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SECTION H

RECOMMENDED LUBRICANTS

Industrial Engines
Engine, Air Cleaner and Oilcan

™ Cimatc
i Condiions Castrol Esso BP Duckhams | Mobil Shall Filrate Sternol
Above 32°C | Castrol Essolube | Vanellus Flectol Delvac | Shell Rotella | Filtrare
(30°F) CRI 30 HDX 30 HOX 30 1130 5.0i130 | Dissel30 | Panther30
32°C (90°F) Shell Rotella
down to Castrol Essolube | Vanellus Flootol Dolvac s. il Fitrate
12°C 10 | CRI20 HDX 20 HOX 20 120 20/20W | Diesel 20 | Panther 20
—12:¢(10'F)
iown to Castrol Essolubo | Vanallus Flaetol Delvac | Shell Rotella | Filtate
“AB'C(O'F) | CRITO | HDX1OW | SAE10W | HOX 10 110 Diesel 10W | Panther 10
Shell Winter
Special Motor
Esso Extra uper Oil or Shell Stemol ww.
Below ~18°C | Caswol | Motor Ol | Viscostatic || Super Motor | Filtrate | Multigrada
©°F) CRSW/20 | 5W/20 5W/20 Q5.30 5W/20 | 0I5W/20 | 5W/20 5W/20
Gearbox
Esso Gear | B.P. Gear
Above —12°C | Castrol | Oil G P90/ oil Duckhams | Mobilube Spirax | Fitrata EP. | Ambroleum
10F) Hypoy  |1400r G.P.90 | SAE S0 EP. | Hypoid90 |  G.X90 G0EP Gear 90 EP.90
Below —12°C | Castrol Hypoy| Esso Gear (B.P. Gear Oil | Duckhams | Mobilube Spirax | Filtrate E.£. | Ambroleum
) Light OilGPBO | SAEBOEP. | Hypoid80 | GX80 SOEF Gear 80 EP.80
L
Lubricating Nipples and Water Pump
Esso Filtrate Super
Castrolease | Multipurpose | Encrgrease | Duckhoms | Mobilgrease | Shell Retinax | Lithium | Ambrofine
Conditions [y Grease H L2 | LB 10Grease |  MP. A Grease LHT.

In addition to the lubricants listed we approve the use of the ay
18°C (0

prevailing down 1

F). Below ~18°C ({

ippropriate multigrade oifs for the particular conditions
0°F) use a 5W/20 oil or the current practice of the country

concerned.
Overcente Cluth (P10,
Shat
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INTRODUCTION

This Workshop Manual has been prepared to assist not only the operator, or user, of
Marine and Industrial engines, but aiso to enable the skilled Servies Engineer to undertake
more detailed maintenance and overhaul,

The manual is divided into sections, as listed under ‘Contents', Sections A and B contain-
ing the relevant information for the basic 1-5 ftre and 2.5 fing engines. Running instruc-
tions and routine maintenance procedures are given at the beginning of Section A with
variations included in Section B,

Special Service Tools are listed in Section G and it should be appreciated that some
overhal procedures can only be undertaken with the appropriste tools to hand, and in
gvery instance where a service taol i referred to, the opethio, simplified if that particu-

lar tool is used.

GENERAL INFORMATION

Claims under Warranty

Claims for the replacement of parts, under warranty, must always be submitted 1o the
Supplying dealer, or when this is not possible, 10 the nearest deafer informing them of the
Supplying dealer’s name and address. ALWAYS QUOTE THE ENGINE SERIAL NUMBER.

Service Parts

Hustrated Parts Lists are available for each size and type of engine, and full instructions
for ordering spare parts are contained thorein.



