic engine was manufactured.

A = ARGENTINE L = ITALY

B = BRAZIL .M = MEXICO

C - AUSTRALIA N = USA,

D = GERMANY P = POLAND

E - SPAIN S = INDIA

F - FRANCE T = TURKEY

G - GREECE U = UNITED

H - URUGUAY KINGDOM

J = JAPAN X = PERU

K = KOREA ¥ = YUGOSLAVIA

Year of Manufacture Code

The last character indicates the calendar year of
manufacture:

B = 1975
C = 1976
D =1977
E = 1978

Etc.

The letters |, O, Q, R and Z will not be used

Example of Main Engine Number

Exarnple TW30016U500256D
THUS

T = 6.354 Family
W - 6.3544 Type
30016 = Parts List Number
U = Built in United Kingdom
500256 = Serial Numbaer
D = Built in 1877

Engine Family and Type Codes
The tirst two characters are letters, the first of which
indicates the engine FAMILY and the second letter
is the engine TYPE and PHASE:
FAMILY TYPE CODE FAMILY TYPE CODE
Dz2.101 A 4.270 - N
D2.101 AA 4270 NA
4.300 NB
5/25 B 4318 NC
1.18A BA
}.;8 E(B: 6.305 P
254 P& A
1.36A B8O 6.288 SB
1.38 BE 6305 PG
H1.36 BF PFE305  PC
v2.71 BG
V2.78A BH go47
\V2.78 BJ 6047 FF: ry
V2.95A BK :
v2.95 BL 6.354 T
2,152 C £6.306 TA
73 o 6335 TB
6.354 TC
3.144 CB
H6.354 TD
P3.144 cC
T6.354 TE
3.152 cO
HT§.354 TF
D3.152 CE
6.3541 TG
G3.152 CF
P13 152 GG T6.3541 TH
: 5.3542 TJ
4,108 £ C6.3542 T
6.3543 TL
4.99 EA C6.3543 TM
4107  EB H6.3543 TN
T4.107  EC T6.3543 TP
4108 ED HT6.3543 TQ
6.372 TR
4.154 G 63723 75
4,154 GA TC6.3541 TT
T6.3544 TU
4.165 H 6.3724 TV
4.165 HA 6.3544 TW
4.203 J £.357 \Y
=] JA 6.357 VA
4,192 JB 6.3572 vB
P4.192 JC C6.3572 VG
4.203 JD 6.358 vD
D4.203 JE
G4.203 JF V8.510 X
va.510 XA
4.236 L TV8.510 XB
4212 LA V8.540 XC
G4.212 LB V8.605 XD
4,224 LC
4,236 LD V8640 Z
G4.238 LE v8.640 ZA
4,248 LF TV8.640 2B




SECTION A
Engine Photographs

Perkins Engines are built to individual requirements o suit the applications for which they are
intended and the following engine views do not necessarily typify any particular specification.

Index to Engine Photographs
1. Alternator Pulley
Thermostat Housing and Water Qutlet
Lubricating Qil Filler
Fuel QOil Fiiter
Cylinder Head Cover
Atomiser
Breather Pipe
Fuel Injection Pump {C.AV.)
9. Dipstick
10. Engine Number Location
11. Lubricating Oil Filter
12. Sump
13. Fan
14. Starter Motor
15. Crankshaft Pulley and Vibration Damper
16. Fan Belts
17. Water Pump
18. Induction Manifold
19.  Exhaust Manifold
20. Thermostart Unit
21, Fuel Lift Pump
22. Flywheel Housing
23. Fuel Pipe from Lift Pump to Final Fuel Filters
. 24. Rear Lifting Bracket
‘ ~25. Cylinder Block Drain Point
26. Turbgcharger
27. Sump Drain Plug
28. OQil Feed Pipe to Turbocharger
28 Alternator
30. Oil Drain Pipe from Turbocharger
31. Fuel Injection Pump (Bosch)
32. Lubricating Oil Cooler
33. Front Lifting Bracket

NGO RGN




ENGINE PHOTOGRAPHS
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A2

A2

View of Camshaft Side of 6.3544 Engine
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A4

ENGINE PHOTOGRAPHS A3

View of Camshaft Side of T6.3544 Engine




Bore

Stroke

No. of cytinders
Cubic capacity
Compression ratio:

TE.3544 enginas ...
6.3544 engines ...

Firing order
Combustion system
Cycle
Valve clearance (cold)

Intet ...
Exhaust

Lubricating oil pressure

Turbocharger boost prassures
{measurad at induction manifold})
T6.3544 engines only

*Nominal— for actual bore size see Page B.3.

Detalls of ratings
T6.3544 Vehicla ...
Maximum torque .
T6.3544 Agricultural and Industrial ...
Maximum torque .
6.3544 Vehicle
Maximum torque

6.3544 Agricuitural and Industrial
Maximum torque .

Engine welghts
Typical dry weight
Typical installed weight

Recommended torque tensions

SECTION B
Technical Data

3.875in (98,4 mm}”
Sin (127 mm)

5]

354in? (5,8litres)

15.5:1

18:1
1,53,6,2,4
Direct injaction
4 stroke

0.008 in {0,20 mm)

0.018in (0,45 mm)

301bf/in? (2,1kgf/em?) or 207 kN/m? minimum at
maximum working speed and normal operating
temperature

11-13.51bf/in? (0,80 - 0,95kgf/cm?) or 76 - 93kN/m?

These pressures will vary according to application,
engine loads and speeds. They are for guidance
purposes only.

115 kw {155 bhp} at 2,600 rev/min
490 Nm (387 Ibf ft)

108 kw (145 bhp) at 2,600 rev/min
465Nm (346 Ibf it)

93 kw {125 bhp) at 2,800 rev/min
3668Nm (2701bi ft)

91 kw (122 bhp) at 2,600 rev/min
385 Nm (283 Ibf ft)

940 - 960 Ib (425 -435kg)
1100-11701b (500 -530kg)

The following figures wili apply with the components lightly oiled.

Component
Cylindar head nuts and setscrews
Cylinder head setscrews
Connecting rod nuts
Main bearing setscrows
Idler gear hub nuts

. Fuel tift pump setscrews”

Sump securing setscrews

Flywheel securing setscrews ...

Camshaft gear setscrews

Crankshaft pulley setscrews

Piston cocling jet banjo bolt (where flltad)

Gil cooler to cylinder block, setscrews
{where litted) .

Lubricating oil filter setscraws

Atomiser Securing nuts/setscrews

Auxiliary drive shaft gear setscrews

High pressure fuel pipe nuts ...

Alternator pulley nut

* Re-torque when hot

Scrow size

UNF Ibf ft kgfm Nm
% 100 13,8 135
e 29.5 4.1 40

% 75 10,4 102

% 200 27,7 270

p 36 5,0 49
He 20 28 27
e 15 2.1 20

% 80 11,1 110

% 50 6.9 68
He 65 9,0 88

% 20 2,8 27

He 30 4,1 40
e 30 41 40
e 12 1.7 16
A 22 3,0 a0
12x1,5 15 21 20

mm

A a6 41 40



TECHNICAL DATA B2

De-rating for éltltide

Where engines operate at high attitudes, they should be de-rated.

The following table is given.as a general guide, to be applied on a percentage basis, wherg specific figures for a particular
engine rating are not available.

- Altitude Maximum fuel delivery de-rating”®
0/20001t ( 600 metre) . No change
2000/40001t (1200 metre) ” 6%
4000/6000 1t (1800 metre) 12%
6000/8000 1t (2400 metre) ‘ 18%
8000/10000 ft (3000 metre) . 24%
10000/12000 ft (3600 metra) 30%

*Measured at setting speed given on pump setting code.

It should be notad that the above information only applies lo normally aspirated engines. For lurbocharged engines apply
to Service Department, Perkins £ngines Ltd., Peterborough or one of the Companies listed on Page 2.
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TECHNICAL DATA ° B3

MANUFACTURING DATA AND DIMENSIONS

All threads used, except perhaps on proprietary equipment are Unified Series and American Pipe Series.

The following data of clearances and tolerances are given as a guide for personnel engaged upon major overhauls and
the tigures are those used in the factory for production purposes.,

Cylinder Block

- Height between Top and Bottom Faces ... 17.367/17.375in (441,12/441,32 mm)
l Parent Bore Diamster tor Cylinder Liner ... 4,0825/4.0635in (103,19/103,21 mm)
Recess Depth for Cylinder Liner Flange ... 0.150/0.154in (3,81/3,91 mm}
Recess Diameter for Cylinder Liner Flange 4.205/4.210in (108,81/106,94 mmy}
Main Bearing Parent Bore 3.166/3.167 in (80,42/80,44 mm)
Camshaft Bore Diamster, No. 1 2.000/2.001 in {50,80/50,83 mm)
I Camshaft Bore Diameter, No. 2 1.990/1.992 in (50,55/50,60 mm)
Camshaft Bore Diameter, No. 3 1.980/1.982in {50,29/50,3¢ mm)
Camshaft Bore Diameter, No. 4 1.870/1.972in (50,04/50,09 mm)
' Cylinder Liners (Cast Iron—FIanged)
Type Dry— Interference Fit— Production
Dry— Transition Fit— Service
l Qutside Diameter of Production Liner 4,0645/4,06855in (103,24/103,26 mm)
Interference Fit of Production Liner . 0.001/0.003 in {0,03/0,08 mm)
Inside Diametar of Production Liner after F|n|sh Homng 3.877/3.878in (98,48/98,50 mm)
Transition Fit of Service Liner -0.001/+0.0011 in {-0.025/+0.025 mm}
. Inside Diameter of Service Liner after fltlmg 3.877/3.8795in (98,48/98,54 mm)
Flange Thickness 0.150/0.152in (3,81/3,86 mm)
Height of Liner above Cyllnder Block Top Face 0.026/0.037 in (0,66/0,84 mmy)
Position of Liner Flange Relative to Top Face of
. Cylinder Block ... +0.002/-0.004in {(+0,05/-0,10 mm)
Pistons (T6.3544) A
Type Toroidal Cavity in Crown
l Piston Height in Helanon Io Cyllnder Block Top Face 0.000/0.007 in (0.00/0,18 mm) above
Bore Diametar for Gudgeon Pin 1.5012/1.5035in (38,10/38,11 mm)
Comprassion Ring Groove Width, No. 1 .. Tapered
Compression Ring Groove Width, No. 2 .. 0.0959/0.0967 in {2,44/2 46 mm)}
l Scraper Ring Groove Width, No. 3 ... 0.1900/0.1908 in (4,83/4,85 mmy}
Pistons (6.3544)
Type ‘ Toroidal Cavity in Crown.
l Piston Height in Helatnon 10 Cyhnder Block Top Face 0.0073/0.015in (0,19/0,38 mm)} Above
Bore Diameter for Gudgeon Pin 1.37512/1.37535in (34,928/34,934 mm}
Compression Ring Groove Width, No. 1 ... 0.0959/0.0969in (2,44/2,46 mm)
Compression Ring Groove Width, No. 2 ... 0.0959/0.0969in (2,44/2,46 mm)
I Scraper Ring Groove Width, No. 3 ... 0.1908/0.1918in {4,85/4,87 mm)
_ Piston Rings (T6.3544) .
No. 1 Compression Chrome Plated Tapered
. No. 2 Compression Chrome Plated Internally Stepped
No. 3 Scraper ... Chrome Plated Qil Gonirol Conformable
Compression Ring W|dth No 1 e Tapered
Compression Ring Width, No. 2 0.0927/0.0937 in {2,36/2,38 mm)
l Scraper Ring Width, No. 3 ... 0.1865/0.1875in (4,74/4,76 mm}
No. 1 Clearance in Groove ... 0.0026/0.0044 in {0,07/0,11 mm}
No. 2 Clearance in Groove ... 0.0022/0.004 in (0,06/0,10 mm)
No. 3 Clearance in Groove ... 0.0025/0.0043 in (0,05/0,11 mm}
Piston Ring Gap— No. 1 0.016/0.026in (0,41/0,66 mm)
Piston Ring Gap—Nos. 2 and 3 0.016/0.021in (0,41/0,53mm)




TECHNICAL DATA B4

Piston Rings (6.3544)

No. 1 Compression

No. 2 Compression

No. 3 Scraper .
Compression Ring Wldth No. 1
Compression Ring Width, No. 2
Scraper Ring Width, No. 3
No. 1 Clearance in Groove

No. 2 Clearance in Groove

No. 3 Clearance in Grogve
Piston Ring Gap, No. 1 ...

Piston Hing Gap— Nos. 2 and 3 /...

The ring gaps given are quoted for a bare diameter of 3.877 in (88,48 mmj. (n practice, for every 0.001 in (0,03 mm] difterence

Chrome Plated Barrel faced
Chrome Plated Internally Stepped

Chrome Plated Qil Control Conformable

0.0927/0.0937 in (2,36/2,38 mm)
$.0927/0.0937 in (2.36/2,38 mm)
0.1865/0.1875in (4,74/4,76 mm)
0.0022/0.0042in {(1L06/0.11 mm)
0.0022/0.0042in {,06/0,11 mm)
0.0033/0.0053in (0,08/0,16 mm}
0.016/0.026in {0,41/0,66 mm)

'0.016/0.021in (0,41/0,53 mm)

in bore diameter from 3.8771n, then 0.003 in (0,08'mm) in ring gap should be aliowed.

Gudgeon Pin (T6.3544)

Type .

Ouiside Dlarneter

Length ..
Ciearance Fit in Plston Boss

Gudgeon Pin (6.3544)
“Type ..

Outside Drameter

Length . N
Clearance Fit in’ F’sston Boss

Small End Bush (76.3544)

Type ..
Outside Duameter
Inside Diameter after Reammg

Clearance between Small End Bush and Gudgeon Pin...

Small End Bush (6.3544)

Type .
Outside D|ameter .
Inside Diameter after Heammg

Clearance between Small End Bush and Gudgeon Pin ...

Connecting Rod
Type

Cap Location to Connecting Rod

Big End Parent Bore Diameter

Small End Parent Bore Diameter, T6. 3544
6.3544 .

Leng!h from C/L of Big End to C/L of Small End

Connecting Rod Alignment

Large and small end bores must be square and parate! with each other within the limits of £ 0.010in (0,25 mm} measured Sin
(127 mm) each side of the axis of the rod on a test mandrel as shown in Fig. B.1. With the small end bush fitted, the limit of
+0.010iIn {0,25mm) is reduced to + 0.0025in (0,06 mm).

Fully Floating

1.4998/1 5000in {38,095/38,100 mm)
3.250/3.2599in (82,55/82,80 mm)
0.00012/0.00055 in {0,003/0.014 mm)

Fully Floating

1.3748/1.37501n (34,920/34 925 mm}
3.297/3.312in (83,74/84,12mm)
0.00612/0.06055in (0,003/0,014 mm)

Steel Backed, Lead Bronze Lined
1.65975/1.66125in (42,16/42 20 mm)
1.50075/1.5015n {38,12/38.14 mm)
0.00075/0.0017 in {0,019/0,043 mm)

Steel Backed, Lead Bronze Lined
1.535/1.5365in (38,99/39,03mm)

1.3758/1.3765:n (34,94/34 96 mm)
0.0008/0.0017 in {0,020/0,043 mm)

‘H Section.

T6.3544 — Wedge Shaped Small End
6.3544— Parallel Shape Small End
Serrations

2.646/2 6465in (67.21/67,22 mm)
1.65625/1.65725in {42,07/42,09 mm}
1.5313/1,5323in (38,90/38,92mm)
8.624/8.626in (219,05/219,10mm)

o —

S5in

5in

127 mm

+ 0.010in
0,254 mm

L

0.010in

0,254 mm

127 mm

L=z

|t
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Crankshaft

Overall Longth
Main Journal Diameter ...
Main Journal Length, No. 1

Main Journal Length, Nos. 2, 3, 5,.6 and 7

*Main Journal Length, No. 4

* Fillet Radii— Main Journals ...
Crankpin Ojameter

“Crankpin Length

“ Fillet Radii— Crankpins

Surface Finish— all pins and Journals
Regrind Undersizes, Journals and Ping
Flange Diameter ..

Flange Width

Spigot Bearing Recess— Depm
Spigot Bearing Recess— Bore
Crankshaft €nd Float

TECHNICAL DATA B5

34.844in (859 64 mm)--naominal
2.9984/2.9992in (76,16/76,1Bmm)
1.454/1.484 in (36,93/37 69 mm)
1.545/1.549in (39,24/39,35mm)
1.738/1.741in (44,15/44,22mm)
0.145/0.156in (3,68/3,96 mm)
2.4988/2.4996in (63,47/63,49mm)
1.5885/1,5915in {40,35/40,42mm)
0.145/0.156in (3.68/3,96 mm)}

16 micro-inches (0.4 microns)
-0.010, 0.020 and 0.030in (- 3,25, 0.51 and 0,76 mm)
5.248/5.250in (133,3/133,35mm)
0.500in {12,7 mm)

0.579/0.60%in {14,71/15.47 mm}
2.046/2.047in {51,97/51,99 mm)
0.002/0.015in {0,05/0,38 mm)

*Fillet radii and surface finish must be maintained during crankshaft regrinding. Length of No. 4 main journal must not exceed
1,758in (44,68mm) after regrinding. Where necessary, use oversize thrust washers to suit. Length of crankpins not to

excead 1.5965in (40,55mm) after regrinding.

IMPORTANT NOTE: See remarks on Page H.3 concerning the regrinding of 60 hour Nitrided crankshafts. '

Crankshafl Thrust Washers
Type .

Pasition in Engme - -
Thrust Washer Thickness— Standard
Thrust Washer Thickness— Qversize
Thrust Washer Qutside Diameter
Thrust Washer Inside Diameter

Maln Bearings

Type

Shell Width, Nos. 1 2, 3 5 6 and 7
Shell Width, No. 4

Qutside Diameter

Inside Giameter

Main Bearing Running Clearance
Shell Thickness

Connecting Rod Bearings
Type

Shell Width

Outside Diameter

Inside Diameter .
Bearing Hunning Clearance
Shell Thickness

Camshaft

No. 1 Journal Length

No. 1 Jourhal Diameter

No. 1 Journai Running Clearance
No. 2 Journal Length

No. 2 Journal Diameter

No. 2 Jourpal Running Clearance
No. 3 Journal Length

No: 3 Journal Diameter

No. 3 Journal Running Clearance
No. 4 Journal Length

No. 4 Journal Diameter

No. 4 Jourhal Running Diameter
Cam Lift— Inlet

Cam Lift— Exhaust

Camshaft £nd Float

Width of Spigot for Thrust Washer

Steel Backed, Lead Bronze Faced
Centre Main Bearing
0.089/0.091in {2,26/2,31 mm)
0.0965/0.0985in (2,45/2,51 mm)
4.088/4.098in (103,84/104,09mm)
3.42/3.43in {86,87/87,12 mm)

Pre-finished, Steel Backed, Aluminium Silicon Faced
1.215/1.225in (30,86/31,12mm)

1.435/1.445in (36,45/36,70 mm)

3.166/3.167 in (80,42/80,44 mm)

3.0025/3.003in (76,26/76,28 mm}

0.0033/0.0046in (0,0B/03,12 mm)

0.0815/0.08225in (2,07/2.09 mm)

Pre-finished, Steel Backed, Aluminium Silicon or
Aluminium Tin Faced

1.245/1.255in (31,62/31,88mm)

2 646/2.64651n (67,21/67,22 mm)

2.5015/2.502in {(63,54/63,55 mmy}

0.0019/0.0032 in {0,05/0,08 mm)

0.072/0.0725in (1,82/1.84 mm)

1.148in (29,16 mm)
1.9965/1.9975in (50,71/50,74 mm)
0.0025/0.0045in (0,06/0,11 mm)
1.375in (34,93 mm)
1,9865/1.9875in (50,46/50,49 mm}
0.0025/0.0055in {0,066/0,14 mm}
1.375in (34,93 mm)
1.9765/1.9775in (50,20/50,23 mm)
0.0025/0.0055in (0.06/0,14 mm)
1.125in (28,58 mm)
1.9665/1.9675in (4595/49,98 mm)
0.0025/0.0055in (0,06/0.14 mm)
0.3033/0.3063in (7,70/7, 78 mm)
0.3073/0.3103in (7,81/7,B8mm)
0.004/0.0161n {0,10/0,41 mm)
0.222/0.232in (5,64/5,8% mm)
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Camshaft Thrust Washer

Type .

Qutside Dlameter

Cylinder Block Recess Dlameter for Thrust Washer

Clearance Fit of Washer in Recess

Internal Diameter

Thickness .. . ..

Cylinder Block Hecess Depth for Thrust Washer

Protrusion of Thrust Washer above Cylinder Block
Front Face

Cylinder Head

Cylinder Head Depth

Leak Test Pressure

Valve Seat Angle ..

Vaive Guide Parent Bore Dlameter
Skimming Allowance

Valve Guides

Inside Diameter

Qutside Diameter
Interference Fit of Guide in Cyhnder Head
Overall length, Inlet

Overall length, Exhaust

Protrusion above Valve Sprmg Recess

Inlet Valve

Valve Stam Diameter

Clearance Fit of Valve in Gu:de

Maximum Parmissible Worn Service

Clearance of Valve in Guide

Valve Head Diameter

Valva Face Angle .

Valve Head Depth below Cyllnder Head Fac:e—
Production Limits

Overall Length

Sealing Arrangement

Exhaust Vaive

Valve Stem Diameter {T6.3544)

Valve Stem Diameter (6.3544) .

Clearance Fit of Valve in Guide (T6. 3544)

Ciearance Fit of Valve in Guide (6.3544)

Maximum Permissible Worn Service

Clearance of Valve in Guide

Vatve Head Diameter

Valve Face Angle .

Valve ‘Head Depth below Cylmder Head Face—
Production Limits

Overall Length

Sealing Arrangement

Inner Valve Springs
Fitted length and Load ...

Number of Active Coils
Number of Damper Coils
Coiled

Outer Valve Springs
Fitted length and Load

Number of Active Coils
Number of Damper Coils
Coiled

360°

2.872/2 874in (72,95/73,00 mm)
2.875/2.885in (73,03/73,28 mm)
0.001/0.013 in {0,03/0,33mm)
1.75Gin (44,45 mm}
0.216/0.218in (5,49/5 54 mm)
0.213/0.216in {5,41/5.43 mm)

0.000/0.005in (0,00/0,13mm)

3.735/3.765in {94,87/95 63 mm)
301bf/in? (2,11 kgf/cm?)

45°

0.6247/0.6257 in (15,87/15,89 mm)
0.012in (0.30mm)

Providing that nozzle protrusion does not exceed 0.184.in
{4.67 mm) for T6.3544 engines or 0.136 in (3,45 mm): for

6.3544 engines after skimming.

0.375/0.376in (9,53/9,55 mm)
0.626/0.6265in (15,9/15,91 mm)
0.0003/0.0018 in {0,008/0,048 mm)
2.281in (57,94 mm)

2.406in (61,12 mm)

0.594in (15,09 mm)

0.3725/0.3735in (9,46/9,49 mm)
0.0015/0.0035in (0,040,029 mm)

0.005in (0,13 mm)
1.736/1.746in (44,09/44 35 mm)
450

0.040/0.050in {1,02/1,27 mm)
4.831/4.847 in (122,71/123,11 mm)
Rubber seal fitted to valve guide

0.371/0.372in (9,43/9,45 mm)
0.3720/0.3728in (9,45/9,47 mm)
0.003/0.005 in (0,051/0,1mm)
0.0022/0.004 in {0,06/0,11mm)

¢.006in (0,15mm})
1.467/1.477in (37.26/3?._52 mm}
437

0.040/0,050in (1,02/1,27 mm}
4.847/4.B63in (123,11/123,52 mm)
Rubber seal fitted to valve guide

1.340in (34,04 mm) at 20tbt 20zf/231bt 5 ozf
(9,11/10,57 kgf}

49

1

R.H.— Damper Coil to Cylinder Head

1.410in (3581 mm) al 391bf 80zf/43 bf 11 ozf

(17.92/19,82 kgf)

36

1

L.H.—Damper Cuoil to Cylinder Head




Tappels

Overall Length

Tappet Shank Diameter .
Cylinder Block Tappet Bore Duameter
Running Clearance of Tappet in Bore
Qutside Diameter of Tappet Foot

Rocker Shaft

Overal!l Length
Qutside Diameter

Rocker Levers and Bushes

Internal Bore Diameter of Rocker Lever for Bush
Qutside Diameter of Bush

Interference Fit of Bush in Rocker Lever

Internal Oiameter of Bush (after reaming in situ)
Clearance of Bush to Rocker Shaft ..

Push Rods

QOverall Length of Push Road ...
Shank Diameter

Camshaft Gear

Number of Teeth ...

Bore Diamster

Qutside Diamater of Camshafl Hub
Fit of Gear to hub ..
Auxiliary Drive Gear

Number of Teeth ...
Bore Diameter
Maximum Adjustment in Slottsd Holes

Crankshaft Gear

Mumber of Teeth ...

Bore Diameter .
Crankshaft Diameter for Gear
Fit of Gear to Crankshaft

Idler Gears and Hubs

Number of Teeth ...

Bore Diameter

Outside Diameter of Bush

Inside Diameter of Bush (finished in sutu}
Outside Diameter of Hub

Clearance of Hub inside Bush

End Flost of Gears

Timing Gear Backlash
All Gears

Auxillary Drive Shaft Assembly
Orive Shaft— Overall Length

Number of Teath on Worm

Outside Diameter of Worm

Diameter of Front Journal

Diameter of Rear Journal

Drive Shaft Bush— Front

Qutside Diameter of Bush

Housing Diameter for Bush
Interference Fit in Housing

inside Diameter of Fitted Bush
Running Clearance of Shaft in Bush

TECHNICAL DATA B7

2.96875in (75,41 mm)
(.7475/0.7485in {18,91/19,01 mm}
0.750/0.75125in {19,05/19,08 mm)
0.0015/0.00375in (0,04/0,09 mm)
1.1875in {30,16 mm)

26.03125in (661,19mm)
0.7485/0.74985in (19,01/19,04 mm}

0.875/0.8762in (22,22/22,26 mm)
0.877/0.8785in (22,28/22,31 mm)
0.0008/0.0035in {0,02/0,09 mm)
0.7505/0.7520in {19,06/19,10 mm)
0.001/0.0035 in (0,03/0,09 mm)

10.456/10.540in (265,58/267,72 mm}
0.310/0.312in {7.87/7,93mm)

56

1.375/1.376in {34,93/34,95 mm}
1.3751/1.3757 in (34,93/34,94 mm)
-0.0007/+0.0009 in {-0,018/+0,023 mm)

28
1.00041.001 in (25,4/25,43mm}
10°

28

1.875/1.876in (47,63/47,65 mm)
1.875/1.8758in {47,63/47,64 mm)
-0.0008/+0.001 in (-0,020/+0,025 mm)

37

2.0625/2.06431n (52,39/52.43mm)
2.06625/2.06825 in (52,48/52,53 mim}
1.8750/1.8766 in (47,63/47,67 mm)
1.8714/1.873in (47,53/47,57 mm) .
0.002/0.0052 in (0.05/0,13mm)
0.002/0.012in {0,05/0,30 mm)

0.003in (0,076 mm) minimum

10.25in (260,35 mm)

iR

1.865/1.8701in (47.37/47 5mm)
1.9355/1.9365in (49,16/49,19 mm)
1.248/1.24%in (31,7/31,72mm)

2.1283/2.1303 in (54,06/54,11 mm)
2.125/2.1262 in {53.88/54.01 mm)
0.0021/0.0053 in {0,05/0,13 mm)
1.9375/1.9397 in {49,21/49,27 mm)
0.001/0.0042 in {0,025/0,11 mm}
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Drive Shaft Bush— Rear

Outside Diameter of Bush

Housing Diameter for Bush
Interference Fit in Housing

Inside Diameter of Fitted Bush
Running Clearance of Shaft in Bush

Auxiliary Drive Thrust Washers

Thickness ... .
Cylinder Block Recess Depth for Thrual Washer
Qutside Diameter

Inside Diameter of Cylinder Ellock Flecess
Protrusion of Thrust Washer in Cylinder Block
Groove Width on Drive Shaft .

