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Perkins companies

Austral ia
Perkins Engines Austral ia Pty. Limited,
P.O.  Box  156,
22-24 Elliott Road,
Dandenong,
Victoria,
Australia
Telephone: 794 6555.
Telex: AA30B1 6.
Cab le : 'Perko i l '  Me lbourne.

France
Moteurs Perkins S.A.,
9-11 Avenue Michelet,
93407 Saint Ouen,
Cedex,
France.
Telephone:2232000.
Telex:642924F.
Cable: Perkoi l  Paris

Germany
Perkins Motoren G.m.b.H.,
8752 Kleinostheim,
Postfach 1 180,
West Germany.
Telephone: 06027 501 0.
Telex: 41 888694 PER D.

Italy
Motori  Perkins S p.A.,
Via Gorizia 15,
P.O.  Box  12 ,
22070 Porlichetto/Luisago (Como),
Italy.
Telephone: (031 ) 927364.
Telex: 380658 Perkit I
Cable: Perkoi l  Port ichetto.

Japan
Massey Ferguson Perkins Engines K.K.,
Reinanzaka Building,
6th Floor,
1 4-2 Akasaka, 1 -chome,
Minato-ku,
Tokyo 107,
Japan
Telephone: (03) 5BO 7377.
Telex: Perkoil J2424823.
Cable: Perkoi lTokyo.
Fax: (03) 582-1 596.

In addit ion to the above, there are Perkrns distr ibutors ln
companies can give detai ls.

Singapore
Perkins Engines Asia Pacif ic,
549 Upper Thompson Road,
Singapore 2057.
Telephone: 4521841.
Telex: RS 37729.,

United Kingdom
Perkins Engines Limited,
Eastfield,
Peterborough PEI 5NA,
England.
Telephone : (O7 33) 67 47 4.
Telex: 32501 Perken G.
Cable: '  Perkoi l '  Peterborough.

Perkins Engines (Shrewsbury) Limited,
Sentinel Works,
Shrewsbury SY1 4DP,
England
Telephone : (07 43) 52262.
Telex:3517112 PESL G.

u.s.A.
Perkins Engines Inc.,
P.O. Box 697,
32500 Van Born Road,
Wayne,
Michigan 48184,
U.S.A.
Telephone: (31 3) 595 9600,
T elex: 2340O2 Perken Wane.
Cable: Perken Wane.

Perkins Engines Latin America Inc ,
P.O. Box 697,
32500 Van Born Road,
Wayne,
Mich igan 48184,
U.S.A.
Telephone: (31 3) 595 9600,
f e|exl.234002 Perken Wane.
Cable: Perken Wane.

most countr ies. Perkins Engines Ltd, Peterborough or one of the above
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This  pub l i ca t ion  is  pub l i shed by  the  Techn ica l  Pub l ica t ions
Department of Perkins Engines Limited and every endeavour
is  made to  ensure  tha t .  the  in fo rmat ion  conta ined in  th is
Manual is correct at  the date of publ icat ion but,  due to
cont inuous developments, the manufacturers reserve the

r ight to make al terat ions without not ice.

USE ONLY

GEN UIN E

PERKINS PARTS

TO ENSURE YOU OBTAIN THE BEST RESULTS FROM
YOUR ENGINE AND TO SAFEGUARD YOUR OWN
GUARANTEE,  F IT  ONLY GENUINE PERKINS PARTS.
THESE ARE READILY OBTAINABLE THROUGHOUT

THE WORLD.

6 3544 Series Workshoo Manual. lssue 2. June'82
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FOREWORD

This  Workshop Manua l  has  been compi led  fo r  use  in  con junc t ion  w i th  normal  workshop prac t ice .
Mention of certain accepted pract ices, therefore, has been purposely omit ted in order to avoid
repet i t ion.

Reference to renewing joints and cleaning off  jo int  faces, has to a great extent been omit ted from
the tex t ,  i t  be ing  unders tood tha t  th is  w i l l  be  car r ied  ou t  where  app l icab le .

S imi la r ly ,  i t  i s  unders tood tha t  in  re -assembly  and inspec t ion ,  a l l  par ts  a re  to  be  thorough ly  c leaned,
and where present,  burrs and scale are to be removed.

I t  fo l lows tha t  any  open por ts  o f  h igh  prec is ion  components ,  e .g .  fue l  in jec t ion  equ ipment ,  exposed
by d ismant l ing ,  w i l l  be  b lanked o f f  un t i l  re -assembled ,  to  p revent  the  ingress  o f  fo re ign  mat te r .

When f i t t ing  se tscrews or  s tuds  in to  ho les  wh ich  are  tapped th rough in to  the  in te r io r  o f  the  eng ine ,
a  su i tab le  sea lan t  shou ld  be  used.

New type M.E.A.S. (micro encapsulated anaerobic sealant) fasteners are being introduced so that jointing
compounds or other sealants need not be used when the fasteners are fitted in through holes into oil or
warerways.

The identification of these fasteners, as supplied, is by a red, blue, or other colour sealant around the
fastener threads.

With M.E.A.S. sealed studs, the sealed end must be fitted into the cylinder head/cylinder block etc.

Ensure that the threaded holes have a 1,59mm (1Aain) 45" chamfer, so that when the new fasteners are
fitted the M.E.A.S. sealant is not removed.

lf the fasteners have to be removed and fitted again, the threads must be cleaned and a suitable sealant
used.

Throughout this manual, whenever "|eft" 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 locat ion

With earl ier engines, the engine number was stamped on the auxi l iary dr ive housing immediately below the
fuel in ject ion pump - see Figs. 41 and A3 ( i tem '10).  l t  consists of f igures and let ters,  e.9.,3544U251T. The
first three figures represent the cubic capacity, i.e., 354in3: the fourth figure denotes the engine model and
the let ter "U" signi f ies that the engine was bui l t  in the United Kingdom. The last group of f igures comprises
the engine ser ial  number. Other let ters which may fol low the ser ial  number denote specif ic information, i .e. ,
a letter "T" indicates a turbocharged engine: a letter "L" indicates a lip type seal on the rear end of the
crankshaft.

For current engines, the engine number consists of f i f teen let ters and f igures, a typical  number being
TW30016U510256D.

In al l  cases, the engine number when quoted, should be in ful l .

Running in Procedure

I t  i s  no t  necessary  to  g radua l ly  run- in  a  new or  fac to ry  rebu i l t  eng ine  and any  pro longed l igh t  load
runn ing  dur ing  the  ear ly  l i fe  o f  the  eng ine  can in  fac t  p rove  harmfu l  to  the  bedd ing  in  o f  p is ton
r ings  and l iners .

Fu l l  load  can be  app l ied  on  a  new or  fac to ry  rebu i l t  eng ine  as  soon as  the  eng ine  is  used,  p rov ided
that the engine is f i rst  al lowed to reach a temperature of at  least 140oF (60"C).
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SAFETY PRECAUTIONS

THESE SAFETY PRECAUTIONS ARE IMPORTANT. Refer  a lso to  the locat  and
government  regulat ions appl icable in  your  jur isd ic t ion.

Do not  use these engines in  mar ine appl icat ions.

Do not  modi fy  the engine.

Do not  smoke when refuel l ing.

Always remove spil t  fuel and soaked clothing to a safe place.

Do not  re fuel  whi ls t  the engine is  running (unless absolute ly  necessary) .

Never  c lean,  lubr icate or  ad just  the engine whi ls t  i t  is  running (unless qual i f ied to  do so,  in
which case, extreme care should be taken to avoid injury).

Do not attempt any adjustments you do not understand.

Ensure the engine is  pos i t ioned so as to  prevent  a bui ld-up of  tox ic  emiss ions.

Warn persons in  the area to  keep wel l  c lear  dur ing engine and equipment  or  vehic le
operation.

Do not  wear  loose c lo th ing or  a l low long hai r  near  moving machinery.

Keep well clear of rotating parts or machinery in operation. Note that fans are not clearly
v is ib le  whi ls t  the engine is  running.

Do not run the engine with any safety guards removed.

Do not remove the radiator cap whilst the engine is hot and coolant is unoer pressure as
scald ing can resul t .

On no account should sea water or any other electrolyt ic or corrosive medium be used in the
cooling system.

Keep sparks or f lames away from batteries as the gases from the electrolyte (especial ly
whilst the battery is under charge) are highly inf lammable. This acid is also dangeiou's to tn6
sk in and especia l ly  the eyes.

Always disconnect the battery terminals before repair ing or interfering with the electr ical
system.

Only one person should be in  contro l  o f  the engtne.

Always operate the engine from the control panel or operator's seat.

l f  your skin comes into contact with high pressure fuel, seek medical attention immediately.

Diesel fuel can cause skin infection to some people. Use protective gloves or hand cream.

Do not move mobile equipment without f irst ensuring that the brakes are in good working
oroer.

Ensure that the transmission drive control is in 'Out of Drive' posit ion before start ing the
eng ine .

F i t  on ly  genuine Perk ins Par ts .

SAFETY IS SENSE. USE IT.



SECTION A
Engine Photographs

Perk ins  Eng inesare  bu i l t  to  ind iv idua l  requ i rements  to  su i t  the  app l ica t ions  fo r  wh ich  they  are
in tended and the  fo l low ing  eng ine  v iews do  no t  necessar i l y  typ i fy  any  par t i cu la r  spec i f i ca t ion .

Index to Engine Photographs
'1 .  A l te rna tor  Pu l ley
2 .  Thermosta t  Hous ing  and Water  Out le t
3 .  Lubr ica t ing  Oi t  F i l le r
4 .  Fue l  O i l  F i l te r
5 .  Cy l inder  Head Cover
6. Atomrser

7 .  Brea ther  P ipe
8.  Fue l  In jec t ion  Pump (C.A.V. )
9 .  D ips t ick

10.  Eng ine  Number  Locat ion
1 1 .  L u b r i c a t i n g  O i t  F i l t e r
1 2 .  S u m p

1 3 .  F a n
14. Starter Motor
15 .  Crankshaf t  Pu l ley  and V ibra t ion  Damper
16.  Fan Be l ts
1 7 .  W a t e r  P u m p
1 8 .  I n d u c t i o n  M a n i f o l d
19.  Exhaust  Man i fo ld
20. Thermostart  Unit
21 .  Fue l  L i f t  Pump
22.  F lywhee l  Hous ing
23.  Fue l  P ipe  f rom L i f t  Pump to  F ina l  Fue l  F i l te rs
24. Rear Li f t ing Bracket
25 .  Cy l inder  B lock  Dra in  Po in t
26. Turbocharger

27.  Sump Dra in  P lug
28. Oi l  Feed Pipe to Turbocharger
29. Alternator

30. Oi l  Drain Pipe from Turbocharger
31.  Fue l  In jec t ion  Pump (Bosch)
32. Lubricat ing Oi l  Cooler
33. Front Li f t ing Bracket
34. Integral  Air  Charge Cooler and Induct ion Manifold
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A.1 View o f  Fue l  Pump S ide  o f  6 .3544 Eno ine
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View of Camshaft  Side of 6.3544 Engrne



ENGINE PHOTOGRAPHS A3
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A.3 View o f  Fue l  Pump s ide  o f  T6 .3544 Eng ine

A.4 View of Camshaft  Side of T6.3544 Engine
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ENGINE PHOTOGRAPHS
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A.5 View o f  Fue l  Pump S ide  o f  T6 .3544CC (A i r  Charge Coo led)  Eng ine
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A.6 View of Camshaft  Side of T6.3544CC (Air  Charge Cooled) Engine



Technical Data
SECTION B

N m
1 E A

142

95 13,1 129
28 3,9 38
7 5 10,4 102
95 13,1 129

200 27,7 270
36 5,0 49
20 2,8 27
15  2 ,1  20
(  cont inued )  -

Bore  (T6  3544 and 6 .3544 eng ines)

Bore  (6  3724 eng ines)

Stroke

No o f  cy l inders

Cub ic  capac i ty  (T6 .3544 and 6 .3544 eng ines)

Cub ic  capac i ty  (6 .3724 eng ines)

Compression rat io:
T6.3544 engines

North America vehicle T6.3544
6.3544 eng ines  . . .
6 .3724 eng ines  . . .

F i r ing  order

Combust ron  sys tem

Cyc le

Valve c learance (ho t  o r  co ld )
I n  l e t
Exhaust

Lubr ica t ing  o i l  p ressure

Turbocharger boost pressu res
(measured a t  induc t ion  man i fo ld )
T6 3544 eng ines  on ly

'Nomina l - fo r  ac tua l  bore  s rze  see Page B 3 ,

Details of ratings
T6.3544CC Vehicle

Max imum torque
T6,3544 Vehicle

Max imum torque
T6.3544 North America vehicle

Max imum torque
T6.3544 Agricultural and

Max imum torque
6.3544 Premium Veh ic le

Max imum torque
6.3544 Agr icu l tu ra l  and

Max imum torque

I n d u s t r i a l . .

Indus t r ia l

3  875 in  (98 ,4  mm)-

3  9 7 5  i n  ( 1 0 1  m m ) -

5  i n  ( 1 2 7  m m )

6

354 in3  (5 ,8  l i t res )

372 in3  (6 ,1  l i t res )

1 5 . 5 :  1
16:  ' l

1 6 : 1
1 6 : 1
1 , 5 , 3 , 6 , 2 , 4

Di rec t  in jec t ion

4 stroke

0 . 0 0 8  i n  ( 0 , 2 0  m m )
0 . 0 1 8  i n  ( 0 , 4 6  m m )

30 lb f / in '  (2 ,1  kg t /cm'?)  o r  207kN/m'?  min imum at
max imum work ing  speed and normal  opera t ing
temperatu re

11-13 5 lb f / in ,  (0 ,80-0 ,95k9f /cm, )  o r  76-93kN/m'?
These pressures  w i l l  vary  accord ing  to  app l i ca t ion ,
eng ine  loadsand speeds Theyare for  gu idance
purposes  on ly

119 kW (159 bhp)  a t  2 ,600 rev lmin
502 Nm (370 lb f  f t )  a t  1 ,600 rev lmin
115 kW (155 bhp)  a t  2 ,600 rev lmin
498 Nm (367 lbf f t)  at 1,700 revlmin
104 kW (1a0 bhp)  a t  2 ,600 rev lmin
470,5 Nm (347 lbf f t)  at 1,700 revlmin
107 kW (143 bhp)  a t  2 ,500 rev lmin
469 Nm (346 lbf f t)  at 1,600 revlmin
95,5  kW (128 bhp)  a t  2 ,800 rev lmin
380 Nm (280 lbf f t)  at 1,500 rev/min
91 kW (122 bhp)  a t  2 ,600 rev lmin

6.3724 Agricultural engines
Max imum toroue

The above rat ingi are maximum and can vary according to appl icat ion.

Engine weights
Typ ica l  d ry  we igh t
Typ ica l  ins ta l led  we igh t

. 384 Nm (283 lbf f t)  at 1,400 revlmin
90 kW (121 bhp)  a t  2 ,500 rev lmin
396 Nm (292 lbt f t)  at 1,450 revlmin

9 4 0 - 9 6 0 1 b  ( a 2 5 - 4 3 5 k 9 )
1 1 0 0 - . 1  1 7 0  l b  ( 5 0 0 - 5 3 0 k g )

Recommended torque tensions
The fol lowing f igures wil l  apply with the components l ightly lubricated with clean engine oi l

Screw size
UNF lbf f t  kgf m

*  1 1 5  1 5 , 9

washer face) - hot

Cyl inder head nuts and setscrews
washer face) - cold

Cylinder head nuts and setscrews

(with formed

(with formed
1
2

1

5
t 6

+
l-
2

5
a
3
a

t 6
5
t 6

1 0 5 1 4 , 5
Cylinder head nuts and setscrews (with separate

washers)
Cy l inder  head se tscrews . . .
Connect ing  Rod Nuts  (Cadmium P la ted)  . . .
Connecting Rod Nuts (Phosphated)
Main bearing setscrews
ld le r  gear  hub nu ts
Fuel l i f t  pump setscrews
Sump securing setscrews

6 3544 Ser ies  Workshop Manua l ,  September  1982



Recommended torque tensions (cont inued)
T h e  f o l l o w i n g  f i g u r e s  w i l l  a p p l y  w i t h  t h e  c o m p o n e n t s  t i g h I y  o i l e d

TECHNICAL DATA 82

Com ponent
Flywheel securing setscrews
Flywheel housing securing setscrews (standard)
Flywheel housing securing setscrews (standard)
Flywheel housing securing setscrews (Durlok.)
Flywheel housing securing setscrews (Durlok.)
Camshaft gear setscrews
Crankshaft pulley setscrews (cadmium plated)
Crankshaft pulley setscrews (phosphated)
Piston cooling jet banjo bolt (where fitted)
Rocker shaft bracket setscrews or nuts
Oi l  coo ie r  to  cy l inder  b lock ,  se tscrews

(where f i t ted )
Lubr ica t ing  o i l  f i l te r  se tscrews
Atomiser  Secur ing  nu ts /se tscrews
Auxil iary drive shaft gear setscrews
High pressure  fue l  p ipe  nu ts

A l te rna tor  pu l ley  nu t
Thermostar t  un i t

Screw s ize
U N F
1/z

3/e

7Ae

"/a

7ro(UNC)
1/z

7Aa

7Ae

"/a
7Aa

7
6

7
t 6
5
t 6
5
t 6

1 2  x  1 , 5
m m

9
l 6

tbf f t
80
36
45

1 0 4
50
65
92
20
55

50
30
t z

22
t c

30
'1 0
1 0

kgf  m
' t 1 1

o e

1 A  A

A O

o n

I  z , l

2,8
7,6

4 1

? n

z ,  l

4 , 1
'1 A

1 . 4

N m
i;; 64qf iqB'o/za qc
49
6 1
9 1

141
68
BB

t z 3

68
40
t b

30
20

40
I J

I JThermostar t  insu la t ing  adaptor
* Durlok setscrews have a formed washer face with radial serrations.

The fo l low ing  tab le  i s  g iven  as  a  genera l  gu ide ,  to  be  app l ied  on  a  percentage bas is ,  where  spec i f i c  f igures  fo r  a  par t i cu la r
eng ine  ra t ing  are  no t  ava i lab le

A l t i tude
0/2000ft ( 600metre)

2000/4000 ft  (1 200 metre)
4000/6000 ft  ( i  800 metre)
6000/8000 ft  (2400 metre)

8000/10000ft (3000 metre)
1 0000/1 2000 ft  (3600 metre)

*Measured a t  se t t ing  speed g iven on  pump se t t ing  code

I t  shou id  be  no ted  tha t  the  above in fo rmat ion  on ly  app l ies  to  na tura l l y  asp i ra ted  eng ines .  For  tu rbocharged eng ines  app ly
to  Serv ice  Depar tment ,  Perk ins  Eng ines  L td ,  Peterborough or  one o f  the  Compan ies  l i s ted  on  Page 2

Max imum fue l  de l i very  de- ra t ing
N o  c h a n g e

60/o
12o/o
1 8 %
240/o
300/o

6 3544 Series Workshop lvlanual, January I 986



TECHNICAL DATA 83

MANUFACTURING DATA AND DIMENSIONS

Al l  th reads  used,  except  perhaps  on  propr ie ta ry  equ ipment  a re  Un i f ied  Ser ies  and Amer ican P ipe  Ser ies
The fo l low ing  da ta  o f  c learances  and to le rances  are  g iven as  a  gu ide  fo r  personne l  engaged upon major  overhau ls  and
thefigures are those used in the factory for production purposes.

Cyl inder Block
Height  be tween Top and Bot tom Faces  17  367/17  37s in  (441 ,12 /44 i ,32  mm)
Parent  Bore  D iameter  fo r  Cv l inder  L iner

J6.3544/6 3544) 40625/4  0635 in  (103,19 /103.21  mm)
Parent Bore Diameter for Cyl inder Liner (63724) 4j025/4:035in (104,20/104,23mm)
Recess  Depth  fo r  Cy l inder  L iner  F lange O .150/0  154 in  (3 ,81 /3 ,91  mm)
Recess  D iameter  fo r  Cy l inder  L iner  F lange

I6.3544/6 3544\ 4 .205/4 .210 in  (106,81 /106,94  mm)

4.245/ 4 25O in (107,82/ 1 07,95 mm)
Recess  D iameter  fo r  Cy l inder  L iner  F lange

(6 3724\
Marn Bearing Parent Bore 3 j66/3 167 in (8O,42/8O,44mm\
Camshaf t  Bore  D iameter ,  No.  1  2 .OOO/2001 in  (50 ,80 /50 ,83mm)
camshaf t  Bore  D iameter ,  No.2  1 .990/1  992 in  (50 .55 /50 .60mm)
Camshaft Bore Diameter, No. 3 1 gBO/1 g82in (50,29150,34 mm)
Camshaf t  Bore  D iameter ,  No 4  1  g7O/1 .972 in  (50 .04 l5O.O9mm)

Cyf inder Liners (Cast tron- Ftanged)- T6.g544/6.9544
Type Dry-  In te r fe rence F i f -  Produc t ion

Dry-  Trans i t ion  F i t -  Serv ice
Outs ide  D iameter  o f  Produc t ion  L iner  . .  4  0645 i4  0655 in  (103,24 / jO3,26  mm)
In ter fe rence F i t  o f  Produc t ion  L iner  0  001/0 .003 in  (0 ,03 i0 ,08  mm)
Ins ide  D iameter  o f  Produc t ion  L iner  a f te r  F in ish  Hon ing  3 .877/3  878 in  (98 ,48 /98 ,50  mm)

F lange Th ickness  0  150/0  152 in  (3  81 /3  86  mm)
Heigh t  o f  L iner  above Cy l inder  B lock  Top Face 0  026/0  O37 in  (0 ,66 /0 ,94  mm)
Pos i t ion  o f  L iner  F lange Re la t i ve  to  Top Face o f

Cy l inder  B lock

Trans i t ion  F i t  o f  Serv ice  L iner
Ins ide  D iameter  o f  Serv ice  L iner  a f te r  f i t t inq

Cyl inder Liners (Cast l ron-Flanged)- 6.9724
Type
Outs ide  D iameter
In te r fe rence F i t  o f  L iner

I  lns ide  D iameter  o f  L inera f te r  F in ish  Hon ing

-0  001/+0 001 in  ( -0  025/+0 025 mm)
. 3 877/3 8795 in (98,48198,54 mm)

+0 O02/ -O 004 in  (+0 ,05 / -0 ,10  mm)

Dry-  In te r fe rence F i t -  Produc t ion
4 1045/ 4 1 055 in (1 04,25/ 104,28 mm)
0 001/0  003 in  (0 ,03 i0 ,08  mm)
3.9785/3.9795 in (1 01 ,05/1 01 ,08 mm)

+0 002/  -0  004 in  (+0 ,05 / -0 ,1  0  mm)

Toro ida l  Cav i ty  in  Crown
0  0 0 0 / 0  0 0 7  i n  ( 0 , 0 0 / 0 , 1 8  m m )  a b o v e

F lange Th ickness  0150/0  152 in  (3 ,81 /3 ,86mm)
Heigh t  o f  L iner  above Cy l inder  B lock  Top Face 0 .028/0 .035 in  (0 ,71 l0 ,Bgmm)
Pos i t ion  o f  L iner  F lange re la t i ve  to  Cy l inder  B lock

Top Face

Pistons (T6.3544)
Type
Pis ton  He igh t  in  Re la t ion  to  Cy l inder  B lock  Top Face
Bore  D iameter  fo r  Gudgeon P in  1  S0O0/ i  5Od2 in  (38 ,100/38 , i05  mm)
Compress ion  Rrng Groove Wid th ,  No.  1  Tapered
Compress ion  Rrng Groove Wid th ,  No 2  0  0955/0 .0963 in  (2 ,43 /2 ,45  mm\
Scraper  R ing  Groove Wid th ,  No 3  0  1885/0 .1893 in  (4 ,79 /4 ,81  mm]}

Pistons (T6.3544 North America vehicles)
Type Re-ent ran t  Combust ion  Chamber  in  Crown
Pis ton  He igh t  in  Re la t ion  to  Cy l inder  B lock  Top Face 0 .000/0  007 in  (0 ,00 /0 ,18  mm) above
Bore  D iameter  fo r  Gudgeon P in  1 .5000/1 .5002 in  (38 ,100/38 , .105 mm)
Compress ion  R ing  Groove Wid th ,  No.  1  . .  Tapered

I Compression Ring Groove Width, No. 2 0 0959/0.0967in (2,4412,46mm)
I Scraper Ring Groove Width, No. 3 0.1900/0.1908in (4,83/4,B5mm)

Pis tons  (6 .3544) -3  R ing
TYPe ..  Toroidal Cavity in Crown
Pis ton  He igh t  in  Re la t ron  to  Cy l inder  B lock  Top Face 0 .000/0  007 in  (0 ,00 /0 ,18mm) above
Bore Diameter for Gudgeon Pin 1.375111.3754in (34,928i34,935mm)

I  Compress ion  R ing  c roove Wid th ,  No 1  . . .  0 .0g59/O.0978 in(2 ,4412,48mm)
I Compression Ring Groove Width, No 2 0.0959/0.0970in(2,4412,46mm)

Scraper  R ing  Groove Wid th ,  No 3  0 .1885/0 .1893 in  (4 ,79 /4 ,81  mm)
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Pistons (6.3544) 5 Ring
Type
Piston Height relat ive to Cyl inder Block Top Face
Bore  D iameter  fo r  Gudgeon P in
Compress ion  R ing  Groove Wid th ,  No.  1  . . .
Compress ion  R ing  Groove Wid th ,  No.  2  . . .
Compress ion  R ing  Groove Wid th ,  No.  3  . .
Scraper  R ing  Groove Wid th ,  No.  4
Scraper  R ing  Groove Wid th ,  No.  5  . . .

Pistons (6.3724)
Type
Pis ton  He igh t  Re la t i ve  to  Cy l inder  B lock  Top Face
Bore  D iameter  fo r  Gudgeon P in
Compress ion  R ing  Groove Wid th ,  No.  1
Compress ion  R ing  Groove Wid th ,  No.  2  . .
Scraper  R ing  Groove Wid th ,  No.  3
Scraper  R ing  Groove Wid th ,  No 4  . .

Piston Rings (T6.3544)
No.  1  Cornpress ion
No 2  Compress ion
No.  3  Scraper
Compress ion  R ing  Wid th ,  No.  1
Compress ion  R ing  Wid th ,  No.  2
Scraper  R ing  Wid th ,  No.  3
No 1  C learance in  Groove
No. 2 Clearance in Groove
No.  3  C learance in  Groove
Pis ton  R ing  Gap -  No.  1
P is ton  R ing  Gap -  No 2  :
P is ton  R ing  Gap -  No.  3

Piston Rings (T6.3544 North America vehicles)
No.  1  Compress ion
No.  2  Compress ion
No.  3  Scraper
Compress ion  R ing  Wid th ,  No.
Compress ion  R ing  Wid th ,  No.
Scraper  R ing  Wid th ,  No.  3
No. 1 Clearance in Groove
No. 2 Clearance in Groove
No 3 Clearance in Groove
Pis ton  R ing  Gap -  No.  1
P is ton  R ing  Gap -  No.  2
P is ton  R ing  Gap -  No.  3

I

z

Piston Rings (6.3544 - 3 r ing pack)
No l  Compress ion
No.  2  Compress ion
No.  3  Scraper
Compress ion  R ing  Wid th ,  No
Compress ion  R ing  Wid th ,  No.
Scraper  R ing  Wid th ,  No 3
No.  1  C learance in  Groove
No.  2  C learance in  Groove
No.  3  C learance in  Groove
Pis ton  R ing  Gap -  No.  1
Piston Ring Gap - No. 2
P is ton  R ing  Gap -  No.  3

Piston Rings (6.3544-5 r ing pack)
No. 1 Compression
Nos.2and3Compress ion

I  No.4  Scraper
No. 5 Scraper

, Compression Ring Width, Nos. 1, 2 and 3
I Scraper Ring Width, Nos. 4 and 5 .. .
Nos. 1, 2 and 3 Clearance in Groove
Nos. 4 and 5 Clearance in Groove

I Piston Ring Gaps - Cast lron
I Piston Ring Gaps - Chromed

Toroidal Cavity in Crown
0.000/0.007in (0,00/0, 1 I mm) above
1.37 4851 1 .37520in (34,921 /34,930 mm)
0.0957/0 .0967 in  (2 ,43 /2 ,46  mm\
0 0957/0 .0967 in  (2 ,43 /2 ,46  mm)
0 0957/0.0967 in (2,43/2,46 mm)
0.2525/0 2535 in (6,41 /6,44 mm\
0 2525/0 .2535 in  (6 ,41  /6 ,44 'mm)

Toroid.al Cavity in Crown
0.007/0 .014 in  (0 ,18 . /0 ,36  mm)
1.37485/ '1  .37505 in  (34 ,921134,926 mm)
0.0977/0.0987 in (2,48/2,51 mm\
0.0957/0.0966 in (2,43/2,46 mm)
0.1895/0 .1905 in  (4 , ts1 /4 ,84  mm)
0.1895/0  1905 in  (4 ,81  /4 ,84  mm)

Chrome or Molybdenum Faced Wedge
Tapered Face
Chrome Faced Oil  Control Conformable
Wedge
0.0930/0.0935 in (2,36/ 2,37 mm)
0. 1 860/0. 1 875 in (4,7 2/ 4,7 6 mm)
Wedge
0.002/0.0038 in (0,05/0, 1 0 mm)
0.001 0/0.0033 in (0,03/0,08 mm)
0.01 0/0.026 in (0,2510,66 mm)
0.01 2/0.030 in (0,30/0,76 mm)
0.01 0/0.033 in (0,2510,84 mm)

Chrome faced wedge
Tapered face
Chrome faced o i l  con t ro l  con formab le
Wedge
0.0930/0.0935 in (2,36/2,37 mm)
0.1860/0 .1875 in  (4 ,72 /4 ,76  mm)
Wedge
O.002410.0037 in (0,061 /0,094 mm)
0.0025/0 .0048 in  (0 ,06 /0 ,122 mm)
O.012/0 .022 in  (0 ,30 ,u0 ,56  mm)
0012/0 .O22 in  (0 ,30 , /0 ,56  mm)
0.010/0 .033 in  (0 ,25 , /0 ,84  mm)

Chrome Bar re l  Faced In te rna l l y  Chamfered
Chrome Taper  Faced
Chrome Faced Oi l  Cont ro l  Conformab le
0 .0930/0 .0935 in  (2 ,36 /2 ,37  mm)
0 0930/0  0935 in  (2 ,36 /2 ,37  mm)
0 1860/0 .1875 in  (4 ,72 /4 ,76  mm)
0.0024/0.0048 in (0,06/0, 1 2 mm)
0.0024/0.0040 in (0,06/0, 1 0 mm)
0.001 0/0.0033 in (0,03/0,08 mm)
0.01 0/0.024in (0,2510,61 mm)
0.01 6/0.034 in (0,41 /0,86mm)
0.01 0/0.033 in (0,2510,84 mm)

Plain
Internal ly Stepped
Chrome Faced Oil Control Conformable
Slotted Oil Control
0.0928/0,0938 in (2,36/2,38 mm)
O.249 I 0.250 in (6,3216,35 mm)
0.01 9/0.0039 in (0,05/0,1 0mm)
0.0025/0.0045 in (0,06/0, 1 1 mm)
0.01 2/0.030 in (0,30/0,76 mm)
0.01 6/0.034in (0,41 /0,86 mm)

1
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Piston Rings (6.3724)
No. 1 Compression
No 2  Compress ion

No.  3  Scraper
No 4 Scraper
Compress ion  R ing  Wid th ,  Nos .  1  and 2
Scraper  R ing  Wid th  Nos.  3  and 4  . . .
No. 1 Clearance in Groove
No.  2  C learance in  Groove
Nos. 3 and 4 Clearance in Groove

lP is ton  R ing  Gaps,  Nos  1 ,  2  and 3

I  P is ton  R ing  Gap,  No.  4

Gudgeon Pin (T6.3544)
Type
Outs ide  D iameter
Length
Clearance F i t  in  P is ton  Boss

Gudgeon
Type

Pin (6.3544 and 6.3724)

Outs ide  D iameter
Length
Clearance Fit  in Piston Boss

Outs ide  D iameter
Ins ide  D iameter  a f te r  Reaming
Clearance between Small  End

Small  End Bush (5.3544
Tvoe

Para l le l  Chrome In lay
Chrome P la ted  In te rna l l y  S tepped or
In te rna l l y  Chamfered
Chrome P la ted ,  Spr ing  Expander
S lo t ted  Oi l  Cont ro l
0 0928/0.0938 in (2,36/2,38 mm)
0 1865/0.1875 in (4,74/4,76mm)
0.0039/0  0059 in  (0 ,1  0 /0 ,14  mm)
0 0019/0 .0039 in  (0 ,05 /0 ,10  mm)
0.O02/O 004 in (0,05/0,10 mm)
0.01 6i0.034in (0,41 /0,86 mm)
0.01 2/0.030 in (0,30/0,76 mm)

Fu l ly  F loa t ing
1.4998/1 .5000 in (38,095/38,100 mm)
3.250/3.2599 in (82,55/82,80 mm)
0.0000/0.0004 in (0,000/0,0010 mm)

Fu l ly  F loa t ing
1.3748/1  3750 in  (34 ,920/34 ,925 mm)
3 297 /3.31 2 in (83,7 4 / 84,1 2 mm)
0 00012/0.00055 in (0,003/0,014 mm)

Steel Backed, Lead Bronze Lined
1 65975/166125 in (42,16/42,20mm)
1.50075/1  5015 in  (38 ,12138,14mm)
0 00075/0  0017 in  (0 ,019/0 ,043 mm)

Steel Backed, Lead Bronze Lined
1.535/1 5365 in (38,99/39,03 mm)
1 3758/1.3765 in (34,94134,96 mm)
0 0008/0.0017 in (0,020/0,043 mm)

H Section
T6.3544-Wedge Shaped Small  End
6.3544-Paral lel Shape Small  End
Serrat ions
2 646/2 6465 in (67,21 /67,22mm\
1 65625/ 1 65725 in (42,07 / 42,09 mm)
1 5313/.1 5323 in (38,90/38,92 mm)
8.624/8 626 in (219,05/21 9, 1 0 m m)

Small  End Bush (T6.3544) (includes North America vehicle engines)
Type

Bush and Gudgeon P in

and 6.3724)

Outs ide  D iameter
Ins ide  D iameter  a f te r  Reaming
Clearance be tween Smal l  End Bushand Gudgeon P in .

Connect ing Rod
Type

Cap Locat ion  to  Connect ing  Rod
Big  End Parent  Bore  D iameter
Smal l  End Parent  Bore  D iameter ,  f63544

6 3544 and 6.3724 ..
Length  f  rom C/L  o f  B ig  End to  C/L  o f  Smal l  End

Connect ing Rod Al ignment
Large and smal l  end bores  must  be  square  and para l le l  w i th  each o ther  w i th in  the  l im i ts  o f  t  0  010 in  (0 ,25mm) measured 5 in
(127mm) each s ideof  theax is  o f  the  rod  on  a  tes t  mandre l  as  shown in  F ig  B  1 .  Wi th  the  smal l  end bush f i t ted ,  the  l im i t  o f
10 .010 in  (0 ,25  mm) is  reduced to  t  0  0025 in  (0 ,06  mm).
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Crankshaft
Overa l l  Length
Main  Journa l  D iameter
Main  Journa l  Length ,  No
M a i n  J o u r n a l  L e n g t h ,  N o s .  2 , 3 ,  5 , 6  a n d  7
. M a i n  J o u r n a l  L e n g t h ,  N o . 4
.  F i l le t  Rad i i -  Ma in  Journa ls
Crankp in  D iameter
.Crankp in  Length
.  F i l l e t  R a d i i -  C r a n k p i n s
Sur face  F in ish-a l l  p ins  and journa ls
Regr ind  Unders izes ,  Journa ls  and P ins
F lange D iameter  . . .
Spigot Bearing Recess- Depth
Spigot Bearing Recess- Bore
Crankshaft End Floai

33 .844 in  (859,64  mm) -  nomina l
2 .9984/2 .9996 in  (76 ,16 /76 ,19  mm)
1.454/1 .484 in  (36 ,93 /37 ,69  mm)
1.545/1 .549 in  (39 ,24139,35  mm)
1.738/1 .741 in  (44 ,15 /44 ,22  mm)
0.14510.156 in  (3 ,68 /3 ,96  mm)
2.4988 /2.4998 in (63,47,/63,49 mm )
1 .5885/1 .5915 in  (40 ,35 /4O,42 mm\
0 145 l0 .156 in  (3 ,68 , /3 ,96  mm)
16 mic ro- inches  (0 ,4  mic rons)
- 0 . 0 1 0 ,  0  0 2 0  a n d  0 . 0 3 0  i n  ( - 0 , 2 5 , 0 , 5 1  a n d  0 , 7 6  m m )
5.247 / 5.249 in (1 33,27 / 1 33,32mm)
0.579/0 .609 in  (14 ,71 /15 ,47  mm)
2.046/2 .047 in  (51 ,97 ,251,99  mm)
0.002/0  015 in  (0 ,05 , /0 ,38  mm)

Thrust Washer Thickness- Standard
Thrust Washer Thickness- Oversize
Thrus t  Washer  Outs ide  D iameter
Thrus t  Washer  Ins ide  D iameter

Main Bearings

-  F i l le t  rad i i  and sur face  f in ish  must  be  main ta ined dur ing  c rankshaf t  regr ind ing  Length  o f  No 4  main  journa l  must  no t  exceed
1759 in  (44 ,68mm) a f te r  regr ind ing .  Where  necessary ,  use  overs ize  th rus t  washers  to  su i t  Length  o f  c rankp ins  no t  to
exceed 1 .5965 in  (40 ,55  mm) a f te r  regr ind ing .  For  c rankshaf t  journa l  run-ou t ,  see  Page H.4 .

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

Crankshaft Thrust Washers
Type Steel Backed, Lead Bronze Faced

Centre Main Bearing
0.089/0.09 1 in (2,261 2,31 mm)
0.0965/0.0985 i n (2,45 12,5O mm)
4.088/4 .098 in  (103,84 /104,09  mm)
3 42 /3  43  in  (86 ,87187,12  mm)

Pre-f inished, Steel Backed, Aluminium Sil icon Faced
1 .24011 255in (31 ,50/31 ,88 mm)
1 .43511 .445in (36,45136,70 mm)
3. 1 66/3. 1 67 in (80,42180,44 mm)
3.001 0/3.0026 in (7 6,22517 6,266 mm)
0.001 B/0.0042 in (0,046/0, 1 07mm)
0.08221 0.0825 in (2,088/2,096 mm)

Pre-f inished, Steel Backed, Aluminium Sil icon or
Aluminium Tin Faced

1 .2451 1 .255in (31,62/31 .88 mm)
2.6461 2.6465 in (67,21 I 67,22mm)
2.5008/2.501 I in (63,52163,55 mm)
0.001 2/0.0031 in (0,030/0,08 mm)
O.072310.0726in (1,836/1,844 mm)

1.085 in  (27 ,56mm)
1 .9965/1 .9975in (50,71l50,74mm)
0.0025/0.0045in (0,06/0,1 1 mm)
1.43Bin  (36 ,53mm)
1 .9865/1 .9875in (50,46/50,49 mm)
0.0025/0.0055 in (0,06/0, 1 4 mm)
1.438 in  (36 ,53mm)
1 9765/1 .977Sin (50,20150,23mm)
0.0025/0.0055 in (0,06/0, 1 4 mm)
1 . 1 5 6 i n  ( 2 9 , 3 7 m m )
1 .9665/1 .9675 in (49,95/49,98 mm)
0.0025/0.0055 in (0,06/0, 1 4 mm)
0 2959/0.2989in (7,51 6/7,592mm)
0.3025/0.3055 i n (7,684 17,7 60 mm)
0.2999/0.3029 in (7,61 7/7,694 mm)
0.3036/0.3066 in (7,7 1 1 17,7BBmm)
0.004/0.01 6in (0,1 0/0,41 mm)
0 2221 0.232in (5, 64/5,89 mm)

Pos i t ion  in  Eng ine

Type
1 ,  2 ,  3 ,  5 ,  6  a n d  7  . . .

Connect ing Rod Bearings

S h e l l  W i d t h

She l l  Wid th ,  Nos .
S h e l l  W i d t h ,  N o  4
Outs ide  D iameter
Ins ide  D iameter
Main  Bear ing  Runn ing  C learance
She l l  Th ickness

Outs ide  D iameter
Ins ide  D iameter
tsear ing  Runn ing  C learance
She l l  Th ickness

Gamshaft
No.  1  Journa l  Length
No.  1  Journa l  D iameter
No 1  Journa l  Runn ing  C learance
No 2  Journa l  Length
No.  2  Journa l  D iameter
No 2  Journa l  Runn ing  C learance
No 3  Journa l  Length
No.  3  Journa l  D iameter
No 3  Journa l  Runn ing  C learance
No.  4  Journa l  Length
No.  4  Journa l  D iameter
No.  4  Journa l  Runn ing  D iameter
Cam Lift-  Inlet (non-vehicle)
Cam Lift-  Exhaust (non-vehicle)
Cam Lift- lnlet (vehicle only)
Cam Lift-Exhaust (vehicle only)
Camshaft End Float
Width of Spigot for Thrust Washer
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Camshaft
Type

Thrust Washer

Outs ide  D iameter
360'
2.872/2.874 in (72,95/73,00 mm)

cy l inder  B lock  Recess  D iameter  fo r  Thrus t  washer  2 .87s /2 .BBs in  (73 ,03 /73 ,28  mm)
Clearance Fit  of Washer in Recess .  0  001/0  013 in  (0 ,03 /0 ,33  mm)

'1 750in (44,45mm\In te rna l  D iameter
Th ickness  . . .  0  216/0  2 iB  in  (5 ,4915,54  mm)
Cy l inder  B lock  Recess  Depth  fo r  Thrus t  Washer  0  213/O.2 j6 in  (5 ,4115,49mm)
Pro t rus ion  o f  Thrus t  Washer  above Cv l inder  B lock

Front Face

Cyl inder Head
Cyl inder  Head Depth  3735/3765 in  (94 ,87 /95 ,63  mm)
Leak Test Pressure 30 lbf l in '? (2,11R91/cm'?) -207 kN/m'z
Va lve  Sea t  Ang le  . . .  4So
Va l ve  Gu ide  Pa ren t  Bo re  D iame te r  . . .  . .  0  6247 /0 .6257  i n  ( 15 ,87115 ,89mm)
Skimming A l lowance

TECHNICAL DATA 87

0 000/0  005 in  (0 .00 /0 ,13  mm)

0  0 1 2  i n  ( 0 , 3 0  m m )
Prov id ing  tha t  nozz le  p ro t rus ion  does  no t  exceed 0  184 in

( 4 , 6 7 m m )  f o r  T 6  3 5 4 4  e n g i n e s  o r  0 1 3 6 i n  ( 3 , 4 5 m m )  f o r
6  3544 and 6  3724 eng ines  a f te r  sk imming

Valve Guides
lnside Diameter O.3743t0.3757in (9,51/9,54mm)

I  outs ide Diameter 0.626/0.6265 in (1 5,90/1 5,91 mm)
In ter fe rence F i t  o f  Gu ide  in  Cy l inder  Head 0 .001 1 /O.O026 in  (0 ,03 /0 ,07mm)
Overa l l  leng th ,  In le t
Overa l l  leng th ,  Exhaust

Produc t ion  L imi ts
Overa l l  Length
Sea l lng  Ar rangemeni

Exhaust Valve
I  Valve Stem Diameter

Max imum Permiss ib le  Worn  Serv ice
Clearance o f  Va lve  in  Gu ide
Valve Head Diameter

2.281in (57,94mm)
2 . 4 0 6 i n  ( 6 1 , 1 1  m m )

0 O4O/O 050 in  (1 ,0211 ,27  mm)
4 831/4  847 in  (122,71 /  123, '1  1  mm)
Rubber  sea l  f  i t ted  to  va lve  gu ide

0 0 0 6 i n  ( 0 , 1 5 m m )
| 467/1 477in (37.26/37.52mm\

Pro t rus ion  above Va lve  Spr ing  Recess  . .  0 .594 in  (15 ,09mm)
lCounterbore ,Exhauston ly  0 .4211} .441 in (10 ,69 /1  1 ,20mm) d ia . fo r length

In let  Valve of  0 .406 in  (10 ,3mm)

Valve Stem Diameter OS72SlO.373Sin (9,46/9,49mm)
I Clearance Fit  of Valve in Guide 0.000e/O.0032in (0,02l0,08mm)

Max imum Permiss ib le  Worn  Serv lce
Clearance o f  Va lve  in  Gu ide  0  005 in  (0 ,13mm)
Valve  Head D iameter 1 736/1 7 46 in (44,09/44,35 mm)
Valve Face Angle 45"
Va lve  Head Depth  be low Cy l inder  Head Face-

0.37 1 1O.37 2in (9,4219,45 mm)
I Clearance Fit to Valve in Guide 0.0O23tO.OO47in (0,06/0,12mm)

Valve  Face Ang le
Va lve  Head Depth  be low Cy l inder  Head Face-

Produc t ion  L imi ts
I  Overa l l  Length

Sea l ing  Ar rangement

Inner Valve Springs (short)

I  F i t ted  length  and Load
Number  o f  Ac t ive  Co i ls
Number  o f  Damper  Co i ls
C o i l e d

Inner Valve Springs ( long)

I  F i t ted  length  and Load
Number  o f  Ac t ive  Co i ls
N u m b e r  o f  D a m p e r  C o i l s
Co i led

Outer Valve Springs (short)

45'

0.040/0.050 in (1,021 1,27 mm)
4.845/4.865in (1 23,06/1 23,57mm)
Rubber seal fitted to valve guide

.  1 .340 in (34 ,04mm)at20 .1123.21bf (9 ,12 l10 ,52kgf )
4 9
1

, R.H.-Damper Coil  to Cyl inder Head

(89,4/1 03,2 N)

1 .563 in (39,70 mm) at 14.63/1 6.67lbf (6,64/7,56kgf)
7 (65,1t74,2N)
z

R.H.-Damper Coils to Cyl inder Head

1 .410in (35,81 rnm) at 39.5/43.7|bf (17,91/19,82kgf)I  F i t ted  length  and Load
Number  o f  Ac t ive  Co i ls  . . .  3 .6
N u m b e r  o f  D a m p e r  C o i l s  1
Co i led
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Outer Valve Springs
Fitted length and Load
Number  o f  Ac t ive  Co i ls
Number  o f  Damper  Co i ls
Co i led

Tappets
Overal l  Length
Tappet  Shank D iameter
Cylinder Block Tappet Bore Diameter
Runn ing  C learance o f  Tappet  in  Bore
Outside Diameter of Tappet Foot

Rocker Shaft
Overal l  Length
Outside Diameter

Rocker Levers and Bushes
Internal Bore Diameter of Rocker Lever for Bush
Outside Diameter of Bush
Interference Fit  of Bush in Rocker Lever
Internal Diameter of Bush (after reaming in situ) '
Clearance of Bush to Rocker Shaft

Push Rods
Overal l  Length of Push Road
Shank D iameter

Camshaft Gear
Number  o f  Teeth  . . .
Bore  D iameter  . . .
Outs ide  D iameter  o f  Camshaf t  Hub . . .
F i t  o f  Gear  to  hub

Auxiliary Drive Gear
Number  o f  Teeth
Bore Diameter
Max imum Ad jus tment  in  S lo t ted  Ho les

Crankshaft Gear
Number  o f  Teeth
Bore Diameter
Crankshaft Diameter for Gear
Fit of Gear to Crankshaft

ld ler Gears and Hubs
Number  o f  Teeth
Bore Diameter
Outs ide  D iameter  o f  Bush
Ins ide  D iameter  o f  Bush ( f in ished in  s i tu )
Outs ide  D iameter  o f  Hub
Clearance o f  Hub ins ide  Bush
End Float of Gears

Timing Gear Backlash
Al l  Gears

Auxiliary Drive Shaft Assembly
Drive Shaft- Overal I  Length
Number of Teeth on S/orm
Outside Diameter of Worm
Diameter of Front Journa
Diameter of Rear Journal.