GENERAL DATA

ENGINE (1.5 LITRE)

Type. 15D
Number of cylinders

Bore 2:8745 10 2:876 in. (73012 10 73:05 mim)
35in. (889 mm)

Stroke
Capacity 1488
Compression raio 23
order 1,342
i spoed 50010600 rev/min
Maximum governed fight running speedt Refer to pump nameplata
Crankshait
Journal diameter . 2:0005 10 2:001 in. (50813 to 50-825 mm)
Clearance in main boarings 0001 1000027 in. (0:0254 to 0-0686 mm)
Crankpin diamot 20005 10 2:001 in. (50'813 10 50826 mm)
Clearance in big end bearings 0001 1000027 in. (0:0254 t0 0:0686 mm)
Undersizes (Journals and crankpins)
First 001010 (0204 mm)
Secand {maxmum) 0:020 . (0 m)
3062150 003 . 0,051 100,075 mim)
Endilon adistment Selective thrust washer assambly.
Cylinder bore
tandard . 2:8745 t0 2876 in. (73:012 to 73.05 mm)
Oversizes
rst . . ~. 0010 in. (0-264 mm)
Second (maximum i linered) . ozoin o
Thi 2 mm)
Fouth (maximum) 0036 (1015
Pistons and ring
on type. . Aluminium alloy with solid skirt
iston o bors clearance a bottom of skt 00035 10 0-0043 in. (0:089 0 0109 mm)
Ring/groove cearan
Top compre: - 00035 10 00085 in. (0-089 10 0140 mm)
204 and 3 compression 00025 t0 0:0045 in. (0°063 10 0114 mm)
Oil control 0002 10 0:004 in. (0-051 to 0102 mm)
Ring gap
Top compression 001216 0017 in. (0305 10 0-432 mm)
Remain 0008 10 0013 in. (0203 to 0:330 mm)
Camshaft
Journal diameter
Front . 178875 10 178926 in. (45434 to 45447 mm)
Centro 17287610 172028 . (43910 0 43,922 o)
Rear 182275 to 162826 n, (41:218 10 4123
Clonrnco n baarngs 001 10 0.002 . 104254 60,0508 )
d float 0003 16 0007 i (00763 1601776 )
End oo adjustment Renew locating plate
Gudgeon pins
Type Fully floating
09998 1010 in. (2539 10 264 mm)
Fitin piston 0:0002 in. (0-005 mm) cloarance to 0:0002 in,
(0:005 mm) intarforenc:
Fit in connecting rod 00002 in. to 0:0009 in. (0005 to 0-023 mm) clearance.
Chain wheel alignment Crankshaft chain wheel face 0-006 in. (0127 mm) rear-
wards of camshait chain wheal face
Method of adjustment Shims behind crankshaft chain whee!
Cylinder head
Valve seat a 45
Valve seat faco width 0089 in. (2:261 mm)
Volves.
Stand-down 1810 0088 n. (0487 to 0985 )
Lift 0317 in. (8:05 mi
Head diamat
Inlet o 1437010 1:376 in. (348 ta 34:9 mm)
Exhaust 1151 10 1156 in. (292 t0 294 mm)
Stem diamotor
Inlet 03422 10 0:3427 in. (8:69 10 870 mm)

. 0002100003 in. (0-051 t0 0:076 mm)
Stem 10 guide clearance
Inlet 00015 10 0:0026 in. (0:038 10 0:064 mm)

haust 0:002 10 0-003 in. (0:051 10 0076 mm)
Seat anglo. -
Seat face width 0090 i 0:010in. (2:286 - 0254 mm)
Valve springs Inner Outer
Froo longth 1875 in. 2233 1n
(47:63 mm) (66 75 mm)
Fitod langth 14375 in 15625 in
(36512 mm) (39687 rm)
Prassure (valve closed) 20011 505 . 21b
(907 | 0454 ka) (22,9071 0:907 ka)
1



GENERAL DATA (continued)

Working coils
Wire diameter

Coro diometer .. . I

Valve seat inserts
Ref

Vaive guides.
Length

Outside diametor . P
Outside diameter (oversize guide)

Valve rockers

Bush bore

eter (reamed in position)
Clearance or .
Valve racker cf
Tappets
Diameter - .
Ovarsi
Qlearance in crankease R
Vaive timing
Inlet valve
Exhaust valve
Timing marks Lo

Injection timing
Timing merks

Timing chain tensioner

Lubrication
Oil pump

Type .. -
Rotor end float

Quter totor 1o pump diamatics ldjance

or lobe clear

Ol prossura el vave sing

ree lengt
Oil pressure (engine hot)

dii

Normal running

COOLING SYSTEM
Marine engines

Industrial engines.

Thermostat
Operating temperature Coe
Pressure ca

Releaso valve opening pressure
Drive belt

Tension e

Adjustment

fueL sverem
Lift .
5| wic prossure (no delivery) L. ..