Groove to Thrust Washer Clearance

Hydraulically Loaded Wormwheel

Bare Diameter in Cylinder Block far Fue! Pump
Adaptor Plate and Upper Thrust Coltar ...

Fuel Pump Adaptor Plate Diameter ...

Fit of Plate in Cylinder Block .

Quter Diameter of Upper Thrust Collar

Clearance of Upper Thrust Collar in Cylinder Block

Bore Diameter in Cylinder Block for Lower Thrust
Washer .

Width of Groove in Upper Thrust Collar

Upper Thrust Collar Sealing Ring Thickness

Ciearance of Sealing Ring in Groove

Inner Diameter af Bush in Fuel Pump Adaptor Plate

Upper Diameter of Fuel Pump Drive Shaft

Clearance of Drive Shaft in Adaptor Plate Bush ...

inner Diameter of Upper Thrust Coflar .

Clearance of Drive Shaft in Upper Thrust Collar

inner Diameter of Lower Thrust Collar

Lower Diameter of Fuel Pump Drive Shaft

Clearance of Drive Shaft in Bush

Sump

Sump Capacity (typical)
Minimum to Maximum mark on Dlpshck
Strainer Position

Oil Pump
Type

Qil Pump Clearance

Inner Rator to Quter Rotor

Quter Rotor to Pump Body .
Inner and Quter Rotor End Clearance

1.4086/1.4105in {35,78/35,83 mm)
1.4063/1.4076in (35,72/35,75mm)
0.001/0.0042in (0,025/0,11 mm}
1.25/1.25191n (31,75/31,80mm)
0.001/0.0039 in {(0.025/0,10 mm)

0.1875/0.1905 i (4,76/4,84 mm)
0.484/0.187 in (4.67/4,75 mm)
2.806/2.8121in (71.27/71,42 mm)
2.8125/2.8225 in (71,44/71,69 mm)
0.0005/0.007 in {0,01/0,17 mm)
0.193/0.1965in (4,8/4.98 mm)
0.0025/0.009in (0,064/0,23 mm)

-3.500/3.5014 in (88,90/88,94 mm)

3.4986/3,4995 in (88.86/88,89 mm)
0.0005/0.0028 in {0,01/0,07 mm)
3.496/3.498 in {88,80/B8,85 mm)
0.002/0.0054in {0,05/0,14 mm}

2.2491/2.2488in (57.13/57, 15 mm)
0.0957/0.0867 in (2,43/2,46 mm)
0.0928/0.0938in {2,36/2,38 mm)
0.6019/0.0039in {0,05/0,10 mm)
1.875/1.8766in (47 63/47,67 mm)
1.8714/1.873in (47,53/47,57 mm)
0.002/0.0052in (0.05/0,13 mm)
1.886/1.89in {47,90/48,01 mmj}
0.013/0.0186in (0,33/0.47 mm)
1.625/1.62661in (41,28/41,32mm)
1.6214/1.6230in {41,18/41,22 mm)
0.002/0.0052 in {0,35/0,13 mm)

26 Imperial Pints (14,8 Litres}
5 Imperial Pints (2,84 Litres)
Suction Fipe of Lubricating Oif Pump

Rotor

0.003/0.005in {0,08/0,13 mm)
0.006/0.013in (0,15/0,33 mm)
0.0005/0.0025in {0,01/0,06 mm)

For replacement purposes, the whole pump assembly must be replaced.

Reliet Valve

First Stage Pressure Setting (T6.3544 only)
Relief Flow Pressure Setting

Length of Plunger

CQutside Diameter of Flunger ...

Inside Diameter of Valve Housmg Bore
Clearance of Plunger in Bore .

Free Length of Spring

Spring Fitted Length and Load

Lubricating OIll Filter

Type of Filter
Element Type
By-Pass Valve Setting
Type of Vaive

30/37 Ibl/in? (2,11/2,6 kgf/cm¥) 207/255 kN/m?
S0/60 Ib1/in? {3,52/4,22 kgf/cm?) 348/414 KN/m?

-0.9375in (23,81 mm).

0.7158/0.,717 in {18,18/18,21 mm)

© 0.718/Q.7192in (18,24/18.27 mm)

0.001/0.0034 in (0,03/0,09 mm}
2.31250n (58,74 mm}
2.1875in (55,56 mm) at 3Ibf 8ozl (1,58kgf)

Full Flow Fleplaceable Canister

Paper

8/121bl/in? (0,56/0,84 kagt/cm?) 55/83 kN/m*
Pressure Difterential Spring Loaded Ball




Cooling System
Types
Caoolanm Capsistity

Thermostat

Type

QOpening Temperalure
Fully open at

Valve Lift

Water Pump
Type

Qutside Diameter of Shait for Pulley

Inside Diameter of Pulley Bore
Clearance Fit of Pulley on Shaft

Outside Diameter of Shaft for Impeller

Diameter of Impeller Bore

Interference Fit of Impeller on Shall
Impeller Blade to Pump Body Clearance

Approved Fuel Ol Specifications

United Kingdom
United States

France
India
Germany
Naly

Sweden
Switzerland

BS. 28691967
VV-F-800a
A.5.T.M./DO75-68T
(J.0.14/9/57)
15:1460/1968
DIN-51601 {1967)
CUNA-Gas Qil
NC-630-01 (1957}
SIS.15 54 32 {1969)

Federal Military Spec.

9140-355-1404 (1965)

TECHNICAL DATA -

Thermo-Syphon, Pump assisted.
a8 imperial Pints, (21,6 kires)

Twin Wax Capsule fitted in paraltel
177/183°F (80,6/83,9°C)
199-204°F (93 -96° C)

0.374/0.500 in (9,50/12,70 mm)

Centrifugal

0.8742/0.8747 in {22,20/22 .22 mm)
0.8750/0.8758 in {22,23/22,25 mm)
0.0003/0.0016 in {0,01/0,04 mm)
0.5012/0.5018in {12,73/12,75 mm)
0.5000/0.5007 in {12,70/12,72 mm}
0.0005/0.0018in {0,013/0,046 mm}
0.011/0.035in (0,28/0,89 mm)
(including end float)

Class A1 or A2

.Graces DF-A, OF-1 or DF-2
Nos: 1-D or 2-D '
Gas Oil or Fuel Domestigue
Grade Special or Grade A

Fuel oils available in territories other than those listed above which are to an equivalent specification may be used.

Fuel Lift Pump

Type of Pump

Method of Drive

Delivery Pressure .
Diaphragm Spring Colour

Fuel Filter

Type
Eiement Type

Fuel Injection Pump

Make

Type

Pump Rotation

Timing Letter

No. 1 Cylinder Outlet

Static Timing Position
Equivalent Piston Displacement

Make

Type

Pump Rotation

Neo. 1 Cylinder Qutlet

Static Timing Position .
Equivalent Piston Dlsplacement

A.C. Delco X D Series

Eccentric on Camshaft

6/10 thf/in? (Q,43/0,70 kgi/cm?} or 41/69 kN/m?
Red

Twin Parallel
Paper

C.AV,

D.FP.A.
Anti-clockwise
g

ay

28° BT.D.C.
0.372in (9.45mm) B.T.D.C.

Bosch

Rotary

Anti-clockwise

A

16° BT.0.C.

0.125in {3,18mm) B.T.D.C.

B9
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Atomisers

Make

Holder

Nozzle
Setting Pressure ...
Working Pressure
Code

Make

Holder

MNozzle
Setting Pressure ...
Warking Pressure
Code

Make

Holder

Nozzle
Setting Pressure ...
Working Pressure
Code

Make

Holder

Nozzle
Setting Pressure ...
Working Pressure
Code

Make

Holder

Nozzle
Setting Pressure ...
Working Pressure
Code

Electrical System
Type

Alternator
Make
Type

~Max. Output ACS (12V}—hot
Max. Qutput AC5 (24 V}—hot
Max. Qutput 17ACR Derated— hot
Max. Qutput 17ACR—hot
Max. Qutput 1BACR— hot

Starter Motor

Make

Type

Max. Current
Starter Cable Resistance

Starting Aid

Make
Maximurn Current Consumption
Flow Rates through Thermostart

C.AV.

BKBL6755299

BDLL15056639 :

210 ats (3088 Ibf/in?— 217 kgf/cm?}
195 ats (2868 Ib1/in2— 201 kgt/cm?)
FN

OMAP

OKLL6752929

OLL150S7574

250 atm {3880 1bf/in?-— 258 kgf/cm?)
225 atm (3310 Ibt/in?— 232 kgt/cm?)
vu

C.AV.

BKBLE7S5299

BDLL15056730

215 atm (31601b{/in*—222 kgi/cm?)
200 atm (2940 1b{/in>—207 kgf/cm?)
GD

CAV.

BKBLE7S5151

BDLL1503673C

175 atm (2570 Ibf/in2-—— 181 kgf/cm?)
170 atm {2500 |bf/in*— 176 kgf/cm?)
GL

CAV.

BKBLE755299

BOLL15056673

215 atm (3160 Ibf/in?— 222 kgf/cm?)
200 atm {2940 Ibf/in?— 207 kgf/cm?)
FL

12V or 24V

Lucas or C.AV.

ACSE (12 or 24V}, 17 ACR Derated (12V)
17 ACR {12V) or 18 ACR (12V)

55A :

30A

28A

35A

45A

Lucas or C.AV.
M50 or CA45
1150A

- 0,0017 ofims {(max.}

C.A.V.— Thermostart
12.8A
4,.9cm¥min




SERVICE WEAR LIMITS
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The following "wear limits” indicate the condition when it is recommended that the respective items should be serviced or

replaced. '

- Cylinder Head Bow Transverse

Longitudinal
Maximum Bore Wear
(whan new liners are necessary)
Crankshatt, Main and Big End Journal,
Ovality and Wear
Maximum Crankshaft End Floa
Vaive Stem to Guide Bore Clearance, inigt
Exhaust
Valve Head Depth below Cylinder Head Face
Rocker Clearance on Rocker Shaft .
Camshatt Journals, Ovality and Wear
Camshaft End Float .
Idler Gear End Float

0.005in (0,13 mm)}
0.010in (0,25 mm)

0.008in (0,20 rm}

¢.0015in (0,04 mm)
0.020in {0,51 mm)
0.005in {0,173 mm)
0.006in (0,15 mm)
0.050in (1,27 mm)
0.005in (0,13 mm)
0.002Zin (0,05mm)
0.021in (0,53 mm)
0.015in (0,38 mm)




~ SECTION C
Operating and Maintenance




OPERATING AND MAINTENANCE C2

Starting the Engine (see Fig. C.1)
Ensure the "stop” control is in the "“run™ position.

Switch on the electrics by turning the swiich to the “R"
position.

Place the accgelerator pedal or engine speed control in
the maximum speed position.

Engage the starter motor by turning the switch to the
“HS" position.

As soon as the engine starts return the switch to “R"
position and check for salisfactory oil pressure
30-80 |bf/in? (2,1-4,2 kgf/cm?) or 207-414 kN/m?.

It the engine fails to start at the first attempt always be
sure the engine and starter motor have stopped rotating
before re-engaging the starter motor.

Nole: With turbocharged engines, do not rapidly increase
and decrease the engine revolutions immediately after
starting.

T6.3544 ENGINES ONLY

Starting the Engine after disturbing oil feed
pipe to the Turbocharger

Before starting the'engine atter having disturbed the oil
feed pipe to the Turbocharger, release the oil feed pipe
umion at the Turbocharger and motar the engime over
with the “STOP” contrel in the “STOP” paosition until
lubricating ©il issues from the union.

Tighten the union and use normal starting pracedure
as above.

Starting the Engine under difficuit “COLD”
conditions

The more common kind of starting aid is the electrically
oparated "“Thermostart” fitted in the induction manifoid
and operated from the starting switch.

The “Thermostart” is supplied with fuel oil and in some
applications a small reservoir is fitted and it may be
necessary to turn "on" a tap between the “Thermostart”
and its resetvair,

" Check that the reservoir {if fitted) contains fuel oil by
removing the top cover.

Turn the starter switch to the "H" position for fiftesn
to twenty seconds to enable the “Thermostart” to reach
its operating temperature.

Adjust the engine speed control to maximum speed
and turn the swilch to the “HS" position to engage the
starter motor.

H the engine fails to start, return the starter switch to
the "H" position for a further ten seconds and then to
the "HS” position again.

When the engine starts, return the starter switch to the
“H" position until the engine responds to the throttle.
Then return the switch to the “R" position. Check tor
satisfactory lubricating oil pressure and turn off the
fuel supply to the “Thermostart”, where applicable.

To ease starting on T6.3544 engines, it is recommended
that, when the engine starts, the switch should be
returned to the "H" position until the engine accelerates
in response to the speed control.

The use of alternative methods of "cold” starting aids
will ke found in the operator's handbook.

Stopping the Engine

A spring loaded comtral s located near the normal
engine controls and functions by cutting off the fuel in
the fuel injection pump. .

To operate, pull the “stop” control and hold untit the
engine has completely stopped raotating. Ensure the stop
returns to its "run’ position otherwise difficulty may
be experienced in re-starting the sngine.

Return switchto the “O" position,

With turbocharged engines, allow to idle for a few
seconds before stopping. Do not shut down from full
throttle.

Cold Starting Aid Failure

In the event of difficult starting, check that fuel is
reaching the start aid in the induction manifold by
disconnecting the fuel pipe.

If fuel is reaching the start aid satisfactorily, check
that the start gid is functioning by disconnecting the
piping at the induction manifold and watching the
cold start aid whilst it is being used. When the swilch
is turned to "H" (heat) position, the element should
become rad hot, and on engagement of the starter motor,
it should burst into flame,

The T6.3544 and 6.3544 engine is fitted with efficient
cold starting equipment and no responsibility can be
accepted for any damage caused by wnauthorised
starting aids.

T6.3544 ENGINES ONLY

Operating the Engine— Vehicle

Applications

It is essential to maintain a reascnably high engine
speed when climbing a gradient owing to the power
characteristics of the turbocharged T6.3544 engine.
Do not overload the engine at low engine speed.

Before the engine becomes overloaded, change gear
1o increase engine speed.




PREVENTIVE MAINTENANCE

As the following preventive maintenance attentions
are general in application, they should be comparad with
the schedules speacified by the manutacturer of the
application to which the engine is fitted and where
necessary, the shorter periods adopted.

The periods are given in Miles, Kilomstras, Hours and
Months and the maintenance work should be carried
out at the period that comes lirst in the normal operation
of the vehicle or machine. On stop-start low mileage
work, the hours run are more appllcable than the
mileage coverad.

Every Day or 8 hours whichever occurs first
Check coolant level in radiatar.

Check |ub. oil level in sump with vehicle or machine
standing level.

Check oil pressures (where gauge is fitted).

Ensure alternator cooling fan and slots are clear of
chaff.

In extreme dust conditions, empty dust bowl of dry
type air filter or clean oil bath type air filter.

Every 5,000 Miles (7,500 km), 200 Hours or
4 Months whichever occurs first

Drain and renew engine lubricating oil.
Henew lubricating oil filter canister.
Check drive belt tension.

Empty dust bow! of dry type air filter ar ciean ail bath
type air filter.

Clean luel water trap {where fitted).
Check for oil, water or fuel leaks.

Check that alternator slots, fan and air spaces are clear
and unobstructed.

Clean compressor air filter {where fitted).

Every 10,000 Miles (15,000 km), 400 Hours or
12 Months whichever occurs first

Ciean lift pump gauze strainer.

Renew final fuel filter elemenis, agricultural and
industrial applications anly.

Check hoses and clips.

Clean element of dry type air filter or renew unless
indicated earlier.

Every 20,000 Miies (30,000 km), or
800 Hours whichever occurs first.

Renew final fuel filter elements, vehicle applications.

Decarbonise compressor cylinder head, and delivery
line.

Ctean turbocharger impeller, and cil drain pipe. (T6.3544
anginas only}.
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Every 60,000 Miles {90,000 km), or
2,400 Hours whichever occurs first

Arrange for examination and service of proprietary
equipment, i.e. compressorfexhauster, starter motor,
generator, turbocharger etc.

Service atomisers.

Check and adjust valve tip clearances.

Ranew closad circuit breather element (Normally
aspirated engines only}.

Alr Charge Cooler

To maintain maximum efficiency, the cooler radiator
fins should be checked periodically to ensure that no
foreign matter is obstructing the tlow of air,

Under no circomstances should the radiator be
“muffed” or "blanked-pff" in an attempt 1o raise the
temperature in the driver's cab because this will
impede the flow of air through the charge cooler.

Post Delivery Checkover

After a customer has teken deiivery of his Perking
Diese! engine, a general checkover of the engine must
be carried out after the tirst 500/1000 miles (800/1600 km)
or 25/50 hours in service.

The checkover should comprise the following points:

1. Drain lubricating oil sump and refill to fuli mark
on dipstick with new oil. Change Iubricating oil
filter canister.

2. Remove cylinder head cover and set valve clearance
to 0.008 in (0,20 mm)} for inlet valves and 0.018 in
{0.45 mm) tor exhaust valves.

3. Check coolant fevel in radiator and inspect for
leaks.

4. Check external nuts, setscrews, mounlings etc.,
for tightness.

Check belt tension.

Check electrical equipment and connections.
Check for lubricating and fuel oil leaks.
Check slow running speed.

e @ N oo

Check general performance of engine,

Preservation of Laid-Up Engines

Where an application is to be laid up for several
months it must be protected as follows:

1. Clean all external parts.

2. Runengine until warm. Stop and drain the lubricating
oil sump.

v

Renew lubricating oil filter canister.
Clean out breather pipe,

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

6. Drain all fuel oil from full tanks and filters. Put into
the fuel tank at least one gallon of one of the oils
listed under “"Recommended Qiis for " the Fuel
System” If, because of the construction of the fuel
tank, this quantity of oil is inadequate, break the
fuel feed line before the first filter and connect a
small capacity auxiliary tank.

7. Prime the fuel system.
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4. Start engine and runit al half speed for 15 minutes
when the oil will have circulated through the
injection pump, pipes and atomisers.

9. Seal the air vent in the tank or filler cap with
waterproof adhesive tape.

10. Drain the cooling system by removing all drain
plugs, including the oil cooler water drain plug,
Where a fully water cooled gompressor is fitted
it will be necessary to drain by removing the drain
plugs. To ensure complete draining check that
the holes are not blocked by scale.

11. Remove the atomisers.and spray into the cylinder
bores '4 pint {0,14 litre) of lubricating oil, divided
between all cylinders,

Rotate the crankshaft one complete revolution and
replace atomisers.

12. Remove the air fiter and any piping. Seal the
air intake with water prooted adhesive tape.

13. Remove the exhaust pipe and seal the manifold
port.

14. Remove fan.and water pump driving belts.
15. Batteries

(a) Remove the battery and top up the cells with
distilled water.

(b} Recharge.

{c) Clean terminals and lighlly smear with
petroleum jelly.

{d) Store in a cool, dry, dust free place. Avoid
freezing risk.

(e) Recharge once a month,
16. Starters and Generators

Clean terminals and lightly smear with petroleum
jelly. If vehicle or machine is to stand in the open,
the generator, starter and control board must he
protected against rain.

Recommended Qlls for the Fuel

System*
L.owest Temperature
during Lay-up
Esso IL815 25°F (— 4°0)
Esso IL.1047 0°F {(—18°C)
Shell Calibration Fluid “C" (U.K.) 0°F {(—18°C)
Shell Calibration Fluid “B" —70°F {(—57°C)
{Overseas) .
Shell Fusus “A” —15°F (—26°C)
Shell Fusus "A" R1476 25°F {(— 4°C)

(O1d Type)

No attempt should be made to restart the engine until
the temperature has been at least 15°F (8°C) above
that shown in the table for not less than 24° hours.
Otherwise there may be difficulty in obtaining a free
flow of fuel.

*The proprietary brands of oils listed may not be
available in all parts of the world. but suitable oils
may be obtained by reference to the oil companies.
the specification should include the following:

Viscosity: Should'not be greaterthan 22 centistokes at -

the lowest ambient temperature likely-to be expierie'nced
on re-starting.

Pour Point: Must be al least 15°F (B8°C) iower than
the lowest ambient temperature to be experienced on
restarting and should be lower than the |owest
temperature likely 10 be met during the lay-up period.

The oils selected are not necessarily suitable lor
calibrating or testing pumps.

Preparing the Englne for Return to.
Service

When the engine is to be returned to service, the
_following procedure must be observed:

1. Thoroughly-clean all external parts.

2. Remove adhesive tape from the fuel tank vent or

filler cap.

3. Drain fuel tank to remove any remaining oil and
condensed water and refill the tank with fuel oil.
Fit new filter element and vent the filter.

5. Vent and prime the fuel injection pump.

Replace the cylinder block, radiator: oil cooler
water drain piugs and comgpressor drain plugs
where necessary and fili the system with clean
coolant. Check for leaks.

7. Rotate water pump pulley by hand to ensure
freedom of water pump seals.

B. Relit water pump and generator driving belts.

9. . Remove the rocker cover, lubricate rocker assembly
with engine oil and replace cover, ’

10. Remove adhesive tape from the air intake, refit
the air filter and any air intake' pipe. Clean or
renew the element of dry type air cleaner or refill
the oil container with fresh oil of oil bath air filter.

‘11. Remove adhesive tape from the exhaust manifold

port and refit exhaust pipe.
12. Connect the battery.

13, Wipe the grease from the terminals and.check that
all connections are sound. If the starter is fitted with
a Bendix type of drive, lubricate with a-little light
engine oil. Co-axial starters, except'where they-are
fitted with dust covers, should be given the sane
treatment.

14, Check the level and condition of the oil in the sump.
Change the ail if necessary, with new oil of an
approved grade.

15. Start the enging in the normal manner, checking
for oil pressure and generator charge.

Whilst the engine is reaching normal running temperature*

check that it is free from water and fuel leaks.
NOTE: . .

It the foregoing instructions are observed, the laying
up and returning to service should be carried out
efficiently and without adverse effccl on the engine.

Perking Engines Lid., however, cannotl accept’ liability.

for “direct or conseguertial damage that might arise
following periods of laying up.

----r-




Froat Precautions

Precautions against damage by frost should be taken
Il the engine is to be left exposed, either by draining
the water systam or, where this is not convenient, an
anti-fraeze of reputable make and incorporating a suitable
corrosion inhibitor may be used.

When draining coolant, ensure that the machine or

" vehicle is on level ground.

Where fitted, the il cooler and air compressor should
also be drained.

Should it be necessary to use anti-freeze it should conform
to British Standard 3151 or has been approved by testing
in accordance with British Standard 5117 Clause 5 to
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give at least as good a result as BS. 3151,

The coolant solution containing 25 per cent antifreeze
manufactured to BS.3151 in water- in a properly main-
tained engine should maintain its antifreeze and
anti-corrgsive properties throughout the winter season
in the U.K. and in general, a safe life of 12 months may
reasonably be expected.

After an anti-freeze solution has been used, the cooling
system should be thoroughly flushed in accordance
with the anti-freeze manufacturers instructions before
refilling with normal coolant. If the foregoing action is
taken, no harmful effects should be experienced, but
Perkins Engines Lid., cannot be held responsible for
any frost damage or corrosion which may be incurred.
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Fault Finding Chart

FAULT

POSSIBLE CAUSE

Low cranking speed

1,2,3 4.

Will not start

5,6,7,8,9,10, 12, 13, 14, 15, 16, 17, 18, 18, 20, 22, 31, 32, 34.

Difficult starting

5.7.8,9, 10 11,12, 13,14, 15, 16, 18, 19, 20, 21, 22, 24, 29, 31, 32, 34,

Lack of power

8,9, 10, 11,12, 13, 14, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 31, 32, 33, 60, 62, 63.

Misfiring

8, 9, 10, 12, 13, 14, 16, 18, 19, 20, 25, 26, 28, 28, 30, 32.

Excessive fuel consumption

11,13, 14, 16, 18, 19, 20, 22, 23, 24, 25, 27, 28, 29, 31, 32, 33, 63.

Black exhaust

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

Blue/white exhaust

4,16, 18, 19, 20, 25, 27, 31, 33, 34, 35, 45, 56, &1.

Low oil pressure

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

Knocking

9, 14, 16, 18, 19, 22, 26, 28, 29, 31, 33, 35, 36, 45, 46, 59.

Erratic running

7,8,9,10, 11,12, 13, 14, 186, 20, 21, 23, 26, 28, 29, 30, 33, 35, 45, 58,

Vibration

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

High il pressure

4,38, 41,

Overheating

11,13, 14, 16, 18, 19, 24, 25, 45, 50, 51, 52, 53, 54, 57.

Excessive crankcase pressure

25, 31, 33, 34, 45, 55.

Poor compression

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

Starts and stops 10, 11, 12,
Key to Faull Finding Chart 32. Pittad valves and seats.
1. Battery capacity low. 33. Broken, worn or sticking piston ring(s).
2. Bad electrical connections. 34. Worn valve stems and guides.
3. Faulty starter motor. 35. Qvertull air cleaner or use of incorrect grade of oil.
4. incorrect gréde of lubricating oil. 36. Worn or damaged bearings.
5. Low cranking speed. 37. Insufficient oil in sump.
6. Fuel tank empty. 38. Inaccurate gaugs.
7. Faulty stop control operation, 39. Qi pump worn.
8. Blocked fuel feed pipe. 40. Pressure relief valve sticking open.
9. Faulty fuel §ift pump. 41. Pressure relief valve sticking closed,
10. Choked fuel fiiter. 42. Broken ralief valve spring.
11. Restriction in induction system. 43. Faulty suction pipe.
12.  Air in fuel system. 44, Choked oll filter.
13. Faulty fuel injection pump. 45, Piston seizure/pick up.
14. Faulty atomisers or incorrect type. 46. Incorrect piston height.
15. Incorrect use of cold start equipment. 47. Damaged fan.
16. Faulty cold starting equipment, 48. Faulty engine mounting {housing).
17. Broken fueliinjection pump drive. 49. Incorrectly aligned flywheal housing or flywheel.
18. Incorrect fuel pump timing. 50. Faulty thermostat.
19. Incorrect valve timing. 51. Restriction in waler jacket,
20. Poor compression. 52. Loose waler pump drive belts.
21. Blocked fug! tank vent. 53. Choked radiator,
22. Incorrect type or grade of fuel. 54. Faulty water pump,
23. Sticking throttle or restricted movement, 55. Choked breather pipe.