Drive Shaft  Bush-Front
Outside Diameter of Bush

1.780 in (45,20 mm) aI 38/43 lbf (17,25/19,52 kgf )
5 .8

L .H.  -  Damper  Co i ls  to  Cy l inder  Head

2.96875 in (75,41 mm)
0.7475/0  7485 in  (18 ,91 /19 ,01  mm)
O.750/0 .75125 in  (19 ,05 /19 ,08  mm)
0.0015/0.00375 in (0,0410,09 mm)
1 . 1 8 7 5 i n  ( 3 0 , 1 6 m m )

26.03125 in  (661,19mm)
O.7485/0 .7495 in  (19 ,01 /19 ,04  mm)

O.B7 5 / 0.87 62 in 122,22 / 22,26 mm)
O.877 /0.8785in (22,28/22,31 mm)
0.0008/0.0035 in (0,0210,09 mm)
0.7505/0 .7520 in  (19 ,06 /19 ,10  mm)
0.001/0.0035 in (0,03/0,09 mm)

1 O.456 / 1 0.540 in (265,58 / 267,7 2 mm)
0 310/0 .312 in  (7 ,8717,93  mm)

1 375/1 376 in (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 .000/1 .001 in (25,4 / 25,43 mm)
1 0 '

28
1.87 5/ 1 87 6 in (47,63/ 47,65 mm)
1 .87 5/ 1 87 58 in (47,63/ 47,64 mm)
-0 .0008/+0 001 in  ( -0 ,020/+0,025 mm)

37
2 0625/2.0643 in (52,39/52,43 mm)
2.06625/ 2 06825 i n (52,48 / 52,53 mm)
1 8750/1.8766 in (47,63/47,67 mm\
1.8714/1 873in (47,53/47,57 mm)
O.002/0  0052 in  (0  05 /0 ,13  mm)
0.002/0.012 in (0,05/0,30 mm)

0 . 0 0 3  i n  ( 0 , 0 8  m m )  m i n i m u m

10.25 in  (260,35  mm)
'1 1
1 865/1.870 in (47,37 /47,5 mm)
1 9355/1  .9365 in  (49 ,16 /49 ,19mm)
1.248/1  249 in  (31 ,7 /3 .1  ,72  mm)

21283/2  1303 in  (54 ,06 /54 ,11  mml
2.125/2.1262 in (53,98/54,01 mm)

continued . .  -

B8

( long)

Housing Diameter for Bush



In te r fe rence F i t  in  Hous ino
Inside Diameter of Fit ted Bush
Runn ing  C learance o f  Shaf i  in  Bush

Drive Shalt Bush- Rear
Outside Diameter of Bush
Hous ing  D iameter  fo r  Bush
In ter fe rence F i t  in  Hous ino
Ins ide  D iameter  o f  F i t ted  Bush
Runn ing  C learance o f  Shaf t  in  Bush

Auxiliary Drive Thrust Washers
Thickness  . . .
Cy l inder  B lock  Recess  Depth  fo r  Thrus t  Washer
Outs ide  D iameter
Ins ide  D iameter  o f  Cy l inder  B lock  Recess  . .
Pro t rus ion  o f  Thrus t  Washer  in  Cv l inder  B lock
Groove Width on Drive Shaft
Groove to Thrust Washer Clearance

Hydraulically Loaded Wormwheel
Bore  D iameter  in  Cy l inder  B lock  fo r  Fue l  Pump

Adaptor  P la te  and Upper  Thrus t  Co l la r  . . .
Fuel Pump Adaptor Plate Diameter
F i t  o f  P la te  in  Cy l inder  B lock  . . .
Outer  D iameter  o f  Upper  Thrus t  Co l la r
C learance o f  Upper  Thrus t  Co l la r  in  Cy l inder  B lock
Bore Diameter in Cyl inder Block for Lower Thrust

Washer
Wid th  o f  Groove in  Upper  Thrus t  Co l la r
Upper  Thrus t  Co l la r  Sea l ing  R ing  Th ickness  . . .
Clearance of Sealing Ring in Groove
Inner  D iameter  o f  Bush in  Fue l  Pump Adaptor  P la te
Upper  D iameter  o f  Fue l  Pump Dr ive  Shaf t
Clearance of Drive Shaft in Adaptor Plate Bush ..
Inner  D iameter  o f  Upper  Thrus t  Co l la r
Clearance of Drive Shaft in Upper Thrust Collar
Cur ren t  Eng ines : -
Lower Thrust Collar Bore for Bush . .
Outer Diameter of Bush
In ter fe rence F i t  o f  Bush in  Thrus t  Co l la r
Inner  D iameter  o f  Bush (a f te r  f in ish ing  in  s i tu )
Lower Diameter of Fuel Pump Drive Shaft

TECHNICAL DATA

0 0021 /0 0053 in (0,05/0,13 mm)
1.937 5/ 1.9397 irn (49,21 / 49,27 mm)
0.001/0 .0042 in  (0 ,025/0 ,11  mm)

1.4086/1 .4105 in (35,78135,83 mm)
1.4063/1.4076 in (35,72135,75 mm)
0.001/0 .0042 in  (0 ,025/0 ,  11  mm)
1 25 /1  .2519 in  (31 ,75131,80  mm)
0.001/0 .0039 in  (0 .025/0 ,10  mm)

0. 1 875/0. 1 905 in (4,7 6/ 4,84 mm)
O.1 84/ O.1 87 in (4,67 / 4,7 5 mm\
2 806/2 812in (71,27/71,42mm)
2.81 25/2.8225 in (7 1,44/7 1,69 m m )
0 .0005/0 .007 in  (0 ,01 /0 ,17  mm)
0.193/0 .1965 in  (4 ,9 /4 ,99  mm)
0.0025/0.009 in (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/BB,B5 mm)
0.002/0.0054 in (0,05/0, 1 4 mm)

2.2491/2  2499 in  (57 ,13 /57 ,15  mm)
0 0957/0.0967 in (2,43/2,46mm)
0.0928/0.0938 in (2,36/2,38 mm)
0.0019/0 .0039 in  (0 ,05 /0 ,10  mm)
1.87 5/ 1 .87 66 in (47,63/ 47,67 mm)
1.87 1 4/ 1 .87 3 in (47,53/ 47,57 mm)
0 002/0 0052 in (0,05/0,13 mm)
1886/1  .Bg in  (47 ,90 /48 ,01  mm)
0.013/0 .0186 in  (0 ,33 /0 .47  mm)

1 7812/1  7B2Bin
1 7843/1.7857 in
0.0015/0.0045 in
1 6255/1 6266in
1 6214/1 6224in
0 .0031/0 .0052 in

(45,24/45,28mm)
(45,32/45,36mm)
(0 ,0410,11  mm)
(41 ,29/41,32 mm)
(41,18/41,22 mml
(0 ,08 /0 ,13  mm)

B9

Clearance o f  Shaf t  in  Bush
Ear ly  Eng ines : -
Inner  D iameter  o f  Lower  Thrus t  Co l la r
Lower  D iameter  o f  Fue l  Pump Dr ive  Shaf t
C learance o f  Dr ive  Shaf t  in  Co l la r

Sump
Sump Capacity (typical)
Min imum to  Max imum mark  on  D ips t ick
St ra iner  Pos i t ion

Oi l  Pump
Type

Oil  Pump Clearance
l nner  Rotor  to  Outer  Rotor
Outer  Rotor  to  Pump Body
Inner  and Outer  Rotor  End C learance
For  rep lacement  purposes ,  the  who le  pump assembly  must

Reliel  Valve
First Stage Pressure Sett ing (T6 3544 only)
Relief Flow Pressure Sett ing
Length  o f  P lunger

1 -625/ 1 6266 in (41,28/ 41,32 mm\
1.6214/1.6230 in (41 ,18/41 ,22mm)
0.002/0.0052 in (0,05/0,13 mm)

26 lmper ia l  P in ts  (14 ,8  L i t res)
5  lmper ia l  P in ts  (2 ,84  L i t res)
Suct ion  P ipe  o f  Lubr ica t tng  Oi l  Pump

Rotor

0.003/0.005 in (0,08/0,13 mm)
0.006/0  013 in  (0 ,15 /0 ,33  mm)
0.0005/0 .0025 in  (0 ,01 /0 ,06  mm)

be replaced.

Outs ide  D iameter  o f  P lunger  . . .
Ins ide  D iameter  o f  Va lve  Hous inq  Bore
Clearance o f  P lunger  in  Bore
Free Length of Spring

30 / 37 lbt / in2 (2,1 1 / 2,6 kgf / cm,) 2O7 / 255 kN / m,
50/60 | bf / i  n, (3,52/ 4,22 k gf /cm,) 348 / 41 4 kN / m,
0 .9375 in  (23 ,81  mm)
0 7158/0  717 in  (18 ,18 /18 ,21  mm)
0.7 1 8/0.7 1 92 in (1 8,24/ 1 8,27 mm)
0.001/0.0034 in (0,03/0,09 mm)
2.3125in (58,74 mm)
2.1875 in  (55 ,56mm) a t  3 lb f  8oz f  (1 ,58kgf )Spring Fit ted Length and Load



By-Pass Valve Sett ing

Cooling System
Type
Coolant Capacity

Thermostat
Type
Opening Temperature
Fu l ly  open a t
Valve Lif t  0.374/0 500 in (9,50/12,70 mm)

Water Pump
Type Cent r i f  uga l
Outside Diameter of Shaft for Pul ley ..  0.8742/0.8747 in (22,20/22,22mm)
lnside Diameter of Pul ley Bore 0.8750/0.8758 in (22,23/22,25mm)
Clearance Fit  of Pul lev on Shaft 0 0003/0 00.16 in (0,01/0,04 mm)
Outs ide  D iametero f  Shaf t fo r  lmpe l le r  . .  0 .5012/0  5018 in  (12 ,73 /12 ,75mm\
Diameter  o f  lmoe l le r  Bore .  0  5000/0 .5007 in  (12 ,7O/12,72mm')
In tederence F i t  o f  lmpe l le r  on  Shaf t  0  0005/0 .0018 in  (0 ,013/0 ,046 mm)
lmpe l le r  B lade to  Pump Body C learance . .  0 .01  1 /0  035 in  (0 ,2810,89  mm)

( i n c l u d i n g  e n d  f  l o a t )

Approved Fuel Oil Specifications
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Lubricating Oil Filter
Type o f  F i l te r
Element Type

United Kingdom BS. 2869:1983
United States VV-F-800C

A.S.T .M. /D975-817
France AFNOR N.F.M. 15/007 (1978)
Ind ia  15 :1460/1974
Germany DIN-51601 (1978)
Italy CUNA-Gas Oil

NC-630-01 (1977)
S w e d e n  5 1 5 . 1 5 5 4 3 2 ( 1 9 8 1 )
Switzerland SN 181 160/1

Method o f  Dr ive
Delivery Pressure
Diaphragm Spr ing  Co lour  Red

Fuel Fi l ter
Type
Element Type

Fuel Inject ion Pump
Make
Type
Pump Rotation
T iming  Le t te r
No.  1  Cy l inder  Out le t

Make
Type
Pump Rotation
No.  1  Cy l inder  Out le t  D

6 3544 Series Workshop l\y'anual, January '1 986

Ful l  F low Rep laceab le  Can is te r
Paper
B/12lbt/ in2 (0,56/0,8a kgf/cm'?) 55/83 kN/m'?

Thermo-Syphon.  Pump ass is ted .
38  lmper ia l  P in ts ,  (2 .1  ,6  l i t res )

Twin  Wax Capsu le  f i t ted  in  para l le l
177 /183" F (80,6/83,9" C)
1 99 -204" F (93 -96' C)

Class 41 or A2
Grades DF-A, DF-1 or DF-2
Grades DF-A, DF-1 or DF-2

Grade HSD

A C  D e l c o X D S e r i e s
Eccent r i c  on  Camshaf t
6/10lbf / in '? (0,43/0,70 kgf/cm'?) or 41169 kN/m'?

Twin Paral lel or single
Paper

C A V
D , P  A
Ant i -c lockwise

a

"x"

Bosch
Rotary
Ant i -c lockwise

Fue l  o i l s  ava i lab le  in  te r r i to r ies  o ther  than those l i s ted  above wh ich  are  to  an  equ iva len t  spec i f i ca t ion  may be  used

Fuel Li f t  Pump
Type o f  Pump
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Fuellnjection Pump Static Checking Angles
The relevant timing information can be found by reference to the prefix letters or prefix letters and figures of the setting code adjacent
to the word "Set" on the fuel pump identification plate and the table below. The engine checking angle is for use with timing tool MS67B
and the engine set with No. 1 piston at TDC compression stroke.

Prefix
Letters
T6.3544
C.A.V. pumps

CY
DY
JY
LX
LY
MY
TX
VR
XX
YX
zx

Bosch pumps

EY (121 -2)

FY (121 -3)

KY (11 07)
VX (121 or 173)

6.3544

C.A V. pumps

AY
BY
EX
FX
GY
HY
M R
MX (except below)
MXt412640
MX/512420trom

eng. no.728207L
MX/5/2530
PX
SX
WR
WX

6.3724

Engine Checking
Angle (Degrees)

l c J

t o u

1 5 9

1 5 3
t 5 v

1 5 9
1 5 9
1 5 9
1 6 0
1 5 9

1 35.
1 35.
123.
1 35-

Fuel Pump Marking Static Timing
Angle(Degrees) BTDC(Degrees)

Piston
Displacement

0 .124 in  (3 ,15mm)
0.485 in  (12 ,32mm)
0.426 in  (10 ,82mm)
0.426 in  (10 ,82mm)
O.124 in  (3 ,15mm)
O.426 in  (10 ,82mm)
0.426 in  (10 ,82mm)
0.426 in  (10 ,82mm)
0,426 in  (10 ,82mm)
0.483in (12,27mm)
0.426 in  (10 ,82mm)

0.175 in  (4 ,45mm)
0.1  1  0  in  (2 ,79  mm)
0.049 in  (1 ,24mm)
0 . 1 2 4 i n  ( 3 , 1 5 m m )

t b u

t o u

1 6 0
1 6 0
t o z

t o z

1 5 8
1 6 0
1 6 1

1 5 9
1 6 1
1 6 0
1 6 1
1 6 0
157

1 4 5
144
144
144
1 4 5
144
144
144
144
144
144

1251/2.
1271/2.
1  1 8 -
127-

1 4 6
1 4 6
1 4 6
146
1 5 4
154
144
1 4 6
1 4 6

1 4 6
1 4 6
t + o

1 4 6
146
144

t o

32
J U

30
t o

30
30
30
30
32
JU

1 0

t 3

1 0
t o

28
28
28
28
t o

t o

zo

28
30

zo

30
28
30
28
26

0.373in (9,47mm)
0.373in (9,47mm)
0.373 in  (9 ,47mm)
0.373in (9,47mm)
0 . 1 2 5 i n  ( 3 , 1 8 m m )
0 . 1 2 5 i n  ( 3 , 1 8 m m )
0.373in (9,47mm)
0.373in (9,47mm)
0.426 in  (10 ,82mm)

0.325in (8,26mm)
0.426 in  (10 ,82mm)
0.373 in  (9 ,47mm)
0.426 in  (10 ,82mm)
0.373 in  (9 ,47mm)
0.325 in  (8 ,26mm)

SX 1 61 146 30 0 426 in (1 0,82 mm)

" The sett ings given for the Bosch fuel pumps are with the pump set at 1 mm plunger l i f t .  l t  is important that these pumps are not f i t ted
at the stat ic t iming posit ions given for the CAV pumps. The code given in brackets is stamped on the side of the pump.

6,3544 Series Workshop Manual, May'85
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Atomisers
Code Holder

FL
FN
G D

BKBL67S5299
BKBL6755299
BKBL67S5299

or
oKLL67S2931
BKBL67S5299
BKBL67S5299
KBEL62S9/1 3
BKBL67S51 51

KBEL64521
LR86701 4.

or
OKLL66M2884

LR867014.
BKBL67S5299

LR86701 4.
or

OKLL66M2BB4
BKBL6735299

or
oKLL6752931

LR867014.
or

oKLL66M2884
KBEL641 1 6

oKLL62M31 36
oKLL67S2929
BKBL67S51 51

Nozzle

BDLLl 5056673
BDLLl 50S6639
BDLLl 5OS673O

or
oLLl 5056730
BDLLl 5056737
BDLLl 5056738
DLLAl 505741
BDLLl 5OS673O
DLLAl 40S827

JB6801 01 4
or

oLLl 50M8575
JB6801 01 9

BDLLl 35S6834

J86801 01 4
or

oLLl 50M8575
BDLLl 5OS673O

or
oLLl 5056730

J86801 01 I

DLLAl 40P44
oLLl 30M9027
oLLl 5057574
BDLLl 5056329

210 3087
210 3087
275 4042
175 2572
250 3675
245 3601

230 3381
215 3160

225 3307

215 3160

(21,3) 21O
(21,3)  210
(27,9) 275
(17,7)  170
(25,3) 25O
(24,8) 245

3087 (21,3)
3087 (21,3)
4042 (27,9)
2500 (17,2)
3675 (25,3)
3600 (24,8)

Setting Pressure Working Pressure
atm lbilin2 (MN/m'z) atm lbf/in2 (MN/mr)

215 3160 (21,8) 20O 2940 (20,3)
210 3087 (21,3) 195 2866 (19,8)
215 3160 (21,8) 200 2940 (20,3)

u u

G H
G K
GL

I G X
HC

H E
H K

I H P
I
I
I H S
I
l H r

(23,3)
(21,8)

(22,8)

230 3381 (23,3)
215 3160 (21 ,8)

225 3307 (22,8)

(21,8) 2O0 2940 (20,3)

(20,3) 2o0 2940 (20,3)200

12or 24volt

Lucas
17ACR 17ACR 18ACR A115

(derated)
12V 12V 12V 12V
284 35A 45A 45A

c.A.v. ".
ACs&ACsR ACs&ACsR

12V 24V
604 30A

2940

250 3675
250 3675
250 3675
175 2572

RA
RB
VU

LUCaS
M50 M12712,8
12V 12V

0.0017f) 0.0017c)
1 0  1 0

c.A.v.
cA45
12V

0.0017c)
1 0

C.A.V. - Thermostart
12.5/13.5A at  1 1.5V
3,5/5,0 ml/min

A133/55 25ACR

12V 12V
s5A 654

Perkins
LR1 35

12V
354

cA45
24V

0.0034c)
1 0

367s (25,3)
3675 (25,3)
3307 (22,8)
2500 (17,2)

A133/65

12V
65A

LR1 50
12V
50A

Perkins
s12-84

12V
0.0017c)

1 0

(25,3) 250
(25,3) 250
(25,3) 225
(17,7)  170

. In these atomisers the pressure is adjusted by a change of shims.

Electrical System
Alternator

I Make
I TYPe

I
I Voltage

Max. output (hot)
Make
Type
Voltage
Max. output (hot)

I
I Starter motor

I vut"
' T v p e
I vottug"
I Starter cable resistance
I No. of teeth on pinion

Starting Aid
Make
Maximum Current Consumption
Flow Rates through Thermostart

6 3544 Series Workshop Manual, May'85.



SERVICE WEAR LIMITS
The fol lowing "wear l imits" indicate the condit ion when i t  is
reolaced.

TECHNICAL DATA 813

recommended that the respective i tems should be serviced or

Cyl inder Head Bow Transverse
Long i tud ina l

Max imum Bore  Wear
(when new l iners are necessary)

Crankshaf t ,  Ma in  and B ig  End Journa l ,
Ovali ty and Wear

Maximum Crankshaft End Float
Valve Stem to Guide Bore Clearance, Inlet

Exhaust
Valve Head Depth below Cylinder Head Face
Rocker Clearance on Rocker Shaft
Camshaft Journals, Ovali ty and Wear
Camshaft End Float
ld le r  Gear  End F loa t

0 .005 in  (0 ,13  mm)
0.010 in  (0 ,25  mm)

0.008 in  (0 ,20  mm)

0.0015 in  (0 ,04  mm)
0.020 in  (0 ,51  mm)
0 . 0 0 5  i n  ( 0 , 1 3  m m )
0.006 in  (0 ,15  rnm)
0 . 0 6 0  i n  ( 1 , 5 2  m m )
0 . 0 0 5  i n  ( 0 , 1 3  m m )
0.002 in  (0 ,05  mrn)
0 .021 in  (0 ,53  mm)
0 . 0 1 5  i n  ( 0 , 3 8  m m )

6 3544 Series workshop Manual, lssue 2, June'82





Operating and
SECTION C
Maintenance



OPERATING AND MAINTENANCE C2

To start the engine
There are several factors which affect engine start, for
example:

The power of the batteries.
Performance of the starter motor.
Viscosity of the lubricating oi l .
Instal lat ion of a cold start system.

Diesel engines need a cold start ing aid when they are ro
operate in v.ery cold condit ions. Your vehicle wil l  r iormally
be f i t ted with the correct equipment for your area of
operation.
Different systems of cold start ing aids can be instal led on
Perkins diesel engines and they are:

Thermostart
An electr ical ly operated device which heats the induction
air.  This device burns a control led amount of diesel fuel.
Start Pilot
A hand pump discharges the cold start f luid into the
induction manifold through an atomiser, The cold start f luid
is held in a separate reservoir.
KBi
The cold start f luid is held in an aerosol container. l t  is
1e]egpe{ !y a. push bu.tton operated solenoid and sprayed
into the induction manifold by anozzle.
WARNING
KBi,or. Start Pi lot equipment must not be used with heat type
cold start ing aids such as Thermostart.

Engine start procedure, without cold
start ing aids.
1. Adjust the engine speed control to the maximum speed

oosrlron.
2. Turn the start key to the'S' (start) posit ion, (see Fig. C1)

to engage the starter motor.
3. As soon as the engine starts, release the start key to the'R ' ( run)  pos i t ion .
4. Adiust the engine speed control.
5. l f  the engine does not start in 15 seconds, release the

start key to the 'R' posit ion. Do not enqaqe the starter
motor again unti l  1 0 to 1 5 seconds have passed.

Always ensure that the f lywheel and starter motor have
stopped their rotat ion before the starter motor is engaged
again.

Engine start procedure with Thermostart.
1. Where a separate stop control is instal led, ensure i t  is in

the 'R '  ( run)  pos i t ion .
2. Turn the start key to_the 'H' (Heat) posit ion, (see Fig. C1)

and hold i t  there for 20 seconds.
3. Adjust the engine speed control to the maximum soeeo

posit ion.

4. Turn the start key to the 'HS' (Heat/Start) posit ion to
engage the starten motor. As the engine starts, retease
the start key to the 'R' (run) posit ion and adjust the
engine speed control to give a smooth idle speed.

5. l f  the engine does not start in 15 seconds, return the
s tar t  key  to  the 'H 'pos i t ion  fo r  10  seconds and then
engage the starter motor agatn.

Engine start procedure with Start Pi lot
The Start Pi lot hand pump must not be used unti l  the starter
motor is engaged.
Experience wil l  show how much f luid is needed for each
engine start.
1. Where necessary, charge the reservoir with f luid. Raise

the cover of the reservoir,  press the can, head down on
the.f i l ler plug and hold squarely unti l  f luid f i l ls the bowl up
to the maximum mark.

2. Adiust the engine speed control to the maximum speed
oosrlron.

3. Engage the starter motor for a maximum of 30 seconos
and operate the Start Pi lot pump during this period.
Adjust the engine speed control.

4. l f  the engine does not start during the f irst 30 seconds,
disengage the starter motor for another 30 seconds and
then engage the starter motor again and operate the
Start Pi lot hand pump.

The air f i l ter at the outer end of the pump must be inspected
from t ime to t ime and i f  necessary i t  must be washed in
Kerosene.
Thin lubricating oi l  can be applied to the pump cyl inder.
The nozzle in the induction manifold can be removed and
washed in kerosene, when necessary.
WARNING
Start Pi lot equipment must not be used with heat type cold
start ing aids such as thermostart

Engine start procedure with KBi
1. Where necessary, renew the screw type canister. A

safety valve is integral with the container.
2. Adiust the engine speed control to the maximum speed

posrlron.
3. Engage the starter motor.
4. Press the KBi button for a maximum of 2 seconds. As the

engine starts, adjust the engine speed control to give a
smooth idle soeed.

5. l f  the engine does not start after the f irst 2 seconds al low
5 seconds to pass and then press the KBi button for a
maximum period of 2 seconds with the starter motor
engageo.

WARNING
KBi equipment must not be used with heat type cold start ing
aids such as Thermostart.

Stopping the Engine
A spring loaded control is located near the normal
engine controls and functions by cutt ing off the fuel in
the fuel inject ion pump.

To operate, pul l  the "stop" control and hold unti l  the
engine has completely stopped rotat ing Ensure the stop
returns to i ts "run" posit ion otherwise dif f iculty may
be experienced in re-start ing the engine.

Return switch to the "O" positron.

Where  an  eng ine  is  f i t ted  w i th  an  e lec t r i ca l l y  opera ted
so leno id ,  the  s top  bu t ton  or  sw i tch  shou ld  be  opera ted
unt i l  the  eng ine  has  s topped.

Thermostart Failure
In the event of dif f icult  start ing, check that fuel is
reaching the start aid in the induction manifold by
disconnecting the fuel pipe.

l f  fuel is reaching the start aid satisfactori ly, check
that the start aid is functioning by disconnecting the
piping at the induction manifold and watching the
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cold start aid whilst i t  is being used. When the switch
is  tu rned to  "H"  (heat )  pos i t ion ,  the  e lement  shou ld
become red hot, and on engagement of the starter motor,
i t shou ld  burs t  in to  f  lame
Where a thermostart unit  has to be replaced, care musr
be taken not to exceed the torque load as given on
Page B.2. Excessive torque loading can crack the
insulat ing adaptor causing an electr ical short and hard
start i  n g characterist ics

To prevent thermostarl  damage, i t  is essential that the
thermostart is not operated dry After any operation which
al lows fuel to drain from the thermostari  feed pipe, the
pipe must be disconnected at the thermostart arid al l  air
bled from the pipe before the thermostart is operated.

The TO 3544 and 6.3544 engine is f i t ted with eff icient
co ld  s ta r t ing  equ ipment  and no  respons ib i l i t y  can  be
accepted for any damage caused by unauthorised
start ing aids

T6.3544 ENGINES ONLY
Operat ing the Engine-Vehicle
Appl icat ions
I t  i s  essent ia l  to  ma in ta in  a  reasonab ly  h igh  eng ine
speed r,vhen cl imbing a gradient owing to the power
characterist ics of the turbocharged T6 3544 engine.

Do not overload the engine at low engine speed

Before the engine becomes overloaded, change gear
to increase engine speed

PREVENTIVE MAINTENANCE
These preventive maintenance periods are general in applica-
tion. Check the periods given by the manufacturer of the
equipment in which the engine is instal led and, where neces-
sary, use the shorter periods. These periods and procedures
must also be adapted to ensure correct operation for any local
vehicle or machine regulat ions.

On stop/start short distance operation the hours run are more
important than the distance

It is good maintenance to check for leakage and loose
fasteners at each service interval.

These maintenance periods are only for engines that are
operated with fuel and lubricating oil to the specifications
given in this manual.

Schedules
The schedules which fol low must be done at the interval
(ki lometres, miles, hours or months) which occurs f irst.

Daily or every 8 hours
Check amount of coolant.

Check amount of lubricating oi l  in the sump.

Check lubricating oi l  pressure (where a gauge is instal led).

In extreme dust condit ions, clean dust bowl of air f i l ter (where
fitted),

Every 7500km (5,000 miles), 250 hours or 4
months
Renew the lubricating oi l .

Renew the lubricating oil filter canister/s.

Clean the air cleaner, or empty the dust bowl of the air f i l ter.

Insoect the drive belt.
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Check for water in the fuel pre-filter (where fitted) and drain as
necessary.

Clean the compressor air filter (if fitted).

Every 15000km (10,000 miles),500 hours or
12 months
Clean the l i f t  pump gauze strainer.

Clean or renew the air f i l ter element ( i f  not indicated earl ier).
Renew element of single element f inal fuel f i l ter.

Every 30000km (20,000 miles), 1,000 hours
Renew the elernents of double element final fuel filter.
Clean the turbocharger impeller and casing, and the lubricat-
ing  o i ld ra in  p ipe .

Every 90000km (60,000 miles) 2,500 hours
Have the accessory equipment (starter motor, alternator,
exhauster, etc.) checked.

Check and, if necessary, adjust the valve tip clearances.
Have the atomisers checked.
Renew the closed circuit breather element (naturally aspi-
rated engines only).

Air Gharge Cooler (remote)
To maintain maximum etficiency, the cooler radiator fins
should be checked periodically to ensure that no foreign
matter is obstructing the flow of air.

Under no circumstances should the radiator be "muffed" or
"blanked off" in an attempt to raise the temperature in the
driver 's cab because this wil l  impede the f low of air through
the charge cooler.

Post Delivery Service
The service procedures given below must be done at the first
800/1600km (500/1 ,000 miles), 25150 hours of operation.

1. Run the engine unti l  i t  is warm. Stop the engine and drain
the lubricating oi l  from the sump. Fi l l  the sump to the "ful l"
mark on the dipstick with clean new lubricating oil to an
approved grade.

2. Renew the canister of the lubricating oi l  f i l ter.

3. Adjust the valve tip clearances (see page E.4).

4. Check the tension of the alternator/water pump drive belt.

5. Check that all fasteners are tight.

6. Run the engine and check for fuel,  coolant and lubricating
oi l  leakage.

7. lf necessary, get a trained person to adjust the idle speed.
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Protection of an Engine not in Service
The recommendat ions  g iven be low are  to  ensure  tha t
damage is  p revented  when an  eng ine  is  removed f rom
serv ice  fo r  an  ex tended per iod .  Use these proceoures
immedia te ly  the  eng ine  is  removed f rom serv ice  The
ins t ruc t ions  fo r  the  use  o f  POWERPART produc ts  a re
g iven on  the  ou ts ide  o f  each conta iner

1 .  Thorough ly  c lean the  ou ts ide  o f  the  eng ine
2.  Where  a  p reserva t ive  fue l  i s  to  be  used,  d ra in  the

f  ue l  sys tem and f  i l l  w i th  the  preserva t ive  f  ue l
POWERPART Lay-Up 1  can be  added to  the
normal  fue l  to  change i t  to  a  p reserva t ive  fue l  l f
p reserva t ive  fue l  i s  no t  used,  the  sys tem can be
kept  charged w i th  normal  fue l  bu t  th is  w i l l  have ro
be dra ined and d iscarded a t  the  end o f  the  s roraoe
per iod  together  w i th  the  fue l  f i l te r

3 .  Run the  eng ine  un t i l  i t  i s  warm Cor rec t  any  fue l ,
lubr ica t ing  o i l  o r  a i r  leakage.  S top  the  eng ine  and
dra in  the  lubr ica t ing  o i l  sump

4 Renew the  lubr ica t ing  o i l  f i l te r  can is te r

5  F i l l  the  sump to  the  fu l l  mark  on  the  d ips t i ck  w i th
c lean new lubr ica t ing  o i l  o r  w i th  a  cor rec t
preserva t ive  f lu id .  POWERPART Lay-Up 2  can be
added to  the  lubr ica t ing  o i l  to  g ive  pro tec t ion
aga ins t  cor ros ion  dur ing  the  per iod  in  s to rage.  l f  a
preserva t ive  f lu id  i s  used,  th is  must  be  dra ined and
normal  lubr ica t ing  o i l  used when the  eng ine  is
re tu rned to  serv ice .

6 .  Dra in  the  coo l ing  sys tem,  see Page C 5 .  To  g ive
pro tec t ion  aga ins t  cor ros ion ,  i t  i s  be t te r  to  f i l l  the
coo l ing  sys tem wi th  a  coo lan t  tha t  has  a  cor ros ion
inh ib i to r ,  see  'Eng ine  Coo lan t '  on  th is  page l f  f ros t
p ro tec t ion  is  needed,  use  an  an t i f reeze mix tu re .  l f
no  f ros t  p ro tec t ion  is  needed,  use  water  w i th  an
approved cor ros ion  inh ib i to r  mix tu re .

7 .  Run the  eng ine  fo r  a  shor t  per iod  to  send the
lubr ica t ing  o i l  and  coo lan t  a round the  eng ine

8 C lean ou t  the  eng ine  brea ther  p ipe  and sea l  the
end o f  the  p ipe .

9 .  Remove the  a tomisers  and spray  POWERPART
Lay-Up 2  in to  each cy l inder  bore .  l f  th is  i s  no t
ava i lab le ,  c lean eng ine  lubr ica t ing  o i l  w i l l  g ive  a
degree o f  p ro tec t ion  Spray  in to  the  cy l inder  bores
140ml  (1 /4  p in t )  o f  lubr ica t ing  o i l  d iv ided even ly
between the  s ix  cy l inders

10 SIowly  tu rn  the  c rankshaf t  one revo lu t ion  and then
ins ta l l  the  a tomisers  comple te  w i th  new sear
washers

1  1  Remove the  a i r  f i l te r  and any  p ipe  ins ta l led
between the  a i r  f i l te r  and induc t ion  man i fo ld .  Spray
POWERPART Lay-Up 2  in to  the  induc t ion
mani fo ld .  Sea l  the  man i fo ld  w i th  waterproo f  tape.

12  Remove the  exhaust  p ipe  Spray  POWERPART Lay-
Up 2  in to  the  exhaust  man i fo ld .  Sea l  the  man i fo ld
with waterproof tape

13 Remove the  lubr ica t ing  o i l  f i l l e r  cap  Spray
POWERPART Lay-Up 2  around the  rocker  shaf t
assembly .  F i t  the  f i l l e r  cap .

14 .  D isconnect  the  ba t te ry  and pu l  i t  in to  sa fe  s to rage
in  a  fu l l y  charged cond i t ion .  Before  the  ba t te ry  i s
pu t  in to  s to rage,  g ive  the  ba t te ry  te rmina ls  a
pro tec t ion  aga ins t  cor ros ion .  POWERpART Lay-Up
3 can be  used on  the  te rmina ls .

15 .  Sea l  the  vent  p ipe  o f  the  fue l  tank  or  the  fue l  f i l l e r
cap w i th  waterproo f  tape.

16 .  Remove the  fan  be l t  and pu t  i t  in to  s to rage.

17 .  To  prevent  cor ros ion ,  spray  the  eng ine  w i th
POWERPART Lay-Up 3  Do no t  spray  ins ide  the
a l te rna tor  coo l ing  fan  area .

N O T E :
Before  the  eng ine  is  s ta r ted  a f te r  a  per iod  in  s to rage,
opera te  the  s ta r te r  motor  w i th  the  eng ine  s top  cont ro l  in
the  'o f f '  pos i t ion  un t i l  o i l  p ressure  shows on the  o i l
p ressure  gauge or  the  o i l  warn ing  l igh t  goes  ou t  l f  a
so leno id  s top  cont ro l  i s  used,  th is  w i l l  have to  be
d isconnected  fo r  th is  ooera t ion

l f  the  eng ine  pro tec t ion  is  done cor rec t ly  accord ing  to  the
above recommendat ions ,  no  cor ros ion  damage w i l l
normal ly  occur .  Perk ins  Eng ines  L td .  a re  no t  responsrb le
fo r  any  damage tha t  occurs  in  re la t ion  to  a  serv ice
s torage per iod .

Engine  Coo lan t
The qua l i t y  o f  the  coo lan t  used can have a  la rge  e f fec t
on  the  e f f i c iency  and l i fe  o f  the  coo l ing  sys tem.  The
recommendat ions  g iven be low can be  o f  ass is tance in
the  main tenance o f  a  good coo l ing  sys tem wi th  f ros t
and/or  cor ros ion  pro tec t ion

1 Where  poss ib le ,  use  c lean so f t  water

2 .  Where  f ros t  p ro tec t ion  is  no t  necessary ,  i t  i s  s t i l l  an
advantage to  use  an  approved an t i f reeze mix tu re
(see 3  be low)  as  th is  g ives  a  p ro tec t ion  aga ins t
cor ros ion  and a lso  ra ises  the  bo i l ing  po in t  o f  the
coo lan t  A  min imum concent ra t ion  o t  25% by  vo lume
of  an t i f reeze is  necessary ,  bu t  i t  i s  our
recommendat ion  tha t  33% concent ra t ion  bv  vo lume
i s  u s e d .

l f  an  an t i f reeze is  no t  used,  add a  cor rec t  cor ros ion
inh ib i to r  mix tu re  to  the  water .  The mix tu re  o f
add i t i ves  g iven be low has  been found to  g ive  good
resu l t s .

Sod ium Benzoate
Sod ium Ni t r i te
Benzot r iazo le
pH (ac id /a lka l ine)  Cont ro l  Add i t i ve

Change the  water /cor ros ion  inh ib i to r  mix tu re  every
s ix  months  or  check  accord ing  to  the  inh ib i to r
manufac turer ' s  recommendat ions

NOTE:  Some cor ros ion  inh ib i to r  mix tu res  conta in
so lub le  o i l  wh ich  can have an  adverse  e f fec t  on
some types  o f  water  hose.

3 .  l f  an  an t i f reeze mix tu re  i s  used to  p revent  f ros t
damage,  i t  must  have an  e thy lene g lyco l  (e thaned io l )
base.  An an t i f reeze tha t  iS  to  one o f  the  s tandards
g iven be low or  to  an  equa l  s tandard  is  acceptab le  i f
the  pH va lue  is  kept  w i th in  the  range o f  7 .0 -8  5  when
d i l u t e d .

U . K . ,  8 S 3 1 5 1 : 1 9 5 9  - ' E t h a n e d i o l  A n t i f r e e z e  T y p e  B
wi th  Sod ium Benzoate  and Sod ium Ni t r i te  Inh ib i to rs '
U .S.A. ,  ASTMD3306-74 -  'E thy lene Gtyco t  Base
Eng ine  Coo lan t ' .
A u s t r a l i a ,  A S 2 1 0 8 - 1 9 7 7  - ' A n t i f r e e z e  C o m o o u n d s
and Cor ros ion  Inh ib i to rs  fo r  Eng ine  Coo l ing
Svs tems ' .

1 0 - 1 5  g r a m m e / l i t r e
1-2  gramme/ l l t re
0 .5  g ramme/ l i t re



Lowest
temperature of

Protection
Needed

- 1 2 ' C  (  1 0 ' F )
-18 'C (  0 "F)
-2s 'c  ( -  13 'F)
-37 'C ( -34"F)
-60 'c  ( -76 'F)

When Perk ins  POWERPART Ant i f reeze is  used,  the
correct mixtures of anti freeze and water are as given
be low.  Perk ins  POWERPART Ant i f reeze fu l l y  passes
the above standards.

Mixture Ratio
by Volume

% Volume of  POWERPART
POWERPART Antifreeze:

Antifreeze Water
2 5  1 : 3
3 3  1 : 2
4 0  1 : 1 . 5
5 0  1 : 1
66  2 :1
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not f i t ted to the radiator, disconnect the bottom
radiator hose.

l f  an oi l  cooler is f i t ted, drain the coolant from it  by
removing the drain pluig from the end cap of the cooler
(Section L).

Where necessary, flush the system with clean water.

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

l f  the engine is to be left  drained during freezing condi-
t ions, remove one of the coolant hose connections at the
cooler and insert 0.5 U.K. pints (250m1) of undi luted
antifreeze into the cooler.

c.2

NOTE:
When draining or f i l l ing the cool ing system of a T6 3544CC
engine ( integral induction manifold and air charge cooler) the
vent plug on the outlet connection of the cooler should be
removed (see Fig. C.2) and the plug replaced when the
system has been f i l led.

6 .

7 .

The qua l i t y  o f  the  an t i f  reeze coo lan t  must  oe
checked at least once a year, for example, at the
s tar t  o f  the  co ld  per iod .

l f  the correct procedures are not used, Perkrns
Eng ines  L td .  cannot  be  he ld  respons ib le  fo r  any  f ros t
o r  cor ros ion  damage.

To Drain the Cooling System
1.  Ensure  tha t  the  veh ic le  o r  mach ine  is  on  leve l

g round.

2 .  Remove the  rad ia to r  f i l l e r  cao .
3 .  Remove the  dra in  p lug  f rom the  s ide  o f  the  cy l inder

b lock  to  d ra in  the  eng ine .  Ensure  tha t  the  dra in  ho le
does not have any restr ict ion.

4 .  Open the  tap  or  remove the  dra in  p lug  a t  the  bo t tom
of  the  rad ia to r  to  d ra in  the  rad ia to r .  l f  a  tap  or  p lug  is
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SECTION D
Fault Finding



FAULT FINDING

Fault  Finding Chart

FAULT

Low cranking speed

Wil l  not start

D i f f i cu l t  s ta r t ing

Lack of power

Mis f i r ing

Excessive fuel consumption

Black  exhaust

Blue/white exhaust

Low oi l  pressure

Knock ing

Er ra t i c  runn ing

Vibra t ion

High  o i l  p ressure

Overheat ing

Excessive crankcase oressure 25,  31 ,  33 ,  34 ,  45 ,  55 ,  64

Poor compression

Starts and stops 1 0 ,  1 1 ,  1 2 .

Key to Fault Finding Chart
1. Battery capacity low.
2. Bad electr ical connections
3 Faulty starter motor.
4 .  Incor rec t  g rade o f  lubr ica t ing  o i l .
5. Low cranking speed
6 Fue l  tank  empty .
7 Faulty stop control operation
8. Blocked fuel feed pipe.
9 .  Fau l ty  fue l  l i f t  pump

10.  Choked fue l  f i l te r .
11 .  Res t r i c t ion  in  induc t ion  svs tem.
12. Air in fuel system.
13.  Fau l ty  fue l  in jec t ion  pump.
14. Faulty atomisers or incorrect type.
15 .  Incor rec t  use  o f  co ld  s ta r t  equ ipment .
16 .  Fau l ty  co ld  s ta r t ing  equ ipment .
17 .  Broken fue l  in jec t ion  pump dr ive .
18 .  Incor rec t  fue l  pump t im ing .
19 .  Incor rec t  va lve  t im ing
20. Poor compression.
21. Blocked fuel tank vent.
22. Incorrect type or grade of fuel
23. Sticking thrott le or restr icted movement.
24. Exhaust pipe restr ict ion.
25 .  Cy l inder  head gasket  leak ing
26. Overheating.
2 7  C o l d  r u n n i n g .
28 Incorrect tappet adjustment.
29 Sticking valves.
30. Incorrect high pressure pipes.
31 .  Worn  cy l inder  bores .
32 Pitted valves and seats.
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POSSIBLE CAUSE

1 ,  2 ,  3 ,  4 .