Injection -
nnuu o roiler dimansion o
Injector Lo

oz

Noese hoder

Auxiliary hole diameter .

Needle lft .

Nozle seat anglo

Valve seat angle

Opening pressuro -
Mai . R

for 0 Secton A, sub-sacrion A1S for crindsr hesd machiing

53
n. Oatin,

(2:641 mm) Ggemm)
7607300 698310100
GTaT e 182 mn (28 22510 28 878 mm)

2203 in. (66 mm)
05635 10 0664 in. (14313 10 14:326 mm)
06736 10 0674 in. (14567 to 14-580 mm)

06266 10 0626 in. (15888 to 16:90 mm)
00008100002 . (10127 to 0081 mm)
0015 in. (0381 m

08112510 041178 In. (20608 10 20616 mm)
0010 and 0020 in. (0-254 and 0-508 mm)
0:0005 10 0:0020 in. (00127 10 0-061 mm)

Opens Closes
§°BT.DC. AB.DC.
45"BBDC 5"ATDC.

Dimples on ch
y with dogre
Fully retarded)

Tining powier on m}ncuon Pump hub and timing mark

oninjction pump hou

Masimum Dermisibla ‘body bors ovality 0003 in,

(0076 m

heels, and notch on crankshaft
lao o tiing cover.

Ecaentric retor

S0 in. (0127 ) et
0010 in. (0-264 mr

0008 n (0182 iy

2859 in. (72:628 mm)

16 1bin’ (1:05 kg.em?)
501bin® (352 kg.cm?)

Fressutsed and tharmostatcaly contolled losed icuit
system using either inger or keel cooler.
Pressurised o tarmostateel conmonid elosd scui

Stamped on thermostat in degrees
Stamped on cap in [b.in*

§in (8478 mm) ltarel movament n conte f longest
fun under finger

Siacken dynamo. or aternator mountings and. vary
position

A.C. mechanical U type
5 Ib.in’ (0-35 kg.om*)
Type CAV DPA 3246857
5029 mm

Type CAV Pintaux
BON. 0. SPC. 6389

BKB. 35, SD, 518¢

0008 in. (020 mm)

0024100028 n. (08 10 076 mm)

136 atmospherss
‘Type CAV bow! less FS.5836020

-y S e
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GENERAL DATA (continued)

CLUTCH {Automotive industrial engines only)
Type Borg and Beck single dry plate 8 i (203 mm)

Colour of damper spring Black snd light green
Pressure plato springs.
ree length 216 in. (5486 mm)
Fitted length 1860 (3962 mm)
266 Ibin. (465 kg.cm)
Idenuficaon colour Light grey
Clutch refease bearing mimmum permissible height sbove bearing housing Viein. (1°587 mm)

ELECTRICAL EQUIPMENT
Dynam Lucas Type C40 12-volt

Vettage regulator Luces RB106:2
Starter motor s Typs Mése
Minimum brush lengih S 15
Brush spring prossure Her (122 kq7 minimum on new brush
Commutator minimum diameter
Mandrel diamoter (ftting bushes) Sty dlmanar vy 0.0005 i (0013 mm)
Pinion setting (pinion engaged position) 0005 10 127 10 0381 mm) between pinion
face and thrust washer
Adjustment Engagement lever pivot pin
Solenoid resistance
Clting coll 01310016 ohm
fold-on coil 06310 073 ohm
Hootarphge Champion AG 32
OIL CAPACITIES
Sump (including filter) . 83 imp. pints (468 lites)
ilter 13 imp. pints (07 fitre)
COOLING CAPACITIES
Keel cooler , Marine . 18 pints (102 litres) approx
Heat exchanger | engines 14 pints (8 litres) approx
TORQUE WRENCH SETTINGS
Cylinder head nuts. 71 bt (98 kat.m)
Rocker bracket nuts 25 IbLit (34 kgfim)
Manifold nuts Joptiatam)
Big end bolts 5 Ibf i (485 kof.m)
Main beanng nuts SE ot (1056 ol £
Flywhee bolts 37 b 1t (51 kg m)
Rear distance piece bolts % in (7-937 mm) S0t 2 m
gin (9525 mm)
Fusl jscion pury
o unit oap 130 btin. (15 kaf.m)
Mvance i cap ot 104 S0 ptin (089 katm)
‘Advance unit spHng cap and on plug 250 bf.in. (2:9 kof.
Cam ring advance scrow. 180 b1 (813 kgim)
Drive plate screws
Direct torque 160 Ibf in. (185 kgf.m)
Indirect torque (using tool 18G55A) 140 Ibfin. (162 kgf.m)
End plate studs 45 IbLin. (052 kgl.m)
Fue inlet connection . dso bl (613 kgt m)
Governor housing securing screws 40 Ibfin. (046 kgl.m
High pressure connections 270 btin. @1 oim
Hydraulic head locating bolt in gh.m)
Hydraulic head locking screws. 150 bt (195 kot m
Rotor end plug 28 Ibf.n. (0-32 kgfm)
Transfer pump rotor 66 bt in. (075 kgf.m)
Injectors
Nozzle nut 50 bt ft (70 kgf.m)
scuring nuts 121t 1t (17 kgl m)
Starter mmm (v M45G)
. 81bLit (141 kghm)
Soionod ing 45 Iuf ft (062 kof.m)
Nt on sonia copper teminals 24 Ibkin. (027 kgl.m)