24. Exhaust pipe restriction.

25. Cylinder head gasket leaking.

26. Overheating.
27. Cold running.

2B8. Incorrect tappet adjustment.

29, Sticking valves.

30. Incorrect high pressure pipes.

31. Worn ¢ylinder bores.

56. Damaged valve stem oil deflectors {if fitted).
57. Coolant level too low.

58. Bilocked sump strainer.

59. Broken valve spring.

60. Damaged or dirty turbocharger impeller.

61. Leaking turbocharger oil seals.

62. Leaking boost contro! pipe.

63. Leaking induction system.
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To remove the Cyliﬂder Head

The T6.3544 and 63544 cylinder head is not inter-
changeable with any.other 6.354 or T6.354 engine type
cylinder heads. ) .

Drain the cooling system.

Disconnect battery terminals.

Remove air cleaner and trunking.

Remove exhaust pipe from exhaust manifold (6.3544
engines only).

Disconnect and remove all connections to the turbo-
charger and remove the turbocharger, see Fig. E.1.
~ (T6.3544 engines only}.

Remove electrical connections to  the c¢ylinder
head and induction manifold. Remove fuel pipe to thermo-
start in the manifeld.

Remove the water outlet connection.
Remove the induction and exhaust manifolds.

The fuel pipe from litt pump to fuel filters should be
removed, releasing the ¢lip from the back of the cylinder
head. The fuel filters may also be removed.

All high pressure pipes between fusl injection pump and
the atomisers should be removed together with the
atomisers leak-off pipe assemibly.

Rernove atomisers, see Fig. E.2.

Disgonnect the breather pipe from the rocker cover
and gylinder block. Remove the breather pipe.

Remove rocker cover and gasket.

Release rocker assembly bracket securing setscrews
and lift oft rocker assembly. Remove the push rads.,

Remove c¢ylinder head nuts and setscrews in reverse
order of tightening sequence, see. Fig. E4.
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MNote position of ditferent length setscrews, seeFig. E.3.
Aemove cylinder head.

To fit the Cylinder Head

Ensure the head face, cylinder block top face and bores
are clean and that the rocker assembly oil feed passage
in tha cylinder head is clean.

Any cylinder head studs removed from the cylinder
block should be refitted with “Loctite”.

The cylinder head gasket fitted 10 the T6.3544 and 6.3544
engine is not interchangeable with other 6354 series
engines. It is marked "TOP FRONT™.

The cylinder head gasket must be fitted dry. Fit the gasket
ensuring it is correctly located gver the two dowels.

- anges = - o




Lower tha“ ¢ylinder head in position without disturbing
the gasket.

Lightly oil threads of cylinder head securing studs and
setscrews.

See Fig. E.3 for correct location of long and short
selscrews,

Progressively tighten the cylinder head securing nuts
and setscrews, numbers 1 to 32 only in the order shown
in Fig. E.4 unti| a torque of 100 Ibf 1t (13,8 kgfm} or 135 Nm
is achieved, followed by a progressive tightening of
setscrews numbers 33 to 38 in the sequence shown in
Fig. E.4 until a torque of 29.5Ibfft (4,1kgfm) or 40 Nm
is achieved.

Replace push rods.

Renew the rocker assembly feed pipe oil seal, lightly
oiling its inner and outer surfaces, and placing it in the
oil feed drilling.

Examine and replace the rocker assembly, ensuring
that the oil feed pipe, which has a lead in, locates
correctly into the drilling, when the seal will butt against
the convolution, see Fig. E.5.

The rocker assembly securing nuts should be tightened
down progressively from the centre outwards to a torque
of 551bft (7 60kgfm) or 7SNm. Set valve clearances to
0.008in (0,20mm;} for inlet valves and 0.018in {0,45mm)
tor exhaust valves, engine cold, as detailed on
Page E.4.

Refit atomisers with new copper sealing washers, and
tighten nuts avenly to a torque of 121bfft (1,7kgfm) or
16INm.

Mote: Different atomiser seating washers are used on
normally aspirated and turhocharged engines. The
seating washers for normally aspirated engines are
0.080in (2,03mm) thick and for turbocharged engines,
0.028in (0,71 mm) thick. It is important that the correct
atomiser seating washers are fitted.

Refit all high pressure fuel pipes, leak-off pipes and
the fuel filters,

Tighten high pressure pipe nuits to a torque of 151bfft
(2,1kgfm) or 20Nm.

Retit fuel pipe from lift pump to filters, this pipe is clipped
on to back of cylinder head.

Refit induction and exhaust manifolds.

Inlet manifolds have corrugated joints which are ¢oated
with lacquer and should always be fitted dry. The
manifold securing setscrews should be tightered to a
torque of 241bfft (3,3kgfm) or 32Nm. After at least
ten minutes after fitting, retorque the setscrews to the
origina! figure, THIS IS IMPOQRTANT.

With exhaust manifold joints, turbocharged engines have
corrugated stainless steel joints, whereas normally
aspirated engines have stee! asbestos joints. Steel
asbestos joints should be fitted with jointing compound,
but the corrugated joints showd be fitted dry and so
positioned that the corrugations should face the

.manifold,

Refit the water outlet connection.

Connect the glectrical Ilead, fuel feed and return pipes
to the thermostart unit and container.

Congiect any other electrical lead (i.e. water temperature
gauge}.

Refit the turbocharger (T6.3544 engines only) and all
connections to it.
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Refit trunking and air cleaner.

Refit exhaust pipe to exhaust manifold (6.3544 engines
only).

Reconnect the battery.

Refiil tha cooling system.

Bleed the fue! system of air as detailed on Page N.7 and
start the engine.

Check the oll flow to the rocker shaft assembly and allow
the engine to warm up.

Shut the engine down, and retightan the cylinder head
securing nuts and setscrews to the correct torgues as
detailed previously.

Reset the valve clearances to 0.008in (0,20mm) for inlet
valves and 0.018in (0.45mm) for exhaust valves cold.
Refit the rocker cover gasket, rocker cover and breather
pipe.

When replacing the cylinder head cover, ensure that the
cover retaining nuts are screwed fully home against the
rocker shaft bracket retaining nuts.

ES

0.008in (0,20 mm}) iniet
0.018in (0,45 mm) exhaust
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To check or Adjust Valve Tip Clearances

The- valve tip clearances should be set to 0.008in
(0.20mm} for inlet and 0.018in (0,45mm) for exhaust
by using a feeler gauge between top of valve stem and
rocker lever, with the engine cold, see Fig. E.6.

When setting valve clearances, the foliowing procedure
should be adopted.

With the vaives rocking on No. 6 cylinder {i.e. the period
belween opening of inlet valve and closing of exhaust
valve) set the clearances on Na. 1 cylinder.

With valves rocking No. 2—set clearances No. 5.
With vaives rocking No. 4— set ¢learances No. 3.
With valves rocking No. 1—set ¢learances No. B.
With valves. rocking No. 5— set clearances No. 2.
With valves rocking No. 3— set clearances No. 4.

To Rel.nove Valves

Fit a suitable stud in gne of the raocker assembly Securmg.

setscrew holes and using Tool No. 6118B, see Fig. E.7,
depress valve springs and remove split collets.

Remove spring retaining c¢aps, springs, oil seals and
spring seating washers. Remove valves.

If the valves are to be used again, they should be suitably
marked to ensure they are replaced in their original
positions, ’

Valve Assembly

Two springs are fitted to each valve, the outer springs are
lett hand coiled and the inner springs right hand coiled.

A sectional view of a fitted valve assembly is shown in
Fig. E.8.

To Fit Valves
Lightly oil valve stems, and posiiion the valves in their
respeclive guides.

Position spring seating washers and fit oil seals onto
valve guides.

E.8

Place inner and cuter springs onh seating washers-with
the damper coils towards the cylinder head, see Fig. E.B.

Position the valve spring retaining caps and with a
suitable compressor, depress the springs and fit the
split collets.

Valve Guides

Examine valve guides for wear. The maximum pers
missible worn clearance of intet valve .stem in guide is-
0.005in {0,13mm}, and exhaust valve stem in guide is
0.006in (0,15mm) and if the clearance with new valve
fitted exceeds this figure the guide should he replaced.

To fit new guides, press or drive oul the worn guides, see
Fig. E.9.

Smear the outer surtace of the new guides with clean,
oil and using too! Na. PD1C, see Fig. £.10, pull guide into-
the cylinder head using stop No. PD1C" — 6 until”
0.594in (15,08mm) of the guide is protruding above the
valve spring recess.

Cylinder Head Overhaul

If water jacket of cylinder head shows sign of scale, a
proprietary descaling solution should be used-in accord-
ance with the manufacturer's instructions.

After cleaning head, check for ¢cracks .or other damage:

Maximum permissible [ongitudinal bow of cylinder head
is 0.010in (0,25mm} and transverse bow is 0.005in
(0,13 mm)}.

The cylinder head can be skimmed by a maximum.of
0.012in (3,3mm) provided that nozzle protrusion does not
exceed 0.184in (4,67 mm) for T6.3544 engines or G.136in
{3.45mm) for 6.3544 engines with the atomiser seating
washers in position, see Fig. £.11. This figure must not
be obtained by the use of additional atomiser, seating
washers.

When grinding in valves, it is essential that no signs of,
pitting are left on the seatings.

Care should be taken to avoid unnecessary grinding away -
of the seat.
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After grinding, check the valve head depths relative
1o the cylinder head face, using tool PD41B. The
maximum permissible depth for both inlet and .exhaust
valves atter servicing Is 0.0501n (1,27 mm).

After any grinding or machining operation has heen
carried out, all parts should be washed in cleaning tluid.

Valves and Valve Seats

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

When fitting new valves, valve depths relative 10 the
cylinder head 1ace is not less than 0.040in {1.02mm).
The valve seats In the cylinder head should be recon-
ditioned by means of valve seat cutters as listed in
approved tools at the end of this saction, or specialised
grinding equipment at an engle of 45°,

After reconditioning, valves and seats should be Hghtly
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ground In, keeping as narrow 8 seal as possible, and after
grinding, the valve head depth should be checked.

Valve Seat Inserts

Valve seal inserts are fitted as standard on T6.3544
enginas, but are not fitted on 6.3544 production engines.

If valve seatls become damaged or unserviceable through

- wear, inserts can be fitted to 6.3544 engines or the inserts

replaced on T6.3544 engines. -

Press out the existing valve guide and clean the guide
bore,

Press in new guides as detailed on Page E 4.

Using the vaive guide as a pilot, machine the recess in the
cylinder head to the dimensions given in Fig. E.12 for
6.3544 engines; or machine out the old insert for T6.3544
engines.

Remove all machining swarl and clean the insert rocess.

Using the valve guide bore as a pilot, press the insert
home with the inserting tool, Fig. E.13. Do not hammer
the Insart home or use lubrication. Ensure that the insert
is fully homa and fiush with the bottom of recess.

E.10
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3.735In
(94,87 mm}

T6.3544— 0.1B4in {4.67mm) _ mn:? %"3;3"‘ MAX. |
6.3544—0.136In (3,45mm) ° (9,30mm)

E. 11

E12

Inlet

A—0.283/0.288in (7,19/7.31 mm)
B—2.0165/2.0175in (51,22/51,24 mmy}
C—Radius 0.015in (0,38 mm) Max.

Exhaust

A-—0.375/0.380in {9,52/9,66 mm)
B—1.678/1.679in (42,62/42 64 mm)
C—Radius 0.015in (0,38 mm) Max.

Using the valve guide bore as a pilot, machine the "flare”
on inlet valve seat inserts to the dimensions shown in
Fig. E.14. Dimension A is0.106/0.11Qin (2,69/2,79 mm}.

Cut the valve seat at an included angle of 30° so that the
valve head depth below the cylinder head face is within
the production limits of 0.040/0.050in {1,02/1,27 mm).
Work as closely -as possible to the minimum figurg to
allow for re-seating at a later date. When refacing a valve
the included angle of the contact face is 90°.

Lightly grind in valve and valve saat, keeping as narrow a
seat as possible.

It the cyiinder head has besn skimmed, the insert wilt have
to be surface ground on its back face so that, with insert
fitted, faces of insert and cylinder head are level,

Valve Springs
A new set of springs should be fitted al every major
overhaul.

Examine the springs with regard to squareness of ends
and pressures developed al fitted lengths, see Fig. £.15.

The inner springs require a load of 201bf 20z{/231bf 5ozf
{9,11/10,57 kgf) to compress them to fitted length 1.340in
{34,04mm).
The outer springs require a load of 391bf Bozf/431bf 11 ozt
{17,92/12,82 kgf) to compress them to fitted length 1.410in
{35.81mm).
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A—JYain {1,59mm) at 45°

B—%in (18,05 mm)

C—0.2501In (8,35 mm)

D-—3.0in (76,20 mm)
E—1.582/1.583in {40,18/40,21 mm)
F —2.009/2.019in {51,03/51,28 mm)
G—/2in {0.79mm) radius

H—Xs in (1,59 mm) radius

J =¥ in (1,59 mm} at 45°
K—0.372/0.373in (9,45/9,47 mm)

Exhaust

A— Yein {1.58mm) at 45°

B—%in (19,05 mm)

C~—0.312in (7,92 mm)

D—3.0in (76,20 mm)
E—1.248/1.24%in (31,70/31,72mm)
F —1.670/1.880in (43,42/43,67 mm)
3—4:in {0.79mm) radius

H—Ysin (1,59mm) radius

J—lain (1,58 mm) at 45°
K—0.372/0.373(n {8.45/0,47 mm}
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LA Rocker Shaft Assembly
To dismantle. '

-Remove cifclips and washers from each end of shaf;.
Withdraw rocker levers, springs and support brackets.
Remove the locating screw from the rocker cil feed
connection and withdraw the connection.

Examine rocker lever bores and shaft for wear. The levers
should be an easy fit on the shaft without excassive side

play and there should be no indentation where the rocker
taps the valve tip.

To renew the rocker lever bushes, press out the worn
bushes and press in the new bushes making sure that the
oil holes are in line, see Fig. E.16.

391bf Bozf/A31bT Mozt 201bt 2ozt{231bf Sozf Ream out to a diameter of 0.7505/0.7520in (19,06/
(17,92/18.82 kgf) (Bn057kgt} 19,10mm).

To assemble.
Fit oil feed connection to rocker shaft and secure with

sS4 " """
locating screw, ensuring that the screw enters the locating
+6T6in ‘ hole in the shaft.
(47,65 mm) Hiin  407Imm) Fit the support brackets, springs and rocker levers in
Q5B the correct order, see Fig. £.17.
Fit securing washer and circlip to each end of the shatft.
E.15

Push Rods

Check push rods for straightness. If any are bent, fit
replacements.

5
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Pistons and Connecting Rods
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The pistons fifted to the T6.3544 and 6.3544 engine have
an insert in the top rir].cj groove and are not common to the
6.354 engine series.-; .

Nor are T6.3544 and 6.3544 pistons interchangeable as
the turbocharged piston has a larger gudgeon pin,

To remove Piston and Rod Assembly
See Fig. F.1.

Remove cylinder head, Page E.2.

Drain lubricating oil, remove sump and lubricating oil
suction pipe. Fage L.3. )

Remove pipe from the reducing valve to piston cooling
feed connection (76.3544 engines only).

When pushing the piston and rod assemblies from out
of the top of the cylinders, care must be taken to avoid
damage to the piston cooling jets situated in the
crankcase, see Fig. F.2. {T6.3544 engines only).
Normally aspirated 6.3544 engi'nes do not have piston
cocling, so the aboveremarks do notapply.

Remove the nuts from the big end bolts.

Remove the big end caps, bearing shells and bolts.

F.2

Turn connecting rods in an anti-ctockwise direction’
and press the piston assemblies from out of the top of
the cylinder bores, see Fig. F.3.

The pistons, connecting rods and caps are marked with
their respective cylinder number and should be kept
together as an assembly with the relevant big end
bearings.

.
]

S
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To Remove Pistons and Rings from
Connecting Rods

An exploded view of a piston and connecting rod
assembly is shown in Fig. F.1.

A

Using a ring scissor tool, remove the two compression
and the qil control ring from the pistons.
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If the pistons are to be used again, note the markings on
the piston crown, see Fig. F.4, so that on re-assembly,

"they can be fitted to the connecting rods in their original

positions, i.e. thrust side of piston to thrust side of the
engine.

Remove the circlips and withdraw the gudgeon pin. {f the
pin is tight in the piston bore, heat the piston in fluid
to a temperature of 100/120°F (40/50°C), then press
the gudgeon pin out.

Inspection
Check pistons for scoring or other damage.

Check piston ring grooves by checking clearance of
new rings fitted in grooves. If clearance is found to be
excessive new pistons must be fitted.,

Examine gudgeon pin and piston bores for .wear and
check fit of pin in small end bush.

Check connecting rod alignment. The large and small
end bores must be square and parallel to each other
within the limits of +0.010in (0,25mm) measured 5in
{127mm) each side of axis of rod on test mandrel as
shown in Fig. F.5.

With the small end bush fitted, the limit of +0.010in
(0,26 mm) is reduced to +0.0025in (0,06 mmy}.

=l
g"'E 5i 5i é'g
54 A | R I3
oo 127mm ||} 127mm f,c:'
+H 41 o+
v
-
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To Renew Small End Bush
Using suitable adaptor, press out worn bush,

Remove any sharp edges from around small end parent
bore.

Press in new bush ensuring that oil hole in bush aligns
with dritling in rod.

Hone out bush to finished diameter of 1.50075/1.5015in
(38,12/38,14mm), for turbocharged engines or 1.3758/
1.3765in (34,94/34,96mm) for normally aspiraled engines.
With normaliy aspirated engines the connecting rod

small end is paratiei faced and the small end bush requires
no further machining.

With - turbocharged engines, the small end of the
connecting rod is wedge shaped and the small end bush
should be machined to suit the contours of the wedge.
Remove all burrs.

Check for parallelism and twist with big end bore.

To Check Piston Ring Gaps

In a worn cylinder, piston ring gaps should be checked
at extreme top of cylinder after any carbon has been
removed, see Fig.F.6. -
Gaps of new rings when measured in a 3.877 in (98,48 mm)
bore should be 0.016/0.026in (0,41/0,66mm) for the top
compression ring and 0.016/0.021in (0,41/0,53mm) for
the second compression ring and the oil control ring.

If gaps are measured in a larger diameter bore, 0.003 in
(0,08 mm) should be added to figures given for every

0.001 in (0,03 mm) increase in bore diameter above

3.877in {9848 mm).

To Assemble Pistons and Connecting
Rods .

Assembie the piston, rod and gudg'éon' pin, and fit naw
circlips.

If necessary, warm the piston to 100/120°F (40/50°C)
to fit the gudgeon pin.

F.6
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If the old pistons are being used ensure they are
assembled to the -original connecting rods and in the
same position as originally assembled.

If ‘new parts are being fitted; mark piston crown and
adjacent faces of rod and cap with their corresponding
cylinder number.

F.7

To Fit Piston Rings
Piston ring layout, Fig. F.7, is-as follows:

No. 1 Chrome Plated, Barrel Faced Compression

MNo. 2 Chrome ‘Plated, Flat Faced, Internally Stepped
Compression )

No. 3 Chrome Faced, Spring Loaded Contormabie Qil
Control

Fit rings as follows:

'Fit spring of No. 3 oil control ring in'_groove. ensuring
‘that latch pin enters both -ends of spring, see Fig. F.8.

Position-oit control rir'\_g'over spring with spring carrectly
tocated in groove of ring and ring .gap diametrically
opposite to latch pin.

. Fitinternally stepped No. 2 compression ring with “step”
of ring and word "TOP" towards piston crown.
Fit barre! faced No. 1 compression ring in top groove.

Ensure that ring gapé are equally spaced around piston
and not in line.

Note: Certain 6.3544 combine engines may have a fiva
ring piston having plain piston rings as against the
.above chrome rings. In this case, the piston ring layout
is-as follows:

No. 1 Plain Compression
No. 2 Internaily Stepped Compression
No. 3 Internally Stepped Compression
No. 4 Stotted Ol Control
No. 5 Slotted Qil Control

To FIt Piston and Connecting Rod
Clean cylinder bore, piston ‘and bearings and liberally
coat with clean engine. oil.

Compress piston rings with ring clamp 38U3 and enter
the assemblies in the top of their respective cylinder
bores, see Fig. F.9. The piston and rod number must
relate to the cylinder into which it is being fitted, see
Fig. F.10, and the rod identification number must be
opposite to the camshaft.

With turbocharged engines, when pressing the assembly
through the bore, care must be taken to avoid -damage
to the piston cooling jets.

Note: Piston cooling'iels are not fitted to normally
aspirated engines.

With the respective crankpin in B.D.C. position, ensure
that the big end is turned to avoid contact with the piston
cooling jets, see Fig. F.2.

When the big end of the connecting rod has passed
the piston cooling jets, turn the assembly back again
to locate on the crankpin ensuring that upper half bearing
is correctly located in big end and tabs fits in racess
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of rod, Fig. F.11. Also check that the letter “F" on the
piston crown is towards the front of the engine.

Fit cap with lower half bearing correctly positioned
and numbers of cap and rod coinciding, Fig. F.10.

Refit the two securing bolts so that the flat on the head
of each bolt is located against the shoulder of the
rod. Secure with two nuts and tighten to a torque of 751bf it
(10,4kgfm) or 102 Nm.

Check that, with piston in T.D.C. position and using
piston height gauge PD 418, the piston crown -is
0.000/0.007in (0,00/0,18mm) above the cylinder biock
top face for turbocharged engines or 0.0073/0.015in

PISTONS AND CONNECTING RODS  F5

(0,19/0,38mm) above the cylinder block top face for
normaily aspirated engines.

Where new production pistons are used, then these
must be topped as necessary to bring them within the
above limits.

Fit the pipe from.relief valve to piston cooling jet
connection. (T6.3544 only)}.

- Fit lubricating oil suction pipe.

Refit the lubricating oil sump, Page L.3, and refill with
lubricating oil to correct specification,

Refit the cylinder head, see Page E 2.
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Cylinder Block

The top face of the cylinder black cannot be machined
as this would intertere with the liner flange recess
depth.

Cylinder Liners _

Production liners are an interference fit, of 0.001/0.003in
{0.025/0,076mmy} in the cylinder block and are bored and
honed to a diameter of 3.877/3.878in (98,48/98,50mm).
The maximum permissiblé worn inside diameter of
aliner, in service is 3.886in (98,70mmy}.

If the liners are found t¢ be warn over the acceptable
limit, they cannot be bored oversize.

For service, a pre-finished liner is available having a
transition fit of +0.001/-0.001in (+0.025/-0,025mm). The
fitted internal bore diameter is 3.877/3.8795in (98,48/
98,54mm).

The liners can be renewed using tools PD 150 and
PD 150-18.

To Renew Cylinder Liners

Remove all components from the cylinder block,
including the piston cooling jets. They should be
carefully handled to prevent misalighment in refitting.
Piston cooling jets are not fitted to normally aspirated
engines.

The liners should be pressed out from the bottom.
Fitthe new liners as follows:-

Generétly clean tha parent bore and degrease the
top 2 in (S0mm)-and the liner flange recess using "Loctite”
Safety Solvent {aerosol can) as per instructions on can.
Apply engine oil to the cylindéer block parent bore
except for the top 2in (S0 mm).

Generally c¢lean the outside surfaces of the liner and
degrease using “Loctite” Safety Solvent (aerosol can) as
per instructions on can.

Locate the liner in the bore and press in to within
approximately 2in (50mm} of its final position.

Further degrease the flange area of the liner using “L.octite™
Safety Solvent to remove handling contamination.

0.026/0.037 in
{0,86/0,94 mm)

+0.002/-0.004 in
{(+0,05/-0;10 mm)

G

Apply a band of “Loctite” Hetaining Compound, Grade
602, tin (25mm) wide around the top of the liner
immediately under the flange. Also liberally apply the

" “Loctite” to the basse of the flange recess.

Prass the liner into the tully fitted position and wipe the
top of the cylinder block to remove any surplus
“Loctite”. The .top of the liner should protrude
0.626/0.037in (0.66/0,94mm) above the top face of the
cylinder block and the liner flange should be within
0.002in {0,05mm) above the top face of the block to
0.004in (0,170mm} below the top face of the block.

It is advisable to allow & settiing period to elapse after
fitting before checking the fitted internal bore diameter
of the liner. '

However, allow at least 15 minutes 1o elapse before
commencing to fit pistons as this time lag is required to
allow the “Loctite” to reach handling strength. Full cure
strength is achieved after 3 hours.
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The crankshaft rung in seven: pre-finished replaceable
sheil bearings. .~ ..

End float of the crankshaft is controlled by four thrust
washers which are located on both sides of the centre
main bearing housihg, see Fig. H.1. 0.0075in {0,19mm)
oversize thrust washers are available which' may be
combined with standard thrust washers to give an
adjustment of 0.0075in (0.19mm) or when used on both
sides of the bearing housing give an adjustment of
0.015in (0.35mmj).

The maximum permissible. crankshaft end float is
0.020n (0.51mm).

Crankshafts fitted to turbocharged engines are 60
hour Nitrided.

Crankshafts fitted to normally aspirated engines are
induction hardened.

The crankshaft has provision for 12 balt flywheel fixing.

To Renew Thrust Washers

Renewal of thrust washers can be carried out without
the removal of crankshaft as foliows:

Drain the (ubricating ail and remove the sump, ofl suction
pipe and pipe from reducing valve to cylinder bloc
(T6.3544 engines only). '
He_move the centre main bearing cap {No. 4).

Remove the two battom half thrust washers.

Remove the two top halves of the thrust washers by
sliding them round the crankshaft and out of the recesses
machined in the cylinder block main bearing housing,
see Fig. H.2.

Liberally oil the two upper halves and slide them into
the recesses on either side of the centre main bearing
housing.

Refit-the two bottem halves of the thrust washers to the
bearing cap.

Clean and oit crankshalt journal and place the cap' in
position ensuring that the block serial number stamped
on the cap reads in line with other caps.

Tighten the main bearing cap setscrews to a torgue of

. 2001bf #{27,7kgfm}, or 270Nm.

Check the crankshaft end float by. using a feeler gauge
between the thrust washer and crankshaft web or by
using a dial test indicator on one end of the crankshaft;
see Fig. H.3.

* Retit suction pipe, pipe from reducing valve to cylinder

block {T6.3544.only} and sump. Refill the sump with
lubricating oil of an approved grade.

To Remove Crankshaft
It will be necessary to remove the engine from vehicle
or machine.