5 , 6 , 7 , 8 , 9 ,  1 0 ,  1 2 ,  1 3 ,  1 4 ,  1 5 ,  1 6 ,  1 7 ,  1 8 ,  1 9 , 2 0 , 2 2 , 3 1 , 3 2 , 3 3

5 ,  7 ,  B ,  9 ,  1 0 ,  1 1 ,  1 2 ,  1 3 ,  1 4 ,  1 5 ,  1 6 ,  1 8 ,  1 9 ,  2 0 ,  2 1 ,  2 2 ,  2 4 ,  2 9 ,  3 1 , 3 2 , 3 3

8,  9,  10,  11,  12,  13,  14,  1 8,  1 9,  20,  21,  22,  23,  24,  25,  26,  27,  31,  32,  33,  60,  62,63.

8, 9, 10, 12, 13, 14, 16, 18, 19, 20, 25, 26, 28, 29, 30, 32.

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

1 1 ,  1 3 , ' 1 4 ,  1 6 ,  1 8 ,  1 9 ,  2 0 , 2 2 , 2 4 , 2 5 , 2 7 , 2 8 , 2 9 , 3 1 , 3 2 , 3 3 ,  6 0

4,  1  6 ,  1  B ,  19 ,  20 ,  25 ,  27 ,  31 ,33 ,34 ,  35 ,  45 ,  56 ,  61 .

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

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

7, 8, 9, 1 0, 11, 12, 13, 14, 16, 20, 21, 23, 26,28, 29, 30, 33, 35, 45, 59

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

4 , 3 8 ,  4 1

1 1, 1 3, 1 4, 1 6, 1 8, 1 9, 24, 25, 45, 47, 50, 51, 52, 53, 54, s7.

33 .  Broken,  worn  or  s t i ck ing  p is ton  r ing(s ) .
34. Worn valve stems and guides.
35. Overful l  air cleaner or use of incorrect grade of oi l
36 Worn or damaged bearings.
37  Insu f f i c ien t  o i l  in  sumo.
38. Inaccurate gauge.
39 .  O i l  pump worn
40 Pressure rel iel f  valve st icking open.
41 . Pressure rel ief valve st icking closed.
42. Broken rel ief valve spring.
43 Faulty suction pipe.
44. Choked oi l  f i l ter.
45. Piston seizure/pick up.
46 Incorrect piston height.
47. Damaged fan.
48 .  Fau l ty  eng ine  mount ing  (hous ing) .
49. Incorrectly al igned f lywheel housing or f lywheel.
50 Faulty thermostat
51 Restr ict ion in water jacket.
52 Loose water pump drive belts.
53 Choked radiator

54. Faulty water pump.
| 55. Choked breather pipe/Defective breather vent varve
| (where fitted).
56. Damaged valve stem oil deflectors (if fitted).
57. Coolant level too low.
58. Blocked sump strainer.
59. Broken valve spring.
60. Damaged or dirty turbocharger impeller.
61 . Leaking turbocharger oil seals.
62. Leaking boost control pipe.
63. Leaking induction system.

| 64. Fault in exhauster.
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CYLINDER HEAD E2

To Remove the Cylinder Head
The T6 3544,63544 or 6.3724 cyl inder head is not inter-
changeab le  w i th  any  o ther  6  354 or  T6 .354 eng ine  type
cy l inder  heads

Dra in  the  coo l ing  sys tem.

Disconnect  ba t te ry  te rmina ls .

Remove a i r  c leaner  and t runk ing

Remove exhaust pipe from exhaust manifold (6 3544
eng ines  on ly )

D isconnect  and remove a l l  connect ions  to  the  tu rbo-
charger  and remove the  tu rbocharger ,  see  F ig  E1.
(TO 3544 eng ines  on ly )

Remove e lec t r i ca l  connect ions  to  the  cy l inder
head and induc t ion  man i fo ld .  Remove fue l  p ipe  to  thermo-
s tar t  in  the  man i fo ld

Remove the  water  ou t le t  connect ion .

Remove the  induc t ion  and exhaust  man i fo lds

The fue l  p ipe  f rom l i f t  pump to  fue l  f i l te rs  shou ld  be
removed,  re leas ing  the  c l ip  f rom the  back  o f  the  cy l inder
head.  The fue l  f i l te rs  may a lso  be  removed

Al l  h igh  pressure  p ipes  be tween fue l  in jec t ion  pump and
the  a tomisers  shou ld  be  removed together  w i th  the
atomisers leak-off pipe assembly.

Remove a tomisers ,  see  F ig  E  2

Disconnect the breather pipe from the rocker cover
and cy l inder  b lock  Remove the  brea ther  p ipe

Remove rocker cover and gasket

Release rocker assembly bracket securing setscrews
and l i f t  off  rocker assembly. Remove the push rods

Remove cyl inder head nuts and setscrews in reverse
order  o f  t igh ten ing  sequence,  see F ig .  E .4 .

Note  pos i t ion  o f  d i f fe ren t  leng th  se tscrews,  see F ig .  E  3 .

Remove cv l inder  head
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E . 4

To Fit  the Cyl inder Head
Ensure  the  head face ,  cy l inder  b lock  top  face  and bores
are  c lean and tha t  the  rocker  assembly  o i l  feed  passage
in  the  cy l inder  head is  c lean

Any cy l inder  head s tuds  removed f rom the  cy l inder
b lock  shou ld  be  re f  i t ted  w i th  "Loc t i te "

The cyl inder head gasket f i t ted to the T6 3544 and 6 3544
eng ine  is  no t  in te rchangeab le  w i th  o ther  6 .354 ser ies
eng ines  l t  i s  marked "TOP FRONT"

A d i f fe ren t  cy l inder  head gasket  i s  used on  63724
eng ines  due to  the  la rger  bore  s ize

The cy l inder  head gasket  must  be  f  i t ted  dry  F i t  the  gasket
ensur ing  i t  i s  cor rec t ly  loca ted  over  the  two dowels

Lower  the  cy l inder  head in  pos i t ion  w i thout  d is tu rb ing  the
gasket

L igh t ly  o i l  th reads  o f  cy l inder  head secur ing  s tuds  and
S E I S C T E W S
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See F ig  E  3  fo r  cor rec t  loca t ion  o f  long  and shor t
setscrews

Progress ive ly  t igh ten  the  cy l inder  head secur ing  nu ts
and se tscrews,  numbers  1  to  32  on ly  in  the  order  shown
in  F ig .  E .4  to  1  15  lb f  f t  (15 ,9  kg f  m)  1  56  Nm when co td
where  the  washer  face  is  fo rmed w i th  the  head o f  the
setscrew or  nu t  o r  to  95 lb f  f t  (13 ,1  kg f  m)  i30Nm where
separa te  washers  a re  f i t ted .  Then progress ive ly  t igh ten
the  smal l  se tscrews numbered 33  to  38  in  the  sequence
shown in  F ig ,  E .4  to  28  lb f  f t  (3 ,9  kg f  m)  38  Nm.

Rep lace  push rods .

Renew the  rocker  assembly  feed p ipe  o i l  sea l ,  l i gh t l y
o i l ing  i t s  inner  and ou ter  sur faces ,  and p lac ing  i t  in  the  o i l
f e e d  d r i l l i n g .

Examine and rep lace  the  rocker  assembly ,  ensur ing  tha t
the  o i l  feed  p ipe ,  wh ich  has  a  lead in ,  loca tes  cor rec t ly
in to  the  dr i l l i ng ,  when the  sea l  w i l l  bu t t  aga ins t  the
convo lu t ion ,  see  F ig .  E ,5 .
The rocker assembly securing setscrews, studs and nuts
should be t ightened down progressively from the centre
outwards to a torque of 55 lbf f t  (7,60kgf m) or 75Nm. Set
va lve  c learances  to  0 .008 in  (0 ,20mm) fo r  in le t  va lves  and
0.018 in  (0 ,45mm) fo r  exhaust  va lves ,  eng ine  ho t  o r  co ld ,  as
detai led on Page E.4.
Refi t  atomisers with new copper seal ing washers. Ensure that
a serviceable dust seal is fitted to the atomiser. Earlier dust
seals consisted of a single piece rubber seal, later
arrangements use a two piece dust seal which consists of a
plastic or aluminium spacer and a rubber seal. The spacer
must be f i t ted direct ly under the atomiser f lange with the soft
rubber seal up against the spacer at the noizle end of the
atomiser. Now tighten nuts/setscrews evenly to a torque of
l  2 lb f  f t  (1  ,7  kg f  m)  o r  1  6  Nm.
Note: Different atomiser seating washers are used on natur-
al ly aspirated and turbocharged engines. The seating
washers for natural ly aspirated engines are 0.0g0in
(2,03mm) thick and for turbocharged engines, O.02Bin
(0,71 mm) thick. l t  is important that the correct atomiser
seating washers are f i t ted.

For the T6.3544 North America vehicle engines the atomrser
seating washer is 0.0B0in (2,03mm) thick
Top entry atomisers which are used on some 6.3544 serres
engines can be f i t ted incorrectly with the atomiser turned 180"
out of posit ion In this posit ion, the nozzle holes wil l  not spray
into the combustion chamber correctly and this wil l  cause a
power loss and an increase in smoke emission
These atomisers must be f i t ted with the leak off connection
toward the fuel inject ion pump side
Refit  al l  high pressure fuel pipes, leak-off pipes and the fuel
f  i l ters
T igh ten  h igh  pressure  p ipe  nu ts  to  a  to rque o f  15 lb f  f t
( 2 , 1  k g f  m )  o r  2 0  N m

R e f i t f u e l  p i p e  f r o m  l i f t  p u m p  t o  f i l t e r s ,  t h i s  p i p e  i s  c l i p p e d
on to  back  o f  cy l inder  head

Ref i t  induc t ion  and exhaust  man i fo lds .
In le t  man i fo lds  have cor rugated  jo in ts  wh ich  are  coated
wi th  lacquer  and shou ld  a lways  be  f i t ted  c l ry  The jo in ts
are  no t  symmet r ica l  and can be  f i t ted  incor rec i l y .  Wi th
the  ear l ie r  jo in ts ,  the  la rger  jo in t  shou ld  be  f i t ted  w i th
para l le l  edge uppermost  and the  smal le r  jo in t  w i th  the
wider  spaced ho le  and the  word  "CORROJOINT"  to  the
bottom
Later joints have a 1Aa in (1 ,63 mm) radius in the top edge and
must always be f i t ted with this radrus uppermost. The man-
ifold securing setscrews should be t ightened to a torque of
24lbfft  (3,3kgf m) or 32Nm. After at least ten minutes after
f i t t ing, retorque the setscrews to the original f igure THIS lS
IMPORTANT With exhaust manifold joints, turbocharged
engines have corrugated stainless steel joints, whereas natur-

CYLINDER HEAD E3

ally aspirated engines can have a set of steel asbesros or
corrugated stainless steel joints fitted. Steel asbestos joints
should be f i t ted with joint ing compound, but the corrugated
joints should be fitted dry and so positioned that the corruga-
t ions should face the manifold.

A one piece exhaust/ induction manifold joint with an integral
heat shield is f i t ted to some engines which have the top
exhaust manifold outlet An improved rocker assembly cover
gasket is also f i t ted to these engines.
When the gaskets need to be renewed the same type gasket
must be used,

Refi t  the water outlet connection.

Connect the electr ical lead, fuel feed and return pipes
to  the  thermostar t  un i t  and conta iner .

Connect any other electr ical lead ( i .e water temperarure
gauge) .

Ref i t  the  tu rbocharger  (T6 .3544 eng ines  on ly )  and a l l
connections to i t .
Ref i t  t runk ing  and a i r  c leaner

Ref i t  exhaust  p ipe  to  exhaust  man i fo ld  (63544 or  63724
e n g r n e s  o n l y )

Reconnect the battery.

Ref i l l  the  coo l ing  sys tem.

B leed the  fue l  sys tem o f  a i r  as  de ta i led  on  page N.7  and
s tar t  the  eng ine

Check  the  o i l  f  low to  the  rocker  shaf t  assemblv  and a l low
the eng ine  to  warm up

Shut  the  eng ine  down,  and re t igh ten  the  cy l inder  head
securing nuts and setscrews to the correct torques as
deta i led  prev ious ly .

For  nu ts  and se tscrews,  numbers  1  to  32  where  the
washer  face  is  fo rmed w i th  the  head o f  the  se tscrew,  the
c o r r e c t  t o r q u e  w h e n  h o t  i s  1 0 5  l b f f t  ( 1 4 , 5 k g f m )  -
1 4 2  N m .

When re t igh ten ing  cy l inder  head nu ts /se tscrews,  the

E . 5

0 008 in  (0 ,20  mm)
0.018 in  (0 ,45  mm)

in le t
exhaust
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eng ine  coo lan t  tempera ture  shou ld  no t  be  less  than
170"F (77"C\.
l f  the nut/setscrew moves when ret ightening, then
t igh ten  up  to  the  to rque quoted  on  Page 8 .1 .

l f  the nut/setscrew does not move before the correct
to rque is  ach ieved,  then s lacken o f t  1 /12  to  1 /6  (30 ' to
60" )  o f  a  tu rn  and re t igh ten  to  the  cor rec t  f igure .  A f te r
re t igh ten ing  a l l  the  nu ts /se tscrews,  the  f i rs t  10  pos i -
t ions  shou ld  be  rechecked 'w i thout  fu r ther  s lacken ing
off,  to ascertain they are st i l l  t ightened to the correct
to rque.

Reset  the  va lve  c learances  to  0 .008 in  (0 ,20  mm) fo r
in le t  va lves  and 0 .018 in  (0 ,45  mm) fo r  exhaust  va lves
hot  o r  co ld

Refit the rocker cover joint, rocker cover and breather pipe.

To put a rocker cover joint on correctly it must first be fitted to
the rocker cover by use of a suitable Bostic type contact
adhesive. The adhesive must be applied according to the
manufacturer 's instruct ions. This procedure wil l  ensure that
there is a good seal all round the cover.

When rep lac ing  the  cy l inder  head cover ,  ensure  tha t  the
cover  re ta in ing  nu ts  a re  screwed fu l l y  home aga ins t  the
rocker shaft bracket retaining nuts.
Where a washer is f i t ted under the head of each of the
rocker cover nuts, a washer is also f i t ted between the
rocker  b racket  secur ing  nu t  and the  cover  nu t .  Where  a
washer face is formed integral with the cover nut, a
separate washer must not be f i t ted under the cover nut
or  be tween the  cover  nu t  and the  rocker  b racket  nu t

To Check or Adjust Valve Tip Clearances
The va lve  t ip  c learances  shou ld  be  se t  to  0 .008 in
(0 ,20  mm) fo r  in le t  and 0 .018 in  (0 ,45  mm) fo r  exhaust
by using a feeler gauge between top of valve stem and
rocker  lever ,  w i th  the  eng ine  ho t  o r  co ld ,  see  F ig .  E .6 .

When se t t ing  va lve  c learances ,  the  fo l low ing  procedure
shou ld  be  adooted .

E.7
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With  the  va lves  rock i lng  on  No.6  cy l inder  ( i .e .  the  per iod
between open ing  o f  in le t  va lve  and c los ing  o f  exhaust
va lve)  se t  the  c learances  on  No.  1  cy l inder

Wi th  va lves  rock ing  No 2-se t  c learances  No 5
Wi th  va lves  rock ing  No.  4 -se t  c learances  No 3 .
Wi th  va lves  rock ing  No.  1 -se t  c learances  No.6 .
Wi th  va lves  rock ing  No.  5 -se t  c learances  No 2 .
Wi th  va lves  rock ing  No.  3 -se t  c learances  No.  4 .

To Remove Valves
Fit a suitable stud in one of the rocker assembly secur-
ing  se tscrew ho les  and us ing  Too l  No.  61188 and
adaptor  PD.6118-4 ,  see  F lg .  E .7 ,  depress  va lve  spr ings
and remove spl i t  col lets.

E.8
Remove spr ing  re ta in ing  caps ,  spr ings ,  o i l  sea ls  and
spr ing  seat ing  washers  Remove va lves .

l f  the  va lves  are  to  be  used aga in ,  they  shou ld  be  su i tab ly
marked to  ensure  they  are  rep laced in  the i r  o r ig ina l
pos i t ions .

Valve Assembly
Two spr ings  are  f i t ted  to  each va lve ,  the  ou ter  spr ings  are
le f t  hand co i led  and the  inner  spr ings  r igh t  hand co i led

A sec t iona l  v rew o f  a  f i t ted  va lve  assembly  i s  shown in
F i g  E B

To Fit  Valves
L igh t ly  o i l  va lve  s tems,  and pos i t ion  the  va lves  in  ther r
r o c n o n t i r r o  n r r i r l e q

Pos i t ion  spr ing  seat ing  washers  and f i t  o i l  sea ls  on to
va lve  gu ides .

Note: Engines rated at 149kW (200bhp) or above must be
fi t ted with exhaust valves which have "Nimonic" heads.
Standard valves must not be used.

P lace  inner  and ou ter  spr ings  on  seat ing  washers  w i th
the  damper  co i l s  towards  the  cy l inder  head,  see F ig  E .8

Pos i t ion  the  va lve  spr ing  re ta in ing  caps  and w i th  a
su i tab le  compressor ,  depress  the  spr ings  and f i t  the
so l i t  co l le ts

Valve Guides
Examine va lve  gu ides  fo r  wear  The max imum per -
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miss ib le  worn  c learance o f  in le t  va lve  s tem in  gu ide  is
0  0 0 5 i n  ( 0 , 1 3 m m ) ,  a n d  e x h a u s t  v a l v e  s t e m  i n  g u i d e  i s
0006 in  (0 ,15mm) and i f  the  c learance w i th  new va lve
f i t ted  exceeds th is  f igure  the  gu ide  shou ld  be  rep laced.

The exhaust  va lve  gu ides  are  s l igh t ly  longer  than the
in le t  gu ides  and the  exhaust  va lve  gu ides  used on
cur ren t  6 .3544 and.  6 .3724 eng ines  have a  counterbore
at the bottom of the valve bore.

To f  i t  new gu ides ,  p ress  or  d r ive  ou t  the  worn  gu ides ,  see
F i g  E . 9

Smear  the  ou ter  sur face  o f  the  new gu ides  w i th  c lean
o i l  a n d  u s i n g  t o o l  N o  P D 1 C ,  s e e  F i g .  E  1 0 ,  p u l l g u i d e  i n t o
t h e  c y l i n d e r  h e a d  u s i n g  s t o p  N o .  P D l C  -  6  u n t i l
0  594 in  (15 ,08mm) o f  the  gu ide  is  p ro t rud ing  above the
va lve  spr ing  recess .

Cyl inder Head Overhaul
l f  water  jacke t  o f  cy l inder  head shows s ign  o f  sca le ,  a
propr ie ta ry  desca l ing  so lu t ion  shou ld  be  used in  accord-
ance w i th  the  manufac turer ' s  ins t ruc t ions .

Af te r  c lean ing  head,  check  fo r  c racks  or  o ther  damage.

Max imum permiss ib le  long i tudrna l  bow o f  cy l inder  head
is  0 .010 in  (0 ,25mm) and l : ransverse  bow is  0 .005 in
( 0 , 1 3  m m ) .

CYLINDER HEAD E5

The cy l inder  head can be  sk immed by  a  max imum of
0 .012 in  (0 ,3mm) prov ided tha t  nozz le  p ro t rus ion  does  no t
exceed 0  .184 in  (4 ,67mm) to r  f6  3544 eng ines  or  0  136 in
(3 ,45mm) to (6 .3544and6.3724 eng ines  w i th  the  a tomiser
seat ing  washers  in  pos i t ion ,  see  F ig  E .11 .  Th is  f igure
must not be obtained by the use of addit ional atomiser
seating washers.

When gr ind ing  in  va lves ,  i t  i s  essent ia l  tha t  no  s igns  o f
p i t t ing  are  le f t  on  the  seat ings

Care  shou ld  be  taken to  avo id  unnecessary  g r ind ing  away
of the seat.
After grinding, check the valve head depths relat ive to
the  cy l inder  head face ,  us ing  too l  PD41B.  The max imum
permissible depth for both inlet and exhaust valves after
s e r v i c i n g  i s  0 . 0 6 0  i n  ( 1 , 5 2  m m ) .

Af te r  any  gr ind ing  or  mach in ing  opera t ion  has  been
car r ied  ou t ,  a l l  par ts  shou ld  be  washed in  c lean ing  f lu id .

Valves and Valve Seats
Examine valves for cracks. Check wear of valve stems
andthe i r f i t  in  the  va lve  gu ides

When f i t t ing new valves, valve depths relat ive to the
cy l inder  head face  is  no t  less  than 0 .040 in  (1  02mm).

The va lve  seats  in  the  cy l inder  head shou ld  be  recon-
dit ioned by means of valve seat cutters as l isted in
approved too ls  a t  the  end o f  th is  sec t ion ,  o r  spec ia l i sed
gr ind ing  equ ipmeni  a t  an  ang le  o f  45o
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T6.3544- 0.184 in (4,67 mm) MAX
6.3544- 0.136 in (3,45 mm)
6.3724- 0.136 in (3,45 mm)

E . 1 1

0.012in MAX.
(0,30mm)

lnlet

A-o.283 I 0.288 i n (7, 1 9/7,32 m m)
g-2.0 1 651 2.01 75 in (5 1,22t 51,24 mm)
C-Rad ius  0 .015 in  (0 ,38mm) Max.

Exhaust

A-0.375/0.380 in (9,53/9,65 mm)
B-1 .67811 .679in (42,62142,65mm)
C-Radius 0.01 5 in (0,38 mm) Max.

After recondit ioning, valves and seats should be l ightly ground
in, keeping as narrow a seat as possible, and after grinding,
the valve head depth should be checked.

Valve Seat Inserts
Valve seat inserts are f i t ted as standard on T63544
eng ines ,  bu t  a re  no t  f i t ted  on  6  3544 or  6  3724 produc t ion
eng I  nes

l f  va lve  seats  become damaged or  unserv iceab le  th rough
wear, inserts can be f i t ted to 6 3544 and 63724 enqines
or  the  inser ts  rep laced on  T6 3544 eng ines

Press  ou t  the  ex is t ing  va lve  gu ide  and c lean the  gu ide
bore

Press  in  new gu ides  as  de ta i led  on  Page E 4

Us ing  the  va lve  gu ide  as  a  p i lo t ,  mach ine  the  recess  in  the
cy l inder  head to  the  d imens ions  g iven in  F ig  E  12  fo r
63544 or  6  3724 eng ines ;  o r  mach ine  ou t  the  o ld  inser t
fo r  T6  3544 eng ines .

Remove a l l  mach in ing  swar f  and c lean the  inser t  recess

Us ing  the  va lve  gu ide  bore  as  a  p i lo t ,  p ress  the  inser t
home wi th  the  inser t ing  too l ,  F ig  E .13 .  Do no t  hammer
the  inser t  home or  use  lubr ica t ion  Ensure  tha t  the  inser t
i s  fu l l y  home and f lush  w i th  the  bo t tom o f  recess
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Using  the  va lve  gu ide  bore  as  a  p i lo t ,  mach ine  the  " f ta re"
on  in le t  va lve  seat  inser ts  to  the  d imens ions  shown rn
F ig .  E .14 .  D imens ion  A is  0 .106/0 .110 in  (2 ,69 /2 ,79mm).

Cut the valve seat at an included angle of 90o so that the
va lve  head depth  be low the  cy l inder  head face  is  w i th in
the prod uction I i  mits of 0.040/0.050 i  n (1,02/ 1,27 mm).

Work  as  c lose ly  as  poss ib le  to  the  mjn imum f igure  to
al low for re*seating at a later date. When refacing a valve
the  inc luded ang le  o f  the  contac t  face  is  g0o.

L igh t ly  g r ind  in  va lve  and va lve  seat ,  keep ing  as  nar row a
seat as possible.

l f  the  cy l inder  head has  been sk immed,  the  inser t  w i l l  have
to be surface ground on i ts back face so that, with insert
f i t ted, faces of insert and cyl inder head are level

lnlet

A-Xain (1,59mm) at 45'
B-3/cin (19,05 mm)
C-0.250 in (6,35 mm)
D-3 .0 in  (76 ,20  mm)
E-1 .582/1  .583 in  (40 ,18 /40 ,21  mm)
F -2.009/2.019 in (51 ,03/51,28 mm)
G-%zin (0,79mm) radius
H-ha in  (1 ,59mm) rad ius
J  -Xe in  (1 ,59  mm) a t  45 '
K-0.372/0.373 in (9,4519,47 mm)

Exhaust

4- la in  (1 ,59mm) a t45 '
B-3/qin (19,05mm)
C-0 .312 in  (7 ,92  mm).
D-3.0 in (76,20 mm)
E-1 .248/1.249in (31 ,70131 ,72mm)
F-1 .670/1 .680in (42,42142,67mm)
G*%zin (0,79mm) radius
H- / * in  (1 ,59  mm) rad ius
J -%ain (1,59 mm) at 45'
K-0.372/0.373 in (9,4519,47 mm)

3.735 in
(94,87 mm)

MIN .
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Valve Springs
A new set of springs should be f i t ted at every major
overhau l .

I Examine the springs with regard to squareness of ends and
I pressures developed at fitted lengths.

Two types  o f  va lve  spr ings  can be  found accord ing  to
the camshaft f i t ted. They are of dif ferent lengths the
longer  va lve  spr ings  hav ing  a  f la t  va lve  spr ing  cap.

The shorter inner valve springs require a load of 20.1 /
23  3  lb f  (9 ,13 /10 ,58  kg f  )  to  compress  them to  a  f i t tdd
length  o i  1  340 in  (34 ,04  mm).

The shor te r  ou ter  va lve  spr ings  requ i re  a  load o f  39 .5 /
437 lb f  (17 ,93 /19 ,84  kg f  )  to  compress  them to  a  f i t ted
l e n g t h  o f  1 4 1 0  i n  ( 3 5 , 8 1  m m ) .

The longer  inner  va lve  spr ings  requ i re  a  load o f  1463/
16  67  lb f  (6 ,64 /7 ,57  mm) to  compress  them to  a  f i t ted
l e n g t h  o f  1 . 5 6 3  i n  ( 3 9 , 7 0  m m ) .
The longer  ou ter  va lve  spr ings  requ i re  a  load o f  38 /43
lbI (17,25/19,52 kgf ) to compress them to a f i t ted
l e n g t h  o f  1 . 7 8 0  i n  ( 4 5 , 2 0  m m )
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Rocker Shaft Assembly
To d ismant le

Remove circl ips and washers from each end of shaft.

Withdraw rocker levers, springs and support brackets

Remove the locating screw from the rocker oi l  feed
connect ion  and w i thdraw the  connect ion .

Examine rocker lever bores and shaft for wear. The levers
should be an easy f i t  on the shaft without excessive side
p lay  and there  shou ld  be  no  indenta t ion  where  the  rocker
taps the valve t ip.

To renew the rocker lever bushes, press out the worn
bushes and press  in  the  new bushes mak ing  sure  tha t
the  o i l  ho les  a re  in  l ine ,  see  F ig .  E  15 .

Ream out to a diameter of 0 7505/O 7520in (19.06/
. 1 9 . 1 0  m m )

To assemble.

Fit  oi l  feed connection to rocker shaft and secure with
loca t ing  screw,  ensur ing  tha t  the  screw enters  the  loca t ing
ho le  in  the  shaf t

F i t  the  suppor t  b rackets ,  spr ings  and rocker  levers  in
the  cor rec t  o rder ,  see  F ig  E  16 .

F i t  secur ing  washer  and c i rc l ip  to  each end o f  the  shaf t .

Push Rods
Check push rods for straightness l f  any are bent, f i t
replacements.

Breather Vent Valve
On 6.3544 engines, a vent valve is sometimes fitted between
the rocker cover and the inlet manifold. This unit  can be
cleaned in petrol (gasoline) or paraffin (kerosene) noting the
following critical points:-

1 .  Before  c lean ing ,  i t  i s  essent ia l  to  sea l  o f f  the  smal l
ho le  in  the  top  cover  o f  the  un i t .

2 .  l I  an  a i r  l i ne  i s  used to  d ry  ou t  the  un i t ,  th is  must
be  a  low pressure  a i r  b las t  o r  i r reparab le  damage
wi l l  resu l t .

E . 1 6
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PISTONS AND CONNECTING RODS F2

The pistons fitted to the T6.3544 and 6.3544 engine have an
insert in the top r ing groove and are not common to the 6.354
engrne senes.

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

I For T6.3544 North America vehicle engines pistons and r ings
I see page F.6.

To remove Piston and Rod Assembly
See F ig .  F .1 .
Remove cy l inder  head,  Page E 2 .

Dra in  lubr ica t ing  o i l ,  remove sump and lubr ica t ing  o i l
suc t ion  p ipe .  Page L .3 .

Remove p ipe  f rom the  reduc ing  va lve  to  p is ton  coo l ing
feed connection (T6.3544 engines only)

When push ing  the  p is ton  and rod  assembl ies  f rom out
of the top of the cyl inders, care must be taken to avoid
damage to  the  p is ton  coo l ing  je ts  s i tua ted  in  the
crankcase,  see F ig .  F .2 .  (T6  3544 eng ines  on ly )

Remove the  nu ts  f rom the  b ig  end bo l ts

Remove the  b ig  end caps ,  bear ing  she l l s  and bo l ts

i4'*
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Turn  connect ing  rods  in  an  an t i -c lockwise  d i rec t ion
and press  the  p is ton  assembl ies  f rom out  o f  the  top  o f
the  cy l inder  bores ,  see  F ig  F .3

The p is tons ,  connect ing  rods  and caps  are  marked w i th
the i r  respec t ive  cy l inder  number  and shou ld  be  kept
together  as  an  assembly  w i th  the  re levant  b ig  end
bear i  nos .

To Remove Pistons and Rings from
Connect ing Rods
An exp loded v rew o f  a  p is ton  and connect ing  rod
assembly  i s  shown in  F ig  F  1

Note :  The number  o f  p is ton  r ings  per  p is ton  can vary
accord ing  to  eng ine  type  and app l ica t ion  (see Page F4) .

Us ing  a  r ing  scrssor  tooJ ,  remove the  r ings  f rom the
p is tons

.rtt=-.4,-\\
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l f  the  p is tons  are  to  be  used aga in ,  no te  the  mark ings  on
the  p is ton  c rown,  see F ig  F  4 ,  so  tha t  on  re -assembly ,
they  can be  f i t ted  to  the  connect ing  rods  in  the i r  o r ig ina l
pos i t ions ,  i  e  th rus t  s ide  o f  p is ton  to  th rus t  s ide  o f  the
e n g r  n e

Remove the  c i rc l ips  and w i thdraw the  gudgeon p in .  l f  the
p in  i s  t igh t  in  the  p is ton  bore ,  heat  the  p is ton  in  f lu id
to a temperature of 100/120" F (40/50"C), then press
t h e g u d g e o n  p i n  o u t .

Inspect ion
Check p is tons  fo r  scor ing  or  o ther  damage

Check  p is ton  r ing  grooves  by  check ing  c learance o f
new r ings  f i t ted  in  g rooves .  l f  c learance is  found to  be
excess ive  new p is tons  must  be f i t ted .

Examine gudgeon p in  and p is ton  bores  fo r  wear  and
check  f  i t  o f  p in  in  smal l  end bush

Check  connect ing  rod  a l ignment  The la rge  and smal l
end bores  must  be  square  and para l le l  to  each o ther
w i th in  the  l im i ts  o f  t0  010 in  (0 ,25mm) measured 5 in
(127mm) each s ide  o f  ax is  o f  rod  on  tes t  mandre l  as
shown in  F ig .  F  5 .

Wi th  the  smal l  end bush f i t ted ,  the  l im i t  o f  t0 .010 in
(0 ,25mm) is  reduced to  t0  0025 in  (0 ,06mm)

To Renew Small  End Bush
Using  su i tab le  adaptor ,  p ress  ou t  worn  bush

Remove any  sharp  edges f rom around smal l  end parent
bore
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Press  in  new bush ensur ing  tha t  o i l  ho le  in  bush a l igns
w i t h  d r i l l i n g  i n  r o d

Hone out  bush to  f  in ished d iameter  o f  1  50075/1  5015 in
(38 ,12138,14mm),  fo r  tu rbocharged eng ines  or  1 .3758/
' I  3765 in (34,94/34,96 mm) for natural ly aspirated engines

Wi th  na tura l l y  asp i ra ted  eng ines  the  connect ing  rod
smal l  end is  para l le l  faced and the  smal l  end bush requ i res
no fu r ther  mach in ing

Wi th  tu rbocharged eng ines ,  the  smal l  end o f  the
connect ing  rod  rs  wedge shaped and the  smal l  end bush
shou ld  be  machrned to  su i t  the  contours  o f  the  wedoe

Remove a l l  bur rs

Check  fo r  para l le l i sm and tw is t  w i th  b ig  end bore

To Check  P is ton  R ing  Gaps
In  a  worn  cy l inder ,  p is ton  r ing  gaps  shou ld  be  checked
at  ex t reme top  o f  cy l inder  a f te r  any  carbon has  been
removed,  see F ig  F  6

For  p is ton  r ing  gaps ,  see  Page 84

To Assemble Pistons and Connect ing
Rods
Assemble  the  p is ton ,  rod  and gudgeon p in ,  and f i t  new
c i rc  l ips

l f  necessary ,  warm the  p is ton  to  1O0/ j2O"  F  (40150.C)
to  f i t  the  gudgeon p in

l f  the  o ld  p is tons  are  be ing  used ensure  they  are
assembled to  the  or ig ina l  connect ing  rods  and in  the
same pos i t ion  as  or ig ina l l y  assembled .

The to ro ida l  cav i ty  shou ld  be  to  the  same s ide  as  the
mark ings  on  the  connect ing  rod  and cap.

l f  new par ts  a re  be ing  f i t ted ,  mark  p is ton  c rown and
ad jacent  faces  o f  rod  and cap w i th  the i r  cor respond ing
c y l i n d e r  n u m b e r

The big end bearing shel l  tabs are f i t ted on the opposite side
of the rod to the rod/bearing cap numbers.
On f i tment the rod/bearing cap number must be toward the
fuel inject ion pump side of the engine.

6 3544 Series Workshop N.4anual, January 1 986
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To Fit  Piston Rings

Pis ton  r ing  layouts  a re  as  fo l lows : -

T6.3s44 (Fis.  F.7)
No 1  Chrome Bar re l  Faced Wedge Compress ion

No.2  Taoer  Faced.

N o . 3  C h r o m e  F a c e d ,  S p r i n g  L o a d e d  C o n f o r m a b l e  O i l
Cont ro l .

F i t  r ings  as  fo l lows : -

F i t  spr ing  o f  No 3  o i l  con t ro l  r ing  in  g roove ensur ing
tha t  the  la tch  p in  en ters  bo th  ends  o f  the  r ing ,  see
F i g .  F  B

Pos i t ion  o i l  con t ro l  r ing  over  spr ing  w i th  spr ing  cor rec t -
l y  loca ted  in  g roove o f  r ing  and r ing  gap d iamet r ica l l y
oppos i te  to  la tch  p in

F i t  taper  faced No.  2  compress ion  r ing  in  the  second
groove w i th  the  word  "TOP"  or  the  manufac turer ' s
ident i f i ca t ion  mark  towards  the  p is ton  c rown

Fi t  bar re l  faced No.  1  compress ion  r ing  in  top  groove
wi th  the  word  "TOP"  or  manufac turer ' s  iden t i f i ca t ion
towards Diston crown.

Ensure  tha t  the  r ing  gaps  are  equa l ly  spaced around
the  p is ton  and no t  in  l ine .

6.3544 Premium Engines (Fig. F.7)
No 1  Chrome Bar re l  Faced Compress ion ,  In te rna l

Chamf  er .

No.  2  Chrome Taper  Faced Compress ion ,  Para l le l .

No 3  Chrome Faced,  Spr ing  Loaded Conformab le  O i l
Cont ro l .

F i t  r ings  as  fo l lows : -

F i t  No.  3  as  de ta i led  fo r  T6 .3544 eng ine .

F i t  taper  faced No.  2  compress ion  in  the  second groove
wi th  word  "TOP"  or  manufac turer ' s  iden t i f i ca t ion  mark
towards  p is ton  c rown.

F i t  No.  1  compress ion  r ing  in  the  top  groove w i th  the
in te rna l  chamfer  and the  word  "TOP"  or  the  manu-
facturer 's mark towards the piston crown

Ensure  tha t  the  p is ton  r ing  gaps  are  equa l ly  spaced
around the  p is ton  and no t  in  l ine .

6.3544 Standard Engines
No 1  Chrome Inser t  Compress ion

No 2  in ie rna i l y  S tepped Compress ion .

No 3  In te rna l l y  S tepped Compress ion .

No 4  S lo t ted  Oi l  Cont ro l

No 5  S lo t ted  Oi l  Cont ro l

F i t  r ings  as  fo l lows : -

F i t  No 5  r ing  in  bo t tom r ing  groove.
F i t  No 4  r ing  in  four th  r ing  groove.

F i t  Nos  3  and 2  r ings  in  the  th i rd  and second r ing
grooves  w i th  the  in te rna l  s tep  and the  word  "TOP"  or
manufac turer ' s  marks  towards  the  p is ton  c rown.

F i t  No 1  r ing  in  top  r ing  groove.

Ensure  tha t  the  p is ton  r ing  gaps  are  equa l ly  spaced
around the  p is ton  and no t  in  l ine
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6.3544 Combine Engines
No.  1  Chrome Inser t  Compress ion .

No.  2  In te rna l l y  S tepped Compress ion .

No.  3  In te rna l l y  S tepped Compress ion .

No.4  Chrome Faced,  Spr ing  Loaded Conformab le  O i l
Cont ro l

No.  5  No r ing  f i t ted .

F i t  r ings  as  fo l lows : -

F i t  spr ing  o f  No.4  r ing  in  four th  g roove ensur ing  tha t
the  la tch  p in  en ters  bo th  ends  o f  the  r ing ,  see  F ig  F .8 .

Posit ion oi l  control r ing over spring with spring
correctly located in groove of r ing and the r ing gap
d iamet r ica l l y  oppos i te  to  the  la tch  p in

F i t  Nos .3  and 2  r ings  in  th i rd  and second r ing  grooves
wi th  the  in te rna l  s tep  and the  word  "TOP"  or  the  manu-
facturer 's marks towards the piston crown.

F i t  No 1  r ing  in  top  r ing  groove.

Ensure  tha t  the  p is ton  r ing  gaps  are  equa l ly  spaced
around the  p is ton  and no t  in  l ine .

6.3724 Engines
No 1  Chrome Inser t  Para l le l  Compress ion .

No 2  Chrome Faced In te rna l l y  S tepped or  In te rna l l y
Chamf  ered  Compress ion .

No.3  Chrome Faced,  Spr ing  Loaded Conformab le  O i l
Cont ro l .

No.4  S lo t ted  Oi l  Cont ro l

Note  :  Wi th  la te r  Combine eng ines ,  the  No:  4  s lo t ted
cont ro l  r ing  is  no t  f i t ted .

F i t  r ings  as  fo l lows : -

F i t  No.  4  o i l  con t ro l  r ing  in  bo t tom groove.

F i t  spr ing  o f  No 3  o i l  con t ro l  r ing  in  th i rd  r ing  groove
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ensur ing  la tch  p in  en ters  bo th  ends  o f  r ing ,  see  F ig .  F .B .

Pos i t ion  No.  3  o i l  con t ro l  r ing  over  spr ing  cor rec t ly
loca ted  in  g roove o f  r ing  and r ing  gap d iamet r ica l l y
oppos i te  to  la tch  p in .

Fit  No. 2 compression r ing wi ' th internal step of chamfer
and word "TOP" or manufacturer 's mark towards
crown of oiston.

F i t  No.  1  compress ion  r ing  in  top  r ing  groove

Ensure that the piston r ing gaps are equally spaced
around the  p is ton  and no t  in  l ine .

To Fit Piston and Connecting Rod
lf necessary, deglaze cylinder bore, see Section G.

Clean cylinder bore, piston and bearings and liberally coat
with clean engine oi l .

Compress piston r ings with r ing 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
cyl inder into which i t  is being f i t ted, see Fig. F.10, and the rod
identification number must be toward the fuel injection pump
side of the engine.

Wi th  tu rbocharEed eng ines ,  when press ing  the  assembly
through the bore, care mLrst be taken to avoid damage
to  the  p is ton  coo l ing  je ts .

Note: Piston cool ing jets are not f i t ted to natural ly
aspirated engines.
With the respective crankpin in B.D.C. posit ion, ensure
that the big end is turned to avoid contact with the piston
cooling jets, see Fig. F.2.

When the  b ig  end o f  the  connect ing  rod  has  passed
the  p is ton  coo l ing  je ts ,  tu rn  the  assembly  back  aga in
to  loca te  on  the  c rankp in  ensur ing  tha t  upper  ha l f
bearing is correctly located in big end and tabs f i t  in
recess  o f  rod ,  F ig  F .11 .  A lso  check  tha t  the  le t te r  "F"

or arrow on the piston crown is towards the front of
t h e  e n g i n e .

F i t  cap  w i th  lower  ha l f  bear ing  cor rec t ly  pos i t ioned
and numbers  o f  cap  and rod  co inc id ing ,  F ig  F .10 .

Refi t  the two securing bolts so that the f lat on the head of
each bo l t  i s  loca ted  aga ins t  the  shou lder  o f  the  rod ,
Secure with new nuts and t ighten to a torque of 75 lbf f t
(10 ,4kg f  m)  o r  102Nm for  cadmium p la ted  nu ts  o r
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95 lb f  f t  (13 ,1  kg f  m)  -  129Nm for  phosphated  nu ts .

Cadmium p la ted  nu ts  have a  s i l ver  co lour  f in ish  wh i ls t
the  phosphated  have a  du l l  b lack  co lour  f in ish .

Check  tha t ,  w i th  p is ton  in  T  D.C.  pos i t ion  and us ing
p is ton  he igh t  gauge PD 41B,  the  p is ton  c rown is
0 .000/0 .007 in  (0 ,00 /0 ,18  mm) above the  cy l inder  b lock
toD face

The p is ton  he i 'gh t  fo r  na tura l l y  asp i ra ted  eng ines  was
lo rmer ly  0 .0073/0 .015 in  (0 ,19 /0 ,38  mm) above the
cy l inder  b lock  face  and,  when check ing  ear l ie r  eng ines ,
either of the two heights are acceptable

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

Fit  the pipe from rel ief valve to piston cool ing jet
connection. (T6.3544 only).

F i t  lubr ica t ing  o i l  suc t ion  p ipe .

Ref i t  the  lubr ica t ing  o i l  sump,  Page L .3 ,  and re f i l l  w i th
lubricating oi l  to correct specif icat ion.

Refi t  the cyl inder head, see Page E.2.

The T6.3544 North America vehicle engines are fitted with
aluminium silicon alloy pistons with a re-entrant combustion
chamber in the crown see Fig. F.12. A steel insert is fitted in
the top ring groove and two compression and one scraDer
piston rings are used.

The pistons are cooled by lubricating oil pressure lets.
Oversize pistons are not available as the cvlinder liners
cannot be bored oversize.
The method used to remove and dismantle piston and ring
assemblies is the same as used tor other T6.3544 engines.
The height of the piston crown relative to the top face of the
cylinder block is 0.000/0.007 in (0,000/0,1 8 mm) above the top
face.

The pistons have hard anodised crowns and must not be
topped. In production, three grades of pre-topped pistons are
supplied for the high, medium and low requirements and the
letters H, M and L are stamped on the piston crown. To
change pistons in service, the same grade of piston MUST be
useo.

F . 1 2
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CYLINDER BLOCK AND L INERS G2

Cyl inder Block
The top  face  o f  the  cy l inder  b lock  cannot  be  mach ined
as th is  wou ld  in te r fe re  w i th  the  l iner  f lange recess
depth

Cyl inder Liners
Product ion  l iners  a re  an  in te r fe rence f i t ,  o f  0  001/0 .003 in
(0 .025/0 .076mm) in  the  cy l inder  b lock  and are  bored and
honed to a diameter oI 3.877/3.B7Bin (98,48/98,50mm)
for T6 3544 and 6.3544 engines or 3.9785/3 9795in
(101 ,05 /101,07mm) fo r  6 .3724 eng ines .

The max imum oermiss ib le  worn  ins ide  d iameter  o f
a  l iner ,  in  serv ice  is  3  886 in  (98 ,70mm) fo r  T6 .3544
and 6 .3544 eng ines  or  3 .9875 in  (101,28mm) fo r  6 .3724
en g  Ines

An engine with perfect or l i t t le worn cyl inder bores can
sometimes consume an excessive amount of lubricating oi l
due to glazing. When f i t t ing new piston r ings to cure this
problem, i t  is essential that the cyl inder bores are f irst
de-glazed.

A tool is avai lable for de-glazing, marketed under the trade
name of "Flex-Hone", manufactured by Brush Research
Manufacturing Co. Inc., Los Angeles, Cali fornia, U.S A. under
the registered trade mark U.S. Patent Nos 3384915 and
3871139 and Brit ish Patent Nos. 1,230503 and 18450, which
is ideal for this purpose as i t  does not remove any appreciable
amount of metal and produces a good quality cross hatch
pattern.

It can often be used with the engine in situ if used with a hand
held electr ic power dri l l  on low speed. Brand new "Flex-
Hones" are to be used for one minute in a slave bore to
remove al l  loose material and sharp edges.

1. Grade 80sc "Flex-Hone" is to be used. The "Flex-Hone"
size is to be determined by measuring the bore diameter
and selecting the "Flex-Hone" of the nearest size larger
than the bore.

2. Remove the piston cooling jets as fitted on turbocharged
engines. Guard the main journals and pins by tying clean
dry rags around them. Where possible use cardboard
shields to prevent debris contamination of adjacent parts
of the engine.

3. Lubricate the bore with clean engine oi l  and also smear
engine oi l  on the bal ls of the "Flex-Hone"

4. Rest the "Flex-Hone" against the cyl inder block and switch
on whilst pressing into the bore Do not force the tool into
the bore whilst i t  is noi rotat ing.

5 Pass the tool up and down the bore once per second for
30-50 seconds and remove it whilst it is still rotating.

6. Thoroughly wash the bores to remove al l  the residue from
the honing operation, using a coarse brush and paraff in.

7. Dry the bores using a clean rag and careful ly remove the
the masking. Thoroughly clean al l  parts of the engine that
have been affected by the honing operation.

8. Refi t  the piston cool ing jets on turbocharged engines
(Section M).

This tool is equally successful in producing a good quali ty
bedding-in f inish on new cyl inder bores, after boring out to
f inished size.

Enquir ies concerning detai ls and supply of the "Flex-Hohe" in
the U.K. or outside the U.S. where no Brush Research
Distr ibutor is avai lable, should be addressed as fol lows:

Nicro (Leamington) Ltd.
Unit 19A, Chalford Industr ial Estate,
Chalford. Nr. Stroud. Gloucestershire GL6 BNT.
Telephone : (0453) 884966
Te lex :  437104

lf the l iners are found to be worn over the acceptable
l im i t ,  they  cannot  be  bored overs ize .

For service in T6 3544 and 6.3544 engines, a pre-f inished
l iner  i s  ava i lab le  hav ing  a  t rans i t ion  f i t  o f  +0  001/ -0 .001 in
(+0,025/-0,O25mm) The f i t ted internal bore diameter is
3 87 7 /3.87 95 in (98,48198,54 m m )

The l iners  can be  renewed us ing  too ls  PD 150 and
P D  1 5 0 - 1 8 .

To Renew Service Cylinder Liners

Remove a l l  components  f rom the  cy l inder  b lock ,
inc lud ing  the  p is ton  coo l ing  je ts .  They  shou ld  be
care fu l l y  hand led  to  p revent  misa l ignment  in  re f i t t ing

Piston cool ing jets are not f i t ted to natural ly aspirated
engr  nes .
The l iners  shou ld  be  pressed ou t  f rom the  bo t tom.

F i t  the  new l iners  as  fo l lows:

It  is oointed out that al l  pre-f inished l iners can be a 0.001 in
(0,03mm) interference f i t  in the parent bore, i .e. i f  a l iner on
top l imit is f i t ted in a bottom l imit parent bore.

A t ight l iner should never be hammered in bui should be
pressed or drawn into the bore using a suitable dol ly and
press or pul ler.

General ly clean the parent bore and degrease the
top  2  in  (50mm) and the  l iner f lange recess  us ing  "Loc t i te "
Safety Solvent (aerosol can) as per instruct ions on can

App ly  eng ine  o i l  to  the  cy l inder  b lock  pare t r t  bore
except  fo r  the  top  2  in  (50  mm).

Genera l l y  c lean the  ou ts ide  sur faces  o f  the  l iner  and
degrease using "Locti te" Safety Solvent (aerosol can) as
per  ins t ruc t ions  on  can

Locate  the  l iner  in  the  bore  and press  in  to  w i th in
approx imate ly  2  in  (50  mm) o f  i t s  f ina l  pos i t ion

Fur ther  deg rease the  f lange area  o f  the  l iner  us tng  "Loc t i te "
Safety Solvent to remove handling contamination.

0.026/0.037 in
(0,66/0,94 mm)

+0 002/-0.004 in
(+0 ,05 / -0 ,10  mm)
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Apply a band of "Locti te" Retaining Compound, Grade
602,  1 in  (25mm) w ide  around the  top  o f  the  t iner
immediately under the f lange. Also l iberal ly apply the
"Locti te" to the base of the f lange recess.
Press the l iner into the ful ly f i t ted posit ion and wipe the
top of the cyl inder block to remove any surplus
"Locti te". The top of the l iner. should protrude
0.026/0.037in (0,66/0,94mm) above ihe top face of the
cy l inder  b lock  and the  l iner  f lange shou ld  be  w i th in
0.002in (0,05mm) above the top face of the blocK ro
0.004in (0,10mm) below the top face of the block
It is advisable to al low a seti l ing period to elapse after
f i t t ing before checking the f i t ted internal bore diamerer
of the l iner.

However, al low at least 15 minutes to elapse before
commencing to f i t  pistons as this t ime lag is required to
al low the "Locti te" to reach handling strength. Ful l  cure
strength is achieved after 3 hours
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SECTION H
Grankshaft and Main Bearings



CRANKSHAFT AND MAIN BEARINGS H2

The c rankshaf t  runs  in  seven pre- f in ished rep laceab le
s h e l l  b e a r i n g s

End f  loa t  o f  the  c rankshaf t  i s  con t ro l led  by  four  th rus t
washers  wh ich  are  loca ted  on  bo th  s ides  o f  the  cent re
m a i n  b e a r i n g  h o u s i n g ,  s e e  F i g  H  1  O  0 0 7 5 i n  ( 0 , l 9 m m )
overs ize  th rus t  washers  a re  ava i lab le  wh ich  may be
combined w i th  s tandard  th rus t  washers  to  g ive  an
a d j u s t m e n t  o f  0  0 0 7 5 i n  ( O  1 9 m m )  o r  w h e n  u s e d  o n  b o t h
s ides  o f  the  bear ing  hous ing  g ive  an  ad jus tment  o f
0  0 1 5  i n  ( 0 , 3 5  m m )

T h e  m a x i m u m  p e r m i s s i b l e  c r a n k s h a f t  e n d  f l o a r  t s
0  0 2 0  r n  ( 0 , 5 1  m m )

Crankshaf ts  f i t ted  to  tu rbocharged eng ines  are  60  hour
Ni t r ided  or  Tu f f t r ided

Crankshaf ts  f i t ted  to  na tura l l y  asp i ra ted  eng ines  are
induc t ion  hardened

The c rankshaf t  has  prov is ion  to r  12  bo l t  f l ywhee l  f i x ing

To Renew Thrust Washers
Renewal  o f  th rus t  washers  can be  car r ied  ou t  w i thout
the  remova l  o f  c rankshaf t  as  fo l lows:

Dra in  the  lubr ica t ing  o i l  and  remove the  sump,  o i l  sucr ron
p ipe  and p ipe  f rom reduc ing  va lve  to  cy l inder  b lock
(T6.3544 eng ines  on ly )

Remove the  cent re  main  bear ing  cap (No.  4 )

Remove the  two bo t tom ha l f  th rus t  washers

Remove the  two top  ha lves  o f  the  th rus t  washers  by
s l id ing  them round the  c rankshaf t  and ou t  o f  the  recesses
m a c h i n e d  i n  t h e  c y l i n d e r  b l o c k  m a r n  b e a r i n g  h o u s i n g ,
see F ig  H 2

L ibera l l y  o i l  the  two upper  ha lves  and s l ide  them in to
the  recesses  on  e i ther  s ide  o f  the  cent re  marn  bear inq
n o u s r  n  o

Ref i t  the  two bo t tom ha lves  o f  the  th rus t  washers  to  the
Deaflng cap

Clean and o i l  c rankshaf t  journa l  and p lace  the  cap in
pos i t ion  ensur ing  tha t  the  b lock  ser ia l  number  s tamped
on the  cap reads  in  l ine  w i th  o ther  caps

T igh ten  the  main  bear ing  cap se tscrews to  a  to rque o I
200 lb f  f t  (27 ,7kg tm) ,  o r  27ONm

Check the  c rankshaf t  end f loa t  by  us ing  a  fee le r  gauge
between the  th rus t  washer  and c rankshaf t  web or  by
us ing  a  d ia l  tes t  ind ica tor  on  one end o f  the  c rankshaf t ,
see  F ig  H 3

Ref i t  suc t ion  p ipe ,  p ipe  f rom reduc ing  va lve  to  cy l inder
b lock  (T6  3544 on ly )  and sump Ref i l l  the  sump wi th
lubr ica t ing  o i l  o f  an  approved grade.

To Remove Crankshaft
I t  w i l l  be  necessary  to  remove the  eng ine  f rom veh ic le
or  mach ine

Dra in  and remove the  sump,  lubr ica t ing  o i l  suc t ion
p ipe  and p ipe  f rom reduc ing  va lve  to  the  cy l inder  b lock
(T6 3544 only)

Remove the  c rankshaf t  pu l ley  Ex t rac tors  shou ld  no t
be  used as  the  pu l ley  w i l l  p robab ly  be  des t royed and
the  c rankshaf t  damaged.  Remove the  th ree  secur ing
screws.  l f  the  pu l ley  does  no t  immedia te ly  become f ree
the  lock ing  r ings  can be  re leased by  h i t t ing  the  f  ron t  face
of  the  pu l ley  inner  hub,  see F ig  H.4

Remove camshaf t  gear ,  aux i l ia ry  d r ive  gear  and t im ing
a A a A  c A A  P  d 6  |  t

Remove f i ywhee l  and f  l ywhee l  hous ing

Remove rear  ma in  o i l  sea l  hous ino .H . 1



H . 3

Remove f ron t  and rear  b r idge p ieces  f rom the  cy l inder
b lock  bo t tom face ,  w i th  the  rubber  o i l  sea ls

Remove connect ing  rod  caps  and b ig  end bear ings
Keep bear ings  w i th  appropr ia te  caps  Take care  no t
t o  d a m a g e  t h e  p i s t o n  c o o l i n g  j e t s

Remove the  main  bear ing  caps  and ha l f  bear ings

L i f tou t thecrankshaf t  and remove the  upper  ha l f  bear ings ,
mak ing  no te  o f  f  i t ted  pos i t ions

Crankshaft  regr inding
lnduction hardened crankshafts (Pt No. 31323283,
31 323288, 31 323294, 31 31 H023, 31 31 H024 or 3 1 31 H025)
f i t ted to natural ly aspirated engines can be reground to
-0  010 in  (0 ,25mm),  0 .020 in  (0 ,51  mm) or  0  030 in  (0 ,76mm)
without any subsequent rehardening.

60 hour Nitr ided crankshafts (Pt No. 31323281 or 3131 H021 )
f i t ted to turbocharged engines may be reground to -0.010in
(0,25mm) without re-Nitr iding. Subsequent regrinding to
-0 020in (0,51 mm) or 0 030in (0,76mm) cal ls for re-Nitr iding
for a 60 hour period after each regrinding operation

Tufftrided crankshafts (Part No 31323292 or 3j31H022)
must be re-Tufftr ided after each regrinding operation

l f  a  60  hour  N i t r ided  c rankshaf t  i s  found to  be  su i tab le  fo r
fu r ther  serv ice ,  bu t  necessary  to  re -gr ind  down to
0 .020 in  (0 ,51  mm) or  0  030 in  (0 ,76  mm) unders ize ,  g r ind
down to  0  0015/0 .002 in  (0 ,04 /0 ,05mm) above f in ished
s ize  leav ing  an  a l lowance to  g r ind  o f f  the  wh i te
compound layer  {o rmed by  the  60  hour  N i t r id ing  process
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A f t e r  n i t r i d i n g  o f  t h e  c r a n k s h a f t ,  r e g r i n d i n g  o f  t h e  f i l l e l
r a d i i  i s  n o t  p e r m i s s i b l e

W h e n  r e - g r i n d i n g ,  t h e  o p e r a t i o n  c a l l s  f o r  s p e c i a l i s e d
equ ipment  and grea t  care

U s i n g  a  P r i n c e  t y p e  g r i n d e r  w i t h  a  U n i v e r s a l  G r i n d i n g
Whee l  Company whee l  to  Grade WA-80 JE (o r
equ iva len t ) ,  remove the  wh i te  compound layer  fo rmed
by the  N i t r id ing  process  to  ach ieve  f in ished s ize  The
co l la r  faces  o f  the  c rankshaf t  shou ld  be  l igh t ly  f lashed
but  no t  g round a t  th is  opera t ion  and the  f i t le t  rad i i  shou ld
b e  m a i n t a i n e d  a t  0 1 4 5 / 0  1 5 6 i n  ( 3 , 6 8 / 3 , 9 6 m m )  T h i s
w i l l  l e a v e  t h e  c o m p o u n d  l a y e r  i n  t h e  r a d i i  a n d  c o l l a r s
W h e n  r e m o v i n g  t h e  c o m p o u n d  l a y e r ,  a  g r i n d i n g  w h e e l
speed o f  BB0 rev lmin  and a  c rankshaf t  work ing  speed
of  16  rev lmin  fo r  ma in  journa ls  and 8  rev lmin  fo r  p ins
shou ld  be  observed and a  hand feed o f  approx imate ly
0  0005 in  (0 ,01  mm) per  revo lu t ion  o f  c rankshaf t
An adequate  supp ly  o f  coo lan t  (Walker  Century  ,4305)
shou ld  be  used

Where  facr l i t ies  fo r  re -N i t r id ing  are  no t  ava t lab le ,  then a
fac tory  rep lacement  c rankshaf t  shou ld  be  f i t ted

Ni t r ided  c rankshaf ts  cannot  be  s t ra igh tened

Before  regr ind ing  a  c rankshaf t ,  i t  shou ld  be  c rack
detec ted  De-magnet ize  a f te r  c rack  de tec t ing

Data  fo r  c rankshaf t  re -gr ind ing  is  g iven  on  Page H 4

Af te r  regr ind ing ,  the  sharp  corners  on  the  o i l  ho les  shou ld
be removed and the  c rankshaf t  c rack  de tec ted  and
de-magnet ized

Note :  l t  i s  impor tan t  tha t  the  rad i i  on  the  main  journa ls  and
crankp ins  are  main ta ined



CRANKSHAFT AND MAIN BEARINGS H4
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The regr ind  d imens ions  are  as  fo l lows see F ig .  H 5

0 . 0 1 0  i n  ( 0 , 2 5  m m )

A 2.9884/2 9896 in
(75 ,91  /75 ,94  mm)

B 2.4888./2.4898 i ,n
(63,22/63,24 mm)

(,

D

E

F

Crankshaft Pul ley
D i a m e t e r  T . l . R
0.002 in  (0 ,05  mm)

Journa ls  T  l .R .  -  Run-out  must  no t  be  opposed :

0 . 0 2 0  i n  ( 0 , 5 1  m m )

2-9784/2  9796 in
(75 ,65 /75 ,68  mm )

2.4788/2.4798 in
(62 ,96 /62 ,99  mm )

1  759 in  (44 ,68  mm) max imum

1 . 4 8 9  i n  ( 3 7 , 8 2  m m )  m a x i m u m

1 554 in  (39 .47  mm) max imum

1.5965 in  (40 ,55  mm) max imum

Rear  O i l  Sea l
D iameter  T . l .R .
0  0 0 2  i n  ( 0 , 0 5  m m )

2 Number  3
( 0 , 1 0  m m )  0  0 0 8  i n  ( 0 , 2 0

Number  6
0 . 0 0 4  i n  ( 0 , 1 0  m m )

0.030 in  (0 ,76  mm)

2.9684/2.9696 in
(75,40/75,43 mm)

2.4688/2.4698 in
(62,70/62,73 mln)

F lywhee l  F lange
Diameter  T . l  R
0.002 in  (0 ,05  mm)

N u m b e r  4
m m )  0 . 0 1 0  i n  ( 0 , 2 5  m m )

Number  7
Mount ing

0.14510.156 in  (3 ,68 /3 ,96  mm) rad ius  a l l  p ins  and journa ls

Sudace f inish of 16 micro inches (0,4 microns) of the crankpins and journals and 50 micro inches (1,3 microns) of the f i l let radi i  (R)
must be maintained during regrinding.

Max imum run-out  w i th  the  c rankshaf t  mounted  on  the  end main  iourna ls .

Independent  read ings .

Number  1
Mount ing

N u m b e r  5
0 .008 in  (0 ,20  mm)

The dif ference in run-out between any two ad jacent  bear ings  must  no t  be  grea ter  than 0 .004 in  (0 ,10  mm).

Num ber
0  004 in

To Fit Crankshaft
Ensure  tha t  the  o i lways  in  the  cy l inder  b lock  and
crankshaft are free from obstruction

Check the main bearing setscrews for stretch or damage
l f  they  are  to  be  rep laced,  on ly  use  Perk ins  genu ine
spare parrs

Clean the  bear ing  hous ings ;  p lace  the  top  ha l f  bear ings
in  pos i t ion  and l ibera l l y  o i l .
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Pos i t ion  the  c rankshaf t .

O i l  the  two upper  th rus t  washers  and s l ide  in to  the
recesses  on  e i ther  s ide  o f  the  cent re  main  bear inq
hous ing

Clean the  main  bear ing  caps  and p lace  the  lower  ha lves
of the bearings, with the tabs correctly located, into
pos i t ion  L ibera l l y  o i l  and  p lace  the  caps  in  pos i t ion
mak ing  sure  tha i  the  cap to  cy l inder  b lock  loca t ing
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th imb les  are  in  p lace  and tha t  the  caps ,  wh icn  are
numbered one to  seven are  f i t ted  to  the  re levant  matn
bear ing  hous ings .  Care  must  a lso  be  taken to  ensure  tha t
the  caps  are  f  i t ted  so  tha t  the  cy l inder  b lock  ser ia l  number ,
wh ich  is  s tamped on the  cy l inder  b lock  bo t tom face
as  we l l  as  on  each cap,  read in  l ine ,  see  F ig  H 6 .

Before  f i t t ing  the  cent re  main  bear ing  cap,  p lace  the
lower halves of the thrust washers into the recesses on
e i ther  s ide  o f  the  caD.

F i t  a  new sh im washer  to  each main  bear ing  cap se tscrew
a n d  l i g h t l y  o i l .

T igh ten  the  se tscrews to  a  to rque o f  200 lb f  f t  (27 ,7kTf  m)
o r  2 7 0 N m

CRANKSHAFT AND MAIN BEARINGS H5

Check the crankshaft end f loat for a clearance ol 0.O02/
0.015 (0,05/0,38mm). Oversize thrust washers may be
f i t ted.

Refi t  the connecting rod caps and big end bearings.

Refi t  the front and rear bridge pieces to the cyl inder
b lock  us ing . lo in t ing  compound be tween the  br idge
pieces and the cyl inder block at the setscrew holes. Check
wi th  a  s t ra igh t  edge to  ensure  tha t  the  end faces  o f  the
br idge p ieces  are  f lush  w i th  the  end faces  o f  the  cy l inder
b lock ,  see  F ig .  H.7 .  Inser t  new rubber  o i l  sea ls ,  see  F ig .  H.8 .

liitlilii
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CRANKSHAFT AND MAIN BEARINGS H6

Fi t  new sea l  in  the  rear  ma in  o i l  sea l  hous ing  and re f i t
the  hous ing .

Ref i t  the  p ipe  f rom reduc ing  va lve  to  cy l inder  b lock
(T6 3544 on ly )  lub f lca t ing  o i l  suc t ion  p ipe  and sump

Ref i t  the  t im ing  case,  camshaf t  gear  and aux i l ia ry  d r ive
gear ,  see  Page J .2

Ref i t  the  c rankshaf t  pu l ley  employ ing  the  fo l low ing
recommended orocedure.

(a )  Remove o i l  and  grease f rom pu l ley  bore ,  sha f t ,
lock ing  e lements  and spacer ,  bu t  do  no t  use  a
degreas ing  so lu t ion .  Do no t  expand the  r ings
beyond their free state.

(b )  F i t  pu l ley  to  shaf t ,  l i n ing  up  key  and keyway

(c)  Inser t  the  spacer  (1 )  in to  the  pu l ley  bore  over  the
shaf t ,  fo l lowed by  the  inner  (2 )  and then the  ou ter
(3 )  lock ing  e lements ,  ensur ing  tha t  the  s lo ts  do  no t
co inc ide ,  see  F ig .  H.9

Note: Where power take-off at the front end of the
crankshaf t  i s  c r i t i ca l ,  then two pa i rs  o f  lock lng  e lements
are  f i t ted  -  see  F ig .  H.9  (2 )  and (3 )

( d )  F i t  t h e  t h r u s t  b l o c k  ( 5 )  w i t h  " O "  r i n g  ( 4 )  i n t o  t h e
pu l ley  bore .

(e )  L igh t ly  o i l  sc rew th reads  and unders ide  o f  sc rew
heads be fore  f  i t t ing .  Do no t  use  molybdenum
disu lph ide .

( f )  Push pu l ley  fu l l y  home and t igh ten  se tscrews to
es tab l i sh  a  f i rm connect ion

(g) Tighten screws evenly and in several stages unti l  a
f  ina l  to rque o f  65  lb f  f t  (9 ,0kg f  m)  o r  BB Nm is
ach ieved,  see F ig .  H.10 .

Check  t igh ten ing  to rque on  each screw.

Ref i t  and cor rec t ly  a l ign  the  f l ywhee l  hous ing  and
flywheel, see Page P.2.

Rebu i ld  eng ine  in to  veh ic le  o r  mach ine  F i l l  the  sump
to  the  cor rec t  d ips t i ck  leve l  w i th  a  recommended o i l .
Wi th  tu rbocharged eng ines  do  no t  f i re  the  eng ine  un t i l

H . 1 0

check ing  fo r  lubr ica t ing  o i l  a t  the  tu rbocharger ,  see
Page C.2 .

Crarrkshaft Rear Oil Seal
A circular spring loaded l ip seal locates on the periphery of the
rear f lange of the crankshaft.

This seal is easi ly damaged and exlreme care should be
taken when handling and f i t t ing i t  to i ts housing or to the
crankshaft Any visual damage across the l ip of a new seal wi l l
cause leakage and prevent bedding in of the seal.

To Fit  Oi lSeal in i ts Housing
Earl ier seals have a f lat rear face, as shown in Fig H.11
whereas the latest seal has a dust l ip protruding from the rear
face ,  as  shown in  F ig .  H.12

On production, the old type seal was f i t ted f lush with tne rear
face of the housing (Fig. H.11) but the new type seal is f i t ted
deeper  in to  the  hous ing  a t  "A" ,  F ig .  H .12 .

In service, when a new seal is fitted to a worn crankshaft, it
should be pressed further into the housing In the f irst
instance i t  can be pressed in to Tein (3,2mm) for old type
seals or posit ion "8" for new type seals or, i f  this posit ion nas
been used, to Tain (6,4mm) for old type seals or posit ion "C"
for new type seals.

l f  a new type seal is used in place of an exisit ing old type seal,
posit ion "C" should be used i f  the old seal was f i t ted Tein
(3,2mm) below the housing face.

l f  al l  three posit ions have been used, i t  may be permissible to
machine the worn seal ing area of the crankshaft f lange, but
not the spigot area on which the f lywheel locates - See Fig.
H . 1 3 .

H . 9
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When a new seal is fitted to a new or reconditioned crankshaft
in service, i t  should be f i t ted in the production posit ion, but i f
the latest seal is not to be used in a wet back end application,
i t  can be f i t ted f lush with the housing rear face (, ,D", Fig.
H . 1 2 ) .

When pressing in the latest type seal, ensure that the adaptor
has a suitable recess to clear the protruding dust l ip Tool
PD145C can be used with both type seals.

Before f i t t ing the seal in the housing, careful ly examine the
seal for damage especial ly on the l ip and outside diamerer.

* - - A  O O g r n  ( 2 , 2 n r n i )

< - - B  0 1 B i n  ( 4 . 6 r r r r r r )

*  C  O 27 in  (6 . ! )n ' r r r  r )

H . 1 2

CRANKSHAFT AND MAIN BEARINGS H7

5.243 in
(tss,tzmm)

M I N

Using clean engine lubricating oi l ,  lubricate the outside dia-
meter of the seal and the inside diameter of the housing.

Press the seal into the housing to the required posit ion, taking
care that the seal is entered and pressed in squarely,
otherwise damage to the outside diameter of the seal may
occur or, i f  not square in the housing when f i t ted to the engine,
i t  may leak.

To F i t  O i lSea land Hous ing
The seal and Frousing should be f i t ted, using seal guide
PD145C, as fol lows:-

Clean the faces of the cyl inder block and the oi l  seal housing
and the outside diameter of the crankshaft f lange.

Check that the seal and the outside diameter of the crankshaft
f lange are not damaged. Where a new seal has been f i t ted,
check that i t  is in the correct posit ion in the housing, as
detai led above

Ensure that the two dowels are f i t ted in the cyl inder block.
Coat both sides of the housing joint with Perkins (Hylomar)
Joint ing Compound and posit ion the joint over the dowels in
the block.

Using clean engine lubricating oi l ,  lubricate the crankshaft
f lange, the seal and the seal guide. The lubrication of the seal
is necessary to prevent damage that may be caused by init ial
d ry  runnrng.

Posit ion the seal and housing on the seal guide, locate the
guide on the crankshaft f lange and gently press the seal and
housing into posit ion on the f lange, locating the housing on i ts
oowets.

Withdraw the guide and secure the housing with setscrews
ano wasners.
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TIMING CASE AND DRIVE J2

To Remove Timing Case, Camshaft
Gear and Auxi l iary Drive Gear
Slacken the  genera tor  mount ing  bo l ts  and remove the
drive belts

Where necessary, remove the water pump.

Remove the  c rankshaf t  pu l ley ,  see  Page H.2 .

Removethe  camshaf t  gear  and aux i l ia ry  d r ive  gear  covers .

The camshaft gear securing setscrew and washers can
now be removed. Extract the gear from the camshaft,  see
F i g .  J  2

Remove the  re ta in ing  p la te  secur ing  the  aux i l ia ry  d r lve
gear  to  the  aux i l ia ry  d r ive  shaf t  hub and w i thdraw the
gear ,  see  F ig .  J .3 .

Thet im ing  case secur ing  se tscrews,  lower  nu ts  and t im ing
case can now be removed.

To Renew Crankshalt  Front Oi l  Seal
Using  a  p ress ,  remove the  o i l  sea l  f rom the  t im ing  case.
A l te rna t ive ly ,  the  sea l  may be  tapped ou t

Early seals were black with a flat front face Later seals were
red and also had a flat front face. Current seals are black and
have a protruding dust seal l ip at the front. An oi l  thrower is
f i t ted between the crankshaft gear and pul ley with the early
black seals but this is removed and a spacer or longer pul ley
is f i t ted with the later red and black seals.

l f  the latest seal, with a dust seal l ip, is used in place of an
earl ier type seal, a clean locating surface for the dust l ip must
be provided on the pul ley boss. Clean paint, etc. from the
pulley for a distance of 3/ein (9mm) forward of the l ip seal
location.

Press the seal into posit ion from the front unti l  the f lat front
face of the seal is 0.265/0.285in (6,7317,24mm) below the
front face of the t iming case, see Fig. J.4.

J . 2

To Refi t  Timing Gase, Camshaft  Gear
and Auxi l iary Drive Gear
Remove the  rocker  cover  and s lacken the  rocker  assembly
securing setscrews.

Turn the crankshaft unti l  Nos. 1 and 6 oistons are at T.D C.
with the keyway in the crankshaft gear at T.D.C.

lf  the double dot on the lower idler gear is not in l ine with the
single dot on the crankshaft gear, remove the idler gear and
replace with the marks in l ine.

e k &

s
11,,.;
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Pos i t ion  the  t im ing  case w i th  a  new .Jo in t  on  the  cy l inder
block by nreans of two opposite setscrews f i t ted loosely
Cent ra l i se  the  case by  loca t ing  the  t im ing  case cent ra l -
i s ing  too l  PD.163 on  the  c rankshaf t  and in  the  sea l
hous ing  and t igh ten  the  assembly  by  means o f  the
crankshaf t  pu l ley  se tscrews and the  washer  p rov ided
Do not  over t igh ten  T igh ten  a l l  the  t im ing  case se t -
sc rews and nu ts  and remove the  too l .  l f  the  cent ra l i s ing
too l  i s  no t  ava i lab le ,  the  c rankshaf t  pu l ley  can be  used
to  cent ra l i se  the  case,  bu t ,  as  th is  method u t i l i ses  the
ins ide  d iameter  o f  the  sea l  wh ich  is  so f t ,  the  case may
not  be  t ru ly  cent ra l  and leaks  may occur .

l f  the latest type of crankshaft oi l  seal with a protruding dust
seal l ip at the front is f i t ted, ensure that the central ising tool
has a suitable recess in i t  to clear the dust seal l ip

Pos i t ion  the  camshaf t  so  tha t  the  key  is  a l igned w i t f r
the keyway in the camshaft gear and at the same t ime,
the  t im ing  marks  on  the  camshaf t  and id le r  gears  a re
a l igned

Draw the  gear  on to  the  camshaf t  by  f i t t ing  the  gear
retaining washer, tabwasher, shimwasher and setscrew
Tigh ten  the  se tscrew to  a  to rque o f  50 lb f  f t  (6 ,9kg f  m)  o r
68Nm,  and lock  w i th  the  tabwasher ,

Refi t  the camshaft gear cover plate.

Before  f i t t ing  the  aux i l ia ry  d r ive  gear ,  remove the  fue l
in jec t ion  pump,  see Page N 6 .  and tu rn  the  aux i l ia ry  d r ive
shaf t  un t i i  the  s lo t  in  the  ver t i ca l  f  ue l  pump dr ive  hub a l igns
wi th  the  s lo t  in  the  fue l  pump adaptor  p la te ,  see  F ig  K  2

Wi th  the  eng ine  se t  rn  th is  pos i t ion ,  f i t  the  aux i l ia ry
dr ive  gear  so  tha t  the  th ree  se tscrew ho les  in  the  shaf t  a re
wi th in  the  th ree  s lo ts  o f  the  oear

TIMING CASE AND DRIVE J3

J . 5

Ref i t  the  aux i l ia ry  d r ive  gear  cover  p la te

Ref i t  the  fue l  in jec t ion  pump,  see Page N 6

T igh ten  the  rocker  assembly  and ad  jus t  the  va lve
c learances  to  0008 in  (0 ,20mm) fo r  in le t  va lves  and
0018 in  (0 ,45mm) fo r  exhaust  va lves  co ld  and rep lace
the cover.

Ref i t  the  c rankshaf t  pu l ley ,  see  Page H 6

F i t  the  dr ive  be l ts  and re t igh ten  the  genera tor

To Remove ldler Gears and Hubs
Remove the  t im ing  case,  see Page J  2

Remove the  se l f  lock ing  nu ts  secur ing  each id le r  gear
th rus t  p la te .

Remove the  re ta in ing  p la tes  and w i thdraw the  gears ,
see F ig  J  5

Wi thdraw the  hubs

Secure the gear with the retaining plate and setscrews

J . 4
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J . 7

To Refi t  ld ler Gears and Hubs
Turn  the  c rankshaf t  un t i l  Nos .  1  and 6  p is tons  are  a t
T .D C.  w i th  the  keyway in  the  c rankshaf t  gear  a t  T .D C
Ref i t  the  id le r  gear  hubs ,  loca ted  by  dowels ,  see  F ig .  J .6 .
Ensure that the oi lways are clear

Ref i t  the  id le r  gears  and re ta in ing  p la tes  so  tha t  the
t im ing  marks  on  the  lower  id le r  gear  a l ign  w i th  the
t im ing  marks  on  the  c rankshaf t  gear

Us ing  new se l f  lock ing  nu ts ,  t igh ten  to  a  to rque o f
36 lb f  f t  (5 ,0  kg f  m)  o r  49  Nm.

Bef i t  the  t im ing  case,  camshaf t  gear  and aux i l ia ry  d r ive
gear, see Page J 2

Check  the  end f loa t  wh ich  shou ld  be  0 .004/0016 in
(0 ,10 /0 ,41  mm),  see F ig .  J .7

To Remove Camshaft and Tappets
Remove the  t im ing  case,  see Page J .2 .

Remove the rocker cover, rocker assemblv and withdraw
the oushrods.

Remove the fuel l i f t  pump, see Page N.5

Turn  the  eng ine  on  i t s  s ide  and remove the  sump.

Remove the camshaft thrust r ing and withdraw the
camshaft,  see Fig. J.B.

Remove the tappets.

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

Fit the camshaft thrust r ing so that i t  is correci ly
pos i t ioned on  the  dowel ,  see  F ig  J .9 .

Check  the  pro t rus ion  o f  the  th rus t  r ing  beyond the
cy l inder  b lock  f ron t  face  wh ich  shou ld  be  w i th in  the
l im i ts  o f  0 .000/0  005 in  (0 ,00 /0 ,13  mm).

Ref i t  the  fue l  l i f t  pump and connect ions

F i t the t im ing  case and re f  i t  the  t im ing  gears ,  see  page J  2

Ref i t  the  pushrods  and rocker  assembly

J . 8

Adjus t  the  va lve  c learances  to  0 .00Bin  (0 ,20mm) fo r  in le t
va lves  and 0 .018 in  (0 ,45  mm) fo r  exhaust  va lves  co ld .  Ref  i t
the rocker cover.

Ref i l l  sump wi th  lubr ica t ing  o i l  o f  an  approved grade.

To Remove Auxiliary Drive Shaft and
Fuel Pump Drive Shaft
Remove the  t im ing  case,  see Page J .2 .

Remove the  compressor  and aux i l ia ry  pump ( i f  f i t ted)  and
cou pi l  ngs.

Remove the  fue l  in jec t ion  pump,  see Page N.6 l

Wi th  a  tw is t ing  mot ion ,  w i thdraw the  aux i l ia ry  shaf t  and
the  two 180"  ha l f  th rus t  washers .  see  F iq  J .10 .
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Remove the  fue l  pump adaptor  p la te  comple te  w i th
rubber  sea l ing  r ing  and bush.

Wi thdraw the  upper  th rus t  co l la r  comple te  w i th  p is ton
r i n g  s e a l ,  s e e  F i g  J  1 1 .

The fue l  in jec t ion  pump and lubr ica t ing  o i l  pump dr ive
shaf t  comple te  w i th  wormwhee l  can  now be pu l led  up
and removed,  see F ig .  J  11

The wormwhee l  i s  shrunk  on  and punch peened to  the
dr ive  shaf t  In  the  event  o f  the  gear  requ i r ing  renewat ,
the  gear  and shaf t  assembly  shou ld  be  rep laced.  The
Iower  th rus t  co l la r  and bush w i l l  remain  in  i t s  loca t ion
in  the  cy l inder  b lock  and can be  removed by  remov ing
t h e  s u m p  a n d  l u b r i c a t i n g  o i l  p u m p .

Wi th  the  use  o f  a  spec ia l  too l  PD 140 w i th  adaptor  140-3
the  th rus t  co l la r  and bush can now be w i thdrawn,  see
F ig  J .12  Some ear l ie r  eng ines  d id  no t  have a  bush
f i t ted.

Where  necessary ,  renew the  aux i l ia ry  d r ive  shaf t  f ron t
and rear  bushes  in  the  cy l inder  b lock .  l t  

' r s  
adv isab le
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tha t  these be  drawn in to  the  b lock  by  means o f  a
su i tab le  th readed bar  and adaotors

To Refi t  Auxi l iary Drive Shaft  and Fuel Pump
Drive Shaft  see Fig. J.13.
Ref i i  the  lower  th rus t  co l la r  assemblv  and oress  in to
oos i t ion .

The wormwhee l  and fue l  pump dr ive  assembly  can
now be f i t ted.

F i t  the  upper  th rus t  co l la r  w i th  the  p is ton  r ing  sea l
in i ts location

R e f i t  t h e  l u b r i c a t i n g  o i l  p u m p  a n d  s u m p ,  f i l t i n g  w i t h
o i l  to  an  approved grade.

F i t  the  fue l  purnp  adaptor  p la te  assembly ,  comple te  w i th
bush sea l ing  r ing  and jo in t ,  so  tha t  the  t im ing  mark
scr ibed on  f lange is  ad jacent  to  the  ou ts ide  secur ing
s tu  d .
Where oi l  leaks past the adaptor plate "O" r ing occur in
service, the "O" r ing should be renewed and a joint (Pt No
36822118) fitted between the adaptor plate and the cytinder
block.

llt:r
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Fi t  the  aux i l ia ry  d r ive  shaf t  in to  pos i t ion  w i th  the
thrus t  washer  ha lves  f i t ted  aroqnd the  groove in  the
shaf t ,  f ina l l y  loca t ing  in  the  cy l inder  b lock  recess  w i th
two opposite butt faces located by a dowel, see Fig. J.14
The end f  loa t  o f  the  dr ive  shaf t  i s  con t ro l led  by
the clearance between the thrust washers, (which are
he ld  in  pos i t ion  by  the  t im ing  case)  and the  groove
of the drive shaft

The end f loa t  i s  be tween 0  0025 in  and 0 .009 in  (0 .064mm
and 0 ,23  mm).

Rep lace  the  t im ing  case,  t im ing  gears  and fue l  pump

Auxi l iary Drive Spray Tube
The aux i l ia ry  d r ive  gears  a re  lubr rca ted  by  o i l  d i rec teo
onto them by a spray tube

PABT SIDE VIEW ON AUX. DRIVE HOUSING

J . 1 5

The spray  tube is  a  push f  i t  in  the  aux i l ia ry  d r ive  hous ing
and sea led  w i th  a  "D"  p lug

Dur ing  eng ine  overhau l ,  th is  spray  tube shou ld  be
removed and c leaned.

New cy l inder  b locks  supp l ied  as  loose par ts  a re  no t
f i t ted with this spray tube, therefore when renewing a
cy l inder  b lock ,  ensure  tha t  the  tube is  t rans fer red  f rom
the o ld  b lock ,  o r  a  new one f i t ted  (see F ig .  J .15) .

Checking the Timing Gear Backlash
Remove the  camshaf t  gear  and auxr l ia ry  d r ive  gear
covers

Check  the  back lash  be tween the  t im ing  gears  us ing  a
c lock  gauge or  fee le r  gauges.

T h e  b a c k l a s h  s h o u l d  b e  0 . 0 0 3  i n  ( 0 , 0 8  m m )  m i n r m u m .
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Timing Marks
When the  eng ine  t im ing  is  se t  a t  the  fac to ry ,  mark ings
are  made on the  c rankshaf t  gear ,  id le r  and camshaf t
gear  w i th  the  eng ine  se t  w i th  No 1  p is ton  a t  T  D.C on
i tscompress ion  s t roke  (see F ig .  K .1  )
There  may be  mark ings  on  the  engrne to  es tab l i sh  t rue
T D.C but  where  no t ,  No.  1  p is ton  a t  T  D C on r ts
compression stroke can be ascertained by dropping
a va lve  on  to  No 1  p is ton  c rown and w i th  the  means o{
a  c lock  gauge es tab l i sh  the  max imum l i f t  o f  the  va lve
when the  va lves  o f  No.  6  cy l inder  shou ld  be  rock ing ,

I t  shou ld  be  no ted  tha t  F ig  K .1  has  been prepared to
show the  mark ings  on  the  t im ing  gears .  The camshaf t
and fue l  pump gears  a re  no t  normal ly  f i t ted  un t i l  the
t im ing  case has  been rep laced.

Fuel Pump Timing
When the  fue l  pump is  removed,  a  mach ined s lo t
w i l l  be  no ted  in  the  top  o f  the  fue l  pump dr ive  shaf t
and a  s lo t  approx imate ly  % in  (3 ,2  mm) w ide  in  the
adaptor  p la te  w i l l  a lso  be  seen (F ig .  K .2  ) .
Wi th  No 1  p is ton  se t  a t  T  D C on i t s  compress ion
s t roke ,  these two s lo ts  shou ld  be  in  l ine

On the  mount ing  f lange o f  the  fue l  pump is  a  sc r ibed
I rne  and a  fu r ther  l ine  is  sc r ibed on  the  fue l  pump
adaotor  D la te

When the  fue l  pump is  f i t ted ,  these two marks  shou ld
be in  a l ignment  (see F ig .  K  3)

To Reset Engine Timing
I t  i s  assumed tha t  the  t im ing  case and a l l  the  t im ing
gears  have been removed and requ i re  rep lac ing  w i th
the  knowledge tha t  the  va lve  and fue l  pump t im ing
wi l l  be  to  the  or ig ina l  se t t ing .

To rese t  the  t im ing  to  the  or ig ina l  mark ings ,  p roceed
as fo l lows:

Remove the rocker assembly, push rods and atomisers

Turn  the  eng ine  c rankshaf t  un t i l  Nos  1  and 6  p is tons  are
a t  T . D . C .

That  th is  has  been ob tarned may be  checked by
observing that the keyway for the crankshaft gear is at
T D C

Place the  two id le r  gears  in  pos i t ion  on  the i r  respec t ive
hubs,  mak ing  sure  tha t  the  doub le  l ine  t im ing  mark
on the  le f t  hand gear  i s  oppos i te  the  s ing le  l ine  t im ing
mark  on  the  c rankshaf t  gear  (see F ig  K  1) .  Then t igh ten
the  secur ing  nu ts  to  the  cor rec t  to rque (see page 8 .2) .

Rep lace  the  t rming  case and secure  i t  to  the  cy l inder
b lock

F i t  c rankshaf t  pu l ley  as  de ta i led  on  Page H 6

Wi th  the  eng ine  s t i l l  i n  the  T .D C pos i t ion ,  re f i t  the
camshaf t  gear  w i th  the  doub le  do t  t im ing  mark  oppos i te
the  s ing le  do t  t im ing  mark  on  the  id le r  gear .

Draw gear  on to  camshaf t  and f  i t  washer ,  tab  washer ,  sh im
washer  and re ta in ing  se tscrew T igh ten  se tscrew to  the
correct torque (see page B 2) and lock with tab washer

K.1
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With  the  eng ine  s t i l l  a t  T .D.C tu rn  the  fue l  pump dr ive
shaf t  un t i l  the  mach ined s lo t  in  the  fue l  pump dr iv ing
hub is  in  l ine  w i th  the  mach ined s lo t  in  the  fue l  oumo
adaptor  p la te  (see F ig  K  2) .

F i t  the  fue l  pump dr ive  gear  w i th  the  par t  number  to  the
f ron t  so  tha t  the  th ree  se tscrew ho les  co inc ide  w i th
the  ho les  in  the  fue t  pump dr ive  shaf t  when i t  i s  in
mesh w i th  the  id le r  gear  and secure  in  th is  pos i t ion .

Ensure  when f i t t ing  the  gear ,  tha t  the  two mach ined
s lo ts  remain  in  l ine

F i t  t im ing  gear  covers  to  the  t im ing  case.
Rep lace  the  fue l  pump ensur ing  tha t  the  scr ibed l ine
on i t s  mount ing  f lange co inc ides  w i th  the  scr ibed l ine
on the  fue l  pump adaptor  p la te  (see F ig .  K  3) .
Wi th  la te r  Bosch fue l  pumps,  th is  sc r ibed l ine  is  on  the
top  o f  the  mount ing  f lange.
Rep lace  a tomisers  and fue l  p ipes .

Rep lace  rocker  assembly  and ad jus t  va lve  c learance

Checking Valve Timing
1.  Turn  the  c rankshaf t  un t i l  the  va lves  on  No.  6  cy l inder

are  rock ing .  In  th is  pos i t ion ,  se t  the  c learance on
No.  1  in le t  va lve  to  one o f  the  fo l low ing  c learances
accord ing  to  the  par t  number  wh ich  is  s tamped on
the  rear  o f  the  camshaf t :

Camshaft Part No.
31416207

| 31416222
31 41 6302
31 41 6303
31 41 6304

Clearance
0.051 in  (1 ,30mm)
0.026 in  (0 ,66mm)
0 051 in  (1 ,30mm)
0  0 4 7 i n  ( 1 , 1 9 m m )
0.060 in  (1 ,52mm)

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

3. Check that Nos. 1 and 6 pistons are at T.D.C. The valve
timing tolerance is plus or minus2l/2".

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

. lncludes I6.3544 North America vehicle engine.
Note: There is no adjustment provided for valve t iming. l f  the
timing is found to be incorrect, then the gears can only be one
or more teeih out of correct mesh.
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K.3 (C.A.v. Pump)

Checking Fuel Pump Timing
Ensures that No. 1 piston is at T.D.C, on compression.
The valves on No, 6 cyl inder should be rocking.