Drain and -remove the sump, lubricating oil- suction
pipe and pipe from raducing valve to the cylinder biock
{T6.3544 only)._ . :
Rernove the crankshaft pulley. Extractors should not
be used as the pulley will probably be destroyad and-
the crankshaft damaged. Remove the three securing
screws, |f the pulley does nat immediately become free
the locking rings can be released by hitting the front face
of the pulley inner hub, see Fig. H.4.

Remove camshaft gear, auxiliary drive gear and timing
case, see Page J.2.

Remove flywhee! and flywheel housing.

Remove rear main oil seal housing.

----r-




Remove front and rear bridge pieces fram the cylinder
block bottom face, with the rubber il seals.

Remove connecting rod caps and big end bearings.
Keep bearings with appropriate caps. Take care not
to damage the piston cooling jets.

Remove the main bearing caps and half bearings.

Lift outthe crankshaft and remove the upper half bearings,
making note of titted-positions.

Crankshalt regrinding

Induction hardened crankshafts fitted to normally
aspirated engines can be reground to -0.010in
(0.25mm), 0.020in {(0.51mm}) or 0.030iIn (0,76mm)
without any subseguent rehardening.

60 hour Nitrided crankshafts fitted to turbocharged
engines may be reground to -0.010in (0,25mm) without
re-Nitriding. Subisequent re-grinding to -0.020in (0,51mm)
or 0.030in (0,76 mm) calls for re-Nitriding for a 60 hour
period after each re-grinding operation.

If a 60 hour Nitrided crankshaft is found to be suitabie for
further service, but necessary to re-grind down to 0.020in
(0.51mm) or 0.030in {0,76mm) undersize, grind down to
0.0015/0.002in (0,04/0,05 mm) above finished size leaving
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an allowance to grind off the white compound-tayer formed
by the 60 hour Nitriding process.

When re-grinding, the operation calls for specialised
equipment and great care.

Using a Prince type grinder with a Universal Grinding
Wheel Company whee! to Grade WA-80 JE (or
equivalent), remove the white compound layer formed
by the Nitriding process to achieve finished size. The
collar faces of the crankshaft should be lightly flashed
but not ground at this operation and the fillet radii should
be maintained at 0.145/0.156in (3,68/3.96mm}. This
will leave the compound layer in the radii and collars.
When removing the compound layer, a grinding wheel-
speed of BBD rev/min and a crankshaft working speed
of 16 rev/min for main journals and 8 rew/min for pins
should be observed and a hand feed of approximately
0.000%in  {0,01mm) per revolution of crankshaft.
An adequate supply o} coolant (Walker Century A305)
should be used,

Where facilities for re-Nitriding are not available, then a
tactory replacement crankshaft should be fitled.

Mitrided crankshafts cannot be straightened,

Before regrinding a crankshaft, it should be crack
detected. De-magnetize after ¢rack detecting.

Data for crankshaft re-grinding is given on Page H.4.
After regrinding, the sharp corners on the oil holes should
be removed and the crankshaft crack detected and
de-magnetized.

Note: It is important that the radii on the main journals and
crankpins are maintained.
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The regrind dimensions are as follows see Fig. H.5.
0.010in (0,25 mmy) 0.020in (0,51 mm) 0.030in {0, 76 mm}
A 2.9884/2.9892in 2.9784/2.9792in - 2.9684/2.9692in
(75.91/75,93mm) {75,65/75,67 mm) {75,40/75,42mm}
B 2.4B88/2.4896in 2.4788/2.4796in 2.4688/2.4696in
(63,22/63,24mm) (62,96/62,98mm) (62,70/62,72mm)
. C 1.759in (44,68mm) maximum
D 1.489in (37,82mm) maximum
E 1.554in (39,47 mm) maximum
F 1.6965in (40,55 mm) maximum
R 0.145/0,156in (3,68/3,96mm) radius all pins and journals

Surface finish of 16 micro inches (0.4 microns) of the fillet radii (R) and crankpins and journals must be maintained during

regrinding.

To Fit Crankshaft

Ensure that the oilways in the cylinder block and
crankshaft are free from obstruction.

Chack the main bearing setscrews for stretch or damage.
If they are to be replaced, only use Perkins genuine
spare parts. )

Clean the bearing housings; place the top halt bearings
in position and liberaliy oil. .

Position the crankshaft,

Qil the two upper thrust washers and slide into the
racesses on either side of the centre main bearing
housing. . .

Clean the main bearing caps and place the lower halves
of the bearings, with the tabs correctly localed, into
position. Liberally oil and place the caps in position

making sure that the cap to cylinder block locating.
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thimbles are in place and that the caps, which are
numbered one to seven are litted to the relevant main
bearing housings. Care must also be taken to ensure that
the caps are fitted so that the cylinder block serial number,
which is stamped on the c¢ylinder block bottom face
as-well as on each cap, read in line, see Fig. H.6.

Before fitting the centre main bearing cap, place the
lower halves of the thrust washers into the recesses on
either.side of the cap.

Fit a new shim washer to each main bearing cap setscrew
and lightly oil.

Tighten the setscrews to a tarque of 200 bt ft (27,7 kgfm).
or 270Nm.

Check the crankshaft end float for a clear_ance of 0.002/
0.015 {0,05/0,38mm). Oversize thrust washers may be
fitted. ‘

Refit the connecting rod caps and big end bearings.

Refit the front and rear bridge pieces to_the cylinder
hlock using jointing compound between the bridge
pieces and the cylinder block at the setscrew holes. Check
with a straight edge to ensure that the end faces of the
bridge pieces are flush with the-end faces of the cylinder
block, see Fig.H.7. lnsert new rubber oil seals, see Fig. H.8.
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Fit new seal in the rear main oil seal housmg and refit
the housmg

Refit the pipe trom reducing valve to cylinder block
(T6.3544 only) lubricating cil suctian pipe and sump.

Refit the timing case, camshaft gear and auxiliary drive
gear, see Page J.2.

Refit the crankshaft pulley emplaying the following
recammended procedure.

(a) Remove cil and grease from pulley bore, shaft,
locking elements and spacer, but do not use a
degreasing solution, Do not expand the rings
beyond their free state,

{b) Fit pulley to shaft, lining up key and keyway.

(c) Insert the spacer (1) into the pulley bore over the
shaft, tollowed by the inner’(2) and then the outer
{3) locking elements, ensuring that the slots do not
coincide, see Fig. H.9,

(d) Fit the thrust block with Q™ ring into the pulley bore,

{e) Lightly oil screw threads and underside of screw
heads before fitting. Do not use. molybdenum
disulphide.

{f} Push pulley fully home and tighten setscrews to
establish a firm connection,

(g} Tighten screws evenly and in several stages until a
final torque of 65ibtft (9,0kgfm) .or 88 Nm is
achieved, see Fig. H.10. .

" Check tightening torque on each screw.

Refit and correctly align the flywheel hdusing and
fiywheel, see Page P.2.

Rebuild engine into vehicle or machine. Fill the sump
to the correct dipstick level with a recommended oil.
With turbocharged engines do not fire the engine until
checking for lubricating oil at the turbocharger, see
Page C.2.
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To Fit Crankshaft Rear Qil Seal and
Housing

A circular, spring loaded, lip seal is fitted, which locates
on the periphery of the flange of the crankshaft. On
production, this seal is fitted with its rear face flush with the
rear face of the single piece housing.

This type-of seal is easily damaged and extreme care
should be taken when handling and fitting it to “its
housing or to the crankshaft. Any visual damage across
the lip of a new seal wi!l cause leakage and prevent bedding
in of the new seal.

The seal is designed to function correctly with the
direction ot rotation of the engine and for identification
purposes, the seal is marked with an arrow.

On production the seal is fitted with its rear face fiush
with the rear face of the housing. In service, when a new
seal is to be fitted to a8 worn crankshaft, it should be
pressed further into the housing, in the first instance to .
Y%in (3,2mm) or, if this position has been used, to %in
(6, 4mm) from the rear face of the housing — see Fig. H.11.

- If all three positions have been used, it may be possible

to machine the worn sealing area of the crankshalt flange,
but not the spigot area on which the flywheel locates
-~ gee Fig. H.12."When a new seal is fitted to a new or
reconditioned crankshaft, it should be htted with ifs rear
tace flush with the housing.

Before fitting the seal in the housing, carefully examine
the seal for damage, especially on the lip and outside
diameter.

Using clean engine lubricating oil, lubricate the outside

- diameter of the seal and the inside diameter of tha

housing. ‘

Press the seal iﬁto-the housing to the required position,
taking care that the seal is entered and pressed in
squarely, otherwise damage to the qutside diameter of




tha seal may occur, or if it is not square in the housing
whan fitted to the engine, it may leak.

The seal and housing. shauld be fitted, using seal guide
PD 145 {Churchill Tool) as follows: ’

Clean the faces of the cylinder block and oil seal
hausing, and the autside diameter of the crankshalt flange.
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5.243 in
(133,17mm}
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H.12 ¥in (4, 8mm}
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Check that the seal and the outside diamefer of the
crankshaft ftange are not damaged. Where a new seal
has been fitted, check that it is in the correct position as
previously detailed.

Ensure that the two dowsls are fitted in the cylinder
block. Coat both sides of the housing with Perkins
Hylomar jointing compound and position the joint over
the dowels in the block.

Using clean engine lubricating oil,- fubricate the
crankshaft flange, the seal and the seal guide. The
lubrication of the seal is necessary to prevent damage
that may be caused by initial dry running.

Position the seal and housing on the seal guide, locate
the guide on the crankshaft flange and gently press
the seal and its housing into position on the flange,
locating the housing on its dowels.

Withdraw the guide and secure the housing with set-
screws and washers.
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To Remove Timing Case, Camshaft
Gear and Auxiliary Drive Gear
Slacken the generator mounting bolts and remove the
drive belts. o

Where necessary, remove the water pump.

Remaove the crankshaft pulley, see Page H.2.

Remove the camshaft gear and auxiliary drive gear covers,
The camshalt gear securing setscrew and washers can

now be removed. Extract the gear from the camshaft, see
Fig. J.2.

Remove the retaining plate securing the auxiliary drive
gear 10 the auxiliary drive shaft hub and withdraw the
gear, see Fig. J.3.

The timing case securing setscrews, lower nuts and timing
case can now be removed.

To Renew Crankshaft Front Qil Seal

Using a press, remove the oil seal from the timing case.
Alternativefy, the seal may be tapped out.

Press the new seal into position from the front until the
seal front face is %in (6,35mm) below the front face of the
timing case, see Fig. J.4.

To Refit Timing Case, Camshaft Gear

and Auxiliary Drive Gear

Remove the rocker cover and slacken the rocker assembly
Securing setscrews.

Turn thecrankshaft untit Nos. 1 and & pistons are at T.D.C.
with the keyway in the crankshaft gear at T.D.C.

If the double dot on the lower idler gear i$ not in line
with the single dot on the crankshaft gear, remove the idler
gear and replace with the marks in line.




Refit the timing case to cylinder block using a new joint,
loosely securing with setscrews. Then slide the crankshaft
pulley into position thus centralising the timing case.
Tighlen all exposed setscrews and remove pulley to tighten
the remaining setscrews and two nuts fitted to studs
located on the front bridge piece.

Position the camshaft so that the key is aligned with
the keyway in the camshaft gear and al the same time,
the timing marks on the camshaft and idler gears are
atigned.

Draw the gear onto the camshaft by fitting the gear
retaining washer, tabwasher, shimwasher and setscrew,
Tighten the setscrew to a torque of 501bf ft (6,9kgf m) or
68Nm, and lock with the tabwasher.

Refit the camshaft gear cover plate.

Before fitting the auxiliary drive gear, remove the fuel
injection pump, see Page N.6. and turn the auxiliary drive
shaft until the siot in the vertical fuel pump drive hub aligns
with the slot in the fuel pump adaptor plate, see Fig. K.2.

With the engine set in this position, fit the auxiliary
drive gear so that the three setscrew holes in the shaft are
within the three slots of the gear.

Secure the gear with the retaining plate and setscrews.
Refit the auxiliary drive gear cover plate,
Refit the fuel injection pump, see Page N.6.

Yain (6,35 mm) &

L

TIMING CASE AND DRIVE 43

Tighten the rocker assembly and adjust the valve
clearances to 0.008in (0,20mm) for inlet valves and
0.018in {0.45mm) for exhaust valves cold and replace
the cover. :

Refit the crankshaflt pulley, see Page H.6.
Fit the drive belts and retighten the generator:

To Remove ldler Gears and Hubs
Remove the timing case, see Page J.2.

Remove the self locking nuts securing each idler gear
thrust plate. .

Remove the retaining plates and withdraw the gears,
see Fig. J.5.

Withdraw the hubs.
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To Relit Idter Gears and Hubs

Turn the crankshaft until Nos. 1 and & pistons are at
T.0.C. with the keyway in the crankshaft gear at T.D.C.

Refit the idler gear bubs, located by dowels, see Fig. J.6.
Ensure that the oifways are clear.

Refit the idler gears and retaining plates so that the
timing marks on the lower idler gear align with the
timing marks on the crankshaft gear.

Using new self locking nuts, tighten to a torque of
361bfft (5,0kgfm) or 49Nm.

Retit the timing case, camshaft gear and auxiliary drive
gear, see Page J.2.

Check the end tloat which should be 0.004/0.016in
{0,10/0.41mm), see Fig. J.7.

To Remove Camshaft and Tappets
Remaove the timing case, see Page J.2.

Remove the rocker cover, rocker assembly and withdraw
the pushrods.

Remove the fuel lift pump, see Page N.4.
Turn the engine on its side and remove the sump.

Remove the camshaft thrust ring and withdraw the
camshaft, see Fig. J.8.

Remove the tappets.

To Replace Camshaft and Tappeis
Refit the tappets, camshaft and sump.

Fit the camshaft thrust ring so that it is correctly
positioned an the dowel, see Fig. J.9.

Check the protrusion of the thrust ring beyond the
cylinder block front face which should be within the
limits of 0.000/0.005in {0,00/0,13mm).

Refit the fuel lift pump and connections.
Fitthe timing case and refit the timing gears, see Page .).2.
Refit the pushrods and rocker assembly.

Adjust the valve clearances to 0.008in (0,20mm} for inlet
valves and 0.018in (0,45 mm) for exhaust valves cold. Refit
the rocker cover.

Refill sump with |ubricating oil of an approved grade.

To Remove Auxiliary Drive Shaft and
Fuel Pump Drive Shaft

Remove the timing case, see Page J.2.

Remova the compressor and auxiliary pump (if fitted) and
couplings.

Remave the fuel injection pump, see Page N.6:

With a twisting motion, withdraw the auxiliary ‘shaft and
the two 180° half thrust washers, see Fig. J.10.
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Remove the fuel pump adaptor plate complete with
rubber sealing ring and bush.

Withdraw the upper thrust collar complete with piston
ring seal, see Fig. J.11.

The fuel injection pump and lubricating oil pump drive
shaft complete with wormwheel can now be pulled up
and removed, see Fig. J.11.

The warmwheel! is shrunk on and punch peened to the
drive shaft. in the event gf the gear requiring renewal,
the gear and shaft assembly should be replaced. The
lower thrust collar and bearing will remain in its location
in the cylinder block and ¢an be removed by removing the
sump and lubricating cil pump.

With the use of a special tool PD 140 with adaptor 140-2
the thrust collar and bearing can now be withdrawn,
see Fig. J.12.

J. 11

———

TIMING CASE AND DRIVE  JS

J.12

To Reflt Auxiliary Drive Shaft and Fuel Pump
Drive Shaft see Fig. J.13.

Refit the lower thrust collar assembly and press into
position.

The wormwheel and fuel pump drive assembly can
now be fitted.

Fit the upper thrust collar with the piston ring seal
in its location.

Refit the lubricating oil pump and sump, filing with
oil to an approved grade.

Fit the fuet pump adaptor plate assembly, complete with
bush and sealing ring, so that the timing mark scribed
on flange Is adjacent to the outside securing stud.

Fit the auxiliary drive shaft into position with the
thrust washer halves fitted around the groove in the
shalt, tinally locating in the cylinder block recess with

--

o

)
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two opposite butt faces located by & dowel, see Fig. J.14,

The end float of the drive shaft is controlled by
the clearance between the thrust washers, (which are
held in position by the timing case} and the groove
of the drive shaft.

The end float is between 0.0025in and 0.009in (0,064 mm
and 0,23mm).

Replace the timing case, timing gears and fuel pump.

Auxiliary Drive Spray Tube

The auxiliary drive gears are lubricated by ol directed
onto them by a spray tube.

The spray tube is a push fit in the auxiliary drive-housing
and sealed with a "0 ptug.

PART SIDE VIEW ON.AUX. DRIVE HOUSING.-

‘ SPRAY TUBE-PORT

During engine - overhaul;, this spray tube: should be-
removed and cleaned.. '

New cylinder blocks: supplied:as. loose: parts: are- not.
fitted with this spray tube, therefare: wher- renewing a:
cylinder block, ensure-that-the tube.is. transferred-from:
the old block, or a new one fittedy(see Fig: J.15).

Checking the Timing,Gear Backlash

Remove the camshaft gear and auxiliary drive- gear.
covers,

Check the backlash between the timing gears.using:ar
clock. gauge or feeler gauges:

The backlash should be 0.003in {0,15mm) minimum..

*---‘----
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Timing Marks

When the engine. timing is set at the factory, markings
are made on the crankshaft gear, idier and camshaft
gear with the engine set with No. 1 piston at T.D.C. on
its compression stroke {see Fig. K.1.).

There may be markings on the engine to establish true
T.D.C. but whera not, No: 1 piston at T.D.C. on its
tompression stroke ¢an be ascemained by dropping
a vaive on to No. 1 piston ¢rown and with the means of
a clock gauge establish the maximum lift of the valve
when the valves of No. 6 cylinder should be rocking.
It should be noted that Fig. K.1 has been prepared to
show the markings on the timing gears. The camshaft
and fuel pump gears are not normally fitted until the
timing case has been replaced.

Fuel Pump Timing

When the fuel pump is removed, & machined slot
will be noted in the top of the fuel pump drive shaft
and a slot approximately in (3, 2mm) wide in the
adaptor plate will also be seen {Fig. K.2.).

With No. 1 piston set at T.D.C. on its compression
stroke, these two slots should be in line.

On the mounting flange of the fuel pump is a scribed
line and a further tine is scribed on the fuel pump
adaptor plate. ’

When the fuel pump is fitted, these two marks should
be in alignment (see Fig. K.3).

To Reset Engine Tlmlh

It is assumed that the timing case and. all the timing;:

gears have been removed and require replacing: with.
the knowledge that the valve and fuel pump tlmmg
wiil be to the original setting.

To reset the timing to the original markmgs proceed*
as follows: .

Remove the rocker assambty, push rods and atomisers.

Turn the engine crankshaft untii Nos. 1 and 6 pistons are
at T.D.C,

That this has been obtained may be' checked by
observing that the keyway for the crankshaft gear is at
T.D.C.

Place the two idler gears in position on their respective
hubs, making sure that the double line- timing mark
on the left hand gear is opposite the single line-timing,
mark on the crankshaft gear-(see Fig. K.1). Then tighten:
the securing nuts to the correct torque (see page B:2).
Replace the timing case and secure- |t to the cylinder
block.

Fit crankshaft pulley as detailed on Page H.6.

With the engine still in the T.D.C. position, refit the
camshaft gear with the double-dot timing mark opposite
the single dot timing mark on the idler gear.

Draw gear onto camshaft and fit washer, tab washer, shim
washer and retaining setscrew. Tighten setscrew to the
correct torque (see page B.2) and lock with tab washer.

K.
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Wwith the engine still at T.D.C. turn the fuel pump drive
shaft until the machined siot in the fuel pump driving
hub is in line with the machined slot in the fuel pump
adaptor plate (see Fig. K.2).

Fit the fuel pump drive gear with the part number to the
front so that the three setscrew holes coincide with
the holes in the fuel pump drive shafl when it is in
mesh with the idler gear and secure in this position.
Ensure when fitting the gear, that the two machined
stots remain in fine.

Fit timing gear covers to the timing case.

Replace the fuel pump ensuring that the scribed line
on its mounting flange coincides with the scribed line
on the fuel pump adaptor plate (see Fig. K.3).

Replace atomisers and fuel pipes.
Replace rocker assembly and adjust valve clearance.

Checking Valve Timing

1. Turn the crankshaft until the valves on No. 6 cylinder
are rocking. [n this position, set the clearance on
No. 1 inlet valve to 0.051in {1,30mm).

2. Turn the crankshaft in the normal direction of rotation
until the push rod of No. 1 inlet valve just tightens.

3. CheackthatNos. 1 and 6 pistons are at T.0.C. The valve
timing tolerance is plus or minus 2'%°.

4. When the valve timing is found to be correct, reset
valve clearance to 0.008in (0,20mm) cold

Noie: There is ne adjustment provided for valve uming.
If the timing is found to be incarrect, then the gears can
only be one or more teeth out of correct mesh.

Checking Fuel Pump Timing

Ensur= that N¢ ' msior = at T.D.C on compression
The va.ves uon Na & cylnder should be rocking.

Remove the fue! njection pump and ensure that the
slot in the tuel pump driving hub is in alignment with
the slot in the fuel pump mounting flange.

If these siots are not in line, the necessary adjustment

TIMING K3

K.3 {C.A.V. Pump}

should be made on the fuel pump drive gear, through
the aperture in the timing case.

This adjustment may be effected by slackening off the
three gear securing setscrews and turning the auxiliary
drive shaft by means of the setscrews.

When the timing is found to be correct, refit the fuegl
pump ensuring the scribed line on the mounting flange
cotncides with the scribed line on the fuel pump adaptor
plate (see Fig. K.3).

Checking Fuel Pump Timing
{Alternative Method— C.A.V. Fuel Pumps only)

There is a rotor in the pump bearing a number of scribed
lines, each one having an individual letter (see Fig. K.4).
A timing circlip is positioned inside the pump which
has to be set so that when the appropriate scribed line
on the fuel pump rotor aligns with the straight edge of the
circlip, it denotes commencement of injection (static
timing).

To set the timing circlip, it is necessary to remove the
pump from the engine and fix the position of the cicclip by
connecting No. 1 cylinder outlet connection (X) on
the pump to an atomiser tester and pump up to 30atm
4401bf/in? or (31kgf/cm?). Turn the pump by hand in the
normal direction of rotation until it locks up. The squared
end of the circlip should now be adjusted until it lines up
with the letter “F" on the pump rotor

Ensure the fuel pump is correctly fitted with the scribed
line on the mounting flange cownciding with the mark
on the fuel pump adaptor plate

Position the crankshaft so that No. 1 piston 1s at T.D.C.
on its compression stroke

Remove the rocker cover

Remove the collets, spring cap and sprngs from No. 1
intet valve and allow the valve to rest-on top of the piston.

Reposition the valve stem seal to the collet groove to
prevent the valve from dropping into the cylinder.

With the aid of a clock gauge in contact with the end
of the valve now sitting on MNo. 1 piston, it will be
necessary to position the crankshaft so that the piston
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will be 0.372in (3,45mm) B.T.D.C, this being an
equivalent of 28° B.7.0.C. on the flywheel.

To do-this, turn the crankshaft int the opposite direction
to normal rotation, approximately an eighth of a turn
B.T.D.C. and then forward until the required position
is registered on the clock gawuge. This enables the
backlash in the timing gears to be taken up.

Remove the flat -inspection plate on the fusl pump
enabling the rotor to be seen,

K.4 {C.A.V. Pump}

With- No. 1 piston at the static timing point on its
compression stroke, the scribed line on the rotor marked
'F' should align with the straight edge of the timing circlip.
See Fig. K.4.

It the timing marks do nol align, release the nuts
securing the fuel pump and twist the pump body in
the required direction until the marks align. Further
adjustment can be made by turping the auxiliary drive

shaft, after first releasing the auxiliary drive gear securing
setscrews.

If after both these adjustments, the timing marks do

not align, it could mean the auxiliary drive gear has
fitted incorrectly.

Checking Fuel Pump Timing
(Alternalive Method — Bosch Fuel Pumps only)

Ensure that the scribed Yines on the fuel pump mounting
flange and adaptor plate align (see K.3).

With the rocker cover removed, set the engine to T.0.C,
Mo. 1 eylinder compression, i.e., the valves of No. B
cylinder rocking.

Thoroughly ciean the fuel pump around the vent piug in-
the hydraulic head.

Remove the plug and check that the slot in the pumping
plunger is pointing to No. 1 outlet marked "A" (see
Fig. K.5).

Ensure that dirt does not enter the pump

Fit the special Bosch timing tool consisting of extension
KDEP 2931/2, measuring device KDEP 2931 and a. dial
indicator in place of the plug.

Ensure that the dial indicator plunger is depressed at

least 0.118in (3mm) to cover the plunger litt which is
3.110in {2,8mm].

Turn the engine in each direction to obtain B.D.C. of the
pump plunger and set the dial indicator to zero at this =
paint.

Reposition the engine at T.D.C. No. 1 cylinder
compression and using tool No. 6118B, remove the
collets, spring cap and springs from No. 1 inlet valve (see
Fig. K.8) and allow the valve to rest on the top of the
piston: Reposition the valve stem seal to the collet groove
to prevent the valve from dropping into the cylinder.
Position a dial indicator with the plunger resting on top of
the valve stem, determine exact T.D.C. position and zero
the dial indicator.
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Turn the crankshaft in the opposite direction to normal
rotation approximately % of a turn and then turn in the
normal direction of rotation until the dial indicator
indicates that the pistonis0.125in (3,18mm}B.T.D.C.

Al this position, the dial indicator on the fuel pump
should read 0.0394in (1 mm) — see Fig K.7.

Adjust timing as necessary by releasing the three screws
securing the auxiliary drive gear 1o the auxiliary drive
shaft.

\f the plunger lift is in excess of 1mm, turn the auxiliary
drive shaft clockwise and then anti~clockwise until 1 mm
litt is ghtained. Secure the gear ensuring the gear backlash
is taken up by holding the gear against normal direction
of rotatian.

If the plunger Lift is less than 1mm, turn the auxiliary drive
shaft anti-clockwise until 1 mm lift is obtained. Secure the
gear ensuring the gear backlash is taken up by holding
the gear against the normal direction of rotation.

Racheck timing as previously detailed.

When timing is correct, turn the engine in the normal
diraction of rotation until No. 1 piston is at T.D.C. Refit
valve stem oil seal, valve springs, spring cap and collets.
Reset valve clearance to 0.008in (0,20 mm).

Remove the special timing tool from the fuel pump and
refit the plug tightening it to 401bf ft (5,53 kgf m) or 54 Nm.
This torque figure is important. If the low pressure fuel
pipes have been disturbed, bleed the system as described
on Page N.7.

Checking Fuel Pump Timing
(Using Churchill Tool MS.67B— See Fig. K.8)

With the engine positioned with No. 1 piston at T.D.C.
compression stroke, the tool is substituted for the fuel
injection pump. As the engine is at T.0.C., the pointer on
the tool is set at the relevant fuel pump marking angle,
plus half the static timing angle and then the timing
train is set to correspond to the timing mark on the fue!
injection pump adaptor plate.