Remove the  fue l  in jec t ion  pump and ensure  tha t  the
s lo t  in  the  fue l  pump dr iv ing  hub is  in  a l ignment  w i th
the  s lo t  in  the  f  ue l  pump mount ing  f lange.

l f  these slots are not in l ine, the necessary adjustment
shou ld  be  made on the  fue l  pump dr ive  gear ,  th rough
the  aper tu re  in  the  t im ing  case

Th is  ad jus tment  may be  e f fec ted  by  s lacken ing  o f f  the
three  gear  secur ing  se tscrews and tu rn ing  the  aux i l ia ry
drive shaft by means of the setscrews

When the  t im ing  is  found to  be  cor rec t ,  re f i t  the  fue l
pump ensur ing  the  scr ibed l ine  on  the  mount ing  f lange
co inc ides  w i th  l the  scr ibed l ine  on  the  fue l  pump adaptor
plate (see Fig. K.3)

Checking Fuel Pump Timing
(Alternative Method-C.A.V. Fuel Pumps only)
There  is  a  ro to r  in  the  pump bear ing  a  number  o f  sc r ibed
l ines ,  each one hav ing  an  ind iv idua l  le t te r  (see  F ig  K .4)
A t im ing  c i rc l ip  i s  pos i t ioned ins ide  the  pump wh ich
has to be set so that when the appropriate scribed l ine
on the  fue l  pump ro to r  a l igns  w i th  the  s t ra igh t  edEe o f  the
c i rc l ip ,  i t  denotes  commencement  o f  in jec t ion  (s ta t i c
t i m i n g ) .
To  se t  the  t im ing  c i rc l ip ,  i t  i s  necessary  to  remove the
pump f  rom the  eng ine  and f  i x  the  pos i t ion  o f  the  c icc l ip  by
connect ing  No 1  cy l inder  ou t le t  connect ion  (X)  on
the  pump to  an  a tomiser  tes te r  and pump up to  30atm
440 lb t / in2  or  (31  kg f /cmr)  Turn  the  pump by  hand in  the
normal  d i rec t ion  o f  ro ta t ion  un t i l  i t  locks  up .  The squared
end o f  the  c i rc l ip  shou ld  now be ad jus ted  un t i l  i t  l i nes  up
wi th  the  le t te r  "F"  on  the  pump ro to r
Ensure  the  fue l  pump is  cor rec t ly  f i t ted  w i th  the  scr ibed
l ine  on  the  mount ing  f lange co inc id ing  w i th  the  mark
on the  fue l  pump adaptor  p la te

Posit ion the crankshaft so that No 1 piston is at T.D.C
on i ts compression stroke.

Remove the rocker cover.

Remove the  co l le ts ,  spr ing  cap and spr ings  f rom No.  1
inlet valve and al low the valve to rest on top of the oisron
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Reposit ion the valve stem seal to the col let groove to
prevent  the  va lve  f rom dropp ing  in to  the  cy l inder .

With the aid of a clock gauge in contact with the end
of  the  va lve  now s i t t ing  on  No.  1  p is ton ,  i t  w i l l  be
necessary to posit ion the crankshaft so that the piston
wi l l  be  a t  i t s  s ta t i c  t im ing  po in t  (see  Page B10) .

To  do  th is ,  tu rn  the  c rankshaf t  in  the  oppos i te  d i rec t ion
to  normal  ro ta t ion ,  approx imate ly  an  e igh th  o f  a  tu rn
BT.D C and then fo rward  un t i l  the  requ i red  pos i t ion
is  reg is te red  on  the  c lock  gauge Th is  enab les  the
back lash  in  the  t im ing  gears  to  be  taken up

Remove the  f la t  inspec t ion  p la te  on  the  fue l  pump
enab l ing  the  ro to r  to  be  seen.

K.4 (C.A.V. Pump)

Wi th  No.  1  p is ton  a t  the  s ta t i c  t im ing  po in t  on  i t s
compress ion  s t roke ,  the  scr ibed l ine  on  the  ro to r  marked
'F 'shou ld  a l ign  w i th  the  s t ra igh t  edge o f  the  t im ing  c i rc l ip .
See F ig .  K  4 .

l f  the  t im ing  marks  do  no t  a l ign ,  re lease the  nurs
secur ing  the  fue l  pump and tw is t  the  pump body  in
the  requ i red  d i rec t ion  un t i l  the  marks  a l ign  Fur ther
ad jus iment  can be  made by  tu rn ing  the  aux i l ia ry  d r ive
shaf t ,  a f te r  t r rs t  re leasrng  tne  aux i l ia ry  d r ive  gear  secur ing
setscrews

l f  a f te r  bo th  these ad lus tments ,  the  t im ing  marks  do
not  a l ign ,  i t  cou ld  mean the  aux i l ia ry  d r ive  gear  has
f i t ted  incor rec t ly

Checking Fuel Pump Timing
(Alternative Method - Bosch Fuel Pumps only)

Ensure  fue l  pump is  cor rec t ly  f i t ted  to  eng ine  as  des-
c r ibed under  "To  Reset  Eng ine  T iming"  on  Page K 2 .

Wi th  the  rocker  cover  removed,  se t  the  eng ine  to  T .D.C.
No.  1  cy l inder  compress ion ,  i .e . ,  the  va lves  o f  No.  6
cy l inder  rock ing .

Thorough ly  c lean the  fue l  pump around the  vent  p lug
in  the  hvdrau l i c  head.

Remove the central plug from the end of the pump (C, Fig.
N.1 4) and f i t  one of the t iming tool assemblies given below:-

Bosch: Body 1688 130 045, Extension 1683 458 019 and
Dial lndicator 1687 233 012

Churchi l l :  Adaptor MS107 and Dial Indicator SM991A.

Ensure dirt  does not enter the pump.

Ensure that the dial indicator plunger is depressed at least
0 .118 in  (3mm) to  cover  the  p lunger  l i f t  wh ich  is  0 .110 in
(2 ,Bmm).

Turn the engine in each direct ion to obtain B.D.C. of the pump
plunger and set the dial indicator to zero at this point.

K.5

Repos i t ion  the  eng ine  a t  T .D.C.  No 1  cy l inder  compres-
s ion  and us ing  too l  No.  61188,  remove the  co l le ts ,
spr ing  cap and spr ings  f rom No.  1  in le t  va lve  (see
F ig .  K .5)  and a l low the  va lve  to  res t  on  the  top  o f  the
piston. Reposit ion the valve stem seal to the col let
g roove to  p revent  the  va lve  f rom dropp ing  in to  the
cyl inder.

Pos i t ion  a  d ia l  ind ica tor  w i th  the  p lunger  res t ing  on  top  o f
the valve stem, determine exact T D.C. posit ion and zero
the dial indicator.
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K.6

Turn  the  c rankshaf t  in  the  oppos i te  d i rec t ion  to  normal
rotat ion approximately ' /e of a turn and therr turn in the
normal  d i rec t ion  o f  ro ta t ion  un t i l  the  d ia l  ind ica tor
ind ica tes  tha t  the  p is ton  is  0  1  25  in  (3 ,1  B  mm) B.T  D C.
At  th is  pos i t ion ,  the  d ia l  ind ica tor  on  the  fue l  pump
shou ld  read 0 .0394 in  (1  mm) -  see  F ig .  K .6 .

Adjust t iming as necessary by releasing the three screws
secur ing  the  aux i l ia ry  d r ive  gear  to  the  aux i l ia ry  d r ive
shaft.

l f  t h e  p l u n g e r  l i f t  i s  i n  e x c e s s  o f  1 m m ,  t u r n  t h e  a u x i l i a r y
dr ive  shaf t  c lockwise  and then an t i -c lockwise  un t i l  1  mm
l i f t  i sob ta ined Secure the  gear  ensur ing  the  gear  back lash
is  taken up  by  ho ld ing  the  gear  aga ins t  normal  d i rec t ion
of rotat ion

l f  t h e  p l u n g e r  l i f t  i s  l e s s  t h a n  1  m m ,  t u r n  t h e  a u x i l i a r y  d r i v e
shaf t  an t i -c lockwise  un t i l  1  mm l i f t  i s  ob ta ined Secure  rne
gear  ensur ing  the  gear  back lash  is  taken up  by  ho ld ing
the  gear  aga ins t  the  normal  d i rec t ion  o f  ro ta t ion .

Recheck  t im ing  as  prev ious ly  de ta i led

When t imrng is  cor rec t ,  tu rn  the  eng ine  in  the  normal
d i rec t ion  o f  ro ta t ion  un t i l  No.  1  p is ton  is  a t  T .D.C.  Ref i t
valve stem oi l  seal, valve springs, spring cap and col lets.
Reset valve clearance to 0 008 in (0,20 mm).

Remove the special timing tool from the fuel pump and refit
the plug, lf the large inspection plug was removed, tighten it to
4Olbfft  (54Nm) s,skgfm or i f  the small  vent plug was re-
moved, t ighten i t  to Tlbf f t  (10 Nm) 1,0kgf m. l f  ihe low pressure
fuel pipes have been disturbed, bleed the system as de-
scribed on Page N.7.

Checking Fuel Pump Timing
(Us ing  Church i l l  Too l  MS.67B-  See F ig .  K .7)

Wi th  the  eng ine  pos i t ioned w i th  No 1  p is ton  a t  T .D.C.
compression stroke, the tool is substi tuted for the fuel
in jec t ion  pump.  As  the  eng ine  is  a t  T .D.C. ,  the  po in te r  on
the  too l  i s  se t  a t  the  re levant  fue l  pump mark ing  ang le ,
p lus  ha l f  the  s ta t i c  t im ing  ang le  and then the  t im ing
t ra in  i s  se t  to  cor respond to  the  t im ing  mark  on  the  fue l
inject ion pump adaptor plate.

T I M I N G

K.7

To Gheck Engine Marking Angle
Pos i t ion  the  eng ine  w i th  No.  1  p is ton  a t  T  D.C.
compress ion  and us ing  too l  No.  61  1BB,  remove the  co l le ts ,
spr ing  cap and spr ings  f rom No.  1  in le t  va lve  and a l low
the valve to rest on the top of the piston. Reposit ion the
inlet valve stem seal to the col let groove to prevent the valve
f rom dropp ing  in to  the  cy l inder .  Pos i t ion  a  d ia l  ind ica tor
with the plunger rest ing on top of the valve stem, determine
the  exac t  T .D.C.  oos i t ion

Remove the  fue l  in jec t ion  pump.

Re lease screw (5)  -  F ig .  K .7  -  and pos i t ion  sp l ined
shaf t  (6 )  so  tha t  ihe  la rger  sp l ined adaptor  i s  to  the
front of the tool

Ensure  tha t  the  s lo t ted  po in te r  (2 )  i s  pos i t ioned w i th  the
slot to the f ront of the tool and chamfered sides of the slot
are outwards. At this stage, the slotted, end of the pointer
should be kept well  back from the front of the body.
Ensure that the f lat in the washer f i t ted behind Dointer
securing screw (3) is located over pointer

Release the bracket screw (4) and set bracket so that
the  chamfered edge is  in  l ine  w i th  the  re levant  eng ine
checking angle. This angle can be obtained by reference
to  the  fue l  pump se t t ing  code and tab le  g iven on
P a g e  8 1 1 .

F i t  t im ing  too l  to  the  eng ine  in  the  fue l  pump pos i t ion
ensur ing  f  i r s t l y  tha t  sp l ined shaf t  w i th  master  sp l i  ne  is  f  u l  l y
located in pump drive shaft and then that the register of
too l  i s  sea ted  in  fue l  pump loca t ing  aper tu re  Lock
sp l ined shaf t  in  too l  l f  po in te r  i s  1B0o f rom t im ing  mark ,
eng ine  is  p robab ly  on  i t s  wrong s t roke ,  in  wh ich  case,
remove the tool and set the engine on correct stroke

Sl ide  the  s lo t ted  po in ie r  downwards  so  tha t  the  end o f
po in te r  abuts  f lange -  see  F ig .  K .8

Turn  t im ing  too l  by  hand in  oppos i te  d i rec t ion  to  pump
rotat ion (shown on pump nameplate) to take up backlash
and then check  tha t  t im ing  mark  on  fue l  pump adaptor  i s
in  l ine  w i th  s lo t  o f  po in te r .  l f  t im ing  mark  does  no t  a l ign ,
the  pos i t ion  o f  the  aux i l ia ry  d r ive  shaf t  shou ld  be  a l te red
re la t i ve  to  i t s  d r ive  gear .  The ho les  in  the  aux i l ia ry  d r ive
gear are slotted to al low for adjustment

When eng ine  t im ing  is  cor rec t ,  remove the  too l .

Where  necessary ,  the  fue l  pump mark ing  ang le  can be
checked by using t iming tool as described later

Refi t  f  uel pump to engine as given on Page N.6. Ref i t  No. 1
inlet valve stem seal, valve springs, spring cap and col lets
Then set valve clearance to 0 008 in (0,20 mm).

K5
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T I M I N G K6

K.8

Checking Fuel Pump Marking Angle
Release screw (5)  -  F ig .  K .7  -  and remove sp l ined
shaf t  (6 )

Ensure slotted pointer (2) is posit ioned with slot to rear
of tool and chamfered side of slot outwards At this stage,
slotted end of pointer should be kept well  back towards
body o f  too l  Ensure  tha t  f la t  in  washer  f i t ted  beh ind
pointer securing screw (3) is located over side of pointer.

Wi th  C.A.V pumps,  connect  No 1  ou t le t  connect ion  o f  the
pump (marked "X" )  to  an  a tomiser  tes te r  and pump up to
30 a tm 440 lb f  / in2  or  (31kgf lcmr)  l f  a  p ressur is ing  va lve
is f i t ted, this must be removed.

Release bracket screw (4) - see Fig. K 7 - and set
bracket  so  tha t  the  chamfered edge is  in  l ine  w i th
re levant  pump mark ing  ang le  (see Page B 11) .

Pos i t ion  t im ing  too l  on  pump dr ive  w i th  master  sp l ines
engaged and too l  loca ted  on  sp igo t  -  see  F ig .  K .g .

Wi th  C AV pumps,  tu rn  the  pump in  the  normal  d i rec-
t ion  o f  ro ta t ion  as  shown on name p la te  un t i l  i t  " locks
u p " .

With Bosch pumps, ensure that the keyway in the fuel
pump dr ive  shaf t  i s  in  l ine  w i th  No 1  ou t le t  marked "D"
on the  hydrau l i c  head.

Remove the central plug from the end of the pump (C, Fig.
N.14) and f i t  one of t l i ' re t iming tool assemblies given below:-

Bosch: Body 1688 130 045, Extension 1683 458 019 and
Dial lndicator 1687 233O12.

Churchi l l :  Adaptor MS107, and Dial Indicator SM991A

Ensure dirt  does not enter the pump.

Turn the pump against the normal direct ion of rotat ion ano
zero the dial indicator when the plunger is at B.D.C. Then turn
pump in normal direction of rotation until 0 0394in (1 mm) of
l i f t  is obtained on the pump plunger.

In these posit ions (for both C.A.V. and Bosch pumps) sl ide the
pointer (2) of the t iming tool - Fig. K.7 - forward unti l  i t  is
halfway over the pump flange and check that timing mark on
the f lange is central to the slot in the pointer - see Fig. K.9.

lf necessary, remove incorrectly positioned mark and make a
new mark in the correct posit ion on the pump f lange.

Remove t iming tool from Bosch pumps and ref i t  the plug. l f
the large inspection plus was removed, tighten it to 4olbfft
(54Nm) 5,5kgfm or, i f  the small  vent plug was removed,
t ighten i t  to Tlbf f t  (10 Nm) 1,0 kgf m).

K.9
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LUBRICATING SYSTEM

AUXITIARY
DRIVE

GOOLI]{G JET GAttERY

L . 1

Note :  P is ton  coo l ing  is  on ly  app l i cab le  to  mosr
tu rbocharged eng ines  except  cur ren t  T6 .3544 eng ines
f i t ted  to  genera t ing  se ts  and an  o i l  coo le r  i s  no t  a lways
f i t ted  to  na tura l l y  asp i ra ted  eng ines .  By-pass  va lves  are
not  incorpora ted  in  o i l  coo le rs  f i t ted  to  na tura l l y  asp i ra ted
engrnes
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Oil  Circulat ion
The lubr ica t ing  o i l  pump draws o i l  th rough the  suc t ion
pipe and strainer to an oi l  cooler, cooled by water from
the eng ine  coo l ing  sys tem.  O i l  coo le rs  a re  no t  a lways
f i t ted  to  na tura l l y  asp i ra ted  eng ines .  From the  o i l
coo le r ,  o i l  passes  th rough a  tu l l  f low f i l te r  to  the  marn
pressure  ra i l  d r i l l ed  the  length  o f  the  cy l inder  b lock .
Dr i l l i ngs  in  the  c rankcase webs feed o i l  f rom the  marn
ga l le ry  to  the  main  bear ings  and dr i l l i ngs  in  the  c rankshaf t
car ry  o i l  to  the  b ig -end bear ings  Through dr i l l i ngs
i n  N o s . 1 , 3 , 5  a n d  7  c r a n k c a s e  w e b s ,  o i l  p a s s e s  f r o m
the main  bear ings  to  lubr ica te  the  camshaf t  bear ings .
No 2  camshaf t  bear ing  supp l ies  a  cont ro l led  feed o f  o i l
to the rocker shaft assembly which escapes through a
small  bleed hole in each rocker lever to lubricate the
va lves  and spr ings .

With most turbocharged engines, the pistons are cooled by
lubricating oil being sprayed on their undersides by piston
cooling jets.

Pistons f i t ted to natural ly aspirated engines are not
cooled and cool ing jets are not f i t ted.

The feed for the piston cool ing jets is control led by a
two stage pressure rel ief valve situated after the oi l
cooler and comes into operation at a specif ied pressure
after oi l  is f lowing f reely to the main working parts of the
engrne.

Lubr ica t ion  fo r  the  t im ing  gears  i s  taken f rom the  o i l
passages connecting the pressure rai l  with the front
main  bear ing  and aux i l ia ry  d r ive

The two id le r  gear  hubs  in te rsec t  these dr i l l i ngs  and o i l
i s  passed th rough the  hubs  to  rad ia l  d r i l l i ngs  in  the
id le r  gears  to  lubr ica te  the  tee th  o f  the  gear  t ra in .
The aux i l ia ry  d r ive  shaf t  bear ings  are  lubr ica ted  by  a
dr i l l i ng  f rom the  pressure  ra i l  to  the  f ron t  aux i l ia ry
dr ive  shaf t  bear ing .  The o i l  then  passes  around a  groove
in  the  bear ing  journa l  and th rough a  fu r ther  d r i l l i ng
a long the  ou ter  s ide  o f  the  aux i l ia ry  d r ive  hous ing  to  the
rear  aux i l ia ry  d r ive  shaf t  bear ing

Lubr ican t  fo r  the  upper  fue l  pump bear ing  is  a lso
taken f rom th is  d r i l l i ng

A lso  connected  w i th  the  ou ter  d r i l l i ng  i s  a  smal l  spray
tube,  wh ich  d i rec ts  o i l  on to  the  wormwhee l  ano
wormgear

Oi l  p ressure  is  con t ro l led  by  a  p ressure  re l ie f  va lve  tha t
re tu rns  excess  o i l  to  the  sump.

The f i l te r  i s  p rov ided w i th  a  by-pass  fac i l i t y  in  the  event
o f  b lockage.

Oi l  coo le rs  f i t ted  to  na tura l l y  asp i ra ted  eng ines  do  no t
have by-pass  va lves .

To Remove Sump
Lower thesump by  re leas ing  a l l  f  lange se tscrews and nu ts

To Replace Sump
Place the  sump in  pos i t ion  and secure  by  fas ten ing  the
nuts  on  the  four  s tuds  loca ted  in  the  br idge p ieces .

The securing setscrews can now be inserted

Tighten the setscrews and nuts to a torque of 15lbf f t
( 2 , 1 k g f  m )  o r  2 0 l l m .

LUBRICATING SYSTEM L3

Oil Strainer
The o i l  s t ra iner  i s  par t  o f  the  o i l  pump suc t ion  p ipe .
There  is  no  per iod ic  serv ic ing  on  th is  s t ra iner  bu t  i t
shou ld  be  c leaned whenever  the  sump is  removed.

To Remove Oi l  Pump
Remove the sump and then the setscrews securing
the  o i l  pump to  cy l inder  b lock  and w i thdraw the  o i l
pump,  see F ig .  L .2

To Dismantle Oil Pump, see Fig. L.3
Remove the suction pipe and bottom cover of the oi l
p u m p .

w

L.2
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LUBRICATING SYSTEM L4

L.4

The shaft,  inner and outer rotors can now be removed

Inspect ion of Oi l  Pump
The inner rotor may have 4 or 6 lobes and the outer rotor 5 or
7 lobes
Inspect the rotors for cracks or scores.

Ins ta l l  the  dr ive  and dr iven  ro to rs  in  the  pump body .
The two sections of the outer rotor can be f i t ted in
any  oroer .

Check clearances given on Page 89, between inner
and outer rotors, see Fig. L.4, rotor end f loat, see Fig. L 5,
and clearance between outer rotor and pump body, see
F ig  1 .6

These clearances are appl icable to a new pump and are
to  be  used as  a  gu ide .

l f  the  pump is  fau l ty ,  i t  must  be  rep laced as  a  comple te
un i t  as  par ts  a re  no t  supp l ied  ind iv idua l l y .

L.6

To Re-assemble and Refi t  Oi l  Pump
With  the  inner  and ou ter  ro to rs  f i t ted  in to  the  pump
body,  re f i t  the  end cover  w i th  the  loca t ing  dowels  in
pos i t ion  and w i th  the  jo in t  faces  smeared w i th  a  su i tab le
j o i n t i n g  c o m p o u n d .

Pr ime the  pump wi th  c lean lubr ica t ing  o i l

The o i l  pump assembly  and jo in t  can  now be f i t ted  in to
i ts  loca t ion  in  the  cy l inder  b lock  and secured w i th  two
setscrews and washers

Ref i t  the  suc t ion  p ipe  and s t ra iner

Rep lace  the  sump,  and re f i l l  w i th  o i l  to  an  approved
g rade.

To Remove and Dismantle the Pressure
Rel ief  Valve Assembly see Fig. L.7
Remove the  sump and then the  p ipe  f rom va lve  to
the  cy l inder  b lock  (T6  3544 on ly ) .

Release the two securing setscrews and remove the
va lve

Remove the  c i rc l ip  wh ich  w i l l  enab le  the  spr ing  seat ,
spr ing  and p lunger  to  be  w i thdrawn f rom the  va lve  bore .

ffi &?$&WWS i%"

t :

L,7

To Assemble and Retit the Pressure
Relief Valve Assembly
Replace the  p lunger ,  spr ing  and spr ing  seat  in  the  va lve
bore and ref i t  the circl ip.

6 3544 Series Workshop Manual, January 1 986



Using a new joint,  ref i t  the valve assembly to the
cy l inder  b lock .

Ref  i t  p ipe  f rom va lve  to  the  cy l inder  b lock .  (T6  3544 on ly ) .
With turbocharged engines, the f i rst blow off stage to feed
the piston cool ing jets should reach a steady f low at
30/37 lbt/in2 12,11 /2,60k9t/cm2) or 2O7 /255kN/m2, relief
valve f low should commence at 50/60lbt/ in, B.S2/
4,22kgf /  cmzl ot 343/ 41 4 kN / m,.

Wi th  na tura l l y  asp i ra ted  eng ines ,  there  is  on ly  one orow
off stage, when the rel ief valve f low should commence
at 50/60 | bf/ i  n, (3,52 / 4,22kgI /c m, ) o r 343 / 41 4kN / mz

Ref i t  the  sump and f i l l  w i th  lubr ica t ing  o i l  to  an  approveo
g raoe.

Oil  Coolers
Oi l  coo le rs  a re  f i l l ed  to  tu rbocharged eng ines  and some
natura l l y  asp i ra ted  eng ines

Four dif ferent types of cooler are ut i l ised. For turoo-
charged eng ines  hav ing  the  coo le r  on  the  le f t  hand s ide
of  the  eng ine ,  see  F igs .  L  8  and L .9 .

The o i l  coo le r  f  i t ted  to  the  r igh t  hand s ide  o f  tu rbocharged
eng ines  is  shown in  F ig  L  10 .  Th is  coo le r  has  two f i l te r
canisters f i t ted on the top of the cooler and the coorer
i  ncorporates the oi I  pressure rel ief valve.

Where an oi l  cooler is f i t ted to the left  hand side of
na tura l l y  asp i ra ted  eng ines ,  th is  i s  shown in  F ig .  L  11 ,  and
where f i t ted to the r ight hand side of natural ly aspirated
eng ines ,  then th is  i s  shown in  F ig  L  12 .

Oil  passes through the cooler and is cooled by water
f lowing through the tubes A valve is incorporated
into the headcasting which al lows oi l  to by-pass the
cooler in the event of a restr ict ion, where the oi l  coorer
is f i t ted to the left  hand side of turbocharged engines
Oil coolers f i t ted to the r ight hand of turbocharged
eng ines  or  e i ther  s ide  o f  na tura l l y  asp i ra ted  eng ines
do not have by-pass valves.

L.8
1. Coolant Drain Plug
2. Lubricating Oil  Drain Plug

LUBRICATING SYSTEM L5

To Remove Oi l  Cooler
Drain the cool ing system also the coolant from the
coo ler  by  remov ing  the  dra in  p lug .  Dra in  the  lubr ica t ing
o i l  f rom the  coo le r  by  remov ing  the  o i l  d ra in  p lug
Dis ionnec t  the  coo le r  in le t  and ou t le t  connect ions

Remove the oi l  f i l ter assembly (where f i t ted) or canisters
f rom the  coo le r  cas t ing .

Release the f ive setscrews securing the cooler to the
adaptor or cyl inder block and remove the cooler.

To Dismantle Oi l  Gooler
Turbocharged Engines-Lefl  Hand Mounting
(see F igs .  L  B  and L .9)

Remove three nuts and washers securing the f langed
tube stack to the cooler bodv

Withdraw the tube stack f rom out of the cooler bodv.

Remove the  "O"  r ings

Remove plug and washer from the cooler bypass valve.

Wi thdraw spr ing  and p is ton .

To Re-assemble Oil Cooler
Turbocharged Engines - Left Hand Mounting

New "O" r ings must always be used.

L igh t ly  o i l  the  r ings  and the i r  respec t ive  loca t ions .

The f i rs t  "O"  r ing  shou ld  then be  f i t ted  to  the  f langed end
of  the  tube s tack ,  by  p lac ing  i t  over  the  oppos i te  end
and s l id ing  i t  over  the  fu l l  leng th  o f  the  s tack  un t i l
i ts location is reached.

The second "O" r ing may now be f i t ted into the groove
on the  unpor ted  end o f  the  tube s tack .

Careful ly insert the tube stack into the cooler body
unti l  the f lange locates onto the studs and secure with
spring washers and nuts

The bypass valve assembly may now be ref i t ted into
the headcasting.

Ref i t  the  water  and o i l  d ra in  p lugs

1



LUBRICATING SYSTEM L6

1 . 1 0
1. Coolant Drain Plug

To Dismantle Oi l  Cooler
Turbocharged Engines- Right Hand Mounting
(see F ig .  L .10)

Remove rear clamp plate.

Remove rear "O" r ing.

Unscrew three nuts at front of cooler and withdraw ruoe
stack out of front of cooler body complete with front
plate which is integ ral with tube stack
Remove f ron t  "O"  r ing .

To remove oi l  pressure rel ief valve, remove end plate
and pipe (which rel ieves oi l  to crankcase) and witnoraw
spr ing  and p lunger .

To re-assemble cooler, reverse order of disman|ing,
New "O"  r ings  shou ld  be  used wh ich  shou ld  be  l igh f ly
oi led before f i t t ing.

L . 1 1
1. Coolant Drain Plug
2. Lubricating Oil  Drain Plug

To Dismantle Oi l  Cooler
Natural lyAspirated Engines- Lefi  Hand Mounting
(see F ig .  1 .1  1 )

Remove screw complete with locking tab at each end
of the cooler.

Sl ide the tube stack to the left  and remove the r ight hand
s ide  "O"  r ing .

Remove the tube stack to the r ight and remove the left
hand s ide  "O"  r ing .

To re-assemble cooler, reverse order of dismanfl ing.
New "O"  r ings  shou ld  be  used wh ich  shou ld  be  l igh i l y
oi led before f i t t ing.

1 .  Coo lan t  Dra in  P lug
2. Lubricating Oil  Drain Plug

To Dismantle Oi l  Cooler
Natural ly Aspirated Engines - Right Hand Mounting
( s e e  F i g .  L . 1 2 )

Remove single screw and locking tab at top of cooler.
Remove three screws at bottom of cooler and remove
c lamp p la te

Push tube s tack  down and remove top  , ,O, ,  r ing .
Remove tube stack out of top of cooler body and remove
bot tom "O"  r ing .

To re-assemble cooler, reverse the order of dismanil ing.
New "O"  r ings  shou ld  be  used,  these be ing  l igh i l y  o i led
before f i t t ing

With this cooler, where the coolant feed is taken from
the side of the cyl inder block, i f  i t  is necessary to replace
the  adaptor  wh ich  is  a  push f i t  in  the  b lock ,  then i t  must
be  f i t ted  us ing  Loc t i te  Reta in ing  Compound Grade 75 .

To Test an Oil Cooler
Suitable adaptors, incorporating pressure connecttons
must be fabricated to blank off oi l  ports and water
connect rons

To test water side
F i l l  water  s ide  w i th  water  and immerse the  un i t  in  warer ,
ensur ing  absence o f  t rapped a i r

Pressurise water side with air at a pressure of 30lbf/ in,
(2 ,11k7t /cmz)  o r  207kN/m,  and examine fo r  leaks

To test oil side
With water side f i l led with water and unit immersed in
water, pressurise oi l  side at a pressure of 90lbf/ in,
(6,33kgf/cmr) or 620kN/m, for turbocharged engines or
60lbf/ in, (4,22k9t/cm2) or 414kN/m, for natural ly
aspirated engines. Test for two minutes and examrne
for leaks.

The tube stack should be reiected i f  bubbles persist
from the water inlet or outlet connections.
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Adaptor- Goolerto Cyl inder Block
(where t i t ted)

The adaptor may be released by removing the securing
setscrew,  see F ig .  L .13

When re f i t t ing  use  a  new jo in t  and su i tab le  sea l ing
compound and secure  w i th  se tscrew,  p la in  washer  and
spr ing  washer .

To Refi t  Oi l  Cooler
The joint,  lubricating oi l  cooler to adaptor block, must be
fastened to the oi l  cooler f lange with an approved adhesive;
"Bostik" clear, "Evostik" or Dunlop SN 1901 .

There must not be any sealant between the joint and the
adaptor block. This side of the joint must be f i t ted dry.

Ref i t  the  o i l  coo le r  to  adaptor  o r  cy l inder  b lock  and
secure with f ive setscrews, plain and spring washers.

Ref i t  the  o i l  f i l te r  w i th  four  se tscrews and sor ino  washers
or ref i t  f  i l ter canisters.

Reconnect  the  coo le r  in le t  and ou t le t  connect ions .

Ensur ing  tha t  the  water  and o i l  d ra in  p lugs  are  f i t ted ,
ref i l l  the cool ing system.

Star t  the  eng ine ,  bu t  do  no t  speed the  eng ine  un t i l  o i l
pressure is achieved

Check  fo r  o i l  and  water  leaks

LUBRICATING SYSTEM L7

L . 1 4

To Renew Lubricat ing Oi l  Fi l ter Element
Unscrew f i l te r  can is te r  f rom f i l te r  head cas t ing  (see
F i g  L  1 4 ) .

Check  tha t  th readed adaptor  i s  secure  in  head cas t ing

Discard  o ld  can is te r

C lean f i l te r  head

Pr ime the  new can is te r  w i th  lubr ica t ing  o i l  a l low ing  t ime
for  the  o i l  to  f  i l te r  th rough the  e lement

Us ing  c lean eng ine  o i l ,  l i bera l l y  o i l  the  top  sea l  o f  the
rep lacement  can is te r

Screw rep lacement  can is te r  on to  f i l te r  head un t i l  the
sea l  jus t  touches  the  head and then t igh ten  by  hand
as per  the  ins t ruc t ions  on  can is te r .  Where  a  too l  i s
ava i lab le ,  t igh ten  to  .15 lb f  f t  (2 ,07kgf  m)  o r  20Nm

Run eng ine  and check  fo r  leaks

Where  tw in  f i l te rs  a re  f i t ted ,  bo th  canrs te rs  shou ld  be
rep laced a t  the  same t ime

Note :  The o i l  f i l te r  can is te rs  have in te rna l  va lves  to
prevent drain back and a special tube stack, so always
ensure  tha t  the  cor rec i  rep lacement  i s  f i t ted .
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Circu la t ion  o f  the  coo lan t  i s  ass is ted  by  an  impe l le r
type  water  pump mounted on  the  f ron t  o f  the  cV l inder
b lock ,  d r iven  by  tw in  be l ts  f  rom the  c rankshaf t  pu l ley .

From the  tw in  vo lu te  water  pump,  the  coo lan t  f lows
f rom one ou t le t  in to  the  cy l inder  b lock  and up  in to  the
cy l inder  head.  Coo lan t  f rom the  o ther  ou i le t  i s  p iped
in to  the  o i l  coo le r  where  i t  c i rcu la tes  and is  then p ioed
in to  the  rear  o f  the  cy l inder  b lock .  l t  then  f lows up  in to
the  cy l inder  head.

Where  the  o i l  coo le r  i s  f i t ted  to  the  le f t  hand s tde  o f
na tura l l y  asp i ra ted  eng ines ,  the  coo lan t  feed is
somet imes taken f rom the  s ide  o f  the  cy l tnder  b lock
and in  th is  case,  the  adaptor  wh ich  is  a  push f i t  in  the
b lock  must  be  f i t ted  w i th  Loc t i te  Reta in ing  Compound
Grade 75 .

Where  no  eng ine  o i l  coo le r  i s  f i t ted ,  then a l l  the  cootan t
f lows in to  the  f  ron t  o f  the  cy l inder  b lock
The coo lan t  ex i ts  f rom the  f ron t  o f  the  cy l inder  head
in to  a  tw in  thermosta t  chamber ,  and when the  thermosrars
are  in  the  open pos i t ion ,  a l lows the  coo lan t  to  pass  In to
the radiator.

Unt i l  the  coo lan t  reaches  a  spec i f  ied  tempera ture ,
however ,  the  thermosta ts  w i l l  be  in  a  c losed pos i t ion
deny ing  access  to  the  rad ia to r  and the  coo lan t  w i l j
f low into a by-pass and back into the water pump
A cy l inder  b lock  dra in  po in t  i s  p rov ided on  the  fue l
pump s ide  o f  the  eng ine  a t  the  rear .

Wi th  T6.3544CC eng ines  wh ich  incorpora te  an  in tegra l
a i r  charge coo le r  and induc t ion  man i fo ld ,  i t  shou ld  be
noted  tha t  the  dra in  p lug  o f  the  coo le r  ou t le t  connect ion
(see F ig .  C.2)  shou ld  be  removed when e i ther  d ra in rnq  or
f i l l i ng  the  coo l ing  sys tem.

Fan Belts
Twin belts are used to drive the generator and water
p u m p .

The fan  may be  mounted on  e i ther  the  water  pump
pu l ley  o r  d i rec t  to  the  c rankshaf t  pu l ley

New be l ts  shou ld  be  f i t ted  in  pa i rs  and the  tens ion

checked a f te r  a  shor t  per iod  o f  runn ing  to  a l low fo r
the  in i t ia l  s t re tch

Be l t  ad jus tment  i s  ob ta ined by  loosen ing  the  genera tor
mount ing  bo l t  and a l te r ing  the  pos i t ion  o f  the  qeneraror
on  i t s  mount ing  l ink .

The tens ion  shou ld  be  such tha t  a  p ressure  app l ied  by  the
thumb on the  longes t  unsuppor ted  s t re tch  o f  be l t
shou ld  depress  i t  approx imate ly  %in  (1Omm),  see
F i g  M . 1

To Remove and Refit Thermostats
The water outlet connection forms the top half of the
thermosta t  hous ing

Dra in  the  coo l ing  sys tem and d isconnect  the  top  rao ta to r
hose, remove three setscrews securing the water
ou t le t  connect ion  and remove,  see F ig .  M.2 .
Thethermosta tscan now bewi thdrawn f rom the  hous ing
When rep lac ing ,  ensure  tha t  the  j igg le  p ins  a re  f ree
IO mOVe

Ensure that only by-pass thermostats are f i t ted.
Refi t  the water outlet connection correci ly placrng a
new jo in t ,  connect  the  top  water  hose and re f i l l  the
cooling system Check for leaks

M.2

M.3



To Test the Thermostats
Suspend the  thermosta ts  in  water  and heat  g radua l ly
Wi th  a  thermometer ,  check  tha t  the  thermosta t  s ta r ts
to  open a I  177/183"  F  (B i l84 .C)  and is  fu l ty  open a t
199/205. F (93/96.C)

The va lve  l i f t  when fu l l y  open is  0  37410 50Oin  (9 .50 /
12 ,7Omm)

To Remove Water pump
Remove the  dr ive  be l ts .

Dra in  the  coo l ing  sys tem and d isconnect  the  noses ,
The water pump securing setscrews and nut can now
be released and the water pump removed, see Fig M.3.

To Dismantle Water pump
Remove the  se l f  lock ing  nu t  and p la in  washer  secur ing
tne  water  pump pu l ley  and w i thdraw the  pu l ley  f rom
the shaf t ,  see  F ig .  M.4 .

Press  the  shaf t ,  comple te  w i th  impe l le r ,  ou t  o f  the  bodv
f rom the  f ron t .

i Press the impeller from the shaft and remove the rear sear,
I counterface and flinger. Latest pumps have one-piece seats
I with an iniegral counterface and a flinger is not fitted.

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

M . 4

lWhere applicable, the f lange, retainer and front seal can now

; be withdrawn from the body. The front felt seal assembly is
; not fitted to latest pumps and can be discarded provided that
Ithe latest one-piece rear seal, shaft and longer bearing
I distance piece are to be fitted.

lTo Re-assemble Water Pump, Fig. M.5
I lf the latest one-piece seal with an integral counterface is to
lbe f i t ted to an earl ier pump, the felt  seal assembly and the
lf l inger can be discarded. A new shaft and a longer bearing
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I distance piece (to allow for the removal of the felt seal flange)
I wi l l  be supplied with the new seat.

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

Where applicable, f i t  the front seal assembly - retainer with
felt seal inside - into its location, with felt face towards the
front of the pump.

Grease the bearings and half fill the space between the two
bearings with high melt ing point grease. Where applicable, f i t
the f lange over the impeller end of the shaft with the dished
face to the bearings and press the complete shaft and bearinq
assembly into the pump body from the pul ley end.

Fit  the circl ip into i ts recess in the pump body immediately
forward of the front bearing.

Where applicable, sl ide the rubber f l inger over the impeller
end of the shaft until the flat face butts against the bearing
retaining f lange.

lf the rear seal has a brass casing, coat its locating surface
with joint ing compound. Fit  the rear seal over lhe 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.

Where applicable, fit the ceramic counterface ensuring that
the ceramic face bears against the carbon face of the sprino
loaded seal.



COOLING SYSTEM M4

Before fitting the pulley, insert the captive setscrew and
washer in its respective hole, see Fig. M.6.

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

Press impeller onto shaft until a clearance is obtained be-
tween impeller vanes and pump body, including end float of
0.012/0.035in (0,30/0,89mm) - see Fig. M.5.

Fit  plain washer, spring washers and pul ley securing nut and
tighten to a torque of 60lbfft  (8,30kgfm) or 82Nm. Spin the
pump pulley to ensure freedom of movement.

Ceramic Seals
l f  an  eng ine  is  run  w i thout  coo lan t  in  the  water  pump,
the heat bui ld-uo between the carbon seal and the
ceramic counter face is very rapid, result ing in the
cracking of the ceramic

Th is  can cause a  misunders tand ing  tha t  the  leakage
of water from the pump is due to the incorrect assembly
o f  the  sea l ing  ar rangement  in  the  water  pump.

To Refit Water Pump
Using a new joint,  ref i t  the water pump, securing with
setscrews, nuts and spring washers to a torque of
20lbtt l  (2,77 kgf m) or 27 Nm.

Reconnect the hoses, f i l l  the system with coolant.

Refi t  the drive belts, start the engine and check for
leaks.

M.7

Piston Cooling Jets, see Fig. M.7
Piston cooling iets are fitted to most turbocharged engines

I only. They are not fitted to normally aspirated engines.
Cooled lubricating oi l  is directed, by means of spray

lets situated at the base of each cyl inder l iner, onto the
underside of each piston crown where i t  circulates,
dispersing heat from the combustion area. The oi l
then drains back into the sump.

Oil  is carr ied to the spray jets by means of a pipe from
the rel ief valve to an oi l  gal lery in the cyl inder block
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which connects with an auxi l iary oi l  pressure rai l
dr i l led the length of the cyl inder block above the
camshaft chamber.

This pressure rai l  is tapped in six places to accommodate
the dowelled piston spray iet block.

The removal and ret i t t ing of the pressure rel ief valve
is dealt with in the Lubricating Section L., on Page L.4.

To Remove Piston Cooling Jets
Drain the lubricating oi l  and remove sump, see Page L.3.

M . 8

Remove the banjo holt securing the jet body to the
cy l inder  b lock .

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

To Refit Piston Cooling Jet
The body  shou ld  be  f i t ted  to  the  cy l inder  b lock  mak ing
sure that the dowel locates correctly.

Insert the banjo bolt with washer f i t ted and t ighten to
a  to rque o f  20 lb f  f t  (2 ,77k7 ' f  m)  o r  27Nm.  Ref i t  the  sump,
and f i l l  w i th  lubr ica t ing  o i l  o f  an  approved grade.

Nozzle Positioning
In the event of a nozzle of a piston cool ing jet becoming
misa l iqned,  i t  i s  impor tan t  tha t  the  cond i t ion  is  rec t i f ied
a n d t h e  i l l u s t r a t i o n s  i n  F i g s  M 9  a n d  M  1 0 w i l l  s h o w  h o w
th is  may be  accompl ished.

Wi th  a  p is ton  removed,  inser t  a  p iece  o f  l r in  (2 ,38
mm),  rod  (such as  we ld ing  rod)  in to  the  je t  nozz le  so  tha t
i t  protrudes above the top of the cyl inder bore.

Fig. M.9 shows the dimensions taken on the top face
of  the  cy l inder  b lock  and i t  w i l l  be  seen tha t  the
measurements of 1 781 in (45,24 mm) and 0 641 in
(16,28mm) are taken from two sides of the l iner bore
as i l lustrated.

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

Fig. M.10 illustrates how the correct nozzle angle may be
achieved by the use of rules.

@



1.781 in (45,24mm)
0.641 in

( 1 6 , 2 8  m m )

Charge cooler (integral airlwater)
No preventive mainlenance is necessary on the intercooler as
the air passing over the cool ing f ins is clean. l f  the
turbocharger oi l  seals leak, this may necessitate the removar
and cleaning of the intercooler. The intercooler is a sealed unit
and no repairs are possible except perhaps by specialisrs.

The charge cooler should be removed and f i t ted with the Intet
manifold attached and the manifold, intercooler and top cover
treated as a complete assembly. In the case of tractors this
assembly will have to be removed before the exhaust
manifold can be removed.

The air charge cooler can be removed and dismantreo as
fol lows:

1. Drain coolant system - remove air bleed scre\r'i on coolant
outlet elbow of charge cooler to ensure that coolant drains
from cooler.

12. Disconnect coolant, air and fuel pipes. Release pipe cl ips
and supoort brackets.

COOLING SYSTEM

lJ. Remove charge cooler/manifold assembly from engine.

4. Remove coolant pipe flanges from top cover and manifold
Note "O" ring fitted in groove in flange bore.

5. Remove setscrews securing top cover and manifold
f langes.

6. Sl ide the top cover over the coolant pipe by l i f t ing the
opposite end of the cover to clear the intercooler.

7. Sl ide the intercooler out of the manifold by l i f t ing the
non-pipe end of the intercooler to clear the manifold, '

8. Reassemble and refit in reverse order. Fit new joints with
Hylomar. Remove air bleed screw when f i l l ing coolant
system - if top of radiator is below intercooler, the system
may have to be topped up after a short period of running

The coolant f low for the charge cooler is from the water pump
outlet - through the intercooler - back to the water pump inlet
for tractor engines or the rear of the cyl inder head for combine
enornes.

M5

M . 1 0
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AIR FILTERS AND FUEL SYSTEM N2

Air Charge Cooling
(T6.3544 engines only)
T6.3544CC engines have an air charge cooler integral
with the induction manifold (see Figs. A.5 and A.6).
Another method of cool ing the air between the outlet of
the  compressor  s ide  o f  the  tu rbocharger  and the
induction manifold is by pushing air through an 'air

cool ing radiator '  usual ly mounted in the same air stream
as the  eng ine  water  coo l ing  rad ia to r  (see  F ig .  N.1) .

Air Cleaners
Operating condit ions play an important part in deciding
how frequently i t  is necessary to service the air cleaner.
Where the cleaner has a dust bowl f i t ted, the amounr
of dust present in the bowl when removed, wil l  show
whether i t  is being emptied at the correct t ime for the
prevai l ing condit ions. l f  the dust bowl is al lowed to
become ful l ,  i t  wi l l  reduce the l i fe of the element.

l f  an automatic dust ejector is f i t ted, i t  should be kept
clean and the l ips of the rubber ejector checked to see
that they close, but do not adhere together.