TIMING K5

K.8

To Check Fuel Injectlon Pump
Static Timing

Position the engine with No. 1 piston at T.D.C.
compression and using tool No. 6118B, remove the collets,
spring cap and springs from Ne. 1 inlet valve and allow
the valve 1o rest on the top of the piston. Reposition the
inlet valve stem seal to the coliet groove to prevent the valve
from dropping into the cylinder. Position a dial indicator
withthe plunger resting on top of the valve stem, determine
the exact T.D.G. position.

Remove the fuel injection pump.

Release screw (5) — Fig. K.B8 — and position splined shaft
{6) so that the larger splined adaptor is to the front of the
tcol.

Ensure that the slotted pointer (2) is positioned with the
slotto the front of the tool and chamfered sides of the slot
are outwards. At this stage, the slotied end of the pointer
should be kept well back from the front of the body.
Ensure that the flat in the washer fitted behind pointer
securing screw (3} is located over pointer.

Release the tracket screw (4) and set bracket so that
the chamfered edge is in line with the relevant engine
checking angle. This angle can be obtained by reference
to the tuel pump setting code and table given at the end of
this section.

Fit timing tool to the engine in the fuel pump position
ensuring firstly that splined shaft with master spline is fully
located in pump drive shaft and then that the register of
‘tool is seated in fuel pump locating aperture. Lock
splined shaft in tool. If pointer is 180° from timing mark,
engine is probably on its wrong stroke, in which case,
remove the tool and set the engine on correct stroke.

Slide the slotted pointer downwards so that the end of
pointerabuts Hange— see Fig. K.0.

Turn timing tool by hand in opposite direction to pump
rotation {shown on pump nameplate) t¢ take up backlash
and then check that timing mark on fuel pump adaptor is
in line with slot of peinter. If timing mark does nat align,
the position of the auxiliary drive shaft should be altered
relative to its drive gear, The holes in the auxiliary drive
gear are slotted to allow for adjustment,

When engine timing is correct, remove the tool.

Where necessary, the fuel pump marking angle can be
checked by using timing tool as described later.

Refit tuel pump o engine as given on Page N.6, Refit No. 1
iniet valve stem seal, valve springs, spring cap and collets.
Then set valve clearance to 0.008in (0,20 mm).
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Checking Fuel Pump Marking Angle

Release screw {5) — Fig. K.8 — and remove splined
shaft (6).

Ensure slotted pointer (2) is positioned with siot to rear
of tool and chamfered side of slot outwards. At this stage,
slotted and of pointer should be kept well back towards
body of tool. Ensure that flat in washer fitted behind
pointer securing screw (3} is located over side of peinter.

With C.A.V. pumps, connect No. 1 outlet connection of the
pump (marked “X"}) to an atomiser tester and pump up to
30 atm 4401bf/in? or {31kgi/cm?). If a pressurising valve
is fitted, this must be removed.

Release bracket screw (4) — see Fig. K.B8 — and set
bracket so that the chamfered edge is in line with relevant
pump marking angle.

Pasition timing tool on pump drive with master spiines
engaged and teool located on spigot — see Fig. K.10.

With C.AV. pumps, turn the pump in the normal direction
of rotation as shown on name plate until it “locks up",

With Bosch pumps, remove the vent plug in the hydraulic
head and check that the slot in the pumping plunger is
pointing to No. 1 outlet (marked “A”) — see Fig. K.53.
Ensure dint does not enter pump. Fit special Basch
timing tool consisting of an extension KDEP 2931/2,
measuring device KDEP 2931 and a dial indicator
_ in place of the plug. Turn the pump and zero the dial

A“l I,l
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K.10

indicator when the plunger is at B.D.C. Then turn the
pump in normal direction of rotation until 0.0394in (1mm)
of lift is obtained on the pump plunger.

In these positions (for both C.A.V. and Bosch pumps) slide
the pointer (2) of the timing too!— Fig. K.B— forward until
it is halfway over the pump flange and check that timing
mark on the flange is central to the slot in the pointer
—see Fig. K.10.

With Bosch pumps, when refitting the vent plug, ensure
that it is tightened to a torque of 40Ibfft (5,53kgfm)
or 54Nm.

Engine Checking and

Fuel Pump Marking Angles

The angles at which the engine timing marks are set and
the fuel pump flanges are marked can be found by
reference to the first two letters and figures of the setting
code on the fuel pump and the following table.

Fue! Pump
Fue! Pump Engine Checking Marking Angle
Setting Code ~ Angle (Degrees) (Degrees)
LX69E 158 144
LX71E 158 144
MX56E 160 146
PX53E 160 146
PX56E 160 146
VXB7E 135 127

----t-
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" Note: Piston cooling is only applicable to turbocharged

LUBRICATING SYSTEM L2

S [--———---~-HOGKE‘R;—--SHAFT-—--ASSEMBLV-; --------- ]

|
|
]
1
i
\
1

O} 2} | camsnart O | @)

A A A A
@ : CRANKSHAFT @

D4 NG
o/@@_@g.@\

ANEANEEP dRP 4 |

N
®

OIL

GALLERY

\.:;.

PISTON COOLING JET | GALLERY

Y
AUXILIARY
DRIVE
A
BY PASS ‘ BY PASS 1‘
[__—'-'__—_I l__'""_'_l
| [ I
RELIEF \ |
cooer [ PEUEF Ll puye
_______ o)
e 4----] --------- wnnocmasn
SUMP

LA

engines and an oil cooler is not always fitted to normally
aspirated engines. The dump valve is only fitted where
the oll cooler is fitted on the right hand side of the engine
and in this instance, the cil cooler does not incorporate
" a.by-pass valve.
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Oll Circulation

The lubricating oil pump draws olil through the suction
pipe and strainer to an oil coaler, cooled by water from
the engine cooling system. Oil coolers are not always
fitted to normally aspirated engines. From the uil
cooler, oil passes through a full flow filter to the main
pressure rail drilled the length of the cylinder block.

Drillings in the crankcase webs feed oil from the main
galiery to the main bearings and drillings in the crankshaft
carry oil to the big-end bearings. Through drillings
in Nos. 1, 3, 5 and ¥ crankcase webs, oil passes from
the main bearings to lubricate the camshaft bearings.

Na, 2 camshaft bearing supplies a conirolled feed of oil
to the rocker shaft assembly which escapes through a
small bleed hoie in each rocker lever to fubricate the
valves and springs.

With turbocharged engines, the pistons are cooled by
lubricating oil being sprayed upon them by piston
cooling jets.

Pistons fitted to normally aspirated engines are not
cooled and cooling jets are not fitted.

The feed for the piston cooling jets is controlled by a
two stage pressure relief valve situated after the oil
cooler and comes into operation at a specified pressure
after oil is flowing freely to the main working parts of the
engine.

Lubrication for the timing gears is taken from the oil
passages connecting the pressure rail with the front
main bearing and auxiliary drive. :

The two idler gear hubs intersect these drillings and oil
is passed through the hubs to radial drillings in the
idier gears to lubricate the teeth of the gear train,

The auxiliary drive shaft bearings are lubricated by a
drilling from the pressure rail to the front auxiliary
drive shaft bearing. The il then passes around a groove
in the bearing journal and through a further drilling
along the outer side of the auxiliary drive housing to the
rear auxiliary drive shaft bearing.

Lubricant for the upper fuel pump drive bearing is also
taken from this drilling.

‘Also connected with the outer drilling is a small spray

tube, which directs oit onto the wormwheel and
wormgear.

Qil pressure is controlled by a pressure relief valve that
returns excess oif to the sump.

Both the filter and cooler are provided with a by-pass
facility in the event of blockage in either of the two
components,

Where the oil cooler is fitted to the right hand side of
the engine, a dump valve is incorporated in the cooler
on the inlet side and the cooler does not have a by-pass
valve. With this arrangement the cooler assembly also
incorporates the relief valve. but in all other cases, the
relief valve is fitted inside the engine on the bottom face
of the cylinder block.

To Remove Sump
Lower the sump by releasing all flange selscrews and nuts’

To Replace Sump

Place the sump in position and secure by {astening the
nuts on the four studs located in the bridge pieces.

LUBRICATING SYSTEM L3

The securing setscrews can now be inserted.

Tighten the setscrews and nuts to a torque of 15ibtft
{2.tkgtm} or 20Nm.

L2

Qil Strainer

The oil strainer is part of the oil pump suction pipe.
There is no periodic servicing on this strainer but it
should be cleaned whenever the sump is removed.

To Remové Ol Pump

Remove the sump and then the- setscraws securing
the oil pump to cylinder block and withdraw the oil
pump, see Fig. L.2,

To Dismantle OQil Pump, see Fig. L.3
Remove the suction pipe and bottom cover of the oil
pump,

L3
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The shaft, inner and outer rotors can now be removed.

Inspection of Qil Pump
Inspect the rotors for cracks or scores.

Install the drive and driven roters in the pump body.
The two sections of the outer rotor can be fitted in
any order.

Check clearances given on Page B.8, between inner
and outer rotors, see-Fig. L.4, rotor end float, see Fig. L.5,
and clearance between outer rotor and pump body, see
Fig. L.6. '

These clearances are applicable to a new pump and are
to be used as a guide.

If the pump is faulty, it must be replaced as a complete
unit as parts are not supplied individually.

L.6

To Re-assemble and Refit Oil Pump

With the inner and outer rotors fitted into the pump
body, refit the end cover with the locating dowels in
position and with the joint faces smeared with a suitable
jointing compound.

The oil pump assembiy and jeint can now be fitted into
its location in the cylinder block and secured with two
setscrews and washers,

Refit the suction pijoe and strainer.

Replace the sump, and refill with oil to an approved
grade. o

To Remove i ind Dismantle the Pressure
Relief Valve Assembly see Fig. L.7

Remove the ‘sump and then the pipe from valve to
the cylinder: bilock (T6.3544 only).

Release the two securing setscrews and remove the
valve. .

Remove the circlip which will enable the spring seat,
spring arad plunger to be withdrawn from the valve bore,

L7
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To Assembie and Refit the Pressure

Relief Valve Assembly

Replace the plunger, spring and spring seat in the valve
bore and refit the circlip.

Using a new joint, refit the valve assembly to the
cylinder block.

Refit pipe from valve to the cylinder block. (T6.3544 only}.

With turbocharged engines, the first blow off stage to feed
the piston cooling jets should reach a steady flow at
30/371bkin? {2,11/2,60kgf/cm?®) or 207/255kN/m2, relief
valve flow should commence at 50/60Ib#/in? (3,527
4,22kgtfcm?) or 343/414KkN/m?, :

With normally aspirated engines, there is only one blow
off stage, when the relief valve flow should commence
at50/601bf/in® {3,52/4.22kgf/cm?) or 343/414kN/mz2.

Refit the sump and fill with Iubriéaling oil to an approved
grade. '

Oil Cooler

Oil coolers are fitted to turbocharged engines and some
normally aspirated engines.

Oil passes through the cooler and is cooled by water
flowing through the tubes. A valve is incorporated
into the headcasting which allows ¢il to by-pass the
cooler in the event of a restriction.

To Remove Djt Cooler
Drain the cooling system also the coolant from the
caoler by removing the drain plug, see Fig. L.8 (1}. Drain
the tubricating oil from the cooler hy removing the
oil drain plug, see Fig. L8 (2). Disconnect the ceolant
inlet and outlet connections.

Remove the oit filter assembly (where fitted) from the
cooler headcasting.

Release the five setscrews securing the cooler to the
adaptor and remove the cooler.

To Dismantle Oil Cooler

Remove three nuts and washers securing the flanged
tube stack to the cooler body.

LUBRICATING SYSTEM L5
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Withdraw the tube stack from out of the cooler body.
Remove the "0 rings.

Remove plug and washer from the cooler relief valve.
Withdraw spring and piston.

To Re-assembie OQil Coofer
New "O" rings must always be used.
Lightly cii the rings and their respective locations,

The first “O" ring should then be fitted to the flanged end
of the tube stack, by placing it over the opposite end
and sliding it over the full length of the stack until
its location is reached.

The second “O" ring may now be fitted into the groove
on the unported end of the tube stack.

Carefully insert the tube stack into the cooler body
until the flange locates onto the studs and secure with
spring washers and nuts,

The retief valve assembly may now be refitted into
the headcasting.

Refit the water and oil drain plugs.

To Test Oil Cooler

Suitable adaptors, incorporaling pressure connections
must be fabricated to blank off oil ports and water
connections,

To test water side .
Fill water side with water and immerse the unit in water,
ensuring absence of trapped air.

Pressurise water side with air at a pressure of 301bi/in®
(2, 11kgf/ecm?) or 207kN/m? and examine for leaks.

To test oil side

With water side filled with water and unit immersed in
water, pressurise oil side at a pressure of 90bf/in?
{6,33kgf/cm?) or 620kN/m? for two minutes and examine
for leaks.

The tube stack should be rejected it bubbles persist
fram the water inlet or autlet connections.
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Adaptor— Cooler to Cylinder Block
The adaptor may be released by removing the securing
setscrew, see Fig. L.10.

When refmlng, use a new joint and suitable sealing
compound and secure with setscrew, plain washer and
spring washer.

To Refit Oil Cooler

Refit the oil cooler to adaptor and secure with five
setscrews, plain and spring washers.

Refit the il filter with four setscrews and spring washers.
Reconnect the coolant inlet and outiet connections.
Ensuring that the water and oil drain plugs are fitted,
refill the cooling system.

Start the engine, but do not speed the enging until oil
pressure is achieved.

Check for oit and water leaks.

To Renew Lubricating Oil Filter Element
Unscrew filter canister from filter head casting (see
Fig. L.11).

Check that threaded adaptor is secure in head casting.
Discard old canister.

Clean filter head. .

Prime the new canister with lubricating oil allowing time
for the oil to filter through the element.

Using clean engine oil, Iuberally ¢il the top seal of the
rep!acemenl canister.

Screw replacement canister onto filter head until the
seal just touches the head and then tighten by hand
as per the instructions on canister. Where a tool is
available, tighten to 151bfft (2,07 kgfm) or 20Nm.

Run engine and check for leaks.

Where twin filters are fitted, both canisters should be
replaqed at the same time. .

/"
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Circutation of the Eoolant is assisted by an impeler
type water pump mounted on the front of the cylinder
biock, driven by twin belts from the crankshaft pultey.

From the twin volute water pump, the coolant flows
from.one outlet into the cylinder block and up into the
cylinder head Coolant from the other outlet is piped
into the on cooler where 1t circulates and is then piped
nto the rear of the cylinder block. It then flows up into
he cyhinder head

where no enging o1l cooler is fitted, then all the coolant
Hows nto the front of the cylinder block.

The couvlant exits from thelfront of the cylinder head
into a twer, therm_stat chamber. and when the thermostats
.are in the open position, aflows the coolant to pass into
the radiator

Untit the coolant resches a specified temperature,
rowever the thermostals will be in a closed position
denying access to the radiator and the coolant will
flow into a by-pass and back into the water pump.

A cylinder block drain point is provided on the fuel
pump side of the engine at the rear.

Fan Bells

Twin belts are used to drive the generator and water
pump.

The fan may be mounted on either the water pump
pulley or direct to the crankshaft pulley.

New belts should be fitted in pairs and the tension
checked after a short period of running to allow for
the initial stretch.

Belt adjustment is obtained by loosening the generator
mounting bolt and ‘altering the position of the generator
an its mounting link.

The tension should be such that a pressure applied by the
thumb on the longest unsupported stretch of belt
should depress it approximately %in (10mm), see

To Remove and Refll Thermostats

The water cutlet connection forms the top half of the
thermostat housing. '

Drain the cooling system and disconnect the top radiator
hose, remove three selscrews securing the water
outiet connection and remove, see Fig. M.2.

The thermostats can now be withdrawn from the housing.

When replacing, ensure that the jiggle pins are free
to move.

Ensure that only by-pass thermpostats are fitted.

Refit the water outlet connection correctly placing a
new joint, connect the top water hose and refill the
cooling system. Check for leaks.

To Tesl the Thermostats
Suspend the thermostats in water and heat gradually.

With a thermometer, check that the thermostat starts
to open at 174/181°F (79/83°C) and is fully open at
199/205° F (93/96° C).

The valve lift when fully open is 0.374/0.500in (9,50/
12,70mm}).

-*---



To Remove Water Pump
Remove the drive bells.
Drain the c¢ooling system and disconnect the hoses.

The water pump securing setscrews and nut ¢an now
be released and the water pump removed, see Fig. M.3.

To Dismantle Water Pump

Remove the self locking nut and plain washer securing
the water pump pulley and withdraw the pulley from
the shaft, see Fig. M.4,

Press the shatt, complete with impeller, out of the body
from_the front.

Press the impeller from the shaft and remove the rear
seal, counterface and flinger.

Remove the bearing retaining circlip from water pump
body and press out the two bearings and distance piece.

The flange, retainer and front seal can now be withdrawn
from the body.

To Re-assemble Water Pump, Fig. M.5

Press the two bearings onto the shaft with the distance
piece in between, ensuring that the shiefded face of
each bearing, faces outwards.

Fit the-lront seal assembly — retainer with felt seal
inside — into its location, with felt face towards the
front of the pump.

Grease the bearings and -half till the space between the
two bedrings with high melting point grease, fit the
flange over the impeller end of the shaft with the dished
face to the bearings and press the complete shaft and
bearing assembly into the pump body from the pulley

- end.

Fit the circlip into its recess in the pump body
immediately forward of the front bearing.

COOLING SYSTEM M3

Slide the rubber flinger over the impeller end of the
shaft until the flat face butts against the bearing
retaining flange.

With the brass casing coated with jointing compound,
fit the rear seal over the impeller end of the shaft and press
onto its flange location in the pump body with the
contact face outwards. -

Rotate the shaft and check for undue resistance.

Fit the ceramic counterface ensuring that the ceramic
tace bears against the carbon face of the spring loaded
seal.

Before fitting the pulley, insert the captive setscrew
and washer in its respective hole, see Fig. M.G.

Fit pulley driving key and press on pulley making sure
there is no rearward movement of shaft.

Press impeller onto shaft until a clearance is obtained
between impeller vanes and pump body, including end
float of 0.012/0.035in (0,30/0.89mm) — see Fig. M.5.

Fit ptain washer, spring washers and pulley securing
nut and tighten to a torque of EG0Ibfft (B,30kgfm)
or 82 Nm. Spin the pump pulley to ensure freedom of
movement. .

\ i
o

0-012/0-0351n

M.5 (0.30/0.39 mm) [t
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To:Refit Water Pump "~
Using a new joint, refit the water pump, securing with
setscrews, nuts and spring. washers to a torgue of
201bfft (2.77kgfm] or 27 Nm.

Raconnect the hoses, fill the systermn with coolant.

Refit the drive beits, start the engine and check for
leaks.

M.T

Piston Cooling Jets, see Fig. M.7

Piston cooling jets are fitted to turbocharged engines
only. They are not fitted to normally aspirated engines.

Cooled lubricating oil is directed, by means of Spray
jets situated. at the base of each cylinder liner, onto the
underside of each piston crown where it circulates,
dispersing heat from the combustion area. The oil
then drains back into the sump.

Cit is carried to the spray jets by means of a pipe from
the retief vailve to an oil gallery in the cyilinder block
which connects with an auxiliary oil pressure rail
drilled the length of the cylinder biock above the
camshafl chamber. .

This pressure rail is tapped in six places to accommodate
the dowelled piston spray jet block.

The ramoval and refitting of the pressure relief valve
is dealt with in the Lubricating Section L., on Page L.4.

To Remove Piston Cooling Jets
Drain the tubricating oil and remove sump, see Page L.3.

Remove the banjo bolt securing the jet body to the
cylinder block. .

The piston jet assembly can now be removed, see
Fig. M.8.

To Refit Piston Cooling Jet
The body should be fitted to the cylinder bleck making
sure that the dowel locales correctly. .

Insert the banjo bolt with washer fitted and tighten to
a torque of 20Ibift (2,77kafm) or 27 Nm. Refit the sump,
and fill with lubricating oil of an approved grade.

Nozzle Positioning
Nozzle Positioning

In the event of a nozzle of a piston cooling jet becoming
misaligned, it is important that the condition is rectified

0.641in
1.781in (45,24mm) (16,28 mm)

o
OA.

M.9
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and the illustrations in Figs. M. and M.10 will show how
this may be accomplished.

With a piston removed, insert a piece of ¥,in (2,38
mm}, rod (such as welding rod) into the jet nozzle so that
it protrudes above the top of the cylinder bore,

Fig. M8 shows the dimensions taken on the top face
of the cylinder block and it will be seen that the
measurements of 1.781in (4524mm) and 0.641in
(16,28mm) are taken from two sides of the liner bore
as illustrated.

The rod should project at a point where the lines drawn
from the two measurements bisect.

Fig. M.10 illustrates how the correct nozzle angle
may be achieved by the use of rules.
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Air-Charge Cooling see'Fig. N.1
(T6.3544-engines only)

This is a method of cooling the air between the outlet
ot the .compressor side of the turbocharger and the
induction -manifold by pushing -the air through an
“&ir cooling radiator” usuaily mounted in the same air
stream as.the-engine water cooling radiator.

Air Cleaners

Operating conditions play an important part in deciding
how frequently it is necessary to service the air cleaner.
Where the cleaner has a dust bowl! fitted, the amount
of dust present in the bowl when removed, will show
whether it is.being emptied at the correct time for the
prevailing conditions. if the dust bowl is allowed to
became full, it will reduce the lite of the element.

If arn automatic dust-gjector is fitted, it should be kept

ctean and the lips of the rubber ejeclor checked to see
that they ctose, but do not adhere together.’

Where a restriction indicator is fitted, this will give a-

positive indication that the air cleaner slement needs
atteption and eliminate haphazard servicing. If you
do .not have a restriction indicator fitted, then you
should consider having one fitted on the trunking
between the air cleaner and turbocharger/induction
manifold, -An 18in- water gauge indicator. tor turbo-
.charged engines or a 22in water gauge Indicator for
normally aspirated engines fitted on the cleansr
outlel is suitable for the majority of cases. It should ba
remembered that the indicator ‘does not show the
-amgunt of dust present.in the dust bowi,

The type of air cleaner fitted to your vehicle or machine
depends upon the manufacturer of your egquipment,
Usuaily, guidance for the servicing is shown -on the

body of the air clearer, but the following advice may

also help.

Dry Type Two.5lage "“Cyclopac”,

see Fig.'N.2

Unclamp the dust bowl, remove the baffle plate and
clean out the bowl.

The dust in the howl must not be allowed to reach
within %in {(13mm) of the dust entry slot In bafile,
DO NOT USE PETROL {GASOLINE) for cieaning any
part of air cleaners.

N.2

Release the wing nut and remove filter elemant.

Dry dust can be removed from the.efement by blowing
back from the clean side of the pleats by .using .air
pressure not exceeding 10G1bt/In? (7 kgt/cm?) or 688 kKN/m?,

W the sioment is conaminated by .0il and/or soot,
it can be cleaned in warm water using -a ‘suitable
non-foaming detergent as recommended by ‘the air
claaner manufacturer,

Allow, the glement to scak.for about ten minutes and
then agitate, Spray ctean water onlo the “clean” side of
the .element ringing thorcughly.and allow to dry, do not
use oven heat. »

NEVER FIT a wet element as water may be inducted
by the angine carrying dust with it,

Examine the element for pin -holes, thin .areas, or
other damage by placing a bright light inside the
alement.

The element should be renewed after six cleanings
of once a year, whichever occurs first.

Ciean the inside of the filter body and fins, making
sure no dirt-enters the air filter outlst.

Check all hoses and joints for condition and security.
Re-assemble air cleaner unit.

I an automatic dust ejector (vacuator) is fitted, it:should
be kept clean and the lips of the .rubber ejector
checked to see that they close but do not adhere
together,

Dry Type Two Stage “Cyclone”,
see Flg. N.3

Unscréew the clamping screw and remove the element

refaining strip. Remove the seal plate and element.

If the element is blocked by dry dust, clean by carefully
hand tapping the element or by directing low .pressure
compressed gir on to the clean side of the etement.
If the element is contaminated by il or scot, it can be
panially restored by washing in-a.suitable non foaming
daetergent solution:

After washing, ringse -out thoroughly by directing ‘clean
water on to the clean gir side of the :element and aliow
to dry — do not oven dry. Never fit @ wat element to the

‘----
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filter as dust maﬂ; be carried through the slement by
water. :

Inspect the cleaned element by placing a bright
light inside and looking through the element. Any
thin spots, pin holes or other damage will render the
element unfit for further use.

The element should be renewed after six detergent
washes or annually, whichaver occurs first.

Clean the inside of the filter body and dry thoroughly
— do not use petrol {gasoline} for cleaning.

Inspect the joints and hoses and renew where
necessary.

Re-assembie the filter ensuring that all joints are
feakproof. '

N.4.

AIR FILTERS AND FUEL SYSTEM N3

Dry Type Two Stage “Duo-Dry",

see Fig. N.4

Dust Bowl -

Unclamp the dust bowl, empty, out the dust and clean
the bowl — do not use petrol (gaseoline) for cleaning.
The dust in the bow! must never be allowed to build up to
1in (25mm) of the bottom of the tubes.

Element

Clean the top of the cleaner and then unclip and
remove the top cover. Unscrew the wing nut and
remoave the inner cover and element.

Cleah and inspect the element as detailed for the
“Cyclopac” cleaner, bearing in mind that the clean
side of the element of the "Duo-Dry" cleaner illustrated
is the outside of the element,

Clean the inside of the body — do not use petrol. If the
tubes are not too dirty, they can be cleaned with a stiff
fibre brush but, if heavily contaminated, the tube
body should be removed and cleaned with compressed
air or warm water not exceeding 150°F (65°C).

fnspect ail joints and hoses and renew where necessary.

Re-assemble the cleaner ensuring that all parts are dry
and all joints are leakproof.

if the tube body has been removed, tighten the clamp
between it arid the upper body hefore tightening the
mounting clamp.

Dry Type, Multi-Element

“Rotopamic”,

see Fig. N.5

The elements of this type cleaner should not be cleaned
but the complete filter cartridge should be renewed
when necessary.

Aelease the clamps and remove the moisture eliminator
ar pre-cleaner paﬁel. Clean the openings in the panel of
any dust, soot, etc. '

- Aemove the filter cartridge and clean the interior of the

cleaner housing— do not use petrol {(gasoline).

Fit the new cartridge in position ensuring a positive
seal by pressing around the edges of the cartridge —
do not press in the centre.

Refit the moisture eliminator or pre-cleaner panel
and reclamp in pasition.
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Qil Bath Alr:Cleaner; see:Fig: N.6.
To-service - the oil bath type.cleaner, the lid should he
removed and the element lifted out, .

Orain the oil ffom out of the -container and clean
the dirt ‘and 'sludge from the container usmg a suitable
cleaning fluid.”