Where a restriction indicator is fitted, this will give a positive
indication that the air cleaner element needs attention and
eliminates haphazard servicing. lf you do not have a
restriction indicator fitted, then you should consider having
one fitted on the trunking between the air cleaner and
turbochargeriinduction manifold. A 22in (559mm) water
gauge indicator titted on the cleaner outlet is suitable for the
majority of cases. lt should be remembered that the indicator
does not show the amount of dust oresent in the dust bowl.

The type of air cleaner f i t ted to your vehicle or machine
depends upon the manufacturer of your equipment.
Usually, guidance for the servicing is shown on the
body of the air cleaner, but the fol lowing advice may
also help.

Dry Type Two Stage "Cyclopac",
see Fig. N.2
Unclamp the dust bowl, remove the baff le plate and
clean out the bowl.

The dust in the bowl must not be al lowed to reach
wi th in  %in  (13mm) o f  the  dus t  en t ry  s lo t  in  ba f f le
DO NOT USE PETROL (GASOLINE) for cleaning any
part of air cleaners.

N.2

Release the wing nut and remove f i l ter element.

Dry dust can be removed from the element by blowing
back from the clean side of the pleats by using air
pressure not exceeding 100lbf/ in'? (7 kgf/cm'?) or 689 kN/m'?.

l f  the element is contaminated by oi l  and/or soot,
i t  can be cleaned in warm water using a suitable
non-foaming detergent as recommended by the air
cleaner manufacturer.

Al low, the element to soak for about ten minutes and
then agitate. Spray clean water onto the "clean" side of
the element r insing thoroughly and al low to dry, do not
use oven heat

NEVER FIT a wet element as water may be inducted
by the engine carrying dust with i t .

Examine the element for pin holes, thin areas, or
other damage by placing a bright l ight inside the
element.

The element should be renewed after six cleanings
or once a year, whichever occurs f irst '

Clean the inside of the f i l ter body and f ins, making
sure no dirt  enters the air f  i l ter outlet.

Check al l  hoses and joints for condit ion and security.

Re-assemble air cleaner unit .

l f  an automatic dust ejector (vacuator) is f i t ted, i t  should
be kept clean and the l ips of the rubber ejector
checked to see that they close but do not adhere
together.

Dry Type Two Stage "Cyclone",
see Fig. N.3
Unscrew the clamping screw and remove the element
retaining str ip. Remove the seal plate and element.

l f  the element is blocked by dry dust, clean by caretul ly
hand tapping the element or by direct ing low pressure
comoressed air on to the clean side of the element.

l f  the element is contaminated by oi l  or soot, i t  can be
part ial ly restored by washing in a suitable non foaming
detergent solut ion.

A{ter washing, r inse out thoroughly by direct ing clean
water on to the clean air side of the element and al low
to dry - do not oven dry. Never fit a wet element to the

*
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f i l te r  as  dus t  may be  car r ied  th rough the  e lemen l  oy
water.

Inspec t  the  c leaned e lement  by  p lac ing  a  b r igh t
l igh t  ins ide  and look ing  th rough the  e lement .  Any
th in  spots ,  p in  ho les  or  o ther  damage w i l l  render  the
e lement  un f  i t  fo r  fu r ther  use

The e lement  shou ld  be  renewed a f te r  s ix  de tergent
wasnes or  annua l ly ,  wh ichever  occurs  f i rs t .
C lean the  ins ide  o f  the  f i l te r  body  and dry  thorougnry
-  do  no t  use  pe t ro l  (gaso l ine)  fo r  c lean ing
Inspec t  the  jo in ts  and hoses  and renew where
n ecessary

Re-assemble  the  f i l te r  ensur ing  tha t  a l l  jo in ts  a re
leakproof

AIR FILTERS AND FUEL SYSTEM N3

Dry ].yp9 T-wo Stage ,,Duo-Dry",
see Fig. N.4
Dust  Bowl
Unc lamp the  dus t  bowl ,  empty  ou t  the  dus t  and c lean
the  bowl  -  do  no t  use  pe t ro l  (Easo l ine)  fo r  c lean ing .
The dus t  in  the  bowi  must  never  be  a l lowed to  bu i ld  up  to
1  in  (25mm) o f  the  bo t tom o f  the  tubes .
E lement
C lean the  top  o f  the  c leaner  and then unc l ip  and
remove the  top  cover  Unscrew the  wrng nu t  ano
remove the  inner  cover  and e lement

C lean and inspec t  the  e lement  as  de ta i led  f  o r  rne
"Cyc lopac"  c leaner ,  bear ing  in  mind  tha t  the  c tean
s ide  o f  the  e lement  o f  the  "Duo-Dry , '  c leaner  i l l us r ra ted
is  the  ou ts ide  o f  the  e lement

C lean the  ins ide  o f  the  body  -  do  no t  use  pe t ro l  l f  the
tubes  are  no t  too  d i r ty ,  they  can be  c leaned w i th  a  s t i f f
f ib re  b rush bu t ,  i f  heav i l y  con taminated ,  the  ruoe
body shou ld  be  removed and c leaned w i th  compressed
ar r  o r  warm water  no t  exceed ing  150"F (65 .C)
Inspec t  a l l  jo in ts  and hoses  and renew where  necessary
Re-assemble  the  c leaner  ensur ing  tha t  a l l  par ts  a re  o rV
and a l l  jo in ts  a re  leakproof .

l f  the  tube body  has  been removed,  t igh ten  the  c ramp
between i t  and the  upper  body  be fore  t igh ten ing  l i te
m o u n t i n g  c l a m p

Dry Type, Mult i -Element
"Rotopamic",
see Fig. N.5
The e lements  o f  th is  type  c leaner  shou ld  no t  be  c leaned
but  the  comple te  f i l te r  car t r idge  shou ld  be  renewed
when necessary

Re lease the  c lamps and remove the  mois tu re  e l im ina tor
or  p re-c leaner  pane l .  C lean the  open ings  in  the  pane l  o f
any  dus t ,  soo t ,  e tc

Remove the  f i l te r  car t r idge  and c lean the  in te r io r  o f  the
c leanerhous ing-do no t  use  pe t ro l  (gaso l ine)

F i t  the  new car t r idge  In  pos i t ion  ensunng a  pos i t i ve
sea l  by  p ress ing  around the  edges o f  the  car t r idge  _
do no t  p ress  in  the  cent re .

Ref i t  the  mors ture  e l im ina tor  o r  p re-c leaner  pane l
and rec lamp in  pos i t ion .

N . 3
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AIR FILTERS AND FUEL SYSTEM N4

Oil Bath Air Cleaner, see Fig. N.6
To serv ice  the  o i l  ba th  type  c leaner ,  the  l id  shoutd  be
removed and the element l i f ted out.
Dra in  the  o i l  f rom out  o f  the  conta iner  and c rean
the  d i r t  and s ludge f rom the  conta iner  us ing  a  su i tab le
c lean ing  f lu id .

Ref i l l  the  conta iner  w i th  f resh  eng ine  lubr ica t ing  o i l ,
SAE40 grade, to the indicated level.
The element should be cleaned in a bath of Kerosene.
Do no t  use  pe t ro l  (gaso l ine)  fo r  c lean ing  purposes
Rep lace the  c leaned e lement  in  the  conta iner .
Ref i t  the  l id ,  mak ing  sure  tha t  the  l id  seats  p roper ly
on  the  sea l .

Do no t  exceed the  ind ica ted  leve l  mark  when re f i l l i ng
the  o i l  con ta iner ,  because o i l  cou ld  be  drawn in to  the
eng ine  lead ing  to  uncont ro l led  eng ine  speed and
excessive engine wear.

FUEL FILTERS
Twin bowl, paral lel  f low fuel f i l ters are situated at the
rear of the engine on the left  hand side, bracketed to
the  cy l inder  head,  in  most  app l i ca t ions .

To Renew Fuel Filter Elements.
see Fig. N.7
Thorough ly  c lean the  ex ter io r  o f  the  f i l te r  assembly
Suppor t ing  the  base o f  one o f  the  f i l te r  bowls ,  unscrew
the setscrew In the centre of the cover of each f i l ter
Lower  f i l te r  base p la te  and d iscard  the  d i r ty  e lement
Repeat the procedure with the twin f i l ter.
Thorough ly  c lean the  f  i l te r  heads  and bases  in  a
su i tab le  c lean ing  f lu id

Inspec t  sea l ing  r ings  and renew i f  damaged in  any
way

Place a base squarely on bottom of new elemenr ano
offer up assembly squarely to a f i l ter head so that
the  top  r im o f  the  e lement  loca tes  cent ra l l y  agatns t
the  sea l ing  r im in  f i l te r  head.  Ho ld  in  th is  pos i t ion
whilst securing setscrew is located and screwed home.
Repeat  the  procedure  w i th  the  tw in  f i l te r
After the fuel f i l ter has been re-assembled, the fuel
sys tem shou ld  be  b led  as  de ta i led  on  page N 7 .

Fuel Li f t  Pump
The mechanrca l  d iaphragm type fue l  l i f t  pump is  opera ted
by  an  eccent r i c  on  the  camshaf t  and is  mounted  on
the  r igh t  hand s rde  o f  the  cy l inder  b lock ,  be low rne
turbocharger  l t  i s  f i t ted  w i th  a  hand pr im ing  lever

Pressure Checking of Fuel Li f t  pumps
F i t  a  O -10 lb f / i n ,  ( 0 -0 ,7kg f l cm , )  o r  0 -70kN /m,  p ressu re
gauge  t o  t he  ou t l e t  o f  t he  pump .  Ensu re  t ha t  t he re  a re

N.7

no leaks  a t  the  connect ions  be tween pump and gauge.
Crank  the  eng ine  fo r  10  seconds and no te  the  maxrmum
pressure  recorded on  the  gauge l f  the  pressure  recorded
is  less  than 75o/o  o f  the  min imum produc t ion  s ta t i c
pressure shown in the table below, then recti fy the
pump. Also observe the rate at which the pressure
drops  to  ha l f  the  max imum f  igure  ob ta ined when
crank ing  has  ceased.  l f  less  than 30  seconds,  rec t i f y
t h e  o u m p .

Min imum Produc t ion
Static Pressure

lbf /in2 kgf /cm2
6 0 ,42

Minimum Test Pressure
(75% of Min. Production pressure)

kN/m,
41

lbf/in2
4 5

kgf /cm2
0 ,31

kN/m'?
3 1

N . 8



To Remove and Fit Fuel Lilt Pump,
see Fig. N.8
Disconnect  the  in le t  and ou t le t  tue l  p ipes .

Remove the setscrews and retaininq plates and remove
the  pump and jo in t .

l f  d i f f i cu l ty  i s  encountered  in  remov ing  the  l i f t  pump
from the engine, turn the cranksha{t to rotate the camshaft
eccent r i c  to  a  Dos i t ion  wh ich  w i l l  enab le  the  rocker
arm to withdraw.

F i t  pump us ing  a  new jo in t ,  ensur ing  tha t  the  mat ing
faces are clean.

Damage can be caused to the pump operating lever if the
pump is fitted to the engine with the pump driving eccentric on
the camshaft in the maximum lift position. This problem is
most likely if the four pump fasteners are not tightened evenly.

Therefore when the pump is fitted to an engine (especially a
four bolt pump) ensure that the camshaft eccentric is on
minimum lift, rotating the engine if necessary, and also that
the pump fasteners are tightened evenly.

A loss of maximum engine power can occur i f  the l i f t  pump is
damaged during f i tment.
The securing setscrews should be t ightened to 20lbf f t
(2,8kgf m) or 27Nm and re-torqued when hot.

Re-connect  pump in le t  and ou t le t  p ipes .

Bleed the fuel system, Page N 7.

To Dismantle Fuel Lift Pump
Clean exterior and f i le mark the f langes of top and
bottom bodies for guidance in re-assembly. Remove the
domed end cover  and sea l .

Thegauze f i l ter may now be l i f ted off.

Release the f ive setscrews securing the two halves of
the pump and separate the two halves.

Turn  the  d iaphragm assembly  th rough 90 '  and l i f t  the
d iaphragm and pu l l  rod  assembly  f rom the  body

The diaphragm and pul l  rod assembly are serviced as an
assembly and no attempt should be made to separate
the  layers  o f  the  d iaphragm.

AIR FII .TERS AND FUEL SYSTEM N5

The valves are "staked in" and can be prised out using
a screwdriver or other suitable tool.  Clean the casting
so that new valves can be correctly seated

Press  va lves  in to  pos i t ion  us ing  a  su i tab le  "do l l y " .
Stake the casting around the valves in six places.

The rocker arm pin can be removed by securing the
rocker arm in a vice and tapping the body with a soft
ma l le t  un t i l  the  re ta iners  a re  d is lodged

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 half of the
l i f t  pump F i t  the  rocker  a rm re tu rn  spr ing  mak ing  sure
that i t  seats properly

Tap new retainers into the grooves in the casting and
stake over the open end of the grooves.

F i t  the  spr ing  in to  i t s  loca t ion  and p lace  the  d iaphragm
and pu l l  rod  assembly  over  the  spr ing  w i th  the  pu l l
rod  downwards  loca t ing  the  top  o f  the  spr ing  in  the
diaphragm protector washer.

Posit ion the rod so that the notched blade locates into
the  rocker  a rm l ink .

Press  downwards  on  the  d iaphragm assembly  so  tha t
the  no tches  on  the  pu l l  rod  a l ign  w i th  the  rocker  a rm
l ink  and tw is t  i t  th rough g0o in  e i ther  d i rec t ion ,  th is
ac t ion  w i l l  engage and re ta in  the  pu l l  rod  in  the  fo rk
o f  t h e  l i n k

When re-assembl ing  the  two pump ha lves ,  push the
rocker  a rm towards  the  pump unt i l  the  d iaphragm is
leve lw i th  the  body  f  langes  The top  ha l f  can  now be p laced
in  pos i t ion  w i th  the  f i le  marks  a l igned.
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Main ta in ing  the  pressure  on  the  rocker  a rm,  f i t  the
secunng screws and washers  and t igh ten  even lv
Ref i t  the  gauze f i l te r
The domed cover  may now be re f i t ted ,  ensur ing  tha t
the  rubber  sea l ing  r ing  is  cor rec i l y  loca ted .

Fuel Inject ion pump
T h e  f u e l  i n j e c t i o n  p u m p  i s  a  C A V ,  D p A  o r  B o s c h
d is t r ibu tor  type ,  ver t i ca l l y  mounted  on  the  aux i l ia rv
dr ive  hous ing  and is  sp l ine-coup led  to  the  aux i l ia rv
drve  wormgear .

The pump is  a  compact ,  o i l  t igh t  un i t ,  lubr ica ted
throughout  by  fue l  o i l  and  requ i res  no  separare
lubr ica t ion  sys tem.

Speed cont ro l  i s  ma in ta ined by  a  mechan ica l  governor
and au tomat ic  var ia t ion  o f  the  commencement  o f
in jec t ion  is  ob ta ined w i th  an  au tomat ic  advance un i t .
Wi th  Bosch fue l  in jec t ion  pumps,  a  boos t  con t ro l  i s
f i t ted at the side of the pump. l ts function is to vary rne
fue l  in to  the  eng ine  depend ing  on  load.  Ensure  tha t  a l l
connect ions  o f  the  boos t  sens ing  p ipe  are  in  gooo
cond i t ion

Unless  proper  tes t  equ ipment  and the  re jevant  Tes t
Data  fo r  the  fue l  pump is  ava i lab le ,  ad jus tmenr  o r
main tenance o f  the  fue l  pump shou ld  be  re fe r red  to
the  Perk ins  D is t r ibu tor  o r  an  accred i ted  fue l  pump
agent .

N . 1 1 (C.A.V. Pump)

The fue l  pump can now be w i thdrawn a f te r  the  secur ing
nuts  and washers  have been removed,  see F io .  N.10 .

To Fit  the Fuel Inject ion pump
Fi t  the  fue l  pump ensur ing  tha t  the  master  sp l ine  on
the  fue l  pump shaf t  w i l l  en ter  the  female  sp l ine  w i th in
the  ver t i ca l  d r ive  shaf t .
Pos i t ion  the  fue l  pump so  tha t  the  scr ibed l ine  on  the
fue l  pump mount ing  f lange a l igns  w i th  the  scr ibed
l i n e  o n  t h e  a d a p t o r  p l a t e ,  s e e  F i g  N  1 1 ( 1 ) .  S e c u r e  t h e
pump to  the  adaptor  p la te

Ref i t  the  h igh  and low pressure  fue l  p ipes  to  the  fue l
p u m p

Reconnect the throtf le and stop lever controls and attach
the  re tu rn  spr ings .

Bleed the fuel system as detai led on page N 7.
l f  necessary ,  ad ius t  the  max imum and id l ing  speeos.
Deta i l s  w i l l  be  found on  th is  page,

Maximum Speed Sett ing
The max imum speed screw is  se t  and sea led  by  the
manufac turers  and must  no t  be  a l te red  in  any  way
un less  fac to ry  au thor i ty  i s  f i r s t  ob ta ined.  Any  ad jusrment
shou ld  be  car r ied  ou t  by  exper ienced fue l  pump
techn ic ians .  The unauthor ised  remova l  o f  any  seats
on the  pump may render  the  guarantee  vo id .
When a  fue l  pump is  supp l ied  as  a  d i rec t  rep lacemenr ,
the  max imum speed ad jus tment  i s  se t  to  a  nomina l
f igure  on ly ,  and f ina l  ad jus tment  must  be  made a f ie r
the  pump is  f i t ted  to  the  eng ine  In  o rder  to  es tab l i sh
the  cor rec t  se t t ing  wh ich  can vary  accoro tng  ro
app l ica t ion ,  re fe rence must  be  made to  the  se t t ing
code symbol ,  s tamped on the  p la te  fas tened to  the
pump booy .

For  the  purpose o f  se t t ing  the  max imum (no  load)  speed
stop ,  the  las t  four  f igures  shown on the  fue l  pump se t t ing
code is  the  max imum no load eng ine  speed.  Warm
the eng ine  and run  up  un t i l  th is  f igure  is  reached;  the
maxtmum speed s top  ad jus tment  shou ld  then oe  ser
a t  th is  f igure

Under  no  c i rcumstances  shou ld  the  eng ine  be  a l lowed
to  opera te  a t  h igher  rev lmin  than spec i f ied  or  severe
damage to  the  eng ine  may resu l t

ld l inE Speed Sett ing
With  C A.V pumps the  eng ine  id l ing  speed is  ad jus ted
by the  id l ing  screw,  see F ig  N i1  (2 )  Wi th  Bosch pumps,
the  id l ing  speed ad jus t ing  screw is  a t  the  rear  o f  the
p u m p

Wi th  the  eng ine  warm,  tu rn  the  screw c lockwise  to
increase the  speed or  an t i -c lockwise  to  decrease i t .
The id l ing  speed w i l l  vary ,  accord ing  to  app l i ca t ion
For  de ta i l s ,  app ly  to  your  perk ins  D is t r ibu tor  o r  an
accred i ted  fue l  pump Dea ler ,  a l te rna t ive ly ,  Serv ice  Dept  ,
Perk ins  Eng ines  L td ,  Peterborough

Atomisers
When replacing atomisers it is essential that a new, correcr
type copper seating washer is fitted between the nozzre cap
and the cyl inder head.

Note: Different atorrniser seating washers are used on
natura l l y  asp i ra ted  and tu rbocharged eng ines  The
seat ing  washers  fo r  na tura l l y  asp i ra ted  eng ines  are
0  0B0 in  (2 ,03mm) th ick  and fo r  tu rbocharged eng ines ,

To Remove the Fuel Injection pump
Disconnect  the  s top  and th ro t i le  cont ro ls  f rom the  pump
and remove the  re tu rn  spr ings  (C.A.V.  pumps)
The Bosch fue l  pump has  a  combined speed/s top
cont ro l  lever .  Under  no  c i rcumstances  shou ld  the  speeou
stop control lever be removed when removing a Bosch
fue l  pump as  i t  w i l l  upset  the  the  se t t ings  mak ing  i t
necessaryto put i t  on a test machine to reset i t .
Remove the  h igh  and low pressure  fue l  p ipes  f rom the
p u m p .
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0 028 in  (0 ,71  mm) th ick  l t  i s  impor tan t  tha t  the  cor rec t
atomiser seating washers are f i t ted

I See page E3 for guidance on latest type of atomiser dust seal
I and also top entry tvpe atomisers.

Ensure  tha t  the  a tomiser  i s  sea ted  cent ra l l y  and t igh ten
securing nuts/setscrews down evenly to a torque of
l 2 l b f f t  ( 1 , 7 k g f  m )  o r 1 6 N m

When f i t t ing  the  h igh  pressure  p ipes ,  t igh ten  the  un ions
t o  1 5 l b f  f t  ( 2 , 1  k g f  m )  o r  2 0 N m

A faulty atomiser can be determined by releasing the
fue l  p ipe  un ion  nu t  o f  each a tomiser  in  tu rn ,  w i th  the
eng ine  runn ing  a t  a  fas t  " t i ck -over "  l f  a f te r  s lackenrng a
p ipe  un ion  nu t ,  the  eng ine  revo lu t ions  remain  consranr ,
th is  denotes  a  fau l ty  a tomiser

No attempt should be made to service or reset the
pressure  o f  an  a tomiser  un less  the  proper  tes t ing
pump and pressure  gauge is  ava i lab le .
An a tomiser ,  when tes ted  by  pumping  fue l  th rough i t
g ives  a  shor t  "p lng ing"  sound as  the  fue l  emerges .
After the atomiser has been in service for some t ime, i t

AIR FILTERS AND FUEL SYSTEM N7

makes a  "c rack ing"  sound.  l t  i s  no t  un t i l  i t  sounos
"dead" that i ts condit ion is l ikely to affect the runnino
of  the  eng ine .

Note :  Do no t  a l low the  hands or  face  to  come In to
contac t  w i th  the  a tomised je t  o f  fue l ,  as  the  work ing
pressure  w i l l  cause the  fue l  o i l  to  penet ra te  the  sk in .
When chang ing  an  a tomiser  a lways  remove the  p tpe
ent i re ly .  Never  bend the  p ipe

Bleeding the Fuet System
-fhe 

air must be vented from the fuel system and the
sys tem pr imed w i th  fue l  o i l  whenever  any  d isconnect ion
in the fuel system has taken place, or when the svsrem
has been empt ied  o f  fue l .
No a t tempt  must  be  made to  s ta r t  the  eng ine  un t i l  the
in jec t ion  pump has  been vented  and pr imed as  senous
oamage can be  caused by  lack  o f  lubr ica t ion .

Note :  l f  the  cam on the  eng ine  camshaf t  opera t ing  the
fue l  l i f t  pump is  on  max imum l i f t ,  i t  w i j l  no t  be  poss ib le  to
opera te  the  hand pr imer  l f  such  a  cond i t ion  ar ises ,  then
the  eng ine  shou ld  be  tu rned one comple te  revo lu t ton .

l f ,  a f te r  b leed ing  the  fue l  sys tem,  the  eng ine  s ta r ts  and
runs satisfactori ly for a few moments and then stops, runs
errat ical ly, or has loss of power and when checked, the
sys tem is  found to  be  fu l l  o f  a i r ,  then a  leak  on  tne
suc t ion  s ide  is  ind ica ted .

N . 1 4

To Bleed C.A.V. Fuel Pump
1. Remove air from the fuel f i l ter through the f i l ter vent plug,

see Figure N.13. l f  a f i l ter vent plug is not f i t ted, the rerurn
to tank banio connection in the top of the filter can be
loosened to reduce the t ime needed to f i l l  the f i l ter with
fuel.

Operate the priming lever of the fuel l i f t  pump unti l  fuel,
free of air,  issues from the venting point

Tighten the plug or connection.

2. Loosen the inlet connection at the fuel pump, see Fig. N.12
item C and remove the air again by use of the lift pump.N . 1 3

6 3544 Series Workshop Manual, January '1 986



AIR FILTERS AND FUEL SYSTEM N8

When appropriate, tighten the connection but ensure that it
is not overt ightened.

3. Ensure that the stop control is in the 'run' posit ion. l f  an
electric solenoid stop control is used, turn the start switch
to the'R' posit ion.

4. Loosen the vent screws in the hydraulic head locking bolt
and the governor housing of the fuel inject ion pump, see
Fig. N12, i tems A and B, and remove air from the pump by
use of the l i f t  pump.

Tighten first the hydraulic head vent screw, item B and
then the governor housing vent screw, i tem A.

5. lf the fuel pipe to the Thermostart cold starting aid has
been drained, loosen the union nut at the start ing aid and
operate the priming lever unti l  fuel,  free from air,  comes
from the connection. Tighten the union nut.

6. Slacken the unions at the atomiser ends of two high
pressure pipes. Set the accelerator at the fully open
posit ion and ensure that the 'stop' control is in the 'run'

oosit ion.

Turn the engine unti l  fuel oi l ,  free of air,  issues from around
the threads and t ighten the union nuts.

The engine is now ready for start ing.

To Bleed Bosch Fuel Pump
Slacken the  vent  sc rew on the  top  o f  the  f ina l  fue l  f i l te rs ,
see F ig  N 13

Slacken the  in le t  connect ion  on  the  fue l  pump (A) ,  see
F i g  N . 1 4

Slacken the  ou t le t  connect ion  on  the  fue l  pump (B) ,  see
F ig  N 14  Th is  connect ion  is  f i t ted  w i th  a  non- re tu rn
va lve  and must  no t  be  f i t ted  to  the  in le t  por t .

Opera te  the  pr im ing  lever  on  the  f .ue l  l i f t  pump unt i l
fue l ,  f ree  f rom a i r ,  i ssues  f rom the  f ina l  fue l  f i l te r  ven t ing
po in t .  T igh ten  the  fue l  f i l te r  ven t  sc rew and cont inue to
opera te  the  l i f t  lump unt i l  fue l ,  f ree  f rom a i r ,  i ssues  f rom
the in le t  connect ion  on  the  fue l  pump (A)  T igh ten  the
in le t  connect ion  and cont inue to  opera te  the  l i f t  pump
unt i l  fue l ,  f  ree  f rom a i r ,  i ssues  f rom the  ou t le t  connect ion
on the  fue l  pump (B)  and t igh ten  the  connect ion

Thorough ly  c lean the  top  o f  the  pump around the  cent re
p lug  in  the  hydrau l i c  head and s lacken the  vent  p lug
(C) .  Opera te  the  pr im ing  lever  o f  the  l i f t  pump unt i l
fuel,  free from air,  issues from around the plug. Tighten the
p lug  to  T lb f f t  (10Nm) 1 ,0kg fm.
lf  the fuel pipe to the Thermostart cold start ing aid has been
drained, loosen the union nut at the start ing aid and operate
the priming lever unti l  fuel,  free from air,  comes from the
connectron. Tighten the union nut

Slacken the nuts of two of the high pressure pipes at the
atomiser  end.

Wi th  the  speed cont ro l  in  the  max imum speed pos i t ion ,
motor the engine over by means of the starter motor
un t i l  fue l ,  f ree  f rom a i r ,  i ssues  f rom th -o  connect ions .
T igh ten  the  connect ions .  The eng ine  is  now ready  fo r
start i  n g
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FLYWHEEL AND FLYWHEEL HOUSING P2

To Remove the Flywheel
Remove the twelve setscrews and washers which secure
the f lywheel to the crankshaft f lange.

I t  i s  adv isab le  to  f i t  su i tab le  gu ide  s tuds  to  p revent  the
flywheel from dropping as i t  clears the crankshaft
f  lanoe

Flywheel Ring Gear
The r ing  gear  i s  shrunk  on  to  the  f l ywhee l .

When rep lac ing  the  r ing  gear ,  the  app l ied  heat  to  the
new ring should not exceed 480. F (250" C)
Attention should be paid to the chamfered lead - rn
edge of the r ing gear, and i ts relat ive posit ion on the
flvwheel

To Refit the Flywheel
Using suitable guide studs, ref i t  the f lywheel to the
crankshaft f  lange and secure with setscrews and wasners.
Tighten setscrews to a torque of S0lbfft  (1 1,1 kgfm) or
1 0 8  N m

Flywheel Runout
The outs ide  d iameter  o f  the  f l ywhee l  shou ld  be  con-
cent r i c  w i th in  0 .012 in  (0 ,30mm) to ta l  ind ica tor  read ing ,
to the crankshaft axis.

Flywheel Alignment
The a l ignment  o f  the  f l ywhee l  face  shou ld  be  w i th in
the  l im i t  o f  0001 in  (0 ,03mm) per  inch  (25 ,4mm) o f
f lywheel radius from the crankshaft axis to the clock
gauge p lunger ,  see  F ig .  P  1

When carrying out this check, press the c?ankshaft one
way to take up the end f loat whilst turning the f lywheel

To Remove the Flywheel Housing
Remove the starter motor and f lywheel.

Unscrew the securing setscrews and tap the housing
care fu l l y  to  d is lodge i t  f rom the  loca t ing  dowels .

To Refit the Flywheel Housing
Ensure that the rear face of the cyl inder block and the
mating face of the housing are clean and free from burrs
F i t  new dowels ,  and secure  hous ing  to  cy l inder  b lock
to al low for adjustment, i f  necessary.

With a clock gauge, check that the al ignment of the
flywheel housing bore and face, see Figs. P.2 and p.3,
are within the l imits l isted on Page P.3,P.1



Al l  ad jus tments  to  b r ing  the  hous ing  w i th in  these l im i ts
must  be  car r ied  ou t  on  the  hous ing  and no t  on  the  cy l inder
b lock .

Tighten the securing setscrews to torque given on page B.2,

Diameter of housing Bore

Up to  14  25  in  (362 mm) . . . . . . . . . .
14  25  to  20 .125 in  (362 to  51  1  mm) . . . .
2 0 . 1 2 5  t o  2 5  5 i n  ( 5 1 1  t o  6 4 8 m m )
25 5  to  31 .0  in  (648 to  787 mm)

FLYWHEEL AND FLYWHEEL HOUSING P3

P.3

Limit-Total lndicator Reading

0.006 in  (0 ,15  mm)
0.008 in  (0 ,20  mm)
0.010 in  (0 ,25  mm)
0 . 0 1 2 i n  ( 0 , 3 0 m m )

Al l  ad jus tments  to  b r ing  the  hous ing  w i th in  these l im i ts  must  be  car r ied  ou t  on  the  hous ing  and no t  on  the
cy l inder  b lock .

*  , *  , ,
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SECTION O
Turbocharger



TURBOCHARGER Q2

T6.3544 Engines only
The turbocharger is fitted on the exhaust manifold outler, see
Fig. A.4. l t  is lubricated by oi l  taken from the engine lubricating
system. Oil pressure should never drop below 30lbf/in2
(2,11kgtlcm2) or 2o7kNlm2 at normal running speed. Check
this pressure regularly.

The maximum boost pressure should be 11 - 13.5lbvin2 (0,80
- 0,95 kgf/cm2) or 76 - 93 kN/m2 when the engine is running at
maximum speed and ful l  load.

With some engines where 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 turbocnarger
since this varies automatically with the speed and load of the
engrne,

Maintenance
Every 20,000 miles (30,000km) or 1,000 hours, clean the oi l
drain pipe from turbocharger to sump, also turbocnarger
compressor wheel and cover.

The compressor wheel and cover may be cleaned without
removing the turbocharger from the engine (Fig. e.1).

Remove the air inlet duct and compressor housing and check
for dirt  or dust bui ld uo.

Remove all foreign matter - determine and correct cause of
bu i ld  uo .

Use soft brush on compressor wheel as uneven deposits can
affect rotor balance and cause bearing failure.

With the compressor housing removed, push the compressor
housing wheel towards the turbine wheel and turn rotating
assembly by hand: check for binding and rubbing. Listen
careful ly for unusual noises. l f  binding or rubbing is evident,
remove the turbocharger for dismantling and inspection.

Fault Diagnosis
lf the performance of the turbocharger is suspect, check the
installation for the following faults:

Excessive air inlet deoression.

Low or high air del ivery pressure.

Low oil pressure and/or low oil flow.

Restricted exhaust from turbine.

Fuel pump or inject ion 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 compressor cover, should not exceed
a 20 in (500 mm) head of water.

lf the depression is excessive, the cause will be due ro 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.

lf the pressure is low, the probable cause is a dirty or
damaged compressor, incorrect fuel l ing of the engine fuel
pump, or leaking manifold joints.

Check that the inject ion pump fuel l ing has not been disturbed
and if satisfactory, remove the turbocharger from the engine
for inspection.

A higher reading may also indicate incorrect inject ion pump
fuel l ing or damage to the turbine.

Action as for low oressure.

Low oil pressure and/or oil flow: The oil delivery pressure
should not be less than 30lbf/in2 (2,1kgilcm2) or 207kN/m2
under normal condit ions of load.

lf oil 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 performance. lf the
back pressure is more than 20in (500mm) head of water,
check the exhaust system for obstruction and rectify as
necessary.

Recondit ioning
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.

During al l  stages of turbocharger dismantl ing, examination
and rebuilding, care mLlst be taken to ensure that no damage
is caused to comoonents

Q . 1
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Holset 3LD
Dismantl ing

Numbers in brackets refer to numbers on Sectional Drawing,
Fig. Q.2.

Clamp unit upright in vice on turbine inlet f lange.
Mark relat ive posit ions of turbine housing (B), bearing housing
(14), compressor cover (21 ) and ,,V',  clamp (7).
Remove the eight bolts (3) and associated lockwashers (2),
fastening compressor cover (21) to bearing housing (14) and
l i f t  off  cover (21).

Remove the "V" clamp locknut and spring ,,V,, clamp (7) back
onto bearing housing (14). Lif t  the core assembly ciear of the
turbine housing (8).

Holding the turbine wheel at the hub, remove the compressor
locknut (1 7).

Sl ide compressor wheel (18) off  the shaft.
Using circl ip pl iers, remove the large retaining r ing (20) which
retains compressor insert (19). Two screwdriveri should be
used to l i f t  insert (19) from bearing housing (14).

TURBOCHARGER Q3

Remove "O" r ing (4) from insert (19).

The individual parts of the thrust assembly can now be lifted
out.

(a) Spacer sleeve (1 6) which can be gently pushed out of the
insert (19).

(b) Oil deflector (13) positioned by two groove pins.
(c) Thrust r ing (12).

(d) Thrust plare (5).

Note: The groove pins are a press fit in the bearing housrng
(14) and should not be removeo.

Remove shaft and turbine wheel assembly (10) together with
its piston r ings (9) and (15).

Insert f ingert ip into bore of bearing (1 1) fnd remove.
Carefully expand and remove piston rifrgs (9) and (15) from
both the spacer sleeve and turbine whe$l and shaft assembty.
Caution: Over expansion of piston r ing wil l  cause a
permanent set or break the rino.

Q . 2
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TURBOCHARGER Q4

Gleaning Procedure

Use a commercial ly approved cleaner only. Caustic solut ions
wil l  damage certain parts and should not be used.

Soak parts in cleaner unti l  al l  deposits have been looseneo.

Use a plastic scraper or brisile type brush on aluminium oarts.
Vapour blast may also be used providing the shaft and other
bearing surfaces are protected.

Clean all drilled passages with compressed air jet.

Make certain that surfaces adjacent to wheels on stationarv
housing are free of deposits and are clean and smooth,

lnternal Parts Inspection
Shaft and turbine wheel assembly (10).

(a) Inspect bearing journals for excessive scratches ano
wear. Minor scratches may be tolerated.

(b) Inspect piston r ing groove walls for scoring. Minor
scratches are acceotable.

(c) Check carefully for cracked, bent or damaged blades, but
do not attempt to straighten blades.

Bearing (1'1 ).

Replace bearings if excessively scratched or worn.

Bearing Housing (14).

Replace housing i f  bearing or piston r ing bores are
excessively scratched or worn.

Spacer Sleeve (16)

Replace i f  piston r ing groove or spacer are damaged.

Thrust r ing (1 2): thrust plate (5).

(a) Replace i f  thrust faces are damaged. Minor scratches are
acceptable.

(b) Replace thrust plate (5) if faces are worn excessrverv,
unevenly, severely scratched or otherwise damaged.

(c) The small  feed grooves in the thrust plate (5) must be
clean and free f rom obstruction.

Compressorwheel (18).

Check careful ly for cracked, bent or damaged blades but do
not attempt to straighten blades.

"O" r ing (4).

Replace i f  section through r ing has taken a permanent set;
indicated by flats on the sides of the ring.

A schedule of tolerances which includes al lowaore
dimensions after service, is given below.

Re-assembly

When the turbocharger has been thoroughly cleaned,
inspected and any damaged parts replaced, assembly can
commence.

Assembly of the unit is the reverse of dismantl ing, but the
fol lowing points should be noticed.

(a) Lubricate bearings, thrust assembly, piston r ings and
rotor shaft,  with clean engine oi l .

(b) When replacing turbine wheel and shaft (10) into bearing
housing (4), and spacer sleeve (16) into insert (19), do not
force piston rings into bore as an off-centred rrng will fracture,
causing the shaft to bind.

(c) The large retaining r ing (20) should have bevel led side
facing outwards.

(d )  Torque locknut  (17)  to  l3 lb f f t  (1 ,8kg fm)  o r  17Nm,  bo t t  (3 )
to slbff t  (0,7kgfm) or 7Nm and "V" clamp locknut (6) to
10 lb f  f t  (1 ,4kg f  m)  o r  13  Nm.

(e) On completion, spin shaft to ensure i t  rotates freely.

Note: l f  during the dismantl ing of the turbocharger, the
lubricating oi l  feed and drain pipe adaptors were removed
from the bearing housing, these should, on re-assembly, be
torqued to 30lbfft  (4,15kgf m) or 41 Nm and 65tbfft
(8,99kgf m) or89Nm respectively.

The unit is now ready for f i t t ing to the engine. l f  i t  is not
intended to mount the turbocharger on the engine
immediately after assembly, then the gas and oi l  connections
must be sealed off to prevent the entry of dirt

HOLSET 3LD
SCHEDULE OF TOLERANCES

Manufactured Dimensions Allowable Oimensions after Service RemarKs
Tota l  tu rb inewhee lc learance 0047/0O57 in( i ,19 /1  ,4Smm) OO24in(0 ,61  mm) min
Back turbine wheel clearance 0 01 510 027 in (0,38/0,68 mm) As Manufactured Wheel pushed to compressor end
F r o n t t u r b i n e w h e e l c l e a r a n c e  0 0 2 4 / 0 0 3 B i n ( 0 , 6 1 / 0 , 9 6 m m )  O O 2 4 i n ( 0 , 6 1 m m ) m i n
Total compressor wheel clearance 0 049/0 062in (1,2411,57mm) As Manutactured
Back compressor wheel clearance 0 026i 0 043 in (0,66/1 ,09 mm) As Manulactured Wheel pushed to turbine end
Thrus tc learance 0  004/0  008 in  (0 ,1o /O,2omm) As  Manu lac tured
Rad ia l f loa ta tcompressorwhee l  hub 0015/0021 in (0 ,38 /O,53mm) OO24in(O,61mm) max
Bearing outside diameter 0 8714/0 8719in (22,13t22J4mm) As Manutactured
Bearing inside diameter 0 481 5/0 481 8 in ( 1 2,23t1224mm) As Manulactured
Thrus tbear ingwid th  0  105/0  107 in  (2 ,6712J2mm) O 1o4 in  (2 ,64mm) min
S q u a r e n e s s o f b a c k f a c e o f t u r b i n e w h e e l  0 0 0 2 i n T l R  ( O , O s m m T l F )  A s L 4 a n u t a c t u r e d  O n V e e b l o c k a t l 3 T 5 i n r a d i u s
E c c e n t r i c i t y o f  s m a l l  d i a m e t e r o t s h a f t  0 0 0 0 6 i n T l R  ( O , O i m m T l R )  A s L 4 a n u t a c r u r e o
Pis ton  r ing  grooves  on  shaf t  0  066/0  068 in  (1 ,69 /1 ,73mm) O 066/0  OTOin  (1  ,68 / t ,79mm)
Piston ring groove on spacer sleeve 0 066/0 068 in (1 ,68/ 1 ,73 mm) O 066/0 O7O in (1 ,68/t ,79 mm)
Piston ring width at turbine end 0 062/0 063 in (1 ,szl 1 ,60 mm) Feplace at each seruice
Piston ring width at compressor end 0 062/0 063 in ( 1 ,57/1 ,60 mm) Fleplace at each seruice
Bear ing  hous ing  bore forp is tonr ing  0  8750/0  8755 in  (ZZ,22 t22 ,Z4mm) OB77 in(2Z,2}mm)max
Compressor insert bore 0 875/0 876in (22,22t22,25mm) O B77in (22,28mm) max
Bearing housing bore at bearing 0 8750/0 8755 in (22,22t22,24mm) As Manufactured
Turb inewhee lou ts ided iameter  2977/297, in  (75 ,62 /75 ,56mm) 2  980 in  (75 ,69mm) max
Shaf td iametera tbear ing  0  4803/0  4BOOin  ( i2 ,ZOt12J9mm) O 4799 in  (12 , i9mm) min
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Airesearch T-048 (see Fig. e.3)
Dismantl ing

Clean the exterior with a pressure spray of a non_
caustic cleaning solvent before dismantl ing. Dismantle only
as required to make necessary inspection or repairs. As each
part is removed, place in a clean container to prevent loss or
oamage.

Remove the bolts, clamps and lockplates which hold the
compressor and turbine housings to the centre housrng
group. Tap the housings with a soft faced hammer if torce ts
needed for removal.

Note: Exercise caution when removing housings to prevent
damage to compressor or turbine wheel, Once damaged, they
cannot be repaired. Never attempt to straighten bent
compressor or turbine blades - replace the faulty component,
Place the centre housing group in a suitable holding f ixture
which wil l  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 centre housing keeping shaft central with

A BOLT
B LOCK PLATE
C  T H R U S T  B E A R I N G
D BACKPLATE ASSEMBLY
E LOCK NUT
F COMPRESSOR WHEEL
G P ISTON RING 'COMPRESSOR
H THRUSTCOLLAR

Q.3
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TURBOCHARGER Q5

bearings unti l  clear of centre housing.

Note: The turbine wheel shroud is not retained to the centre
housing and wil l  fal l  free when the shaft wheel is removed.
Remove lockplates and bolts from back plate.

Tap backplate with soft mallet to remove from recess in cenrre
housing.

Remove thrust collar and thrust bearing from centre housing.
Remove bearings and retainers from centre housinq. Discard
rubber seal ing r ing.

Cleaning

Before cleaning, inspect al l  parts for signs of rubbing, burnrng
or other damage which might not be evident after cleanrng.
Soak all parts in clean non-caustic carbon solvent. After
soaking, use a stiff bristle brush and remove all dirt particles.
Dry parts thoroughly.

Note: Normally, a l ight accumulation of carbon deposits wi l l
not affect turbine operation.

I
J
K
L
M
N
o

S E A L  R I N G
CENTRE HOUSING ASSEMBLY
R E T A I N I N G  R I N G
B E A R I N G
S H R O U D
P I S T O N  R I N G ,  T U R B I N E
SHAFT WHEEL ASSEMBLY



TURBOCHARGER Q6

Internal Parts lnspection
Parts must not show signs of damage, corrosion or
deterioration. Threads must not be nicked, crossed or
str ipped.

The turbine wheel must show no signs of rubbing and vanes
must not be torn or worn lo a feather edge. The shaft must
show l i t t le signs of scoring, scratches or seizure with the
bearings.

The compressor must show no signs of rubbin$ or damage
from foreign matter. The compressor wheel bore 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 must be clean and free
from obstructions

Burnish or pol ish out minor surface damage. Use si l icon
carbide abrasive cloth for aluminium parts and crocus
abrasive cloth for the steel parts. Thoroughly clean pa(s
before re-assembly.

Replace any parts which do not meet requirements

Replace the fol lowing parts: seal r ing, lockplates, piston r ings,
turbine housing bolts, journal bearings, bearing retaining
rings, and compressor wheel locknut.

l f  thrust bearing and thrust col lar show signs of nicks, scores,
varnish deposits or foreign matter embedments - replace.
Also, a close inspection of bearing bores in the centre housing
should be made and i f  any of the above condit ions exist,
replace the centre housing.

Re-assembly

Check each part prior to instal lat ion to ensure cleanl iness
Exercise care to prevent entry of foreign matter during
assembly.

Check thrust col lar piston r ing groove for nicks or burns

Assemble in the fol lowing manner:

Instal l  inboard bearing retainers. Lubricate bearings with
clean engine oi l  Fit  bearings and outer bearing retainers

Place turbine wheel upright Gently guide shaft through
shroud and centre housing bearings Place thrust bearing
over thrust col lar

Fit  piston r ing on thrust col lar. Place thrust col lar over shaft so
that thrust bearing is f lat against the centre housing and
engages the centre housing anti-rotat ing pins.

Instal l  seal r ing in groove in centre housing.

Ensure that thrust spring is instal led in back plate Al ign
mounting holes of centre housing and backplate and instal l
over shaft and thrust col lar. Use care not to break piston r ing
when engaging seal into back plate bore. Back plate is easi ly
instal led i f  open end posit ion is engaged into back plate bore
first.