Refill: the container - with fresh engine. lubricating o;l

SAE40 grade, to the indicated level.

Therelement should be cleaned in a'bath of Kerosene.

Do not - use- petrol (gasolihg)_'for Gleaning purposes.
Replace the: cleaned element 'in ‘the: container,

Refit the lid, making surewthat ‘the’ lid seals”propersly
on the seal. -

Do .not exceed jhe indicated ‘level 'mark when refilling.:
the oil container, because ‘oilicould be drawn ‘into the
engine leading to -uncontrolled ' engine speed - and
excessive-engine wears

N:6 -

FUEL FILTERS

Twin bowl, parallel fiow fuelstilters are situated -at the-
rear of. the engine on the' left hand. side; bracketed -to
the cyiinger.head, in most applications.

To!Renew:Fuel Filter:Eléements:,
see:Fig. N:7

Thoroughiy, ctean the exter:or of the filter. assembly.
Supporting the base of one of the filter bowls, unscrew
the -setscrew in the centre of:the cover of each filter.
Lower filter base plate- and "discard ‘the dirty..element.
Repeat the procedure with the twin- filtér.

Thoroughly clean the filter heads and -bases in a
suitable cleaning fluid.:

Inspect ‘sealing rings and. renew if damaged in any
way. . B

Place~a base squarely on bottom of ‘new element and
offer up assembly squarely to a filter head so that
the top: rim of the.element‘locates centrally against
‘the” sealing rim in' filter head. Hold in this" position -
whilst securing setscrew is located and screwed home,
Repeat the'procedure:with the-twin filter. -

Aler the fuel filter has been: re-assembied,' the - fuel
system should be bled as detailed on page'N.7”

Fuel Lift Pump

The mechanical diaphragm type.fuel lift pump is operated
Dy. an eccentric on-the camshaft and is mounted.on
the-nght hand side ofthe cylinder blogk, below' the:
turbocharger. It is fitted with- a:hand priming lever. .

N.7

To Remove and Fit Fuel ‘Lift Pump,
see Fig. N.8

Disconnect theinlet and outlet fuel pipes.

Remove the setscrews and retaining plates and remove:

the pump and joint.

I difficulty is encountered in-removing -the 1ift pump
from the engine, turn the crankshaft to rotate the camshaft

eccentric to a position which will- enable the rocker:

arm to withdraw.

Fit pump using a new joint, ensuring that the mating
faces are clean.

The :securing setscrews should be tightened to 20Ibfit
{2.8kgtm} or 27Nm and re-torqued when hot.

Re-connect pump inlet and outlet pipes.
Bleed the fuel system, Page N.7,




To Dismantle Fuel Lift Pump

Clean exterior and file mark the flanges of top and
bottom bodies for guidance in re-assembly. Remove the
domed end cover and seal.

The gauze filter may naw be lifted. off.

Release the five setscrews securing the twa halves of
the pump and separate the two halves.

Turn the diaphragm assembly through 90° and Lift the
diaphragm and pull rod assembly from the body.

Tha diaphragm and pull rod assembly are serviced as an
assembly and no attempt should be made to separate
the layers of the diaphragm.

The valves are "staked in" and can be prised out using
a screwdriver or other suitable tool. Clean the casting
50 that new vaives can be correctly seated.

Press valves into position using a suitable “dolly”.
Stake the casting around the valves in six places.
The rocker arm pin can be remaved by securing the
rocker arm in a vice and tapping the body with a soft
maliet until the retainers are dislodgad.

The rocker, pin, lever and return spring can now be
examined for wear.

To Re-assemble the Lift Pump,

see Fig. N.9

Fit'the rocker arm assembly into the bottom haif of the
lift pump. Fit the rocker arm return spring making sure

‘that it seats properly.

Tap mew retainers info the greoves in the casiing and
stake over the open end of the grooves. _

Fit the spring into its location and place the diaphragm
and pull rod assembly over the spring with the pull
rod downwards locating the top of the spring in the

* diaphragm protector washer.

N.9
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Position the rod so that the notched blade locates into

the rocker arm link.

Press downwards on the diaphragm assembly so that
the notches on the pull rod align with the rocker arm
link and twist it through 90° in either direction, this
action will engage and retain the. pull rod in the fork
of the link.

When re-assembling the two pump halves, push the
rocker arm towards the pump until the diaphragm is
level with the body flanges. The 1op half can now be placed
in position with the file marks aligned.

Maintaining the pressure on the rocker arm, fit the
securing screws and washers and tighten evenly.

Refit the gauze filter.

The domed cover may now be refitted, ensuring that
the .rubber sealing ring is correctly located.

Fuel Injection Pump

The fuel injection pump is a C.AV, D.PA or Bosch
distributor type, vertically mounted on the auxiliary
drive housing and is spline-coupled to the auxiliary
drive wormgear. *

The pump is a compact, oil tight .unit, lubricated
throughout by fuel oil and requires no Separate
tubrication system.

Speed control is maintained by a mechanical governor
and automatic variation of the commencement of
injection is obtained with an automatic advance unit.

Unless proper test equipment ang the relevant Test
Data for. the fuel pump is available, adjustment or
maintenance of the fuel pump should be referred to
the Perkins Distributor or an accredited fuel pump
agent.

N.10. (C.A.V. Pump)
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To"Remove the Fuel-Injection Pump

Disconnect the stop and throttle controls from the pump
and remove the returns.springs (C.AV. pt_;mps).
The Bosch fuel’ pump has a ¢ombined speed/stop
control lever. Under no circumstances should the speed/
stop control fever be rémoved when removing a Bosch
fuel ‘pump as it will upset the the setlings making it
necessary to-put it on a test machine to reset it.

‘Remove the high and low pressure fuel pipes from the
pump. '

The fuel pump can now be withdrawn after the securing

‘nuts and washers.have been remaoved, see Fig. N.10.

“To Fit the Fuel Injection Pump

Fit the fuel pump ensuring that the masier spline on
the fuel pump shaft will enter the female spline within
the vertical drive shaft. )

Position the fuel pump so that the scribed line on the
fuel pump mounting flange alﬂigns with the scribed
ling an. the adaptor plate, see Fig. N.11{1). Secure the
pump to the adaptor. plate. ]

‘Refit the high and low pressure fuel pipes to the fuel
pump.

‘Reconnect the'throttle and stop’ lever ccntrois and attach
the return springs.

‘Bleed the fuel system as detailed on Page N.7,

-If ‘necessary, adjust the maximum and idling speeds.
Details'will be found on this page.

"N:11 (C.AV. Pump)

Maximum Speed Setting. -

The maximum speed screw is set-and sealed by the
manufacturers -and must not be altered in any way
unless factory authority is first-obtained. Any adjustment

should be carried out by experienced fuel pump .

technicians. The unauthorised removal of any seals
on the pump may render the guarantee void.

When a fuel pump is supplied as a direct reApiacement,
the ‘maximum speed adjustment is set to a nominal

figure only, and final adjustment Jmust ‘be made after

the pump |s fitted to«the engine. In order 1o estabﬁsh !

the correct setting which can vary according to
application, reference must be made'-to the: setting

code symbol, stamped on the plate' fastened to "the ° .

pump body.

For the purpose of setting the maximum *(ng load) speed

stop, the last four figures shown on'the fuel pump-setting
code is the maximum no load engine-speed. ‘'Warm
the engine and run up until this figure is ‘reached; the

maximum speed stop adjustment should then be set‘

at this figure.

Under no circumstances should the engine ‘be allowed

to operate at higher rev/min than specified or severe !

damage to !he engine may result,

1

ldling Speed Setting ' .
Wlth C.AV. pumps the englne idling speed is adjusted
by the idling screw, see Fig. N.11 (2). With Bosch pumps,
the idling speed adjustmg screw is at the rear ‘of 'the
pump.

With the engine warm, turn the screw clockwise to
increase the speed or anti-clockwise to 'decreasé 'it.
The idling speed will vary, according to application.
For details, apply to your Perkins -Distributor .or an
accredited fuel pump Dealer, alternatively, Serwce Dept
Perkins Engines Lid., Peterborough.

v

Atomisers _

When feplacing atomisers it is esséntial* that’al new,
correct type copper washer' is -fittéd between +.the
nozzle cap and the cylinder head.

Mote: Different atomiser seating- washers are used on
normally aspirated and turbocharged engines. The

seating washers for normally aspirated engines- are -

‘0.080in (2,03mm} thick and for turbocharged engines,

G.028in (0,71mm) thick. it is important that 'the correct
atomiser seating washers are fitted.

Ensure that the atomiser is seated centrally and'tighlen
securing nuts/setscrews down evenly .to -a. torque of
12Ibtft (1.7 kgfm}or 16 Nm. '

When fitting the high pressure pipes, tighten the unions
to 151bift (2,1kgfm) or 20Nm.

A faulty atomiser can be determined by releasmg the
fuel pipe union nut of each atomiser-in .turn. with” the
engine running at a fast “tick-over™. !If after slackening a
pipe union nut, the engine revolulions remain constant,
this denotes a fauity atomiser. ’

No attempt should be made to service or reset the

pressure of- an-atomiser unless the -proper testing

pump and pressure gauge is availabie.

. An atomiser, when tested .by pumpmg fuel lhrough it.

gives a shor! “pinging” sound as thé fuel emerges. After
the atomiser has been in service for some time,"it makes
a “crackling” sound. it'is not untii'it sounds~'dead"” that'its
condition is likely to affect the running of the engine.

Mote: Do not allow ‘the hands or face to come into
contact with the atomised jet of fuel, as’the working
pressure will cause the fuel oil to penetrate the' skin.

When changing an atomiser ‘always remove the hipe
entirely. Never bend the pipe.

e
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Bleeding the Fuel System

The air must be vented from the fuel system and the
system primed with fuel oil whenever any disconnection
in the fuel system has taken place, or when the system
has been emptied of flel.

Mo attempt must be made to start the engine until the
injection pump has been vented and primed as serious
damage can he caused by fack of lubrication,

The following method should be adopted:
C.AV. Fuel Pump

1. Slacken the vent valve (A) on top of the mechanical

gavernor housing, see Fig. N.12.

2. Slacken the vent valve (B) on the hydraulic head
locking screw, see Fig. N.12. .

3. Slacken the ven! screw on top of the twin fuel
filters, see Fig. N.13.

AIR FILTERS AND FUEL SYSTEM N7

4, QOperate the priming leaver on the fuel lift pump
untit tuel, free from air, issues from egch venting
© paint. ’
Tighten the screws in the following order:
Fuel tilter vent screw.
Head locking vent valva.
Governgr housing vent valve.

5. Slacken the pipe union {C) at the fuel pump inlet, see
Fig. N.12 and operate the fift pump until fuel oil,
free from air, issues from around the threads.
Tighten the union.

6. Slacken the unions at the atomiser ends of two of
the high pressure pipes.
Set the accelerator at the fully open position and
ensure that the "stap” control is in the “run” position.
Turn the engine until fuel oil, free from air, issues
from around the threads and tighten the unions.

The.engine is now ready for starting.

Bosch Fuel Pump

Slacken the vent screw on the top of the !mal fuel filters,
see Fig. N.13.

Slacken the inlet connection on the fuel pump (A}, see
Fig. N.14.

Slacken the autlet copnection on the fuel pump (B), see
Fig. N:14. This connection is fitted with a non-returr
valve and must not be titted to the inlet port.

N.14

Operate the priming lever on the fue! lift pump until
fuel, free from air, issues from the final fuel filter venting
point. Tighten the fuel filter vent screw and continue lo
operate the lift lump until fuel, free from air, issues from
the inlet connection on the fuel pump (A}. Tighten the
inlet connection and continue to operate the lift pump
untii tued, free from air, issues from the gutlet connection
on the fuel pump (B) and tighten the connection.

Thoroughly clean the top of the pump around the centre
plug in the hydraulic head and slacken the plug (C) a
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MAXIMUM of hatf a turn — no more. Operate the priming
lever of the lift pump until fuel, free from air, issues
from around the plug. Tighten the plug to a torque of
401bfft (5,53kgfm) or 54Nm. THIS TORQUE FIGURE
IS IMPORTANT,

Slacken-the-nuts of two of'the high pressure pipes at the
atomiser end.

With the speed control in the maximum speed position,
motor the engine over by means of the starter motor
uniil fuel, free from air, issues from the conneciions.
Tighten the connections. The engine is now ready for
starting.

Note: If the cam on the engine camshaft operating the
fuel lift pump is on maximumlift, it will not be possible to
-operate'the hand.primer. If such a condition arises, then
the engine should.be turned one complete revolution.

If, after bleeding the fuel system, the engine starts and

runs satisfactorily for a tew moments and then stops, runs .

erratically, or has loss of power and .when checked, the
system is found to be full of air, then a leak on the
suction side is indicated.

!i"f Y




SECTION P

Flywheel and Flywheel Housing
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FLYWHEEL AND FLYWHEEL HOUSING P2

. R
To Remove the Flywheel
Remove the twelve setscrews.and washers which secure
the flywheel to the crankshaft fiange.
It is advisable to fit suitable guide studs to prevent the
flywheel from dropping as it clears the crankshaft
flange. »

Flywheel Ring Gear

The ring gear is shrunk on 1o the flywheel.

When replacing the ring gear, the applied heat to the
new ring should not exceed 480°F (250° C).

Attention should be paid to the chamfered lead — in
edge of the ring gear, and its relative position on the.
flywheel.

To Refit the Flywheel. )
Using suitable. guide studs, retit the flywheel to the
crankshatt flange and secure with setscrews and washers.

Tighten setscrews to a torque of 80Ibfft (11,1kgfm} or
110Nm. B

Y

Flywheel Runout
The outside diameter -of the flywheel should be con-
centric within 0.012in, (G.30mm) total indicator reading,
to the crankshaft axis.

Flywheel Alignment

The alignment of the flywheel face. should-be within
the "limit -of 0.001in {0.03mm) per |nch (25 4mm). of
flywheel radius from the crankshaft .axis-to the clock®
'gauge plunger, see Fig. P.1.

When carrying out this check, press the crankshaft one:
way 1o take up the end float whilst turning the flywheel.

-To Remove the FIywheeI'Housing

Remove the starter motor and flywheel.

Unscrew. the securing setscrews and tap the housing -

carefully to distodge it from the locating dowels.

To Refit the Flywheel Housing -

Ensure that the rear face of the cylinder block and the

mating face of the héusing are clean and free from-burrs. '

Fit new dowels, and secure housing to cylinder block
to allow for adjustment; if necessary.

With a clock gauge, check that the’alignment;-‘c‘lfut_he—
flywheel housing bore ‘and: face, see ‘Figs.- P.2 and P.3,
are within the limits listed on Page F.3.
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FLYWHEEL AND FLYWHEEL HOUSING P3

All adjustments to bring the housing within these limits . - _g;ga:,-i
must be carried out on the housing and not on the cylinder : e
biock.

Tighten the securing setscrews to a torque of 361bfft
{5.0kgfm) or 49Nm.

P.3
Diameter ol housing Bore Limit-Tola! Indicator Reading
Up to 14.25iM (362 MM) oirivverrreees s eece e 0.006in (0,15 mm)

14.25 10 20.1251n (362 to 511 mm) ... 0.008in {0,20mm)

.20.125 to 25.5in.{511 to 64Bmm)} .. 0.010in (0,25 mm)

25.5 t0 31.00m (648 ta 7B7 MM} i 0.012in [0,30 mm)

Al1 adjustments to bring the housing within these limits must be carried out on the housing and not on the
cylinder block. '
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TURBOCHARGER -~ Q2.
H . AL "
PR T S W
T6.3544 Engines only.
The'turbocharger is fitted on the exhaust manifold outlet,
see Fig. A.4-It is lubricated by oil taken from the engine
lubricating system. Qil pressure should never drop below

301bf/in? (2.11kgf/cm?) or 207 kN/m? at normal running
speed. Check this pressura regularly.

The maximum boost pressure should be 11 — 13.5ibt/in?
{0.80 — 0,95 kgf/cm?) or: 76 — 93kN/m? when the engine
is running at maximum speed and full load.

With some engines whera it is not possible to fully load
the engine, the-boost pressure will be somewhat lower.
No attention need be paid to the speed of the ‘turbo-
charger since. this varies automatically with the speed
and load of the engine.

Every 20,000 miles (30,000km) or BOO hours, clean
the oil drain pipe from turbocharger to sump, also
turbocharger compressor wheel and cover.

‘Maintenance— Alresearch T-048

Remove the air iniet duct and compressor housing and
check'for dirt or dust build up.

Remove all foreign malter - determme and correct
cause of build up. -

WUse soft brush on compressor wheel as uneven deposits

OO OC

' uln‘.'i!

can. affect rotor balance and cause bearing failure.™

With the compressor housing removed, push the
compressor wheel towards the turbine wheel :and turn
rotating assembly -by hand: check for ‘binding 'and
rubbing. Listen carefully for unusual noises. If binding:or

rubbing ‘is evident, remove the 'turbocharger for

dismantling and inspection.

Malntenance— Holsé1'3LD

The compressor ‘wheel \and -cover ‘may -be ‘cleaned

without removing the turbocharger from the ‘engine if
the foliowing instructions are carried out:

Remove oil leed pipe and oil drain.pipe.

Numbers in brackets refer to ‘numbers on the sectlon
drawing, Fig. Q1.

‘Mark relative positions of turbine -housing (8), bearing

housing (14}, Compressor covert (21} and "V"'cla?np (N

Remove the eight boits (3) -and associated lockwashers
(2) tastening compressor cover (21) to bearing housing

(14), and lift off cover (21} see Fig. Q.2.

Remove the “¥" clamp locknit and spring the V"

clamp (7) back into the bearing housing (14). Lift the

core assembly clear of the turbine housing (8} see
Fig. Q.3.

QA1

- -l




Q.2

Holding the turbine wheel at the hub, remove the
compressor locknut {17).

Slide compressor wheel (18) off the shaft, see Fig.
Q.4

The compressor wheel and cover may be washed
in non-caustic cleaning fluid. A non-metallic brush
or piastic scraper btade should be used to avoid scoring
these parts.

Following cleaning, the parts removed should be
examined and if found to 'be in a satistactory
condition, should be re-assembled in reverse arder of
the stripping sequence outlined above.

Refit oil pipes. Check for-oil drain before firing the
engine.

Fault Diagnosis

If the performance of the turbocharger is suspect,
check the installation for-the following faults:

Excessive air inlet depression,

Low or high air delivery pressure.

TURBOCHARGER Q3

Low oil pressure and/or low cil flow.
Restricted exhaust from turbine.
Fuel pump or injection faults.

Check and rectify in accordance with the following
paragraphs:

Excessive air inlet depression: The -air depression at
the entry to the compressor, that is in the ducting
after the air filter and immediately before the com-
pressar cover, should not exceed a 20in (500mm}
head of water,

If the depression is excessive, the cause will be due to a
restriction of inlet air by a dirty air filter.

Service the air filter.

Low or high air delivery pressure: The pressure will
vary according to the engine rating, speed and load.

It the pressure is low, the probable cause is a dirty
or damaged compressor, incorrect fuelling of the engine
fuel pump, or teaking manifold joints.

Check that the injection pump fuelling has not been
disturbed and if satisfactory, remove the turbocharger
from the engine for inspection.

A higher reading may also-indicate incorrect injection
pump fuelling or damage to the turbine.
Action as tor low pressure.

Low oil pressure and/or oil flow: The oil delivery
pressure should not be fess than 301bf/in? (2,1kgf/cm?)
or 207 kN/m? under normal conditions of load.

It oit pressure is low, refer to Section L. Clean bores of -
the feed and return pipes and check the connections for
obstruction.

. Restricted exhaust from the turbine: A restriction of

the exhaust from the turbine will affect engine per-
formance. |f the back pressure is more than 20in (500mm)
head of water, check the eéxhaust system for obstruction
and rectity as necessary.

Reconditioning

When a turbocharger is removed from an engine,
it is imperative that all terminations of oil connections
are sealed immediately, to prevent the entry of dirt..




TURBOCHARGER Q4

During all stages of . twrbocharger dismantling,
examinalion and rebuilding, care must be taken to ensure
that no damage is ¢caused to components.

Airesearch T-04B (see Flg Q. 5)

Dismantling

Clean the exterior with a ‘pressure spray of 4 non-
caustic cleaning solvent before dismantling. Dismantle
only -as required lo .make necessary inspection or
repairs. As each part is removed, place in a clean
container to prevent loss or damage.

Remové the bolts, ciamps and fockplates which hold
the compressor and turbine housings to the centre
housing group. Tap the housings with a soft faced hammer
if force is-needed for removal.

Note: Exercise caution when removing housings to
prevent damage 10 compressor or turbine wheel. Once
damaged, they cannot be repaired. Never attempt to
straighten bent compressof or turbine blades — replace
the faulty component. .

Place the centre housing group in a suitgble holding fixture
which will prevent the turbine wheel from turning.

Use a T-handled wrench when removing the'compressor
wheel locknut to avoid possible bending of the shaft.

Lift the compressor wheel off the shaft. Remove the shaft
wheel from the cenire housing keeping shaft cenlral
with bearings untii clear of centre housing.

Note: The turbine wheel shroud is not retained to
the-centre housing and will fall free when the shaft
wheel is’rermoved.

Remove lockplates and bolts from: back plate.

Tap backpiate with soft mallet to remove from recess
in centre housing.

Remove thrust collar and thrust bearing from centre
housing.

Remove bearings and retainers from . centre- housing.
Discard rubber sealing ring. ,
Cleaning .

Before cleaning, inspect all parts for signs off rubbing,
burning or other damage which might 'not be e evident
atter cleaning.

Soak all parts in Glean non-caustic carbon solvent. After
sgaking, use a stiff bristle brush .and remove all dirt
particles. Dry parts thoroughly.

Note: Normally, a light accumulation of carbon. deposits
will not affect turbine operation.

Internal Parts Inspection

Parts must not show signs of damage, corrosion or
deterioration. Threads must not be nicked, crossed or
stripped.

The turbing wheel must show no signs of rubbing and
vanes must not be torn of worn to a feather ¢dge. The shaft

must show little signs of scoring, scratches or seizure.

with the bearings.

The compressor must show no signs of rubbing or damage
from foreign matter. The compressor wheel borg must not
be chafed.

Seal parts must show no signs of rubbing or scoring of.the
running faces. Housings must show no signs of contact
with rotating parts. Oil and air passages musi be clean
and free-from obstructions. .

Burnish or polish out minor surface damage. Use silicon,
carbide abrasive cloth for aluminium: parts and crocus
abrasive cloth for the stesl parts. Thoroughly clean
parts before re-assembly,

Replace any parts which do not meet requirements.

Replace the foliowing parts: seal ring, lockplates, piston:
rings, turbine housing boits, journal bearings, bearing
retaining rings, and compressor wheel locknut. ’
It thrust beafing and thrust collar show signs of

nicks, scores, varnish deposits or foreign matter
embegments— replace. Also, aclose inspection of bearing

. bores in the centre housing should be made and if any

of the above condition's exist, replace the centre. housing:

Re-assembly

Check each part prior o instalfation to ensure cleaniiness.
Exercise care to prevent entry of foreign matter during
assembly.

Check thrust collar piston ring groove for nicks or burns.
Assemble in the following manner:

Install inboard bearing retainers. Lubricate bearings
with clean engine oil: Fit bearings and outer bearings
retainers.

‘Place turbing wheel upright. Gently guide shaft through

shroud and centre housing bearings. Place thrust bearing
over thrust collar.

Fit piston ring on thrust colfar. Place thrust collar gver
shaft so that thrust bearing, is flat against the centre
housing and engages the centre- housing, anti-rotating
pins.

Install seal ring in groove in centre housing.

Ensure that thrust spring is installed in back plate. Align
mounting holes of centre housing and backplate and
install over shaft-and thrust collar. Use care not to break
piston ring when engaging seal into back plaie tore. Back
plate is easily installed if apen end position. is engaged

‘into back platebore first.

Install compressor backplate bolts and lockplate: Tighten
ta 791Ibfin (104kgfom) or 8, 93Nm and secure lockplates.

Fit compressor wheel. The larger face of the locknut and
the front face of the impeller must be smooth and clean.
Lightly oil threads and face.of nut and tighten to 201bfin
(23kgfcm) pr 2,26Nm. Then continue to. tighten until
length of shaft increases by 0.0055/0.0065in (0,14/
0,16mmy). Tighten nut by using T-handled wrench to avoid
side {oad which may cause shaft to bend. Check axial end
play for 0.001/0.004in ¢0,03/0,10mm) travel. If equipment
is not available to measure shaft stretch, this alternative
method may be used: after installing impeller. nut and.
tightening to 20Ibfin (23kgfcm) or 226Nm continue
to tighten through an angle of 80°.

Check for clearance between wheel shroud and turbine.
wheel.

Qrientate compressor housing to centre housing. Fit
the six bolts and three lockplates. Tighten bolts to
1301bfin (150kgfcm) or 14,09 Nm.

Orientate turbine housing to centre housing. Coat bolt
heads with a high temperature thread lubricant. Install
bolts, ¢clamps and lockplates. Tighten bolts to 130Ibtin
{150kgtcm) or 14,09 Nm. Bend up lockplates.

After assembly, push the rotating assembily as far as
possible trom the turbine end and check for binding.
fRepeat- check, pushing trom compressor and.
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: F.G Ho L M N O
Al .
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E
A BOLT i SEAL RING :
B LOCKPLATE b B J CENTRE HOUSING ASSEMBLY
C THRUST BEARING K RETAINING RING
D BACKPLATE ASSEMBLY L BEARING
E LOCKNUT M SHROUD
F COMPRESSOR WHEEL N PISTON RING, TURBINE
G PISTON RING' COMPRESSOR O SHAFT WHEEL ASSEMBLY
H THRUST COLLAR
Q.5

If the unit is 10 be stored, lubricate internally and Instal!
protective covers on all openings.

Mole: The turbocharger does not raqulra testing after
overhaul.

Holset 3LD
Dismantiing

Numbers In bracketa refer to numbers on Sectional
Drawing, Fig. Q1.

Clamp unitupright invice on turbine inlet flange.

Mark relative positions of turbine housing (8), bearing
housing (14), compressor cover (21} and “V" clamp (7).

Remave the eight bolts (3) and associated lockwashers
(2), fastening compressor cover (21) to bearing housing
(14} and lift off cover (21), sea Fig. Q.2,

Remove the "V" clamp locknut and spring "V clamp (7}

.back onto bearing housing (14). Lift the core assambly

clear of the turbine housing (8), sea Fig. Q.3.

Holding the turbine wheel at the hub, remove the
compressor locknut (17).

Slide compressor whael (18) off the shaft, see Fig. Q. 4

Using circlip pliers, remove the large retaining ring {20)
which retains compressor insert (19). Two screwdrivers
should be used to liftinsert (19) from bearing housing (14).
Remove “Q" ring {4) from insert (19).

The individual parts of the thrust assembly can now he
lifted out.

(a) Spacer sleeve (16} which can be gently pushed out
of the insert (19).

(b) Qil detiector (13) positioned by two groove pins.
(c) Thrust ring (12).
(d) Thrust plate (5).

Note: The groove pins are a prass fitin the bearing housing
(14} and shou!d not be removad.

Remove shaft and turbine wheel assembly- (10) together
with its piston rings (9) and {15).

Insart fingertip into bore of bearing {(11) and remove.
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Carefully expand and remove piston rings (9 and {15}

from both the spacer sleeve and turbine wheel and

shaft assembly.
Caution: Over expansion of piston ring will cause a
permanent set or break the ring.

Cleaning Procedure K

Use a commercially approved cleaner only. Caustic
solutions will damage certain parts and should not be
used.

Soak parts in cleaner unm all deposits have  been
loosened.

Use a plaslic scraper or bristle type brush on afuminium
parts. Vapour blast may also be used providing the
shaft and other bearing surfaces are protected.

Clean all drilled passengers with compressed air jet,

. Make certain that surfaces adjacent to wheels on
stationary housing are free of deposns ang are clean
and smaoth.

Internal Parts Inspaction
Shaft and turbine wheel assembly ( 10)

(a) Inspect bearing journals for excessive scratches
and wear. Minor scratchas may be tolerated.

{b) Inspect piston ring groove walls for scoring. Minor
scratches are acceptable.

{c}) Check carefully for cracked, bent or damaged
blades, but do not attempl to straighien blades.

Bearing (11).
Replace bearings if excessively scratched or worn.
Bearing Housing (14). :

Replace housing if bearing or piston ring bores are
excessively scratched or worn.

Spacer Sleeve (16}.

Replace if piston ring groove or spacer are damaged.
Thrust ring (12): thrust plate (5).

{a) Replace if thrust faces are damaged. Minor scratches
are acceptable.

(b) Replace thrust plate (5} it fac_eé are worn excessively,
unevenly, sevarely scratched or otherwise damaged.

{c} The small feed grooves in the thrust ptata (5) must be

clean and free from oObstruction.

Compressor wheel {18},

Check carefully for crécked. bent or damaged blades
but do not attempt to siraighten blades.

“O ring (4}

Haplace'it‘ saction through ring has taken a permanent
set, indicated by fiats on the sides of the ring.

A schedule of tolerances which includes allowable
- dimensions after service, is giveh on Page Q.7.

‘Re-assembly

When the turbocharger has been thoroughly cleaned,
inspected and any damaged parts replaced, assembly
can commence.

-Assembly of the-unit is the reverser of dismantling, but
the following points should be noticed.

(a) Lubricate bearings, thrust assembly, piston rings and
rotor shaft, with clean engine cil.

{b) When replacing turbine whee! and shaft (10} into
bearing housing (4}, and spacer sleeve (1§) into insert
(19), do not force piston rings into bore, as an off-centred
ring will fracture, causing the shaft ta bind.

{c) The large retaining ring (20) should have bevelled
side facing outwards.

{d) Torgue locknut (17) to 131bfft (1.8kgfm) or 17Nm,
boit {3} 10 51btft (0,7 kgfm) or 7 Nm and "V clamp lgcknut
(6) to 10Ibtft (1,4kgfm) or 13Nm.

(8) On completion spin shafl to ensure that it rotates
freely.

Note: If during the dismantling of the turbocharger, the
tubricating oit feed and drain pipe adaptors were removed
from the bearing housing, these should, on re-assembiy,
be torqued to 30Ibfft (4,15kgfm) or 41 Nm and 651bfft
(8,99kgfm) or B8Nm respectively.

The unit is now ready for fitting to the engine. if it is
not intended to mount the turbocharger on the engine
immediately after assembly, then the 'gas and oil
connections must be sealed off to prevent the entry of
dirt.

instatlation Check List

Inspect the air intake systern and the exhaust manifold
for cleanliness and foreign matter,

inspect the oil drain line and make sure it is not clogged.

Inspect the oil supply line for clogging, deterioration or
possibility of leaking under pressure.

Inspect the turbocharger mounting pad on the manifold
to maka certain that all the oid gasket has bheen removed.
On some applications an adaptor is fitted between the
turbocharger and exhaust manifoid assembly. The
adaptor is secured to the manifold by four stud nuts and
washers and it should be ascertained that ail traces of
the old gasket have been removed from it.

Install a new gasket between the turbocharger and exhaust
manifold. In cases where an adaptor is fitted, it will :be
naecessary to install a gasket between the adaptor and the

. manifold assembly beforé placing the turbocharger

gasket over the four turbocharger locating studs fitted

in the adaptor. Enguring that the gaskets do not protrude

inte the openings of the manifold (and adaptor where

fitted). The openings in the gaskets should preferably be
in (1,6 mm) away from the edge of the Openings in the

manitold and adaplor

install turbocharger and tighten mounting bolts or

securing nuts.

Connect the oil supply line but leave the oil drain line

disconnected.

Connact the compressor.inlet and cutlet piping. Check

all joints for possibia ieaks, Make certain that the piping

is not exerting a strain on the compressor cover.

Connect exhaust pipe. ’

Meolar the engine without firing (i.e. by operating stop .

contral), until a steady flow of ¢il comes from the oil

drain line. o

Stop motering and connect oil drain pips connection.

Note: When the turbocharger is put into service, it is not
advisable to run up to maximum speed or boost during
the first 500 miles or 25 hours of running.
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ALTERNATOR AND STARTER MOTOR R2

ALTERNATOR .
Models AC5S, 17ACR (derated) 17ACR or
‘18ACR.

1. General _
Al the time of writing there are three types of alternator
fited to the T6.3544 and 6.3544 engine, namely
the ACS, 17ACR and 18ACR.

These are driven by the engine in the sameé manner
as a DC Generator, namely, belt driven from the crankshaft
pulley, but the advantage lies in their ability 10 provide
higher maximum output af‘lower speeds, lo cope with
increased electrical load demanded by modern equip-
ment and decreased road speeds owing to increased
density of traffic, especially in built up areas. They are
also much lighter in weight, output for output.

As opposed to the DC Generator in which the armature
windings rotate inside a stationary fiald system, the
alternator has a rotating fleld system inside a stationary
_generating winding. When _ the rotor rotates inside
the stator, the output produced is alternating current
{AC). This is unsuitable for charging the battery which
requires diract current (OC), so it is ractified by means
of diodes which convert it to uni-directional flow to the
battery

The alternator voltage output is maintained within
close limits'by means of a control box which is fully
transistorised and functions as fast switches.

2. Precautions

As previously described the diodes in the alternator
function as one-way valves and the transistors In the
regulator/control box operate as fast switches. Both
are accurate and sensitive.

They do not wear out and seldom require adjustment,
but because they are sensitive to voltage changes
and high temperature, the precautions are vital to
prevent them from being destroyed.

{a) DO NOT disconnect the battery whilst the engine
is running. This will cause a voltage surge in the
alternator charging system that will immediately
ruin the dicdes or transistors.

{b) DO NOT disconnect a lead” without first stopping
the engine and turning all electrical switches to the
oft position. .

‘{c) DO NOT cause a short circuit by connecting leads
to incorrect terminals. Always identily a lead to its
correct terminal. A short'circuit or wrong connection
giving “reverse polarity will immediately and
permanently ruin trangistors or diodes.

{d) DO NOT connect a battery Into the system without
checking tfor correct polarity and voltags.

{e) DO NOT "flash” connections to check for gurrant
flow. No matier how brief the contact the transistors
may be ruined.

3. Maintenance _

The alternater charging system wlll normally require
very litle attention, but it should be kept free from
build-up of dirt, and 8 check made if it faills {o keep
the battery charged.

(a}) Regularty inspect the driving belts for wear and-

correct tension. It is important 1o ensure that all

~

belts on a multipla belt drive have.equal tension and
are each carrying their share of the load. Slack
belts will wear rapidly and cause slip which will
not drive the alternator at the required speed. Drive
belts which are 1oo tight Impoge severe side thrust
on the alternator bearings and shorten their life.
Periodically ensura that the alternator is correctly
aligned to the drive.

(b} Do not replace faulty befls individually in a multi-
‘ belt system. A compiete ‘matched set of drive belts
must always be used. 5%

. {c) Keep the alternator clean with a cioth moistenad in

kerosene or ¢cleaning fuids, Ensure that ventilation
slots and air spaces are clear and unobstructed,

(¢) Remove any dirt accumulated on the regulator/
control box housing, and ensure that. cooling air
can pags freely over the casing.

4, Fault Finding on ACS

The ACS alternator is so designed that a flow.of current
indicated either by the extingulahing of the warning light,
orasgsshown on the ammeter, is sufficient svidence that the
system Is in proper working order, Therefore, no opsn
circuit, - voltage or current output checks should be
performed on the Instailation UNLESS: .

(a) T‘ha‘warnlng iight fails to illuminate when the
generator (s stationary, and the switch is closed
OR fails to hbecome -extinguished when the
alternator is running.
{b} No charging current is shown on ammeter.
(¢) The battery is flat, .
{d} The battary is "boiling", indicating ioss of voltage
. control, '
i any of the above symptoms occur, the procedure
indicated below should be followed:

(a) Connect a good quality moving coil voltmeater

0—=>50 volts range across the battery or reguiator
negative terminal, and one of the three positive
terminals marked LO, MED, HL. if an ammeter is not
part of the applications circuit, fit a good gquallty
moving coil 0—100 amp ammeter in the alternator
to battery positive line. The battery should be in &
charged condition.

(b) Close the warning Hght -switch (master slectric
switch on dashboard) whan the warning lamp
should light up.

(¢} Switch on a 10—15 amperes load such’as lights,

fans, elc.

{d) Start engine and run at fast idle speed when

1. The warning lght shoyld go out.
2, The ammeter records a small charge
dependent on angine speed.

(8} Increase engine speed momentarily to maximum
speed, when the charging current should be
about 30 amperes for 24 volts — 55 amperes for
12 volt systems. -

{f}y With the alternator running at approximately half
speed (engine speed about 1,500 rev min), switch
off electrical load. Depending on the connection
selected for the positive sensing wire LO, MED, or
Hi, the voltage should rige to between 26 and 28
volts on 24 volt systems and 13—14 voIts on 12 volt
systems and then remain constant. At the same
time the current reading should drop appreciably.
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Any variance in-the above data could indicate a fault
and the following procedure should be adopted before
disconnecting any compgnents.

The regulator is a sealed unit and is non-repairable
and if found to be faulty it must be replaced.

Warning Lamp does not light up when switched “On",
Check the bulb.

If no fault

Check all wiring connections at regutator, alternator
and battery.

If no fault

Switch off, disconnect “F" lead at regulator and connect
it to the negative terminal.

Switch on. If warning lamp lights up, the regulator is
tauity. If lamp fails to light up the alternator is faulty.

Warning Lamp does not go out and Ammeter shows
no output when running.

Check all regulator, alternator and battery connections.
It no fault.

Switch off, disconnect “F" lead at regulator and connect
to regulator negative terminal.

Switch on, and run at fast idle.
If no output, aiternator is faulty.
If output appears, regulator is faulty.

Warning Lamp does not go oul when running and
Ammeler shows reduced output with full output only
at maximum speed or Warning Lamp goes oul but
Alternator dellvers raduced output. Full output only at
maximum speed.

Alternator {aulty. Remove from installation and apply
apen circuit dicde check.

Warning Lemp flashes Inlermittently and Ammeter
needle oscillates when Battery is tuily charged and no
loads are swliched in.

Check for excessive resistance in regulaior negative
sensing lead.

I1f no fault, regulator is faulty.

Batteries overcharging and Ammeter Indléaleé high
or full output all the time.

Check regulator positive sansing lead and its connaction
at ragulator.

If no fault, regulator is faulty.

5. Tésling the 17ACR and 18ACR In Posltion

First chack the driving belt for condition and tension.
The nominal hot outputs at 6,000 rev/min (alternator
speed) are 28 amps, 35 amps and 45 amps for the 17ACR
derated 17ACR and 18ACR respectively. These figures
may be exceeded siightly when the alternator is running
cold. To avoid misleading resuils, the following test
procedure should therefore be carried out with the
alternator running as near as possible to its normal
operating temperature.
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Test Circuit for 17ACR altarnators.
Standard terminations, battery-sensed.

R

Alternator Output Test with Regulator
Inoperative

Withdraw the cable connector(s) from the alternator,
remove the moulded cover (secured by two screws)
and earth the regulator green lead or connector strip
to frame. ‘

Connect an external test circuit to the glternator, output
tarminals as shown in Fig. R.1, R.2 or R.3.

Value of components in Figs. R.1, R.2 and R.3 are as
follows:

12 volt 2.2 watt bulb.

3—60 ammeter

12volt battery

0—20 moving coil voltmeter
0—150hm 35amp variable resistor.

Observe carefully the polarity of battery and alternator
terminais — reversed connections will damage the
alternator diodes.

L

The variable resistor across the battery terminals must
not be left connected for longer than is necessary to
carry out the following test.

Start the engine. At 1,500 rev/min (alternator speed}, the
test circuit bulb should be extinguished, increase engine
speed until the alternator is running at 6,000 rev/min
approximately, and adjust the variable resistance until the
voltmeter reads 13.6 volts. The ammeter reading should
then be approximately equal to the rated output (see
previous heading). Any appreciable deviation from this
figure will necessitate the alternator being removed from
the engine for further examination.

Failure of one or more of the diodes will be indicated in the
above test by etfect on alternator output, and also in
some instances by abnormally high alternator temperature
and noise level.

Regulator Test

The following test assumes the alternator to have been
tested and found satistactory.
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Disconnect the variable resistor and remove the earth
connection from the regulator green lead or connector
strip-to frame.

With'the remainder of the test circuit connected as for
the alternator output test, start the engine and again
run the alternator up to 6,000 rev/min until the ammeter
shows an output current of less than 10 amperes, The
voltmeter should then give a reading of 13,6 — 14,4 voits.
Any appreciable deviation from this {regulating) voltage

Test Circuit for 17ACR alternators with standard terminals and
two piece connection plug {machine-sensed),

R.2

+ + IND

-| :
. B

Lt —

-Test Circuit for 17ACR and 18ACR alternators with European
*terminations and single 3 terminal ¢onnector, plug {machine-~
sensed}. Broken line cable connection applias to battery-sensad,
in which case, the connections between the two '+' terminais
will not apply and the brokan line terminal will be marked "S"
‘instead of "+". )

‘R.3

means that the regulator is not functioning_properly and
must be replaced. -

If the foregoing tests show the alternator ang regulator
to be satisfactorily performing, disconnact the test
circuit and reconnect the alternator terminal connector.
Now connect a iow range vaitmeter betwoen the positive
terminal of the alternator (the moulded terminal connector
is open ended to facilitate this} and the positive terminal
of the battery. Switch on battery loed {headlighls atc.),
start the engine and increase spead unti! the-alternator
runs at approximately 6,000 rev/min.” Note the voltmeter
reading.

Transler the voltrmeter connections to the negative
terminals of the aiternator and battery and again note the
meter reading.

It the reading.exceeds 0.5 volt on the positive side or 0,25
volt on the negative side, there is a high resistance in the
charging circuit which must be traced and .remedied.

STARTER MOTOR
Model M50

General Description

The model MSO starter motor-is a four pole, machine
of &in (127,0mm) nominal yoke - diameter, and-has .a
21 slot armature.

The drive is of pre-engaged, solenocid .operated, push
screw type, incorporating. a five-roller cluteh.

The function of the clufch is to prevent the armature
being rotated at high speeds in-the event of the engaged
position being held after the engine has started. The
solenoid incorporates a two-stage switching arrangement
which ensures that the motor develops its maximum
torque only when full pinion-flywheeliengagement- has
been achieved.

‘Testing on'the'Vehlcle

Ensure that the battery is in.a charged condition.

Switch on the lamps and operate .the starter. button.
if the starter fails to function, but.the lights maintain
full brilliance, check-the switch and battery connections
to the starter and all external leads. Sluggish action of the
starter can be caused by a poor or faully connection.

Difficulty in smooth engagement between starter and
engine flywheel is probably due to dirt on the starter-shaft
helices preventing free pinion movement. The shaft
should be thoraughly cleaned with cleaning fiuid followed
by the application of .4 small quantity of Acro Shell 6B
or its equivalent.

MAINTENANCE

Brush Gear and Commutator

inspect the brushes at intervals to.ensure that they are
free in their guides and that.the leads are quite.free
for movement, by easing back:the-brush springs and
pulling gently-on the flexible connections. If a brush is
inclined-to stick, remove it from .its holder and clean
the sides with a petrol moistened cloth.

Be sure to refit the brushes in their original positions
to retain’ the “bedding”. The brushes shouid be well
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bedded {i.e. worn to the commutator periphery) but
il not, wrap a strip of vary fine glass or carborundum
paper firmly around the commutator with the abrasive
side outwards. With the brushes in position, rotate
the armature by hand in the normal working direction
of rotation; until the correct, brush shape is obtained.
If the brushes are worn down so that the springs are no
longer providing etfective pressure, they should be
renewed, Check the brush spring pressure by hooking a
spring balance under the spring lip. The correct tension
is 30/400zf (0,85/1,13kgf).

it is essential that replacement brushes are the same
grade as those originally fitted. Genuine spares shouid
always be used. To ramove tha brushes, unscrew the four
fixing screws, one to each brush. In re-assembling care
must be taken to reconnect the field coil and inter-
connector leads, held by two of the fixing screws, Before
inserting brushes in their holders, it is advisable to
blow through the holders with compressed air or clean
therm with a cioth moistened with petrol.

The commutator should be c¢lean, entirely free from
oil or dirt. Any trace of such should be removed by
pressing a clean dry fluffless cloth against it, while
armature is hand rotated.

If the commutator is dirty or discoloured, tilt the brushes
and wrap a strip of fine glass or carborundum paper
(not emery cloth) round the commutator, with the
abrasive side inwards. Rotate the armature by hand
until the surface is even. Clean with 'a petro! moistened
cloth.

If repair is necessary to the commutator or swilch gear
etc., the starter must be exchanged or repaired by an
authorised. agent.

Model CA45
General Description

Designed for flange mounting, the CA45 starter motor
has & wuniform cylindrical shape with no surface
protrusions. This is because the solenpcid and main
switch assemblies are housed within the drive end-
shield, around (i.e., co-axially with) the armature shaft.

The essaential feature of the co-axial starter is that, the
Plnlon alone moves axially to engage the engine tlywhesl.
There iz no longitudinal movement of the whole armature
assembly, as in the axial types.

Smooth engagement of the pinion with the engine
flywheel is constantly ensured by using two-stage
operation of the solenoid and switch mechanisms.
Thus the risk of damage to both pinion and flywheel,
through faulty meshing, is practically eliminated.

In construction, the starter consists of three main
sections, into which it ¢an be easily dismantled.

1. The solenoid switch-gear and pinion assembiy hou.sed
in the drive end-shield.

2. The armature, shaft and commutator assembly.
3. The yoke, pole-piece and field-cail assembiy.
Ready access is possible therefore, to those parts most
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likely to require adjustment, such as the swilchgear and
commutator assemblies.

Testing on the Vehicle
Ensure that the battery is in a charged condition.

Switch on the lamps and operate the starter button.
It the starter fails to function, but the lights maintain full
brilliance, check the switch and battery connections to
the starter and all external ieads. Sluggish action of the
starter can be caused by a poor orfaulty connection.

Difficulty in smooth engagement between starter and
engine flywheel is probably due to dirt on the starter-
shaft helices preventing tree pinion movement, The shaft
should be thoroughly cleaned with tleaning fluid
followed by the application of a small quantity ol Acro
Shell 8B or its equivalent, '

MAINTENANCE ,
Brush Gear and Commutator

Inspect the brushes at intervals to ensure that they are
free in their guides and that the leads are quite free for
movement, by easing back the brush springs and pulling
gently on the flexible connections. If a brush is inclined
to stick, remove it from its holder and clean the sides
with a petrol meistened cloth,

Be sure to relit the brushes in their original positions
to retain the "bedding”. The brushes should be well
bedded (i.e. worn to the commutator periphery) but if not,
wrap a strip of very fine glass or carborundum paper
firmly around the commutator with the abrasive side
outwards. With the brushes in position, rolate the
armature by hand in the normal working direction
of rotation; until the correct krush shape is obtained.
If the brushes are worn down so that the springs
are no longer providing effective pressure, they should
be renewed. Check the brush spring pressure by hooking
a spring batance under the spring lip. The correct
tension is 30/400zf {0.85/1,13kgf}.

It is essential that replacement brushes are the same
grade as those originally titted. Genuine spares should
always be used. To ramove the brushes, unscrew the four
fixing screws, one to each brush. In re-assembling care
must be taken to re-connect the field coil and inter-
connector leads, held by two of the fixing screws. Before
inserting brushes in their holders, it is advisable to biow
through the holders with compressed air or clean them
with a cloth moistened with petrol.

The ‘commutator should be clean, entirely free from oil
or dirt. Any trace of such should be removed by pressing
a clean dry fluffless cloth against it, while armature is
hand rotated.

If the commutator is difty or discoloured, tilt the brushes
and wrap a strip of fine glass or carborundum paper
{not emery cioth) round the commutator, with the
abrasive side inwards. Rotate the armature by hand until
the surface is even. Clean with a petrol moaistened cloth.

If repair is necessary to the commutator or switch
gear etc. the starter must be exchanged or repaired
by an authorised agent.
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COMPRESSOR. ' §2

The aircompressor is a single of twin cylinder water cooled
unit which is bracket mounted on the cylinder block
and driven from the auxiliary drive.

Shouid it be. necessary o drain the engine cooling
system to prevent damage by frost, the Ciayton
Dewandre compressor must also be drained. Drain
plugs are provided on the compressor cylinder block,
With the Bendix Westinghouse comgpressor, only the
cylinder head is water cooled and this will be auto-
matically emptied when the engine is drained.

If leakage in the braking sysiem is not excessive,
failure of the compressor to maintain adequate air in
the system, or to charge the system in a reasonable
time, usually denotes loss of efficiency due to wear. This
wear could be in the cylinder head (valves and seats) or
cylinders (piston assemblies). Another sign of wear
is excessive oil passing through to the reservoir.

Preventive Maintenance

Every 5,000 miles (7,500 Iim), 200 hours or 4 months

(whichever gccurs first).

Remove, dismantle and clean compressor air cleaner
(if fitted).

Every 10,000 mites (15,000km), 400 hours or 12 months
{whichever occurs first}.

Visually check all unions, pipe fittings etc., for
looseness or leakage.

Check cylinder head bolts tor correct tightness.

Check end covers for oil leaks.

Check that compressor mounting is secure.

Every 20,000 miles (30,000km) or BCD hours
Uncouple delivery port and check the head passages

for excessive carhon deposits which, it present,
must be removed by dismantling the cylinder head.

Check compressor delivery line for carbon deposits,
clean or replace line as necessary.

Every 60,000 miles (90,000km) or 2,400 hours
Dismantie compressor, tharoughly clean all parts and
inspect for wear or damage. Repair or replace all
worn or damaged parts or replace with Factory
Reconditioned Unit.

To Remove the Compressor

Drain the engine cooling system and compressor of
coolant.

Remove hydraulic pump which may be fitted to rear
of compressor.

Remove steadying bracket between compressor cylinder
head and engine cylinder head.

Remove all connections to and from compressor.

Unscrew compressor mounting bolis and remove
compressor from engine.

To Replace Compressor
" The replacement of the compressor is a reversal to
removal.

When the compressor is titted, check that the clearance

between the rubber insert and the forward half-
coupling is 0.020/0.025in (0,51/0,63mm).

Should the ciearance be incorrect, the half-coupling

v

can be moved on the shalt to oblain the correct
clearance.

CLAYTON DEWANDRE SC6 COMPRESSOR

Dismantling
Marking before dismantling

The compressor should have the following items
marked to show the correct relationship to dismantling.

1. Position of cylinder head in relation to cylindér
and crankcase. o

2. Position of end-cover(s) in relation to crankcase.
3. Position of -crankshaft in relation fo crankcase.

Removing and Dismantling Cylinder
Head and Cylinder

Remove the unloader cap and copper washer and

- withdraw the unloader plunger assembly and spring.

Remove the delivery valve cap and copper washer,
and remove delivery vailve spring and seat retaining
spring.

Unscrew the four nuts and washers from cylinder head
studs and lift off cylinder head. Remove lhe joint,

Remove the delivery valve and screw out the valve seal.

Withdraw inlet valve spring guide. (A simple extractor
can be made from two %in UNF bolts and a strip of
metal formed to bridge the guide.) Remove the iniel
valve spring, inlet valve and valve seat.

Withdraw cylinder and remove the joint.

Removing and Dismantiing Piston and
Connecling Rod Assemblies

Remove the cprﬁpressor mounting bracket and joint.

Turn the crankshaft to B.D.C. position and release the
tabs of the locking strap. Unscrew the two bolts and
remove the connecting” rod cap. Withdraw piston
assembly and replace connecling rod cap.

Remove the piston rings from the piston. If the
piston is to be detached ftrom the connecting rod,
release one gudgeon pin retaining circlip and . press
the gudgeon pin from the piston and connecting rod.

Removing Crankshaft
Remove drive key from crankshaft.

Unscrew the four setscrews or nuts together with
washers securing the rear end-cover to crankcase.
Withdraw the end-cover, plain bearing, thrust washer
{where fitted) and joint.

Unscrew the four selscrews or nuts securing the drive
end-cover, and withdraw the end-cover complete
with crankshaft and joint. Tap crankshafl with bearing
from drive end-cover. )

Cleaning

Ensure that all carbon is removed from the cylinder
head. Check that the gir passages in the -head and the
oilwaysinthe crankcase, where applicable, rear end-cover
and crankshaft afe cleér and clean.

Clean inlet and discharge vaives, not damaged or
worn excessively, by lapping them on a sheet of crocus
cloth held on a flat surface.

----’-
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Inspection of Parts
Cylinder

Check cylinder bore for excessive wear, out-of-round
or scoring. If scored or out-of-round more than 0.002in
{0,05 mm) or tapered more than 0.003in {0,08 mm) cylinder
should be rebored. The original cylinder bore is to the
limits 2.6255/2.620in {66,69/66,71 mm) and the clearance
for the piston is 0.002/0.003in (0,05/0,68mm). Check for

.wear in cylinder bore and rectity in accordance with

following lable:

Wear in hore
+0.005in (0, 13mm) .............

+0.005/0.010in (0,13/0,25 MM) 1.oorvrrovinvresrerrrersememesissessses
#0150 (D,3BIMIM) .ooooeveoeeee e eemoe s sss s eneess
+0.015/0.020in (0,38/0,51MM) —.o.....ovooereeesreenensnseneess

L H0.0250iN (083MM) e e

Piston and Connecting Rod

Inspect piston for scores, cracks or damage of any kind.
Check fit of rings in ring grooves, clearance should
be 0.0005/0.0025in {(0,01/0,06mm). Install rings in
cylinder and check that gaps are 0.003/0.007in (0,08/
0.18mm). Check fit of gudgeon pin in piston and
connecting rod. Gudgeon pin should be a light press fit
in piston and clearance in the connecting rod bush
should not exceed 0.0015in {0.04 mm).