Instal l  compressor backplate bolts and lockplate. Tighten to
79lbf in (104kgfcm) orB,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 oi l
threads and face of' nut and tighten to 20lbf in (23kgfcm) or
2,26Nm, Then continue to t ighten unti l  length of shaft
increases by 0.0055/0.0065in (0,14i0,16mm). Tighten nut by
using T-handled wrenoh to avoid side load which may cause
shaft to bend. Check axial end play for 0.001/0.004in (0,03/
0,10mm) travel. l f  equipment is not avai lable to measure shaft
stretch, this alternative method may be used: after installing
impeller nut and t ightening to 20lbf in (23kgfcm) or 2,26Nm
continue to t ighten through an angle of g0'.

Check for clearance between wheel shroud and turbine
wheel.

Orientate compressor housing to centre housing. Fit the six
bolts and three lockplates. Tighten bolts to 130lbf in
(150kgfcm)  or  14 ,09Nm.

Orientate turbine housing to centre housing. Coat bolt heads
with a high temperature thread lubricant. Install bolts, clamps
and lockplates. Tighten bolts to 130lbf in (150kgfcm) or
14,09Nm. Bend up lockplates.

After assembly, push the rotating assembly as far as possible
from the turbine end and check for binding. Repeat check,
pushing from compressor end.

l f  the unit is to be stored, lubricate internal ly and instal l
protective covers on al l  openings.

Note: The turbocharger does not require testing atter
overhaul.

Schwitzer 3LM and 5.76
Dismantl ing

Numbers in parentheses 0 refer to key numbers in Fig. Q.4.

Clamp the edge of turbine housing (22) mounting f lange in
vice. Mark the relat ive posit ions of turbine housing, bearing
housing (1 3) and compressor cover (1 ).

Remove the setscrews (15), lock plates (16) and clamp plates
(17). Lif t  the assembly from the turbine housing place on
work bench with turbine wheel (21) up

Remove setscrews (12) and clamp plates (1 1). Remove core
assembly from compressor cover (1).

Invert core assembly and place in turbine housing which is
clamped in vice.

Hold the end of turbine wheel with 1%ain AIF socket wrench,
remove the compressor nut (2). Remove the compressor
wheel (3). Use extreme care in handling the compressor
wheel as the blades bend very easi ly.

Remove the snap r ing (8) using suitable pl iers. Note the
posit ion of bevel on the outer edge of the snap r ing; i t  must be
replaced the same way on re-assembly

Remove the insert (6) from the bearing housing, remove the
thrust sleeve (4), piston r ing (5) and the oi l  deflector (7) from
the shaft.

Remove "O" r ing (9) from the insert.

Remove piston r ing (19) from the thrust sleeve. Both "O" r ing
and piston r ing must be renewed on re-assembly Separate
the oi l  deflector from the thrust sleeve. Lif t  thrust bearing (10)
out of bearing housing. The thrust bearing must be renewed
when re-assembling.

Remove the shaft and bearing housing from the turbine
housing (22)
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Separate shaft and wheel assembly (21) from the bearrng
housing. Care must be taken not to damage the
compressor wheel or the shaft.

Remove the bearing (14). Renew the bearing when re-
assembling.

Separate the backplate (1 8) and gasket (20), if fitted, from the
bearing housing. Where a gasket is fitted it must be reneweo
when re-assembling.

Remove the piston r ing (19) from the shaft and wheel
assembly The piston ring must be renewed on re-assemotv.

Do not remove the pins in the bearing housing,

Cleaning

Before cleaning, inspect al l  parts for signs of rubbing, burnrng
or other damage.
Clean all parts in clean non-caustic carbon solvent. After
soaking, use a st i f f  br ist le brush to remove al l  dirt  oart icles. Oil
and air passages must be clean and free from obstructions.

Blow dry with clean jet of compressed dry air.

Fol lowing the cleaning, the parts should be examined and, i f
found to be in satisfactory condition, re-assembled in the
reverse order of the stripping sequence.

Q . 4

TURBOCHARGER Q7

Parts Inspection

It is suggested that all parts to be re-used should be checked
and measured after the parts have been throughly cleaned.

A. Bearing Housing and Groove Pin Assembly
1. Inspect for cracks or fractures, pitting of the gasket (from

corrosion or hot gas corrosion) and other machined
surfaces, or distortion of turbine end flange. Renew the
parts if condition is excessive.

2. Visually check the bearing bore for surface cracks. Renew
if bore condit ion is sub-standard.

Reference maximum bore diameters are:
Standard - 0.7505in ( i  9,06mm)
.010 Oversize rebui l t  -  0.7605in (19,32mm)
.020 Oversize rebui l t  -  0.7705in (19,57mm)
Note: The bore diameter of a rebui l t  turbocharger is coded
by the last diEit  of the serial number
Standard - I
0 1 0 O v e r  -  0
020 Over - B

B. Compressor Wheel

1 Inspect for evidence of bent, burred or eroded vanes and
wear marks on the back. Renew if damaged. Do not
attempt to straighten bent vanes.

I5
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TURBOCHARGER Q8

C. Turbine Wheel and Shaft Assembly
1. Inspect the wheel for evidence of bent, burred or erooeo

vanes and wear marks on the back face. Renew if
damaged Do not attempt to straighten bent vanes.

2. Check the hub for marks (from high speed contact with the
bearing housing bore) and for damage of the seal ring
groove. Renew if damaged or wear is excessive.

3. Inspect the bearing journals for evidence of any damage or
wear. Renew the journal if necessary.
Min imum journa l  d iameter0 .440 in  (1  1 ,18mm)

4. Measure the concentricity between the large and small
shaft diameters with a dial indicator and vee block. Limit of
eccentr ici ty is 0.0006in (0,015mm) T.l .R. Renew if  not
within l imit.

D, ComoressorCover
Check for damage from wheel contact, renew if damage is
excessive. l t  is permissible to pol ish out any small  nicks in the
cover conlour.

E. Turbine Housing and Backplate
Check for damage from wheel contact and evidence of
excessive temperature damage to internal flanged surfaces,
such as surface cracking and pitting or distortion. Renew if
cracked. l t  is permissible to pol ish out small  nicks in the
contour.

F. Small  Internal Parts
1. Fit  new compressor seal r ing in the insert bore. Check for

ful l  circle of contact and measure r ing gap with feeler
gauge. Gap range 0.002/0.007in (0,05/0,18mm). Renew
insert i f  r ing f i t  is out of the l imit.

2. Inspect the thrust sleeve for evidence of wear and
scratches. Renew if damaqe is excessive.

Re-assembly

Numbers in parentheses 0 refer to key numbers in Fig. e 4.

Check each part before re-assembly. The following items
must be renewed when the turbocharger is rebui l t :

Compressor nut (2) Bearing (14)
Piston ring (5)
"O" r ing (9)

Lock plates (16)
Piston r ing (19)

Thrust bearing ( '10) Gasket (20) - where applicable

Fix the turbine housing (22) securely in vice with the four
threaded holes facing upwards.

Oil  piston r ing (19) and f i t  in r ing groove of shaft and wheel
assembly (21), being careful not to over-expand the r ing.
Posit ion the bearing housing (13) with turbine end up. Fit
gasket (20), where applicable, and turbine backplate (18).

The separate backplate has no attachment to the bearing
housing, i ts posit ion is f ixed when the bearing housing
and the turbine housing are clamped together. A few
models do not require a gasket (20).

Oil  the piston r ing area of the shaft and wheel assembly. Fit
into bearing housing using care to avoid damage to piston
nng.

Holding the end of the shaft to prevent the shaft wheel from
fal l ing out of the bearing housing, place sub-assembly in
turbine housing wheel end down

Oil the bearing (14) and sl ip bearing down over the shaft into
the bearing housing bore

Oil the thrust faces on both sides of thrust bearing (10). place
thrust bearing bronze side up over shaft and groove pins

engaging pins to holes in thrust bearing. Some models have
only one groove pin

Place oil deflector (7) on thrust sleeve (4).

Oil the piston ring (5) and fit on thrust sleeve using care not to
over expand the piston ring

Oil the "O" r ing and f i t  into groove of insert (6).

Oil  the thrust sleeve and f i t  the small  end in hole of the insert
from the concave side, taking care not to damage the piston
flng.

Oil the thrust cavity in bearing housing and fit insert/oil
deflector/thrust sleeve sub-assembly over the shaft into the
bearing housing, al igning oi l  deflector with oi l  drain cavity in
bearing housing. Take care not to damage "O" r ing.

Using suitable pl iers, f i t  snap r ing (8) into the groove with the
flat side against the insert.  Ensure the snap r ing is securely in
posit ion.

Mount a dial indicator on the bearing housing with the stem of
the indicator on the end of the shaft. Make sure that the
turbine end of the bearing housing is correctly seated in the
turbine housing. Move the shaft vert ical ly to determine turbine
wheel contour clearance. The clearance must be between
0.018in (0,46mm) and 0.049in (1 ,24mm\.l f  clearance rs not
within these tolerances, dismanile unit  to determine the
cause. Look for burrs, dirt particles or incorrectly assembled
parts. lf after re-assembly it is still out of the permitted
tolerance, do not use.

Install compressor wheel (3) on shaft.

Remove any oil from the shaft threads and apply 2 drops of
"Loctrte 601" (or equivalent locking agent) to the shaft
threads. Using a socket wrench on the turbine wheel lug to
prevent the shafl from turning, tighten the compressor nut to
l3 lb f f t  (17 ,6Nm).

Mount the dial indicator on the bearing housing with stem on
the end of the shaft,  measure the end play. The tolerance is
0.002/0.005in (0,05/0,13mm). This is a dry (no oi l)  reading.
l f  not within tolerance, dismantle and look for burrs, dirt
particles or incorrect assembly. Re-assemble and if still out of
tolerance, do not use.

Place compressor cover (1) on the bench with wheel cavity
upwards. Lubricate the small diameter of the shaft with grease
or oi l  and place lhe turbocharger core assembly in
compressor cover with the turbine wheel up.

Check turbine wheel clearance between back face of the
turbine wheel and plate on opposite sides of the shaft.
clearance tolerance must be 0.01 7/0.049 in (0,4311 ,24mm\. lt
clearance is not within the l imits, dismantle and inspect as
with previous components, i f  on re-assembly st i l l  not to
tolerance, do not use.

Ensure that the location marks previously made on the
compressor cover and bearing housing are in line and fit the
four clamp plates (1 1) with setscrews and locking washer
(12). Tighten setscrews to slbff t  (6,BNm). Use care not to
overtighten screws as damage can be caused to the
aluminium compressor cover.

Turn unit over and place in the turbine housing. Apply
anti-seize compound to threads and setscrews (15).

Ensure that the location marks previously made on the turbine
housing and bearing housing are in l ine.

Fit  clamp plates (17), lock plates (16) and setscrews.

Tighten the setscrews to l2lbff t  (16,3Nm) and lock the tabs to
setscrews.

Remove completed turbocharger from the vice.
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TURBOCHARGER Q9

Installation Check List
Inspect the air intake system and the exhaust manifold for
cleanliness and foreign matter.

Inspect the oi l  drain l ine and make sure i t  is not clogged.
Inspect the oi l  supply l ine for clogging, deteriorat ion or
possibi l i ty of leaking under pressure.

Inspect the turbocharger mounting pad on the manifold to
make certain that all the old gasket has been removed. On
some applications an adaptor is fitted between the
turbocharger and exhaust manifold assembly. The adaptor is
secured to the manifold by four stud nuts and washers and it
should be ascertained that all traces of the old gasket have
been removed from it.

Install a new gasket between the turbocharger and exnaust
manifold. ln cases where an adaptor is iitteC, it wiil be

Instal l  turbocharger and t ighten mounting bolts or secunnq
nuts.

Connect the oi l  supply l ine but leave the oi l  drain l ine
disconnected.

Connect the compressor inlet and outlet piping. Check al l
joinls for possible leaks. Make certain that the piping rs not
exerting a strain on the compressor cover.
Connect exhaust pipe.

Motor the engine without f i r ing ( i .e. by operating stop controt),
unti l  a steady f low of oi l  comes from the oi l  drain l ine.
Stop motoring and connect oil drain pipe connection.
Note: When the turbocharger is put into service, it is not
advisable to run up to maximum speed or boost durinq rne
first 500 miles or 25 hours of runnino.
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SECTION R
Alternator and starter Motor



ALTERNATOR AND STARTER MOTOR R2

ALTERNATOR
M o d e l s  A C s ,  1  T A C R  ( d e r a t e d ) ,  1  7 A C R ,
18ACR,  25ACR or  A133/65 .

1 .  Genera l
At the t ime of writ ing there are f ive types of alternator
f i t ted  to  the  T6.3544 and 6 .3544 eng ine ,  namely  the
A C s ,  1 7 A C R ,  1 8 A C R , 2 5 A C R  a n d  A 1 3 3 / 6 5 .

These are  dr iven  by  the  eng ine  in  the  same manner
as  a  DC Genera tor ,  namely ,  be l t  d r iven  f  rom the  c rankshaf t
pu l ley ,  bu t  the  advantage l ies  in  the i r  ab i l i t y  to  p rov ide
h igher  max imum outpu t  a t  lower  speeds,  to  cope w i th
increased e lec t r i ca l  load  demanded by  modern  equ ip-
ment and decreased road speeds owing to increased
dens i ty  o f  t ra f f i c ,  espec ia l l y  in  bu i l t  up  areas .  They  are
a lso  much l igh ter  in  we igh t ,  ou tpu t  fo r  ou tpu t

As  opposed to  the  DC Genera tor  in  wh ich  the  armature
wind ings  ro ta te  ins ide  a  s ta t ionary  f ie ld  sys tem,  the
alternator has a rotat ing f ield system inside a stat ionary
genera t ing  w ind ing  When the  ro to r  ro ta tes  ins ide
the  s ta to r ,  the  ou tpu t  p roduced is  a l te rna t ing  cur ren t
(AC)  Th is  i s  unsu i tab le  fo r  charg ing  the  ba t te ry  wh ich
requ i res  d i rec t  cur ren t  (DC) ,  so  i t  i s . rec t i f ied  by  means
of  d iodes  wh ich  conver t  i t  to  un i -d i rec t iona l  f low to  the
battery

The a l te rna tor  vo l tage ou tpu t  i s  ma in ta ined w i th in
c lose  l im i ts  by  means o f  a  cont ro l  box  wh ich  is  fu l l v
t rans is to r ised  and func t ions  as  fas t  sw i tches

2. Precautions
As prev ious ly  descr ibed the  d iodes  in  the  a l te rna tor
func t ion  as  one-way va lves  and the  t rans is to rs  in  the
regulator/control box operate as fast switches. Both
are accurate and sensit ive

They do  no t  wear  ou t  and se ldom requr re  ad jus tment ,
but because they are sensit ive to voltage changes
and h igh  tempera ture ,  the  precaut ions  are  v r ta l  to
prevent them from being destroyed

(a)  DO NOT d isconnect  the  ba t te ry  wh i ls t  the  eng ine
is  runn ing  Th is  w i l l  cause a  vo l tage surge  in  the
a l te rna tor  charg ing  sys tem tha t  w i l l  immedia te lv
ru in  the  d iodes  or  t rans is to rs .

(b )  DO NOT d isconnect  a  lead w i thout  f i r s t  s topp ing
the  eng ine  and tu rnrng  a l l  e lec t r i ca l  sw i tches  to  the
off posit ion

(c )  DO NOT cause a  shor t  c i rcu i t  by  connect ing  leads
to  incor rec t  te rmina ls  A lways  ident i f y  a  lead to  i t s
cor rec t  te rmina l .  A  shor t  c i rcu i t  o r  wrong connect ion
g iv ing  reverse  po la r i t y  w i l l  immedia te ly  and
permanent ly  ru in  t rans is to rs  o r  d iodes

(d)  DO NOT connect  a  ba t te ry  in to  the  sys tem wi thout
check ing  fo r  cor rec t  po la r i t y  and vo l tage

(e)  DO NOT " f lash"  connect ions  to  check  fo r  cur renr
f  low No mat te r  how br ie f  the  contac t  the  t rans is to rs
may be  ru ined

3. Maintenance
The a l te rna tor  charg ing  sys tem wi l l  normal ly  requ i re
very  l i t t le  a t ten t ion ,  bu t  i t  shou ld  be  kept  f ree  f rom
bu i ld -up  o f  d i r t ,  and a  check  made i f  i t  fa i l s  to  kccn
the battery charged

(a)  Regu lar ly  inspec t  the  dr iv ing  be l ts  fo r  wear  and
cor rec t  tens ion .  l t  i s  tmpor tan t  to  ensure  tha t  a l l

be l ts  on  a  mul t ip le  be l t  d r ive  have equa l  tens ion  and
are  each car ry ing  the i r  share  o f  the  load S lack
be l ts  w i l l  wear  rap id ly  and cause s l ip  wh ich  w i l l
no t  d r ive  the  a l te rna tor  a t  the  reau i red  soeed.  Dr ive
belts which are too t ight impose severe side thrust
on  the  a l te rna tor  bear ings  and shor ten  the i r  l i fe
Per iod ica l l y  ensure  tha t  the  a l te rna tor  i s  cor rec t ly
a l igned to  the  dr ive .

(b )  Do no t  rep lace  fau l ty  be l ts  ind iv idua l l y  in  a  mu l t i -
belt  system. A complete matched set of drive belts
must always be used.

(c) Keep the alternator clean with a cloth moistened in
kerosene or  c lean ing  f lu ids  Ensure  tha t  ven t i la t ion
s lo ts  and a i r  spaces  are  c lear  and unobst ruc ted

(d)  Remove any  d i r t  accumula ted  on  the  regu la to r /
con t ro l  box  hous ing ,  and ensure  tha t  coo l ing  a i r
can pass freely over the casing

4. Fault  Finding on AC5
The ACs a l te rna tor  i s  so  des igned tha t  a  f low o f  cur ren t
ind ica ted  e i ther  by  the  ex t ingu ish ing  o f  the  warn ing  l igh t ,
o r  as  shown on the  ammeter ,  i s  su f f  i c ien t  evrdence tha t  the
system is in proper working order Therefore, no open
c i rcu i t ,  vo l tage or  cur ren t  ou tpu t  checks  shou ld  be
per fo rmed on the  ins ta l la t ion  UNLESS:

(a)  The warn ing  l igh t  fa i l s  to  i l l umina te  when ihe
genera tor  i s  s ta t ionary ,  and the  swi tch  is  c losed
OR fa i l s  to  become ex t ingu ished when the
a l te rna tbr  i s  runn ing .

(b )  No charg ing  cur ren t  i s  shown on ammeter .

(c) The battery is f lat

(d )  The ba t te ry  i s  "bo i l ing" ,  ind ica t ing  loss  o f  vo l tage
cont ro l

l f  any  o f  the  above symptoms occur ,  the  procedure
ind ica ted  be low shou ld  be  fo l lowed:

(a )  Connect  a  good qua l i t y  mov ing  co i l  vo l tmeter
0-50 volts range across the battery or regulator
negat ive  te rmina l ,  and one o f  the  th ree  pos i t i ve
te rmina ls  marked LO,  MED,  H l  l f  an  ammeter  i s  no t
par t  o f  the  app l ica t ions  c i rcu i t ,  f i t  a  good qua i i t y
mov ing  co i l  0 -100 amp ammeter  in  the  a l te rna tor
to battery posit ive l ine The battery should be in a
charged condit ion.

(b )  C lose  the  warnrng  l igh t  sw i tch  (n ias te r  e lec t r rc
swi tch  on  dashboard)  when the  warn ing  lamp
s h o u l d  l i g h t  u p

(c )  Swi tch  on  a  10-15 amperes  load such as  | igh ts ,
fans, etc

(d)  S tar t  eng ine  and run  a t  fas t  id le  speed when
'1  The warn inE l igh t  shou ld  go  ou t
2  The ammeter  records  a  smal l  charoe

dependent  on  eng ine  speed

(e)  lnc rease eng ine  speed momentar i l y  to  max imum
speed,  when the  charg ing  cur ren t  shou ld  be
about  30  amperes  fo r  24  vo l ts  -  55  amperes  fo r
'12  vo l t  sys tems

( f )  Wi th  the  a l te rna tor  runn ing  a t  approx imate ly  ha l f
speed (eng ine  speed about  1 ,500 rev  min) ,  sw i tch
o f f  e lec t r i ca l  load  Depend ing  on  the  connect ion
se lec ted  fo r  the  pos i t i ve  sens ing  w i re  LO,  MED,  o r
H l ,  the  vo l tage shou ld  r i se  to  be tween 26  and 28
vo l ts  on  24  vo l t  sys tems and 13- .14  vo l ts  on  12  vo l t
sys tems and then remain  cons tan t  A t  the  same
t rme the  cur ren t  read ing  shou ld  d rop  apprec iab ly



Any var iance in  the  above da ta  cou ld  ind ica te  a  fau l t
and the  fo l low ing  procedure  shou ld  be  adopted  be fore
d isconnect ing  any  components

The regu la to r  i s  a  sea led  un i t  and is  non_repa i rab le
and i f  found to  be  fau l ty  i t  must  be  rep laced.

Warning Lamp does not l ight up when switched ,,On,,.

check  the  bu lb

l f  n o  f a u l t

Check  a l l  w i r ing  connect ions  a t  regu la to r ,  a l te rna tor
and battery

l f  no  fau l t

Swi tch  o f f ,  d isconnect  "F ' ,  lead  a t  regu la to r  and connect
i t  to  the  negat ive  te rmina l .

Swi tch  on  l f  warn ing  lamp l igh ts  up ,  the  regu la to r  i s
fau l ty  l f  lamp fa i l s  to  l igh t  up  the  a t te rna tor  i s  fau t ty

Warning Lamp does not go out and Ammeter shows
no output when running.

Check  a l l  regu la to r ,  a l te rna tor  and ba t te ry  connect ions .
l f  n o  f a u l t

Swi tch  o f f ,  d isconnect ' ,F , '  lead  a t  regu la to r  and connecr
to  regu la to r  negat ive  te rmina l
Swi tch  on ,  and run  a t  fas t  id le
l f  no  ou tpu t ,  a l te rna tor  i s  fau l ty .
l f  ou tpu t  appears ,  regu la to r  i s  fau l ty

Warning Lamp does not go out when running and
Ammeter shows reduced output with ful l  output only
at maximum speed or Warning Lamp goes out but
Alternator del ivers reduced output. Ful l  output only at
maximum speed.

A l te rna tor  fau l ty  Remove f rom ins ta l la t ion  and app ly
open c i rcu i t  d iode check

Warning Lamp f lashes intermitteni ly and Ammeter
needle osci l lates when Battery is ful ly charged and no
loads are switched in.

Check  fo r  excess ive  res is tance in  regu la to r  negat ive
sens ing  lead

l f  no  fau l t ,  regu la to r  i s  fau l ty

Batteries overcharging and Ammeter indicates high
or  fu l l  ou tpu t  a l l  the  t ime.

Check  regu la to r  pos i t i ve  sens ing  lead and i t s  connect ion
at  regu la to r .

l f  no  fau l t ,  regu la to r  i s  fau l ty

5.  Tes t ing  the  17ACR,  1BACR,  25ACR and
A133/65 in  Pos i t ion
Fi rs t  check  the  dr iv ing  be l t  fo r  cond i t ion  and tens ion .  The
nomina l  ho t  ou tpu ts  a t  6 ,000 rev /min  (a l te rna tor  speed)
are  g iven on  Page 812.  These f igures  may be  exceeded
s l igh t ly  when the  a l te rna tor  i s  runn ing  co ld .  To  avord
mis lead ing  resu l ts ,  the  fo l low ing  tes t  p rocedure  shou ld
there fore  be  car r ied  ou t  w i th  the  a l te rna tor  runntng  as
near  as  poss ib le  to  i t s  normal  opera t ing  tempera ture .

ALTERNATOR AND STARTER MOTOR R3

Test  C i rcu i t  fo r  17ACR a l te rna tors
Standard termi nations, batterv_sensed

R . 1

Alternator Output Test with Regulator
Inoperat ive
Withdraw the  cab le  connector (s )  f rom the  a l te rna tor ,
remove the  mou lded cover  (secured by  two screws)
and ear th  the  regu la to r  g reen lead or  connector  s t r io
to  f rame

Connect  an  ex terna l  tes t  c i rcu i t  to  the  a l te rna tor  ourpur
t e r m a n a l s  a s  s h o w n  i n  F i g  R , 1 ,  R . 2  o r  R  3
Va lue  o f  components  in  F igs  R 1 ,  R.2  and R 3  are  as
f o l l o w s :

1 '1 2 volt  2 2 watt butb.

2  0 -60  ammeter

3  12  vo l t  ba t te ry

4 0-20 moving coi l  voltmeter

5  0-15ohm 35amp var iab le  res is to r

Observe  care fu l l y  the  po la r i t y  o f  ba t te ry  and a l te rna tor
te rmina ls  -  reversed connect ions  w i l l  damaoe thc
a l te rna tor  d iodes

The variable resistor across the battery teri-ninals must
not be left  connected for longer than is necessarv ro
car ry  ou t  the  fo l low ing  tes t .

S tar t  the  eng ine  At  1 ,500 rev lmin  (a l te rna tor  speed) ,  the
tes t  c i rcu i t  bu lb  shou ld  be  ex t ingu ished.  Inc rease eng ine
speed un t i l  the  a l te rna tor  i s  runn ing  a t  6 ,000 rev lmtn
approx imate ly ,  and ad jL ls t  the  var iab le  res is tance un t i l  the
vo l tmeter  reads  13  6  vo l ts  The ammeter  read ing  shou ld
then be  approx imate ly  equa l  to  the  ra ted  ou tpur  (see
prev ious  head ing) .  Any  apprec iab le  dev ia t ion  f rom th is
f igure  w i l l  necess i ta te  the  a l te rna tor  be ing  removed f rom
the eng ine  fo r  fu r ther  examinat ion .

Fa i lu re  o f  one or  more  o f  the  d iodes  w i l l  be  ind ica ted  in  the
above test by effect on alternator output, and also in
some ins tances  by  abnormal ly  h igh  a l te rna tor  temperarure
and no ise  leve l

Regulator Test
The fol lowing test assumes the alternator to have oeen
tested and found satisfactorv.



ALTERNATOR AND STARTER MOTOR R4

Disconnect the variable resistor and remove the earth
connect ion  f rom the  regu la to r  g reen lead or  connecror
str ip to frame.

Wi th  the  remainder  o f  the  tes t  c i rcu i t  connected  as  fo r
the alternator output test, start the engine and agarn
run the alternator up to 6,000 revlmin unti l  the ammeter
shows an output current of less than 10 amperes The
vo l tmeter  shou ld  then g ive  a  read ing  o f  13 ,6  -  14 ,4  vor ts
Any apprec iab le  dev ia t ion  f rom th is  ( regu la t ing)  vo l tage
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Test Circui t  for  17ACR al ternators wi th standard terminals and
two piece connect ion plug (machine-sensed)

R.2

Tes t  C i r cu i t  f o r  17ACR,  18ACR,25ACR and  A133 /65  a t t e rna to r s
wi th European terminat ions and s ingle 3 terminal  connecror ptug
(mach ine -sensed ) .  B roken  l i ne  cab le  connec t i on  aoo l i es  t o
bat tery-sensed, in which case,  the connect ions between the two'+ ' t e rm ina l s  w i l l  no t  app l y  and  t he  b roken  l i ne  t e rm ina l  w i l l  be
marked  "S "  i ns tead  o f  "+ "

means tha t  the  regu la to r  i s  no t  func t ion ing  proper ly  and
must be replaced.

l f  the foregoing tests show the alternator and regulator
to be satisfactori ly performing, disconnect the test
circuit  and reconnect the alternator terminal connector.
Now connect a low range voltmeter between the posit ive
te rmina l  o f  the  a l te rna tor  ( the  mou lded te rmina l  connecror
is  open ended to  fac i l i ta te  th is )  and the  pos i t i ve  te rmina l
of the battery. Switch on battery load (headlights etc.),
start the engine and increase speed unti l  the alternator
runs at approximately 6,000 revlmin Note the voltmeter
read ing .

Transfer the voltmeter connections to the negative
terminals of the alternator and battery and again note the
meter reading

lf the reading exceeds 0 5 volt  on the posit ive side or 0.25
vo l t  on  the  negat ive  s ide ,  there  is  a  h igh  res is tance in  the
charg ing  c i rcu i t  wh ich  must  be  t raced and remedied .

STARTER MOTOR
Model M50

General Description
The mode l  M50 s ta r te r  motor  i s  a  four  po le  mach ine
of  5 in  (127,0mm) nomina l  yoke d iameter ,  and nas  a
21 s lo t  a rmature .

The dr ive  is  o f  p re-engaged,  so leno id  opera ted ,  pusn
screw type, incorporating a f ive rol ler clutch.

The function of the clutch is to prevent the armarure
being rotated at high speeds in the event of the engaged
posit ion being held after the engine has started The
solenoid incorporates a two-stage switching arrangement
wh ich  ensures  tha t  the  motor  deve lops  i t s  max imum
torque on ly  when fu l l  p in ion- f l ywhee l  engagement  has
been achieved

Test ing on the Appl icat ion
Ensure that the battery is in a charged condit ion

Switch on the lamps and operate the starter button.
l f  the  s ta r te r  fa i l s  to  func t ion ,  bu t  the  l igh ts  ma in ta in
fu l l  b r i l l i ance ,  check  the  swi tch  and ba t te ry  connect rons
to  the  s tader  and a l l  ex te rna l  leads .  S lugg ish  ac t ion  o f  the
starter can be caused by a poor or faulty connection.
Diff iculty in smooth engagement between starter ano
engine f lywheel is probably due to dirt  on the starter-shaft
he l i ces  prevent ing  f ree  p in ion  movement .  The shaf t
shou ld  be  thorough ly  c leaned w i th  c lean ing  f lu id  fo l lowed
by the  app l ica t ion  o f  a  smal l  quant i t y  o f  Acro  She l l  68
or  i t s  equ iva len t

MAINTENANCE

Brush Gear and Commutator
Inspect the brushes at intervals to ensure that they are
f ree  in  the i r  gu ides  and tha t  the  leads  are  qu i te  f ree
for  movement ,  by  eas ing  back  the  brush spr ings  and
pu l l ing  gent ly  on  the  f lex ib le  connect ions .  l f  a  b rush  is
inc l ined  to  s t i ck ,  remove i t  f rom i ts  ho lder  and c rean
the sides with a petrol moistened cloth

Be sure  to  re f i t  the  brushes  in  the i r  o r ig ina l  pos i t ions
to  re ta in  the  "bedd ing" .  The brushes  shou ld  be  we l l
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connector  leads ,  he ld  by  two o f  the  f i x ing  screws.  Before
inser t ing  brushes  in  the i r  ho lders ,  i t  i s  adv lsab le  to
b low th rough the  ho lders  w i th  compressed a i r  o r  c lean
them wi th  a  c lo th  mois tened w i th  pe t ro l .
The commuta tor  shou ld  be  c lean,  en t i re ly  f ree  f rom
oi l  o r  d i r t .  Any  t race  o f  such shou ld  be  iemoved by
press ing  a  c lean dry  f lu f f less  c lo th  aga ins t  i t ,  wh i le
armature is hand rotated.
l f  the  commuta tor  i s  d i r ty  o r  d isco loured,  t i l t  the  brushes
and wrap a  s t r ip  o f  f ine  g lass  or  carborundum paper
(no t  emery  c lo th )  round the  commuta tor ,  w i th  the
abrasive side inwards. Rotate the armature by hand
unti l  the surface is even. Clean with a petrol moistened
c lo th .

l f  repa i r  i s  necessary  to  the  commuta tor  o r  sw i tch  gear
etc.,  the starter must be exchanged or repaired by an
author ised  agent .

Model CA45
General Description
Des igned fo r  f lange mount ing ,  the  CA45 s ta r te r  moror
has  a  un i fo rm cy l indr ica l  shape w i th  no  sur face
pro t rus ions .  Th is  i s  because the  so leno id  and main
swi tch  assembl ies  a re  housed w i th in  the  dr ive  eno_
sh ie ld ,  a round ( i  e . ,  co-ax ia l l y  w i th )  the  armature  shaf t
The essential feature of the co-axial starter is that, the
Pin ion  a lone moves ax ia l l y  to  engage the  eng ine  f  l ywneet .
There  is  no  Iong i tud ina l  movement  o f  the  who le  u i r " t r r "
assembly ,  as  in  the  ax ia l  t ypes
Smooth  engagement  o f  the  p in ion  w i th  the  engtne
f lywheel is constantly ensured by using two_stage
opera t ion  o f  the  so leno id  and swr tch  mechantsms.
Thus the  r i sk  o f  damage to  bo th  p in ion  and f l ywhee l ,
th rough fau t ty  mesh ing ,  i s  p rac t ica l l y  e l im ina ted .
In construction, the starter consists of three main
sec t ions ,  in to  wh ich  i t  can  be  eas i l y  d isman i led .
1  The so leno id  swi tch-gear  and p in ion  assembly  housed

in  the  dr ive  end-sh ie ld

2 The armature, shaft and commutator assembly.
3  The yoke,  po le -p iece  and f  ie ld -co i l  assembly
Ready access is possible therefore, to those parts mosr
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l i ke ly  to  requ i re  ad jus tment ,  such as  the  swi tchgear  and
commuta tor  assembl ies .

Test ing on the Appl icat ion
Ensure  tha t  the  ba t te ry  i s  in  a  charged condr t ron
Swi tch  on  the  lamps ano opera te  the  s ta r te r  bu t ton .
l f  the  s ta r te r  fa i l s  to  func t ion ,  bu t  the  l igh ts  ma in ta in  fu l l
b r i l l i ance ,  check  the  swi tch  and ba t te ry  connect ions  to
the  s ta r te r  and a l l  ex te rna l  leads .  S lugg ish  ac t ion  o f  the
starter can be caused by a poor or fau l ty connection
Di f f i cu l ty  in  smooth  engagement  be tween s ta r te r  and
eng ine  f l ywhee l  i s  p robab ly  due to  d i r t  on  the  s rar re r_
shaf t  he l i ces  prevent ing  f ree  p in ion  movement  Tne shaf t
shou ld  be  thorough ly  c leaned w i th  c lean ing  f lu id
fo l lowed by  the  app l ica t ion  o f  a  smal l  quant i t y  o f  Acro
She l l  68  or  i t s  equ iva len t .

MAINTENANCE
Brush Gear and Commutator
Inspec t  the  brushes  a t  in te rva ls  to  ensure  tha t  they  are
f ree  in  the i r  gu ides  and tha t  the  leads  are  qu i te  f ree  fo r
movement ,  by  eas ing  back  the  brush spr ings  and pu l l ing
gent ly  on  the  f lex ib le  connect ions .  l f  a  b rush  ls  lnc t tned
to  s t i ck ,  remove i t  f rom i ts  ho lder  and c lean the  s roes
wi th  a  pe t ro l  mo is tened c lo th
Be sure  to  re f l t  the  brushes  in  the i r  o r ig ina l  pos i t ions
to  re ta jn  the  "bedd ing , ' .  The brushes  shou ld  be  wer r
bedded ( i .e .  worn  to  the  commuta tor  per iphery )  bu t  i f  no t ,
wrap a  s t r ip  o f  very  f ine  g lass  or  carborundum paper
f i rm ly  a round the  commuta tor  w i th  the  abras ive  s ide
outwards  Wi th  the  brushes  ln  pos i t ion ,  ro ta te  the
armature  by  hand in  the  normal  work ing  d t rec t ion
of  ro ta t ion ;  un t i l  the  cor rec t  b rush  shape is  ob ta ined.
l f  the  brushes  are  worn  down so  tha t  the  spr ings
are  no  longer  p rov id ing  e f fec t i ve  p ressure ,  they  shou ld
be renewed.  Check  the  brush spr ing  pressure  by  hooxrng
a spr ing  ba lance under  the  spr ing  l ip .  The cor rec t
tens ion  is  30 /40oz f  (0 ,85 /1 , t3kg f )

I t  i s  essent ia l  tha t  rep lacement  b rushes  are  the  same
grade as  those or ig ina l l y  f i t ted .  Genu ine  spares  shou ld
always be used. To remove the brushes, unscrew the four
f j x ing  screws,  one to  each brush.  In  re_assembl ing  care
must  be  taken to  re -connect  the  f ie ld  co i l  and  in te r_
connector leads, held by two of the f ixing screws Before
inser t ing  brushes  in  the i r  ho lders ,  i t  rs  adv isab le  to  b tow
through the  ho lders  w i th  compressed a i r  o r  c lean tnem
wi th  a  c lo th  mois tened w i th  pe t ro l

The commuta tor  shou ld  be  c lean,  en t i re ly  f ree  f rom o i l
o r  d i r t .  Any  t race  o f  such shou ld  be  removed by  press lng
a c lean dry  f lu f f less  c lo th  aga ins t  i t ,  wh i le  a rmature  is
hand rotated

l f  the  commuta tor  i s  d i r ty  o r  d isco loured,  t i l t  the  brusnes
and wrap a  s t r ip  o f  f ine  g lass  or  carborundum paper
(no t  emery  c lo th )  round the  commuta tor ,  w i th  the
abras ive  s ide  inwards .  Rota te  the  armature  by  hand un t i l
the  sur face  is  even.  C lean w i th  a  pe t ro l  mo is iened c lo th .
l f  repa i r  i s  necessary  to  the  commuta tor  o r  sw i tch
gear  e tc .  the  s ta r te r  must  be  exchanged or  repat red
by  an  au thor ised  agent .





SECTION S
Compressor
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The a i r  compressor  i s  a  s ing le  o r  tw in  cy l inder  water  coo led
un i t  wh ich  is  b racket  mounted  on  the  cy l inder  b lock
and dr iven  f rom the  aux i l ia ry  d r ive .

Shou ld  i t  be  necessary  to  d ra in  the  eng ine  coo l ing
system to prevent damage by frost, the Clayton
Dewandre  compressor  must  a lso  be  dra ined Dra in
p lugs  are  prov ided on  the  compressor  cy l inder  b lock .
Wi th  the  Bend ix  West tnghouse compressor ,  on ly  the
cy l inder  head is  water  coo led  and th is  w i l l  be  au to-
mat ica l l y  empt ied  when the  eng ine  is  d ra ined

lf leakage in the braking system is not excessive,
fa i lu re  o f  the  compressor  to  ma in ta in  adequate  a i r  in
the system, or to charge the system in a reasonable
t ime,  usua l ly  denotes  loss  o f  e f f i c iency  due to  wear .  Th is
wear could be in the cyl inder head (valves and seats) or
cy l inders  (p is ton  assembl ies)  Another  s ign  o f  wear
is excessive oi l  passing through to the reservoir

Prevent ive Maintenance
Every  5 ,000 mi les  (7 ,500 km) ,  250 hours  o r  4  months
( w h i c h e v e r  o c c u r s  f i r s t ) .

Remove,  d ismant le  and c lean compressor  a i r  c leaner
( i f  f i t t e d ) .

E v e r y  1 0 , 0 0 0  m i l e s  ( 1 5 , 0 0 0  k m ) , 5 0 0  h o u r s  o r  1 2
months  (wh ichever  occurs  f i rs t ) .

V i s u a l l y  c h e c k  a l l  u n i o n s ,  p i p e  f i t t i n g s ,  e t c . ,  f o r
looseness  or  leakage

Check  cy l inder  head bo l ts  fo r  cor rec t  t i ,gh tness

Check  end covers  fo r  o i l  leaks

Check  tha t  compressor  mount ing  is  secure .

Every  20 ,000 mi les  (30 ,000 km)  or  1 ,000 hours
Uncoup le  de l i very  por t  and check  the  head passages
for  excess ive  carbon depos i ts  wh ich ,  i f  p resent ,  must
be  removed by  d ismant l ing  the  cy l inder  head.

.Check  compressor  de l i very  I ine  fo r  carbon depos i ts ,
c lean or  rep lace  I ine  as  necessary .

Every 60,000 miles (90,000 km) or 2,500 hours
Dismant le  compressor ,  thorough ly  c lean a l l  par ts  and
inspec t  fo r  wear  o r  damage Repa i r  o r  rep lace  a l l
worn  or  damaged par ts  o r  rep lace  w i th  Fac tory
Becond i t ioned Un i t

To Remove the Compressor
Dra in  the  eng ine  coo l ing  sys tem and compressor  o f
coo lan t

Remove hydraulrc pump which may be f i t ted to rear
of compressor.

Remove steadying bracket between compressor cyl inder
head and eng ine  cy l inder  head.

Remove al l  connections to and f rom comoressor.

Unscrew compressor  mount ing  bo l ts  and remove
compressor  f rom eng ine

To Replace Compressor
The replacement of the compressor is a reversal to
removat.

When the compressor is f i t ted, check that the clearance
between the rubber insert and the forward half-
coup l ing  is  0 .020/0 .025 in  (0 ,51 /0 ,63mm).

Shou ld  the  c learance be  incor rec t ,  the  ha l f -coup l ing

can be moved on the shaft to obtain the correct
c learance.
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Dismantl ing
Marking before dismantl ing
The compressor  shou ld  have the  fo l low ing  i tems
marked to  show the  cor rec t  re la t ionsh ip  to  d ismant l ing

1  Pos i t ion  o f  cy l inder  head in  re la t ion  to  cy l inder
and crankcase.

2 Posit ion of end-cover(s) in relat ion to crankcase

3 Posit ion of crankshaft in relat ion to crankcase

Removing and Dismantl ing Cyl inder
Head and Cyl inder
Remove the  un loader  cap and copper  washer  and
wi thdraw the  un loader  p lunger  assembly  and spr ing .

Remove the  de l i very  va lve  cap and copper  washer ,
and remove del ivery valve spring and seat retaining
spfl  ng

Unscrew the  four  nu ts  and washers  f rom cy l inder  head
s tuds  and l i f t  o f f  cy l inder  head Remove the  jo in t .

Remove the del ivery valve and screw out the valve seat

Wi thdraw in le t  va lve  spr ing  gu ide .  (A  s imp le  ex t rac tor
can be  made f rom two %in  UNF bo l ts  and a  s t r ip  o f
meta l  fo rmed to  b r idge the  gu ide  )  Remove the  in le t
va lve  spr ing ,  in le t  va lve  and va lve  seat

Wi thdraw cy l inder  and remove the  jo in t

Removing and Dismantl ing Piston and
Connecting Rod Assemblies
Remove the  compressor  mount ing  bracket  and jo in t .

Turn the crankshaft to B D.C posit ion and release the
tabs of the locking strap. Unscrew the two bolts and
remove the  connect ing  rod  cap Wi thdraw p is ton
assembly and replace connecting rod cap

Remove the  p is ton  r ings  f  rom the  p is ton .  l f  the
piston is to be detached from the connecting rod,
re lease one gudgeon p in  re ta in ing  c i rc l ip  and press
the  gudgeon p in  f rom the  p is ton  and connect ing  rod

Removing Crankshaft
Remove drive key f rom crankshaft.

Unscrew the four setscrews or nuts together with
washers securing the rear end-cover to crankcase
Wi thdraw the  end-cover ,  p la in  bear ing ,  th rus t  washer
(where  f i t ted)  and jo in t

Unscrew the four setscrews or nuts securing the drive
end-cover, and withdraw the end-cover complete
with crankshaft and joint.  Tap crankshaft with bearing
from drive end-cover

Cleaning
Ensure  tha t  a l l  carbon is  removed f rom the  cy l inder
head. Check that the air passages in the head and the
oi lways in the crankcase, where applicable, rear end-cover
and crankshaft are clear and clean.

Clean inlet and discharge valves, not damaged or
worn excessively, by lapping them on a sheet of crocus
cloth held on a f lat surface.



Inspection of parts

Cyl inder
Check cyl inder bore for excessive wear, out_ot_round
or  scor ing .  l f  scored  or  ou t -o f - round more  than 0 .002 in

Wear in bore
+ 0  0 0 5 i n  ( 0 , 1 3 m m )
+0.005/0  010 in  (0 ,13 /0 ,25  mm)

+ 0  0 1 5 i n  ( 0 , 3 8 m m )

Remedy
Fr t  new s tandard  r inEs
B o r e  o u t  t o  + 0  0 i 0 i n  ( 0 , 2 5 m m )  a n d  f i t  O  0 1 0 i n
overs ize  p is ton  r ings
F i t  new 0  010 in  (0 ,25mm) overs ize  r ings .
Bore  ou t  to  +0  20 in  (0 ,51  mm) and f i t  0 .020 in
overs ize  p is ton  and r ings
F i t  new 0 .020 in  (0 ,51  mm) overs ize  r ings
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(0 ,25  mm)

( 0 , 5 1  m m )
+0.015/0  020 in  (0 ,38 /0 ,51  mm) . .  . .

+0  025 in  (0 ,63mm)

Piston and Connect ing Rod
Inspec t  p is ton  fo r  scores ,  c racks  or  damage o f  any  k ind .
Check  f i t  o f  r ings  in  r ing  grooves ,  c learance shou ld
be 0 .0005/0 .0025 in  (0 ,01 /0 ,06mm).  Ins ta i l  r ings  In
cy l inder  and check  tha t  gaps  are  0 .003/0 .007 in  (0 ,08 /
0 ,18mm).  Check  f i t  o f  gudgeon p in  in  p is ton  and
connect ing  rod .  Gudgeon p in  shou ld  be  a  l igh t  p ress  f i t
in  p is ton  and c learance in  the  connect ing  rod  bush
shou ld  no t  exceed 0 .0015 in  (0 ,04mm).

Inspec t  connect ing  rod  bear ing  fo r  cor rec t  f i t  on
crankshaf t  journa l .  C learance be tween rod  Journa l
and bear ing  must  no t  be  less  than 0 .001 in  (0 ,02mm)
and no t  more  than 0 .003 in  (0 ,0Bmm).  Check  connect rno
rod for cracks or damage.

Crankshaft and Bearings
Examine ba l l  bear ings  fo r  d isco lo ra t ion ,  p i t t ing  wear  and
cracked races. Rotate slowly to check for rougnness.
Defec t ive  bear ings  shou ld  be  removed,  us ing  a  we l l_
f i t t ing  ex t rac t ing  too l .  Press  new bear ing  on  to  c rankshaf t ,
us ing  a  su i tab le  length  o f  tube,  un t i l  i t  con tac ts  shou lder .
Inspect crankshaft for wear and check threads,
shaft ends, keyways and drive keys for damage.
The c rank  p in  d iameter  shou ld  be  w i th in  the  t im i ts
0 .87  4  /  0 .87  35  i  n  (22 ,20  /  22 ,1  9  m m\ .

Crankshaft and End-covers
Inspec t  o i l  sea l  care fu l l y ,  ensur ing  tha t  sea l ing  edge
is intact and sharp. l f  an oi l  leak has been obseiveo at
the  c rankshaf t  end,  a  new sea l  must  be  f i t ted  L ip  o f  sea l
shou ld  face  inwards .

Examine crankcase, end-cover and mounting bracket
for damage and cracks. Check bearing bores for
wear The bal l  race should be a l igfrt  press f i t  in
end-cover  and the  c rankshaf t  shou ld  be  a  neat  s l id ing
f i t  in  the  p la in  bear ing .  Inspec t  c rankshaf t  th rus t
washer for wear (where f i t ted).

Cyl inder Head
Inspec t  cy l inder  head fo r  c racks  and un loader  p runger
gu ide  bush fo r  wear .  Check  tha t  un loader  p lunger  i s  a

neat  s l id ing  f i t  in  the  gu ide  l f  i t  i s  necessary  to  rep lace
the  un loader  p is ton  gu ide ,  th is  w i l l  be  found to  have
an unders ized bore ,  and w i l l  requ i re  reaming in  s i tu  to
0 .3745/0 .3755 in  (9 ,51 /9 ,54mm).  Ensure  tha t  the  oore
is  mach ined square  to  the  unders ide  o f  the  cy l inder
head The max imum f in ish  o f  the  gu ide  bore  shoutd  be
25 mic ro  inches  (0 ,6microns) .  A  chamfer  i s  a lso  requ i red
at  the  top  o f  the  gu ide  bore  to  an  ang le  o f  15o and to  a
d e p t h  o f  0 . 1 0 2 i n  ( 2 , 5 9 m m ) .  M a k e  s u r e  t h a t  t h e
gu ide  and charn fer  ang le  a re  f ree  f rom bur rs  Examine
un loader  p lunger  sea l  r ing  fo r  wear  Inspec t  in le t  and
delivery valves and seats. l f  valves are grooved oeeper
than 0 .003 in  (0 ,08mm) where  they  contac t  the  seat .  thev
shou ld  be  rep laced l f  no t  bad ly  g rooved they  can be
re faced by  lapp ing  on  c rocus  c lo th  Va lve  seats ,  i f
showing s l igh t  sc ra tches ,  may be  rec la imed by  lapp ing
wi th  f ine  gr ind ing  pas te .  l f  bad ty  p i t ted  or  sc ra tched.
use a  seat ing  reamer  be fore  lapp ing .

Renew de l i very  va lve  spr ing  and check  remain ino
spr ings  fo r  cor ros ion ,  fa t igue or  permanent  se t .

Re-assembly
Lubr ica te  a l l  in te rna l  par ts  w i th  c lean eng ine  or r  to
prevent  poss ib le  damage unt i l  the  o i l  supp ly  i s
f  u  nc t ion  ing .

Ins ta l l  the  c rankshaf t ,  comple te  w i th  bear ing ,  rn to
the  dr ive  end-cover .  Inser t  the  c rankshaf t  in to  tne
crankcase and secure  the  dr ive  end-cover ,  ensur ing  tha t
the  jo in t  i s  cor rec t ly  pos i t ioned over  the  o i l  d ra in
ports.

Pos i t ion  the  th rus t  washer  in  the  rear  end_cover  w i th
the  s tee l  face  towards  the  p la in  bear ing  and the  tab
located in the slot.  Assemble the rear end-cover with joint
and secure. Check the crankshaft to ensure free rotat ion
and then t igh ten  end-cover  nu ts  o r  bo l ts .  F i t  the  or rve
key to the crankshaft.

Ref  i t  the  p is ton  r ings ,  ensur ing  tha t  s ides  marked
"Top" are uppermost, and assemble the piston to the
connect ing  rod .  Assemble  the  connect ing  rod  on  the
crankshaf t ,  t igh ten  the  bo l ts  to  a  to rque o f  4 lb f  f t
(0 ,55kgf  m)  o r  5 ,4Nm,  and tu rn  uF the  tabs  o f  the
locking strap. Space the piston r ing gaps and assemble
the  cy l inder ,  w i th  jo in t ,  over  the  p is ton .
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Assemble  the  cy l inder  head.  L igh i l y  smear  the
outs ide  d iameters  o f  the  in le t  va lve  seat  and spr rng
gu ide  w i th  "Loc t i te " ,  o r  equ iva len t ,  sea l ing  compound.
Inser t  the  in le t  va lve  seat ,  in le t  va lve  and va lve  spr ing
and press  the  spr ing  gu ide  in to  pos i t ion  Screw in  the
de l ivery  va lve  seat ,  us ing  a  wrench inser ied  in  the
hexagona l  ho le  th rough the  cent re  o f  the  f i t t ing ,
and t igh ten  secure ly  P lace  the  de l i very  va lve  on  the
seat  and pos i t ion  the  spr ings .  Screw in  the  va lve  cap
together  w i th  the  copper  washer  L igh t ly  smear  the
un loader  p lunger  w i th  "Dow-Corn ing"  g rease,  and
inser t  the  spr ing  and p lunger  comple te  w i th  the
spr ing  c i rc l ip  Screw in  the  un loader  cap together  w i th
copper  wasner

P lace  the  jo in t  on  the  cy l inder  and cor rec i l y  pos i t ion
the  cy l inder  head on  the  s tuds  T igh ten  nu ts  p rogress ive ly
t o  a  t o r q u e  o f  l 0 l b f f t  ( 1 , 3 8 k g f m )  o r  1 3 , 6 N m .

Inver t  the  compressor  and app ly  c lean eng ine  o i l
over  the  c rankshaf t  and on  the  cy l inder  wa l l  Assemble
the  mount ing  bracket  and jo in t

BENDIX WESTINGHOUSE TWIN 9
COMPRESSOR
To Dismantle Compressor
Remove f i l te r  assembly ,  f i l te r  e lement  and adaptor  p la te .

Remove top  cover  and cy l inder  head/va lve  p la te
assem ory .

Remove va lve  p la te  f rom cy l inder  head Mark  va lves ,
spr ings  and va lve  cages  to  ident i f y  pos i t ion .

Remove mount ing  bracket  and gasket

Mark  connect ing  rods  and caps  to  ident i f y  pos i t ion

Release b ig  end secur ing  bo l ts  and remove p is ton /
connect ing  rod  assembly  (Note  i t  i s  impor tanr  ro
re lease b ig  end bo l ts  be fore  the  bo l ts  secur ing  the
eno cover )

Remove gudgeon p ins  to  re lease p is tons  f  rom
connect ing  rods .

Remove p is ton  r ings .

Remove end cover

Remove p las t i c  cover  f rom non-dr ive  end o f  compressor
( i f  f i t ted)

Remove crankshaft with thrust washer

Bemove a l l  sea ls ,  "O"  r ings  and gaskets

Recondit ioning
Al l  gaskets ,  sea ls  and "O"  r ings  shou ld  be  renewed

The cyl inder head and associated parts, and the
p is tons  shou ld  be  c leaned o f  any  carbon present
The va lve  d iscs ,  spr ings  and va lve  gu ides  shou ld  be
renewed. The valve seats may be lapped with a f ine
gr ind ing  pas te ,  bu t  i f  there  is  any  apprec iab le  wear ,  the
va lve  D la te  shou ld  be  renewed.

The un load ing  p is tons  must  be  a  neat  s l id ing  f i t  in  the
gu ide  bushes .  l f  wear  i s  apparent ,  renew the  p is tons  or
bushes as necessary

The max imum permiss ib le  worn  d iameter  o f  the  cy l inder
bores  is  2 .257 in  (57 ,33mm).

The c learance o f  the  compress ion  r ings  in  the  p is ton
grooves is 0.0005/0.002in (0,01 2/0,051 mm) and that of
the scraper r ings is 0.0005/0 0025 in (0,01 2/0,063 mm). The

gap o f  the  compress ion  and scraper  r ings  in  the  cy l inder
is  0 ,003/0 .007 in  (0 ,08 /0 ,1  B  mm)

l f  the  p is ton  r ings  are  be ing  re f i t ted  and are  bedded
for  more  than the  300/o  o f  the  w id th  o r  i f  new r ings  are
be ing  f i t ted ,  the  g laze  on  the  cy l inder  bores  must  be
b roken

The c learance o f  the  c rankshaf t  in  the  main  bear ings
shou ld  no t  exceed 0  0035 in  (0 ,09mm),  wh i ls t  the
c learance o f  the  c rankp ins  in  the  b ig  end bear ings
s h o u l d  n o t e x c e e d 0  0 0 3 i n  ( O , 0 B m m ) .

The end f loa t  o f  the  c rankshaf t  i s  0004 i0012 in
(0 ,10 /0 ,30  m m)

The gudgeon p in  shou ld  be  a  l igh t  p ress  f i t  in  the
p is ton  and the  c learance o f  the  p in  in  the  smal l  end
of  the  connect ing  rod  shou ld  no t  exceed 00015 in
(0 ,038mm).  Renew gudgeon p in  c i rc l ips  i f  necessary

To Re-assemble Compressor
Clean a l l  par ts ,  remove a l l  jo in t ing  compound and
gaskets  Ensure  tha t  a l l  o i lways  and water  passages
are  c lean and f ree  f rom obs t ruc t ion  L igh t ly  o i l  a l l
bear ing  sur faces ,  journa ls  and th rus t  washer  faces

F i t  o i l  sea ls  to  c rankcase and end cover .

F i t  c rankshaf t  to  c rankcase ensur ing  tha t  o i l  sea l  i s
no t  damaged by  the  edges o f  the  s lo t  in  the  c rankshaf t

F i t  th rus t  washer  to  c rankshaf t

Coat  jo in t  face  o f  end cover  w i th  sea l ing  compound
and f i t  end  cover  to  c rankcase secur ing  w i th  se tscrews
and spr ing  washers

T i g h t e n  s e t s c r e w s  t o  9 l b f f t  ( 1 , 2 4 k g f m )  o r ' 1  2 , 2 N m

Ensure  tha t  end f loa t  o f  c rankshaf t  i s  cor rec t

F i t  connect ing  rod  to  p is ton  F i t  gudgeon p in  and
secure  w i th  c i rc l ip

F i t  p is ton  r ings  to  p is ton ,  ensur ing  tha t  the  r ing  gaps
are  equa l ly  spaced around the  p is ton  The two com-
press ion  r ings  on  each p is ton  must  be  f i t ted  w i th  the
in te rna l  s tepsorcharn fers towards the  p is ton  c rown R ings
are  usua l ly  marked w i th  the  word  " top"  o r  "bo t tom"
on the  appropr ia te  face  to  a id  cor rec t  f i t t ing

Lubr ica te  p rs ton  r ings  and cy l inder  bores  thorough ly
wi th  c lean eng ine  o i l  be fore  f i t t ing  p is tons  in  cy l inders

F i t  p is ton /connect ing  rod  assembl ies  in  c rankcase,
ensur ing  tha t  they  are  f i t ted  w i th  the  too l ing  ho le  in
the  connect ing  rod  fac ing  inwards  towards  the  cent re
l ine  o f  the  compressor

F i t  b ig  end caps  and secure  w i th  bo l ts  and tabwashers
T igh ten  bo l ts  to  9 lb f  f t  (1  ,24kgtm)  o r  12 ,2Nm and lock
tabwashers

Ensure compressor has f ree rotat ion

F i t  "O"  r ings  to  un loader  p is tons ,  lubr ica t ing  assembl ies
wi th  S i l i cone F lu id  MS200.  F i t  un loader  o is ton  assembl ies
to  c rankshaf t  F i t  spr ing  and sadd le  Ensure  tha t  un loader
pistons have free movement

F i t  in le t  and exhaust  va lves ,  spr ings  and va lve  gu ides
to  cy l inder  head.  F i t  va lve  p la te  to  cy l inder  head w i th
gasket  and secure  w i th  countersunk  screw T igh ten
screw to  50 lb f  in  (0 ,57  kg f  m)  o r  5 ,6  Nm.

Ensure valves have free movement after assembly

F i t  cy l inder  head/va lve  p la te  assembly  w i th  gasket  to
c rankcase F i t  cover  w i th  gasket  to  cy l inder  head Secure
with nuts and spring washers where studs are f i t ted
and w i th  bo l ts  and spr ing  washers  a t  tapped ho le



pos i t ions .  T igh ten  nu ts  and bo l ts  to  17 lb f  f t  (2 ,35kgf  m)
or  23Nm progress ive ly

F i t  mount ing  bracket  w i th  gasket  to  base o f  compressor
w i th  bo l ts  and spr ing  washers .  T igh ten  bo l ts  to  17 lb f  f t
(2 ,35k9f  m)  o r  23Nm progress ive ty

Where  requ i red ,  f i t  p las t i c  cover  to  non dr ive  end
of  compressor  and c rankshaf t

Coat  jo in t  face  o f  f i l te r  adaptor  w i th  sea l ing  compound
and f i t  p la te  to  c rankcase Secure  w i th  countersunk

Data and Dimensions for Bendix West inghouse Twin
Cyl inder  bore  d iameter
Max.  permiss ib le  worn  bore  d iameter .
C learance o f  p is ton  sk i r t  in  bore
Clearance o f  compress ion  r ings  In  p is ton  grooves
Clearance o f  sc raper  r ings  in  p is ton  grooves  . .
Compress ion  r ing  gap in  cy l inder
Scraper  r ing  gap in  cy l inder  . . . . .
Crankp in  d iameter
B ig  end runn ing  c learance
Max permiss ib le  worn  b ig  end bear ing  runn ing
c  learance
Main  journa l  d iameter  .
Ma in  bear ing  runn ing  c learance
Max permiss ib le  worn  main  bear ing  runnrng c learance
Crankshaf t  end f  Ioa t
Max permiss ib le  end f  loa t  on  worn  compressor

Recommended Torques
Cyl inder  head bo l ts /nu ts
End cover  bo l ts
Mount ing  bracket  bo l ts
St ra iner  mount ing  nu ts
St ra iner  adaptor  sc rews
Big  End Bo l ts

Drive Coupling (Holset)
With the compressor f i t ted to the engine and the coupling
assembly in place on the auxi l iary drive shaft the distance
between the two halves of the coupling (see Fig. S 1 dim C)
must be adjusted to the value given in the table below When
fit t ing the coupling, ensure that the scribed l ines on rne
outside of the f langes are tn l ine

Coupling diameter Dimension C Diff. between
Cl  and C2

3.B75 in  (98 ,4mm)

3.00 in  (76 ,2mm)

0.146/0  250 in
(3 ,7116,35  mm)

0 . 1 2 5 1 0 . 1 8 7 i n
(3 ,18 /4 ,75mm)

0 . 0 6 8 i n  ( 1 , 7 1  m m )

0.052 in  (1 ,32mm)

The paral lel al ignment can be checked with a straight edge
and feeler gauge to dimension B as shown in Fig S.1

To check the angular al ignment f ind the dif ference between
C1 and C2 as shown in Fig. S.1 l f  this dif ference is the same
as or less than the dimension given in the chart above any
angular misal ignment wil l  be 1' or less which is satisfactory.

On later engines the coupling setscrews and separate tab
washers have been replaced by washer-faced setscrews
only These setscrews should be t iqhtened to lBlbff t
(24 ,4Nm),2 ,5ks f  m.

COMPRESSOR 55

screws t igh tened to  50  lb f in  (0 ,5Bkgfm)  o r  5 ,6Nm
Fi t  new f i l te r  e lement  to  f i l te r  body  F i t  re ta in ing  prare
and re ta in  w i th  bo l ts  and spr ing  washers

F i t  f i l te r  assembly  to  adaptor  p la te  and secure  w i th
nuts  and spr ing  washers  t igh ten ing  to  a  to rque o f
9 l b f t  ( 0 , 1 2 4 k 9 f  m )  o r  1 2 , 2 N m

Fi t  key  to  d r ive  end o f  c rankshaf t

F ina l l y  p ro tec t  a l l  por ts  to  p revent  ingress  o f  fo re ign
malter

9 Compressor
2 250/2  251 in  (57 ,1  5 /57 ,1  8  mm)
2 257 in  (57 ,33  mm)
0 0023/0  0043 in  (0 ,06 /0 ,11  mm)
0 0005/0  OO2 in  (O,012/0 ,051 mm)
0 0005 i0  0025 in  (0 ,012 l0 ,063 mm)
0 003/0  007 in  (0 ,08 /0 ,18  mm)
0 003/0  007 in  (0 ,08 /0 ,18  mm)
1 2495/1 250 in (31 ,74/31 ,75 mm)
0 005/0  0015 in  (0 ,012 l0 ,038 mm)

0 003 in  (0 ,076 mm)
12482/1  2491 in  (31  ,7O/31 ' ,73mm)
0 0009/0  0028 in  (0 ,0210,07  mm)
0 0035 in  (0 ,09  mm)
0 00410 012 in  (0 ,10 /0 ,30  mm)
O  0 1 7  i n  ( 0 , 4 3  m  m )

1 7 l b f  f t  ( 2 , 3 5  k g f  m )  o r  2 3  N m
9 l b f  f t  ( 1 , 2 4 k g t m \  o r  1 2 , 2 N m
17 Ib f  f t  (2 ,35  kg f  m)  o r  23  Nm
9 l b f f t  ( 1 , 2 4 k 9 f  m )  o r  1 2 , 2 N m
5 0  l b f  i n  ( 0 , 5 8 k 9 f  m )  o r  5 , 6 N m
9 l b f  f t  ( 1  , 2 4 k g I m )  o r  1 2 , 2 N m

A. Straight edge
B.  Max 0 .006 in  (0 ,15mm)
C. Gap between coupling halves

C1.  Max.  gap
C.2  Min .  gap
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DESCRIPTION
The A.350 type exhauster is a rotary sl iding vane pump,
with an eccentr ical ly mounted rotor.

reservoir,  and the outlet port formed in the base of the
exhauster al igns with an aperture in the engine crankcase.

OPERATION
At al l  speeds the rotor blades are kept in contact with the
bore of the body by centr i fugal force, assisted by the
hydraul ic act ion of the oi l  beneath the blades. When the
rotor turns, the spaces between the blades vary, because
of the eccentr ic mounting of the rotor in the exhauster
body. As a blade passes the inlet port the space between i t
and the fol lowing blade increases and air is drawn from the
vacuum reservoir.  This air is then compressed and
expelled with the lubricating oi l  through the outlet port to
the engine crankcase.

SERVICING EXHAUSTER
Periodic lnspection and preventive Maintenance
Weekly or every 5,000 miles
Examine the vacuum l ines and f i t t ings. Vacuum leaKage
may occur through the l ine or reservoir mounted non_
return valve, i f  the valve seat is dirty or pit ted. Should

SECTION T
Exhausters

leakage occur, the exhauster wi l l  pressurise the engrne
crankcase, result ing in oi l  leakage at the crankshaft seals
and other joints. Examine the exhauster for evidence of oi l
leakage, part icularly at the end cover joints and at the shaft
oi l  level.  Check the oi l  supply l ine for leaks at f i t$ngs anct
connections.

Every 10,000 miles
Check the mounting setscrews and end cover retainino
screws for t ightness.

Every 60,000 miles
Bemove and dismantle the exhauster, thoroughly clean al l
parts and inspect them for wear and damage. l f  the
exhauster is well  worn i t  wi l l  be advisable to return i t  to
Perkins Engines Ltd., in exchange lor a factorv
recondit ioned unit.

To Remove the Exhauster
Disconnect the oi l  vacuum pipes at the exhauster and plug
lhe qpen unions to prevent the entry of foreign matter.
Release the driving coupling from the end oi the rotor
shaft.  Unscrew the setscrews which secure the exnauster
to the crankcase, and remove the unit from the enqine.

D ismant l ing
Mark the end covers in relat ion to the body to ensure
correct location on re-assembly. Unscrew the four socKet-
headed screws and remove the rear end cover with the
rubber seal ing r ing. Mark the blades in relat ion to the rotor
and withdraw the rotor complete with blades from the bodv.
Unscrew the four socket-headed screws and remove the
drive end cover with i ts rubber seal ing r ing.

CLEANING AND INSPECTION
Clean ing
Wash al l  the components in cleaning solvent and clear the
rotor and drive end cover oi l  ways with compressed air.

Inspection of Parts
Examine the bushes for excessive wear. To renew them
see "Overhaul" section. Inspect the rotor and shaft for
cracks and damage, check the f i t  of the f ibre blades in the
rotor slots and replace any worn or damaged blades.
Examine the seals careful ly to see that the sel l ing edges
are pl iable, intact and sharp. Seals rendered ineffect ive
(usually by dirty oi l  and gri t)  should be renewed as
prescribed in the section headed ,,Overhaul ' , .  

Examine the
body for cracks and damage and the bore for longitudinal
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Fig. T.1. Exploded view of an Exhauster.



EXHAUSTERS_T.2

r ipples or l ines. l f  these are only sl ight the body is st i l l
serviceable, i f  excessive the body should be renewed.
Examine the end covers, and renew them if  thev are
cracked or scored.

OVERHAUL
To renew End Cover Bearings and Seals
Drive End Cover
Extract the seal from the drive end cover and press in the
new one un t i l  the  s tee l  sea l  ho lder  abuts  aga ins t  the
shoulder in the cover. With the seal removed, press the
worn plain bearing out of the cover using a bar or tube
1 %o in diameter. Press the new bearing into the cover unti l
i t  is 7e in below the cover f  ace.

Rear End Cover
Blank end covers are not f i t ted with seals. The bearing
should be extracted or machined out taking care not to
damage the housing, or in an emergency i t  may be
removed by cutt ing a groove along the bearing, using a
narrow half round chisel.  Inspect the housing, remove any
burrs and press the new bush ful ly into the cover. Where
the rear end has been bored straight through and blanked
off, the circlip should be removed followed by the blanking
disc and 'O' ring, which acts as a seal. The bush may then be
pressed out of the cover, using a bar or tube, 1%ein diameter.
When replacing these components it is advisable to fit the
circlip in its groove and then refit the blanking disc followed by
a new 'O' ring. The new bush should be pressed into the
cover until it slightly compresses the 'O' ring against the
blanking disc, the resulting reduction in internal diameter of
the 'O' ring ensuring an effective seal on the shaft. The large
rubber 'O' rings which seal the gaps between the exhauster
body and the end covers, should be renewed if they appear to
be in any way compressed or damaged.

Re-assembly

Lubricate al l  moving parts with clean engine oi l .

Carefully insert the shaft into the drive end cover, avoiding
damage to the seal.

With the large rubber 'O' ring fitted in its groove in the cover,
assemble the latter to the body, locating the dowels in their
resoective holes.
Hold the body, drive end downwards, and replace the blades

Fig. T.2. Removing Exhauster.
1 .  Exhauster .
2. Exhauster Coupling (Driven Half).
3. Exhauster Coupling (Drive Half).
4 .  Rubber  Coup l ing .
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in the rotor slots, making sure that the marks made during
dismantling correspond.

Instal l  the rear end cover with i ts rubber'O' r ing on to the body
(ensuring that the dowels locate in their respective holes) and
tighten the socket-headed screws.

Turn the rotor by hand to make sure that it revolves freely.

Installation
Replace the joint and remount the exhauster securely to the
engine crankcase, with the coupling halves fitted loosely on
the shafts.

Where there are scribed l ines on the outside of the coupling
flanges, these must be in l ine.

Ensure that there is approximately %in (3mm) between
auxi l iary shaft oi l  seal and front half  coupling.

Where Simms couplings are f i t ted (Fig. T.2), ensure that there
is a nominal clearance ol 3/a+in (1,2mm) between the rubber
coupling and each half coupling. Where Holset couplings are
fi t ted, check the paral lel and angular al ignment with a straight
edge and feeler gauges as shown in Fig. T.3.

When the alignment is correct tighten the coupling setscrews
and in the case of earlier Holset couplings lock the setscrews
with the tab washers. Later Holset couplings have washer
faced setscrews without tabwashers and these setscrews
must be t ightened to l  Slbff t  (24 Nm) 2,5kgf m.

Reconnect the oil feed and vacuum pipes.

Fig. T.3

A Straight edge
B.  Max.  0 .006 in  (0 ,15mm)
C.  Gap 0 .125/0 .187 in

(3 ,18 /4 ,75  mm)

C1.  Max.  gap
C.2  Min .  gap
Max. dif ference C1-C2,
0 .052 in  (1 ,32mm)



LUBRICATING OILS
Lubr ica t ing  o i l s  fo r  na tura l l y  asp i ra ted  eng ines  shou ld  meet  the  requ i rements  o f  the  U.S.  Ordnance
Spec i f i ca t ion  MIL-L-46152 or  MIL-L-2104C.  Lubr ica t ing  o i l s  fo r  tu rbocharged eng ines  and eng ines
ins ta l led  in  Heavy  Duty  Ear thmov ing  Equ ipment  shou ld  meet  the  U.S.  Ordnance Spec i f i ca t ion
MtL-L-2104C.

Some o f  these o i l s  a re  l i s ted  be low and nex t  page.  Any  o ther  o i l s  wh ich  meet  these spec i f i ca t ions
are  a lso  su i tab le .

M|L-L.46152 otLS

Company Brand S.A.E. Designat ion

0 " F  ( - 1 8 ' C )
IO

3 0 ' F  ( - 1 " C )

3 0 ' F  ( - 1 ' C )
IO

8 0 ' F  ( 2 7 ' C )

Over
8 0 ' F  ( 2 7 "  C )

B.P.  L td .

Castrol  Ltd.

Esso Pet ro leum Co.

Mob i l  O i l  Co.  L td .

S h e l l

To ta l  O i l  Co.  L td .

Duckham C o . Ltd.

L td .

V a n e l l u s  M
Vane l lus  M
Cast ro l /Deuso l  CRX
Cast ro l /Deuso l  CRX
Cast ro l /Deuso l  CRX
Deuso l  RX Super
F lee to l  HDX
Q Motor  O i l
F lee to l  Mu l t i  V
F lee to l  Mu l t i l i te
Farmadco l  HDX
Esso lube XD-3
Esso lube XD-3
Delvac  1200 Ser ies
De lvac  Spec ia l
Rote l la  TX
Rote l la  TX
R i m u l a  X
R i m u l a  X
R i m u l a  X
R i m u l a  X
Tota l  Super  HD
Total  HD2-M
Total  HD3-C

( R u b i a  S )
Total  HD3-C

( R u b i a  T M )
Total  Universal

Trac tor  O i l
( M u l t a g r i )

To ta l  Super  Un iversa l
Trac tor  O i l
( M u l t a g r i  T M )

1 0 w

1 0 w
10w/30

1 0

10w/30

1 0 w

1210
10w/30

1 0 w

1 0 w
10w/30

10w/30

10w

20w
20w/50

20
10w/30
20w /50
20w/40

20
20w /50
20w/50
10w/30

20
20w

15W /40
1220'10w/30

20w /20
20w/40
20w/20
10w/30
15W /40
20w/40
20w/20
20w/40

20w/20

15W/40

20w/30

20w/30

30
20w/50

30
10w/30
20w/50
20w/40

30
20w/50
20w/50
10w/30

30
30

15W /40
1230

10w/30
30

20w/40
30

10w/30
15W/40
20w/40

30
20w/50

30

15W /40

20w/30

20w/30



MIL-L-2104C O|LS

Lubr icat ing o i ls  for  use in  Perk ins Diesel  engines should have a min imum viscosi ty  index of  80.

Company Brand S.A.E. Designat ion

0 ' F  ( - 1 8 " C )
to

3 0 " F  ( - 1 ' C )

3 0 " F  ( - 1 ' C )
to

8 0 ' F  ( 2 7 ' C )

Over
8 0 " F  ( 2 7 ' C )

B . P .  L t d .
Castrol  Ltd.

A .  Duckham & Co.  L td .

Esso Pet ro leum Co.  L td .

M o b i l  O i l  C o .  L t d .
S h e l l

Total  Oi l  Co. Ltd.

Vane l lus  C3
Castrol  Deusol CRD
Deuso l  RX Super
Agr icas t ro l  HDD
Agr icas t ro l  MP
Agr icas t ro l  MP
Flee to l  3
Farmadco l  3
Esso lube D-3HP
Essolube XD-3
Esso lube XD-3
Delvac  1300 Ser ies
R i m u l a  C T
R i m u l a  X
R i m u l a  X
R i m u l a  X
R i m u l a  X
Rote l la  TX
Rote l la  TX
Total  HD3-C

( R u b i a  S )
Total  HD3-C

( R u b i a  T M )
Tota l  Super  Un iversa l

Tractor Oi l
( M u l t a g r i  T M )

1 0 w
1 0 w

1 0 w

J /  l u
3 / 1 0
1 0 w
20w

1 3 1 0
1 0 w
1 0 w

10w/30

1 0 w

1 0 w

20w /20
20

20w/40
Z U

20w /30
20w/40

3/20
3/20
20w
20w

15W/40
1320

20w/20
20w /20
10w/30
15W /40
20w/40
20w/20
20w/40

20w/20

1sw /40

20w/30

30
30

20w/40
30

20w/30
20w /40

3/30
3/30
30
30

15W /40
1 330
30
30

10w/30
15W/40
20w/40

30
20w /40

30

15W/40

20w/30
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APPROVED SERVICE TOOLS
Available from V. L. churchill & co. Ltd., Daventry, Northamptonshire, England, NN11 4NF.
The numbers shown in brackets after the churchill tool number are the part numbers of equivalentPerkins tools. Perkins tools are available through your perkins Distributor.

Tool No. Descriptlon

P D . 1 D
(21825026)

VALVE GUIDE REMOVER AND REPLACER (MAIN TOOL)

@ M 4
P D . 1 D - 1 A
(21825027)

P D . 1 D . 6
(21 82s030)

ADAPTOR FOR PD.1 D OR 21 825026
A pair of pul ler bars f i t ted with knurled nuts. Suitable lor
sAa" and 3" guides. The necessary distance piece from the
adaptors below should also be used.

ADAPTOR FOR PD.1  D OR 21 825026
A 1elgz" (15mm) distance piece used to replace valve guroes
to a set height.

N o . 8
(21 82s01 8)

PISTON RING SQUEEZER

P D . 4 1 B
(21 82501 9)

PD.140

PISTON HEIGHT AND VALVE DEPTH GAUGE
A simple method of quickly checking piston height.

CAMSHAFT BUSH/THRUST COLLAR REMOVER

FUEL PUMP THRUST COLLAR REMOVER/REPLACER
ADAPTORS

PD.140-3



Tool No. Descript ion

PD.145 CRANKSHAFT REAR OIL SEAL REPLACER ADAPTOR
(LrP TYPE SEAL)

s@
P D , 1 5 O A
(21825052)

CYLINDER L INER REMOVER/REPLACER (MAIN TOOL)
For Field Service replacement of single l iners. Not advised
for complete overhaul. For this work use adaptors with a
hydrau l i c  ram un i t .

PD.1  50-  1  B
(21825054\

ADAPTORS FOR PD.150
Suitable for cyl inders of 3.6" dia. and 3.87,, dia. Removar
and replacement.q s

PD.150-74
(21825057)

ADAPTORS FOR PD,150
Sui tab le  fo r  cy l inders  o f  397"  d ia .  Remova l
and reolacement.

1 558
(21 825006)

BASIC PULLER
The cruciform head with mult iple holes at dif ferent centres
is used with adaptors l isted below.

PD.155-1 ADAPTORS FOR PD.155B
Used to remove water pump pul leys. Also suitable to remove
Camshatt Gears.

MF.200-26 WATER PUMP OVERHAUL KIT
Used with 370 Taper Base and Press.

A

c2---)

ffi



Tool No. Description

'JJC CON ROD J IG & 336 MASTER ARBOR

336-1 02 ARBOR ADAPTOR
Used with 335

6 1  1 8 8 - 4
(21825020)

VALVE SPRING COMPRESSOR

6 1  1 B B - 4
(2182502s)

ADAPTOR FOR 61188

M567B TOOL FOR CHECKING FUEL
I N J E C T I O N  T I M I N G

\

)
.//

P D  1 6 3
(21825042)

T I M I N G  C A S E  C E N T R A L I S I N G  T O O L

MS 73
(21 825064)

ADJUSTABLE VALVE
SEAT CUTTERS



POWERPART Consumable products

To give assistance in the correct operat ion, service and maintenance of your engine and
machine, Perkins Engines Ltd. have made avai lable the products shown below.
The instruct ions for the use of each product are given on the outside of each container.
These products are avai lable from your perkins distr ibutor.

POWERPART Anti f reeze
Gives corrosion protect ion and also a more eff ic ient coolant in hot condit ions. See page C.5.
POWERPART Lay-Up 1
A diesel fuel  addit ive for protect ion against corrosion. see page c.4.
POWERPART Lay-Up 2
Gives inside protect ion to the engine and other closed systems. see page c.4.
POWERPART Lay-Up 3
Gives outside protect ion to any metal  parts.  See page C.4.

POWERPART De-lcer
To remove frost.

POWERPART S i len t  Spray
Si l i cone lubr ica t ion  to  lubr ica te  and prevent  no ise  f rom h inges ,  s l ide  doors ,  e tc .
POWERPART Damp Disptacer
To make damp electr ical  equipment dry and to give future protect ion.

POWERPART Hy lomar
Un iversa l  sea l ing  compound to  sea l jo in ts .

POWERPART Hy los i l
S i l i cone rubber  sea lan t  to  p revent  leakage.

POWERPART lmpact Adhesive
To keep jo in ts  in  pos i t ion  dur ing  ins ta l la t ion  and o ther  genera l  a t tachment  purposes .

POWERPART So lvent
To thoroughly clean metal  faces before assemblV.

POWERPART Lock ing  Agent
Used to securely instal l  fasteners, s leeves, erc.



EXAMPLES OF SERVICE FACILITIES

Service Publications

The following Service Literature may be purchased through
your local Perkins Distributor

Workshop Manuals,

Operators Handbooks,

Crankshaft  Regrinding,

Fault  Finding Guide,

Installation and Maintenance Guide for static standby Engines,
Engine Brake Testing Data,

Etcetera.

Service Instruction

PETERBOROUGH

Apply to Product Education Department for details.



INDEX

Alternator AC5, 17ACR, 1BACR, 25ACR
and A1 33/65
Precautions
Maintenance
Fault Finding ACS
Testing 17ACR, 18ACR, 25ACR and A133/65
Data

Alt i tude, De-rat ing

, Atomisers,
I Data

General
Preventive Maintenance

I Pressure Setting

Belt,  Fan, Adjustment
Belt,  Fan, Preventive Maintenance
Bearing, Main, Data and Dimensions
Bearing, Main, To Fit
Block, Cyl inder
Block, Cyl inder, Data and Dimensions
Bush, Auxi l iary Drive Shaft Front, Data and

Dimensions
Bush, Auxi l iary Drive Shaft Rear, Data and

Dimensions
Bush, Connecting Rod, Small  End, Data and

Engine, Operating
Engine, Start ing
Engine, Start ing after Disturbing Oil  Feed pipe to

Turbocharger
Engine, Stopping
Exhaust Smoky, Fault Finding

Fault Finding Chart
Fi l ter

Air,  Dry Type
Air, General
Air,  Oil  Bath Type
Fuel, Data
Fuel, To Renew Elemenr
Lubricating Oil ,  Data and Dimensions
Lubricating Oil ,  Preventive Maintenance
Lubricating Oil ,  To Flenew

Foreword
Flywheel, Al ignment
Flywheel, To Remove
Flywheel, To Refit
Flywheel, Runout
Fuel Oil  Specif icat ion
Fuel System, Bleeding

Gauze, Fuel Lif t  Pump, Preventive Maintenance
Gasket, Cyl inder Head
Gear

Auxi l iary Drive Shaft,  Data and Dimensions
Auxiliary Drive Shaft, To Remove
Auxil iary Drive Shaft,  To Refi t
Camshaft,  Data and Dimensions
Camshaft, To Remove
Camshaft,  To Refi t
Crankshaft,  Data and Dimensions
Flywheel Ring
Hydraul ical ly Loaded Wormwheel, Data and

Dimensions
ldler, Data and Dimensions
ldler, To Remove
ldler, To Refi t
Timing, Backlash
Timing, Backlash, Checking

Guide, Valve, Data and Dimensions
Guides, Valve

Head, Cyl inder
Data and Dimensions
To Bemove
To Overhaul
To Fit

Housing, Flywheel, Al ignment Limits
Housing, Flywheel, To Remove
Housing, Flywheel, To Refi t
Hub, ldler Gear, Data and Dimensions
Hub, ldler Gear, To Remove
Hub, ldler Gear, To Refi t

Inserts, Valve Seat

Jets, Piston Cooling
Descript ion
Nozzle Posit ioning
To Refi t
To Remove

Laying-Up, Engine Preservation
Liner, Cyl inder

Data and Dimensions
To Renew

Lubricating Oil
Approved Grades
Crrculat ion
Operating Pressure

v , z

c 2

Dimensions
Bush, Connecting Rod, to Renew

Case, Timing, To Remove
Case, Timing, To Refi t
Camshaft,  Data and Dimensions
Camshaft, To Remove
Camshaft,  To Replace
Cold Start ing Aid, Fai lure
Cold Start ing Aid, Operation
Companies, Overseas
Compressor

Preventive Maintenance
To Remove
To Replace

Compressor SC6
Dismantl ing
Clean ing
Inspection of Parts
Re-assembly

Compressor, Twin 9
Data and Dimensions
To Dismantle
To Re-assemble
To Recondit ion

I Cooler, Arr Charge, (remote) Preventive
Maintenance

I Cooler, Air Charge, ( integral air lwater)
Cooler, Air Charge, Descript ion
Cooler, Oil

To Remove
To Dismantle
To Be-assemble
To Test
To Refi t

Cooler Adapter,
Oil  Cooler to Cyl inder Block

Cooling System, Data
Cooling System, Descript ion
Crankshaft,

Data and Dimensions
Descript ion
To Regrind
To Remove
To Fit

I  Data, Engine

Engine Coolant
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n . z

R.2
R.2
R.3

8 1 2
8.2

8 1 2
N.6
c.3

8 . 1 2

M.2
c.3
B 6
H.4
v , z

t t d

8.9

B 5
F 3

J.2
J .2
B 6
J 4
J 4
c.2
c.2

Page 2

s .2
S 2
s.2

s.2
s.2
S 3
J . J

S 5
s.4
J . 4

D . 4

v . o

M 5
N 2

1.5

c.2
D.2

D.2

N . 2
N . 2
N.4

8 . 1 0
N 4

B . 1 0
U . J

l 1

P . ^ a  q

P.2
P.2
P.2
P.2

8 . 1 0
N.7

a e

E.2

8.8
J .2
J .2
B.B
J 2
J 2
8.8
T Z

8 . 9
B.B
J 3
J . 4
B 8
J . 6
8 . 7

8 .7
E , 2

E 2
T . J

P.2
P . 2
B B
J J

J . 4

E . 5

M 4
M . 5
M . 5
tv.4

C 4
g z

8.3
G . 2

Appendix
1 .3
6 l

L 5  and 1 .6
L  5  and 1 ,6

1 , 6
L 7

L 7
B  1 0
M . 2

t t b

H . 2  I
H 3
H 2
H 4

B 1

c.4



INDEX (Continued)

High Pressure, Fault Finding
Level, Preventive Maintenance
Low Pressure, Fault Finding
Renewal, Preventive Maintenance

Misf ire, Engine, Fault Finding

Number, Engine Location

Overheating, Engine, Fault Finding

Protection of an Engine not in Service
Pin, Gudgeon, Data and Dimensions
Piston and Rod

To Assemble
Data and Dimensions
To Dismantle
Inspection
To Remove
To Fit

I Post Delivery Service
Power Lack, Fault Finding
Pressure, Crankcase, Fault Finding
Pulley, Crankshaft, To Fit
Pulley, Crankshaft, To Remove
Pump, Fuel Inject ion

ldl ing Speed Sett ing
Maximum Speed Sett ing
Data
Description
Timing
To Check Timing
To Remove
To Fit

Pump, Fuel Lift
I Data

Dismantl ing
Re-assembly
To Remove and Fit

Pump, Lubricating Oil
Clearances

I Data

; Inspection
I To Dismantle
I To Re-assemble and Refit
I To Remove

Pump, Water
Data and Dimensions
To Dismantle
To Re-assemble
To Remove
To Refit

Push Rod, Data and Dimensrons
Push Rod

Rating, Details
Restr ict ion Indicator

I Ring, Piston, Data and Dimensions
Rings, Piston, To Fit
Rings, Piston, To Check Gaps
Rockers, Data and Dimensions
Rod, Connecting

Alignment
Data and Dimensions
Bearings, Data and Dimensions
Inspection
To Remove
To Replace

Seal, Crankshaft Front End Oil, To Renew
Seal, Crankshaft Rear End Oil ,  To Fit
Seal, Rocker Shaft Oil Feed Connection, Fitting
Service, Engine Return Preparation
Service Instruction
Shaft, Auxiliary Drive, To Remove
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Shaft, Auxiliary Drive, To Refit
Shaft, Auxiliary Drive Assembly, Data and

Dimensions
Shaft, Fuel Injection Pump Drive, To Remove
Shaft, Fuel Injection Pump Drive, To Refit
Shaft, Rocker, Data and Dimensions
Shaft, Rocker, Dismantling and Assembly
Spring, Inner Valve, Data and Dimensions
Spring, Outer Valve, Data and Dimensions
Springs, Valve
Starter Motor M50

General Description
Maintenance
Testing on Vehicle

Starter Motor CA45
General Description
Maintenance
Testing on Vehicle

Starting, Difficulty, Fault Finding
Sump,

Data
To Remove
To Replace

Strainer, Lubricating Oil

Tappets, Data and Dimensions
Tappets, To Remove
Tappets, To Replace
Thermostat

Data
Testing
To Remove and Refit

Timing, Fuel Inject ion, Checking
Timing, Fuel lnject ion
Timing, Fuel Injection Static, Position
Timing, Valve, Checking
Tools, Approved Service
Torque, Recomrnended Tensions
Turbocharger T-048

, Cleanino
I oismaniiins
I  Fault Diaqnosis
I Inspectioi
I  Instal lat ion Check List
; Re-assembly
j Recondit ioning
' Turbocharger 3LD
I Cleaning
I Dismantl ing
; Fault Diagnosis
I Inspection

; Instal lat ion Check List
' Re-assembly
I Recondit ioning
; Turbocharger 3LM & S-76
; Cleaning

Valves
Assembly
Exhaust, Data and Dimensions
Inlet,  Data and Dimensions
Inspection
Seats, Valve

I Tip Clearances
To Fit
To Remove

Valve, Oil Pressure Relief
Removal and Dismantl ing

I Re-assembly and Refitting

D,2
c.3
D.2
U . J

D,2

Page 5

D.2

c.4
8.5

F.3
8.3 & 8.4

F,2
F.3
F.2
F.5
c.3
D,2
D.2

H.2

N.6
N.6

8 . 1 0
N.5
K.2
K.3
N .6
N .6

8 . 1 0
N.5
N.5
N.5

B.9
8.9
L.4
L . J

L.4
1 .3

8 , 1 0
M.3
M.3
M.3
M.4
8.8
E . T

8.  1
N.2

u.J -  t  .5
F .4
F.3
8 .8

F.3
8 .5
8 .6
F.3
F.2
F.4

J .2
H . 6
E.3
c.4

Appendix
J .4

t q

D . 6

J .4
J . C

8.8
= - I

8.7
6 . 1

E . 6

R.4
R.4
R.4

R.5
R . 5
n . c

D.2

8.9
1.3
1.3
1.3

8 .8
J .4
J .4

B . 1 0
M . 2
M.2
K.3
K.3

B . 1 1
K.3

Appendix
8 . 1

u .5
Q.5
Q.2
LJ. O

Q,9
\J.  O

Q.2

Q.4
\J.*t

Q.2

n o
Q.4
Q.2

Q.7
\J.O

Q.2
Q.7
Q.7
Q.8
Q.2

8.7
6 . 1

E.5

E.4
E.4
E,4

L.4
L.4
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Data and Dimensions

Washers, Auxiliary Drive Thrust, Data and
Dimensions

Washer, Camshaft Thrust, Data
Washer, Crankshaft Thrust, Data and Dimensions
Washer. Crankshaft Thrust. To Renew
Water Level, Preventive Maintenance
Weights, Engine

B.9

B.9
l l - t

E . b

H.2
u.\t
B.1
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