Inspect connecting rod bearing for correct fit on

" crankshaft journal. Clearance between rod journal

and bearing must not be less than 0.001in (G.02mm)
and not more than 0.003in {0,08mm). Check connecting

" rod {or cracks or damage.

Crankshatt and Bearings

Examine ball bearings for discoloration, pitting wear and
cracked races. Rotate slowly lo check for roughness.
Defective bearings should be removed, using a well-
fitting extracting tool. Press new bearing on to crankshatt,

" using a suitable length of tube, until it contacts shoulder,

Imspect crankshaft for wear and check threads,
shaft ends, keyways and drive keys for damage.
The crank pin diameter should be within the limits
0.874/0.8735in (22,20/22,19mm).

’

_Crankshaft and End-covers

Inspect oil seal carefully, ensuring that sealing edge
is intact and sharp. If an oil leak has been observed at
the crankshaft end, a new seal must be fitted. Lip of seal
should face inwards.

Examine crankcase, end-cover and mounting bracket
for damage and cracks. Check bearing bores for
wear. The ball race should be a light press fit in
end-cover and the crankshaft should be a neat sliding

Jfit in the plain bearing. Inspect crankshaft thrusi

washer for wear {where fitted).

Cylinder Head

Inspect cylinder head for cracks and unloader plunger
_guida bush for wear. Check that unloader plunger is a

COMPRESSOR S3

Remedy
. Fit new standard rings.

Bore out to +0.010in (0,25mm) and fit 0.010in (0.25mmj}
oversize piston rings.

Fit new 0.010in (0,25 mm) oversize rings.

Bore out to +0.20in (0,51 mm) and fit 0.020in (0,51 mm)
oversize piston and rings.
_Fit new 0.02Cin (0,51 mm) oversize rings.

neat sliding fit in the guide. ¥ it is necessary to replace
the unloader piston guide, this will be found to have
an undersized bore, and will require reaming in situ to
0.3745/0.3755 in (9,51/9.54mm). Ensure that the bore
is machined square to the underside of the cylinder
head. The maximum finish of the guide bore should be
25 micro inches (0,6 microns). A chamfer is also required
at the top of the guide bore 1o an angle of 15° and to a
depth of 0.102in (2,59mm). Make sure that the
guide and chamfer angle are free trom burrs. Examine
unloader plunger seal ring for wear, Inspect inlet and
detivery valves and seats. If valves are grooved deeper
than 0.003in (0,08 mm) where they contact the seat, they
should be replaced. if not badly grooved they c¢an be
refaced by lapping on crocus cloth. Valve seats, if
showing slight scratches, may be reclaimed by lapping
with fine grinding paste. If badly pitted or scraiched,
use a seating reamer before lapping.

‘Renew delivery valve spring and check remaining
springs for corrosion, fatigue or permanent set.

Re-assembly

Lubricate all interpal parts with clean engine ail to
prevent possible damage until the oil supply is
functioning.

Install the crankshaft, complete with bearing, into
the drive end-cover. Insert the crankshaft into the
crankcase and secure the drive engd-cover, ensuring that
the joint is correctly positioned over the oil drain
ports.

Position the thrust washer in the rear end-cover with
the steel face towards the plain bearing and the tab
located in the slol. Assemble the rear end-cover with joint
and secure. Check the crankshaft to ensure tree rotation
and then tighten end-cover nuts or bolts. Fit the drive
key to the crankshaft.

Refit the piston rings, ensuring that sides marked
"Top" are uppermost, and assemble the piston to the
cannecting rod. Assemble the connecting rad on the
crankshaft, tighten the bolis to a torque of 4Ibfft
(0,55kgfm) or 54Nm, and turn up the tabs of the
locking strap. Space the piston ring gaps and assemble
the cylinder, with joint, over the piston.
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Assemble the cylinder head. Lightly smear the
outside diameters of the inlet valve seat and spring
guide with "Loctite”, or equivalent, sealing compound.
Insert the inlet valve seal, inlet valve and valve spring
and press the spring guide into position. Screw in the
delivery valve seat, using a wrench inserted in the
hexagonal hole through the cenire of the fitting,
and tighten securgly. Place the delivery valve on the
seat and position the springs. Screw in the valve cap
together with the copper washer. Lightly smear the
unloader plunger with  “Dow-Corning” grease, and
insert the spring and plunger complete with the
spring circlip. Screw in“the unloader cap together with
copper washer.

Place the joint on the cylinder and correcily position
the gylinder head on the studs. Tighten nuts progressively
to a torque of 10ibift (1,38kgfm) or 13,6Nm.

Invert the compressor and apply clean engine oil

over the crankshaft and on the cylinder wall. Assemble
the mounting bracket and joint.

BENDIX WESTINGHOUSE TWIN 9
COMPRESSOR

To Dismantle Compressor
Remove filter assembly, fiiter element and adaptor plate.

Remove top cover and cylinder head/valve plate
assembly.

Remove valve plate from cylinder head. Mark valves,
springs and valve cages to identity position.

Remove mounting bracket and gasket. ]
Mark connecting rods and caps to identify position.

Release big end securing bolts and remove piston/
connecting rod assembly. (Note it is important to
reiease big end bolts before the bolts securing the
end cover).

Remove gudgeon pins 1o release pistons from
connecting rods.

Remove piston rings.

Remove end cover.

Remove plastic cover from nen-drive end of compreassor
{if fitted).

Remove ¢rankshafl with thrust washer,
Remove all seals, “O"rings and gaskets.

Recondltionlng
All gaskets, seals and "O" rings should be renewed.

The cylinder head and associated parts, and the
pistons should be cleaned of any carbaon present.
The valve discs, springs and valve guides should be
renewed. The valve seats may be lapped with a fine
grinding paste, but if there is any appreciable wear, the
valve plate shoutd be renewed.

The unloading pistons must be a neat slididg it in the
guide bushes. If wear is apparent, renew the pistons or
bushes as necessary.

The maximum permissible worn diameter of the cylmdar
bores is 2.257in (57,33mm).

The clearance of the compression rings in the piston
grooves is 0.0005/0.002in (3,012/0,051mm) and that of
the scraper rings is 0.0005/0.0025in {0,012/0,063mm). The

gap of the compression and scraper rings in the cylinder
is 0.003/0.007 in {0,08/0,18 mm}).

H the piston rings are being refitted and are bedded
for more than the 30% of the width or if new rings are
being fitted, the glaze on the cylindar bores must be
broken.

The clearance of the crankshaft in the main bearings
should _not exceed 0.0035in (0,09mm), whilst the
clearance of the crankpins in the big end bearings
should not exceéed 0.003in (0,08 mm).

The end float of the crankshaft is 0.004/0.012in
{0,10/3,30mm).

The gudgeon pin should be a light press fit in the
piston and the ‘clearance of the pin in the small end
of the connecting rod should not exceed 0.0015in

{0.038mm). Aenew gudgeon pin circlips if necessary.

To Re-assemble Compressor

Clean all parts, remove all jointing compound and
gaskets. Ensure that all oilways and waler passages
are clean and free from obstruction. Lightly oil all
bearing surfaces, journals and thrust washer faces,

Fit oil seals to crankcase and end cover,

Fit crankshaft to crankcase ensuring that oil seal is
not damaged by the edges of the slot in the crankshaft.

Fit thrust washer to crankshaft.

Coat joint face of end cover with sealing compound
and fit end cover to crankcase securing with selscrews
and spring washers.

Tighten setscrews to 9ibtft (1,24kgfm) or 12.2Nm.
Ensure that end float of crankshaft is correct.

Fit connecting rod to piston. Fit gudgeon pin and
secure with circhip.

Fit piston rings to piston, ensuring that the ring gaps
are equally spaced around the piston. The two com-
pression rings on each piston must be fitted with the
internal steps or chamfers towards the piston crown. Rings
are usually marked with the word "top” or “bottom”
on the appropriate face to aid correct fitting.

Lubricate piston rings and cylinder bores thoroughly
with clean engine oil before fitting pistons in cytinders.

Fit piston/connecting rod assemblies in crankcase,
ensuring that they are fitted with the tooling hole in
the connecting rod facing inwards towards the centre
line’of the compressor.

Fit big end caps and secure with bolts and tabwashers,
Tighten bolts to 9Ibfft (1.24kgfm) or 122Nm and lock

, tabwashers.

Ensure compressor has free rotation.

Fit "O" rings to unloader pistons, lubricating assemblies
with Silicone Fluid MS200. Fit unloader piston assemblies
to crankshaltt. Fit spring and saddle. Ensure that unloader
pistons have free movement.

Fit inlet and exhaust valves,.springs and valve guides
to cylinder head. Fit valve plate to cylinder head with
gasket and secure with countersunk screw. Tighten
screw 10 501bfin (0,57 kgfm) or 5,6 Nm.

Ensure valves have free movement afler assembly,

Fit cylinder head/valve plate assembly with gasket 10
crankcase. Fit cover with gasket to cylinder head. Secure
with nuts and spring washers where studs are fitted
and with bolts and spring washers at tapped hole

-*---
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positions, Tighten nuts and bolts to 171bift (2,35kgfm)
or 23Nm progressively.

Fit mounting bracket with gasket to base of compressor
with bolts and spring washers, Tighten bolts to 17Ibfft
(2,35kgfm) or 23Nm progressively.

Where required, fit plastic cover to non drive end
of compressor and crankshaft,

Coat joint face of filter adaptor with sealing compound
and fil plate to crankcase. Secure with countersunk

Data and Dimensions for Bendix Westinghouse Twin

Cylinder bore di2mMeter ........cceeeeeiiiiccniii e
Max. permissible worn bore diameter ..
Clearance of piston skirt in bore ... .
Clearance of comprassion rings in piston grooves ...........
Clearance of scraper rings in piston grooves ...........ccoee
Compression ring gap in Cylinder .............ccoooeeviaernreeees
Scraper ring gap in cylinder
Crankpin diameter ...
Big end running ClRArance ... e
Max. permissible worn big end bearing running
ClBATANGCE .....0iiveeceeee e et eeme e eme e
Main journal diameter ..................
Main bearing running clearance ..
Max. permissible worn main beanng runmng clearance
Crankshaft end float ..
Max. permissible end floal on worn compressor ...............

Recommended Torques

Cylinder head bOlS/NULS ... e
End cover bolts ...

Mounting bracket bolts ...
Strainer mounting nuts
Strainer adaptor SCrEWS ... raae s e
Big ENd BOMS ..o e

COMPRESSOR S5

screws tightened to 50Ibfin (0,58kgfm) or 56Nm.

Fit new filter element {o filter body. Fit retaining plate -
and retain with bolts and spring washers.

Fit filter assembly to adaptor plate and secure with
nuts and spring washers tightening to a torque of
9ikbft {0,124kagfm) or 12,2Nm.

Fit key 1o drive end of crankshaft.

Finally protect all ports to prevent ingress of foreign
matter.

9 Compressor

2.250/2.251in {567,15/57,18 mm)
2.257in (57,33 mm)

0.0023/0.0043 in (0,06/0,11 mm) ;
0.0005/0.002 in (0,012/0,051 mm)  °
0.0005/0.0025in (0,012/0,063 mm)
0.003/0.007n (0,08/0,18 mm)
0.003/0.007 in (0,08/0,18 mm)
1.2495/1.250in (31,74/31,75mm)
0.005/0.0015 in (0.012/0,038 mm)

0.003in {0,076 mm)
1.2482/1.2491in (31,70/31,73mm)
0.0009/0.0028 in (0,02/0,07 mm)
0.0035in (0,09 mm)

0.004/0.012in {0,13/0,30 mm)
0.17in (0,43 mm)

17 Ibfft (2,35 kgf m) or 23Nm
albfft (1,24kgfm) or 122Nm
17 Ibf ft (2,35 kgfm) or 23Nm
glbfft (1.24kgfm) or 12,2Nm
50ibfin (0.58kgfm) or 5.6Nm
9lbfft (1,24kgfm)} or 12,2Nm




LUBRICATING OILS

Lubricating oils for normally aspirated engines should meet the requirements of the U.S. Ordnance
Specification MIL-L-46152 or MIL-L-2104C. Lubricating oils for turbocharged engines and engines installed
in Heavy Duty Earthmoving Equipment should meet the U.5. Ordnance Specification MIL-L-2104C.

Some of these oils are listed below. Any other oils which meet these sbeciﬁcations are also suitable.

MIL-L-46152 OILS

Company Brand S.A.E. Designation
0°F (-18°Cj 30°F (-1°C} Qver
to to 80°F (27°C)
30°F (-1°C) 80°F (27°C)
B.P. Ltd, Vanetlus M 10w 20W 30
Vanelius M 20W/50 20W/50
Castrol Ltd. Castrol/Deusol CRB 10W 20 30
Castroi/Deusol CRB 5W/20
Castrol/Deusol CRB 10W/30 10W/30 10W/30
Castrol/Deusol CRB 20W/50 20W/50
Deusol RX Super 20W/40 20W/40
A, Duckham & Co. Ltd. Flegetol HDX 10 20 30
Q Motor Qil 20W/50 20W/50
Fleetol Multi V 20W/50 20W/50
Fleetol Muitilite 10W/30 10W/30 10W/30
Farmadol HDX 20 30
Mobil Qil Co. Ltd. Delvac 1200 Series 1210 1220 1230
Delvac Special 10W/30 10W/30 10wW/30
Shell Rotella TX 10W 20W/20 30
Rotella TX 20W/40 20W/40
MIL-L-2104C QILS
Company Brand S.A.E. Designation
Q°F (-18°C) 30°F (-1°C) Over
to to 80°F (27°C)
"30°F {-1°C) 80°F (27° C)
B.P. Ltd. Vanellus C3 10w 20W/20 30
Castrol Ltd, Castrol Deusol CRD 10w 20 30
Deusol RX Super 20W/40 200W/40
Agricastrol HDD 10w 20 30
Agricastrol MP 20W/30 20W/30
Agricastrol MP 20W/40 20W/40
A, Duckham & Co. Ltd. Fleetol 3 3710 3/20 3/30
Farmadol 3 3/10 3/20 3/30
Esso Petroleum Co. Ltd. Essolube D3-HP 10W 20W 30
Mabil Oil Ca. Ltd. Delvac 1300 Series 1310 1320 1330
Shell Rimula CT 10w 20W/20 30
Rotella TX 10W 20W/20 30
Rotella TX 20W/40 20W/40

Where oils to the MIL-L-46152 or MIL-L-2104C sbécnficahon are not available, then o0ils to the previous
specification MIL-L-2104B for normally aspirated engines and MIL-L-45199B or Series 3 specification
for turbocharged engines may be used providing they give satisfactory service.

Lubricating oils for use in Perkins Diesel engmes ‘should have a minimum viscosity index of 80.




APPROVED SERVICE TOOLS

Available from V. L. Churchill & Co. Ltd., Daventry, Northamptonshire, England, NN11 4NF

Tool No. Description
PD.AD VALVE GUIDE REMOVER AND REPLACER (MAIN TOOL)
PD.1D-1A ADAPTOR FOR PD.1D
A pair of puller bars fitted with knurled nuts. Suitable for
%d" and %" guides. The necessary distance piece from the
adaptors below should also be used.
PO.D-6 ADAPTOR FOR PD.AD
A 18/32" (15 mm) distance piece used to replace valve guides
to a set height.
No. 8 PISTON RING SQUEEZER
3 £D.41B PISTON HEIGHT AND VALVE DEPTH GAUGE
/ {'Q\ A simple method of quickly checking piston height.
(O
n'_,!
e
PD.140 CAMSHAFT BUSH/THRUST COLLAR REMOVER
PD.140-2 FUEL PUMP THRUST COLLAR REMOVER/REPLACER

ADAPTORS




Tool No. Description
PD.145 CRANKSHAFT REAR OIL SEAL REPLACER ADAPTOR
- (LIP TYPE SEAL)

PD.150A CYLINDER LINER REMOVER/REPLACER (MAIN TOOL}
For Field Service replacemeant of single liners. Not advised:
for complete overhaul. For this work use adaptors with a
hydraulic ram unit.

PD.150-1B ADAPTORS FOR PD.150
Suitable for cylinders of 3.6” dia. and 3.87" dia. Removal
and replacement,

1558 BASIC PULLER

ﬁ The cruciform head with multiple holes at different centres

is used with adaptors listed below.

PD.155-1 ADAPTORS FOR PD.155B .
Used to remove water pump pulleys. Also suitable to remove
Camshaft Gears.

MF .200-26 WATER PUMP OVERHAUL KIT
Used with 370 Taper Base and Press.

]
&
335 CON ROD JIG & 336 MASTER ARBOR




Tool No. Description
.336-102 ARBOR ADAPTOR
Used with 335
61188 VALVE SPRING COMPRESSOR
6118B-5 ADAPTOR FOR 61188




VALVE SEAT CUTTERS

PILOT

i

GLAZEBREAKER VALVE SEAT CUTTER

VALVE SEAT CUTTERS
The basic toal is the 316X HANDLE
The following cutters.and pilots are all designed to be used with this handle.

Tool No, Description

316-12 Pilot (%" dia. Valve Guide)
PD.317-22 Valve Seat Cutter (Exhaust)

317-30 Valve Seat Cutter {Inlet)

317G-22 Valve Seat Glazebreaker (Exhaust)”
317G-30 Valve Seat Glazebreaker {inlet).

s,
S
LY
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EXAMPLES OF SERVICE FACILITIES
Sen)ice Publications

The following Service Literature may be purchased through
your local Perkins Distributor

Workshop Manuals,

Workshop Data,

Operators Handbooks,

Turbocharger Service Instructions,

Valve Seat Inserting and Cylinder Head Skimming,

Crankshaft Regrinding,

Fault Finding Guide,

Installation and Maintenance Guide for Static Standby Engines
Eicetera. '

Service Instruction

Perkins Engines, Inc.

24175 Research Drive

P.O. Box 283 = Farmington, Michigan 48024 « U.S A,
Tel. {313) 477-3900 » Telex: 023-5300



Alternator AC5, 17 ACR and 18 ACR
Frecautions
Maintenance
Fault Finding ACS
Testing 17 ACH and 18 ACR
Data

Altitude, De-rating

Atomisers,
Data
General
Preventive Maintenance
Prassure Setting

Beilt, Fan, Adjustment

Belt, Fan, Preventive Maintenance

Bearing, Main, Data and Dimensions

Bearing, Main, To Fit

Block, Cylinder

Block, Cylinder, Data and Dimensions

Bush, Auxiliary Drive Shaft Front, Dala and
Dimensions

Bush, Auxiliary Drive Shaft Rear, Data and
Dimensions -

Bush, Connecting Rod, Smaill End, Data and
Dimensions

Bush, Connecting Rod, To Renew

Case, Timing, To Remove
Case, Timing, To Refit
Camshaft, Data and Dimensions
Camshaft, To Remove
Camshaft, To Replace
Cold Starting Aid, Failure
Cold Starting Aid, Operation
Companies, Overseas
Compressor

Preventive Maintenance

To Remove

To Replace
Compressor SC8

Dismantling

Cleaning

Inspection of Parts

Re-assembly
Compressar, Twin 9

Data and Dimensions for Twin 9

To Dismantle

To Re-assembie

To Recondition
Cooler, Air Charge, Preventive Maintenance
Cooler, Air Charge, Description
Cooter, Ol

To Remove

To Dismantle

To Re-assemble

To Test

To Refit
Cooler Adapter,

Qil Cooler to Cylinder Block
Cooling System, Data
Cooling System, Description
Crankshait,

Oata and Dimensions

Description

To Regrind

To Remaove

To Fit

R.2

R2
R.2
R.3
B.10
8.2

B.10
N.6
c3

B.10

M.2
c3
B.5
H.4
G.2

87
B.8

B.4
F.3

J.2
J.2
B.5
J.4
J.4
cz2
cz2
Page 2

§2
8.2
5.2

8.2
5.2
8.3
53

S5
S.4
S.4
S.4
C.3
N.2

L5
L5
LS
L.5
L&

L6
B9
M.2

B.5
H.2
H.3
H.2

INDEX

Data, Engina

Engine, Operating
Engine, Starting

Engine, Starting after disturbing Oil feed pips to

Turba charger
Engine, Stopping
Exhaust Smoky, Fault Finding

Faull Finding Chart
Filter
Air, Dry Typa
Air, General
Air, il Bath Type
Fuel, Data
Fuel, To Renew Element
Lubricating Qil, Data and Dimensions
Lubricating Qil, Preventive Maintenance
Lubricating Oil, To Renew
Foreword
Flywheal, Alignmant
Flywheel, To Remove
Fiywheael, To Refit
Flywheel, Runout
Frost Precautions
Fuel Qil Specification
Fuel System, Bleeding

Gauze, Fuei Lift Pump, Preventive Maintenance

Gasket, Cylinder Head
Gear

Auxiliary Drive Shaft, Data and Dimensions

Auxiliary Drive Shaft, To Remove
Auxiliary Drrive Shaft, To Refit
Camshatt, Data and Dimensions
Camshaft, To Remove

Camshatt, To Refit

Crankshaft, Data and Dimensions
Flywhesl Ring

Hydraulically Loaded Wormwheel, Data and

Dimensions

|dler, Data and Dimensions

ldler, To Remove

Idier, To Retit

Timing, Backlash

Timing, Backlash, Chacking
Guide, Vaive, Data and Dimensions
Guides, Valve

Head, Cylinder

Data and Dimensions

To Remove

To Overhaul

To Fit
Housing, Flywheel, Alignment Limits
Housing, Flywheel, To Remove
Housing, Flywhesl, To Refit
Hub, idler Gear, Data and Dimensicons
Hub, Idler Gear, To Remove
Hub, idier Gear, To Refit

Inserts, Valve Seat

B.2

cz2
cz2

cz2
c.z2
D.2

B7
J.2

B.7
4.2

B.7
P.2

B8
B.7
J.3
J.4
8.7
J.6
B.6
E.4

B.6
E.2
Ed4

P.3
p.2
P.2
B.7
J.3
J4

ES

e




INDEX (Continued)

Jets, Piston Cooling

Description M.4
Nozzle Positicning M.5
To Refit M5
To Remove M.4
Laying-Up, Engine Preservation c3
Liner, Cylinder G2
Data and Dimensions B3
To Renew G.2

Lubricating Qit,

Approved Grades Appendix
Circulation L3
QOperating Pressure BA
High Pressure, Fauit Finding ’ D.2
L.evel, Preventive Maintenance c3
Low Pressure, Fault Finding 0.2
Renewal, Prevenlive Mainlenance C.3
Misfire. Engine, Faull Finding D2
Number, Engine L.ocation Page 5
Overheating, Engine, Fault Finding D.2
Preventive Maintenance c3
Pin, Gudgeon, Data and Dimensions B4
Piston and Rod
To Assemble F.3
Cata and Dimensions B3&B.4
To Dismantie F.2
Inspection F.3
To Remaove F.2
To Fit Fd4
Post Delivery Checkover C3
Power Lack, Fault Finding D2
Pressure, Crankcase, Fault Finding D.2
Pulley, Crankshaft, To Fit H.6
Pulley, Crankshaft, To Remove H.2
Pump, Fuel Injection
Idling Speed Setting N.6
Maximum Speed Setting N.6
Data B9
Description N5
Timing K.2
To Check Timing K.3
To Remove : - N6
To Fit N.6
Pump, Fuel Lift
Data B9
Dismantling N.5
Re-assembly N.5
To Remove and Fit N.4
Pump, Lubricating Qil,
Clearances B8
Data B.S
Inspection : K.4
To Dismantle K.3
To Re-assembie and Refit K.4
To Remove K.3
Pump, Water
Data and Dimensions B.g
Ta Dismantle M.3

To Re-assemble M3

To Remove M.3

To Refit M.4
Push Aod, Data and Dimensions B.7
Push Rod E7
Rating, Details B.1
Restriction Indicator N.2
Ring, Piston, Data and Dimensions 83
Rings, Piston, To Fit F.4
Rings, Piston, Ta Check Gaps F.3
Rockers, Data and Bimensions B8
Rod, Connecting

Alignment F.3

Data and Dimensions B.4

Bearings, Data and Dimensions B.6

Inspection F.3

To Remave F.2

To Heplace F.4
Seal, Crankshaft Front End Qil, To Renew J.2
Seal, Crankshaftt Rear End Gil, To Fit H.EB
Seal, Rocker Shaft Oil Feed Connection, Fitting E.3
Service, Engine Return Preparation C4
Service Instruction Appendix
Shaft, Auxiliary Drive, To Remove J4
Shaft, Auxiliary Drive, To Refit J.5
Shaft, Auxiliary Drive Assembly, Data and

Dimensions B.7
Shaft, Fuel Injection Pump Drive, To Remove 1.4
Shatt, Fuel Injection Pump Drive, To Refit Jd.5
Shaft, Rocker, Data and Dimensions B.7
Shatft, Aocker, Dismantling and Assembly E7
Spring, Inner Valve, Data and Dimensions B.6
Spring, Quter Valve, Data and Dimensions B&
Springs, Valve E.6
Starter Motor M50 :

General Description R.4

Maintenance R.4

Testing on Vehicle R.4
Starter Motor CA45

General Description A.5

Maintenance R.5

Testing on Vehicle R.5
Starting, Difficulty, Fauit Firding b.2
Sump,

Data B.8

To Remove L3

To Replace L.3
Strainer, Lubricating Oil L.3
Tappets, Data and Dimensions B.7
Tappets, To Remove J.4
Tappets, To Aeplace J.4
Thermostat )

Data B.9

Testing M.2

To Remaove and Refit M.2
Timing, Fuel Injection, Checking K.3
Timing, Fuel Injection K.3
Timing, Fuel Injection Static, Position B9
Timing, Valve, Checking K.3
Tools, Approved Service Appendix
Torque, Recommended Tensions B.1
Turbocharger T-04B

Cleaning Q.4



INDEX (Continued)

Dismantling
Fault Diagnosis
Inspection :
Instaliation Check List
Re-assembly-
Reconditioning
Turbocharger 3LD
Cleaning .
Dismantling
Fault Diagnosis
Inspection
Installation Check List
Re-assembly
Reconditioning

Valves
Assembly
Clearances
Exhaust, Data and Dimensions
Inlet, Data and Dimensions
inspection
Seats, Valve
To Fit
To Remove

Valve, Qil Pressure Relief
Removal and Dismantling
Re-assembly and Refitting
Data and Dimensions

Washers, Auxiliary Drive Thrust, Data and"
Dimensions
Washer, Camshaft Thrust, Data

Washer, Crankshaft Thrust,; Data-and.Dimensions.

Washer, Crankshaft Thrust, To Rensw.
Water Leval, Preventive Maintenance
Weights, Engine

Q.4
Q.3
Q.4

Q.4
Q.3

Q6
Qs

Q.6
Q.6
Q6
Q3

E4.
E.4
8.6
B.6
ES
E.5
E.4-
E4

L4
L.5

B.B
B.6

H.2:
ca
B.A

1
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