ENGINE (25 LITRE)
m

Number of cylinders
e

Capacity . -
Comprassion ralo

Firing or

Tding spond

Maximum governed light running speed

Crankshaft
Journal diameter
Clsarancs n main bearng
Crankpin diam
Cloanncoin g
Gndersises (ourmols and crankping)
s

Second

Third

Fourth
End float ..*
End float adjustment
Cylinder bore

smna (maximum it nered)
i
Boro s o fitting liners
Pistons and ri
son vpo
Clearance - Bottom of skit
Ringlaroovecoaance
nd (compression)
308 (repped sy
ath (slotted scraper) -
Ring gap
Top compression
emainder
Gudgeon pins
Type

Ve
Diamoter
Fitin piston

Fitn connecting rod
Liti-and b
o ciamotor (reamed in positon)

Contre

Rear
Claarance in besings S
End flon
Method of acicstment

Chain wheel alignment

Method of adjustment

Injection pump chain whee!

GENERAL DATA (continued)

e beaing b (fnihed n psitn)

Clearance on chain wheel
Cylinder head

ngle ..
Valve seat inserts

Valves
Face angle: Inlet and exhaust
Faco width
Iniet
xhaust

Head diametor
Inlet

ust .
Stom diamotor  infet and exhaust

Lif: Inlet and exhaust
stand-down - Inlet and exhaust .

25VD

35 in. (89 mm) x 400 in. (1016 mm)
2620 cm?
19:5:1

1.3.4,

500 rev/min

Refer to pump nameplate.

2478010 24788 n. (62,941 10 62984 tm)
00015 t0 0:002 in. (0-0: 051 mm)
29480 0 23088 . (7095 1 &7 113 )
0002 10 0:0035 in. (0061 to 0-089 mm)

0010 in. (0254 mm)

0020 in. (0508 mm)

0030 in. (0762 mm)

0040 in. (1016 mm)

0002 t0 0:003 in. (0061 t0 0-076 mm)
Selactive thrust washer assembly

34995 to 3:601 in. (8889 to 88:93 mm)

0:010 in. (0254 mm)
0020 in. (0508 mm)
0030in. (0762 mm)
3642 10 3-6425 in. (92:507 10 92:520 mm)

Aurinium sy with solld akir
00045 t0 0:0051 in. (01143 10 01295 mm)

00026 t0 00046 in. (0066 to 0117 mm)
00026 10 0:0046 in. (0066 t0 0117 mm)
00025 10 0:0045 in. (0064 to 0114 mm)

001410 0019 in. (0-36 to 0-48 mm)
00100 0015 in. (026 to 0-38 mm)

Fully floating

11124810 11250 in. (2857 t0 2658 mm)

00003 in. (0008 mm) clearance to 0-0001 in. (0:003 mm)
interference

0:0005 t0 0:0012 in. (0013 to 0-030 mm) clearance

11255 t0 11260 . (28:588 to 26:60 mm)

178875 1o 178925 in. (4543 t0 45:45 mm)
174875 (0 174925 in. (44-42 10 4443 mm)
yanTsto 1 6228 n, (412200 4123 mm)
0001 t0 0002 in. (003 t0 0-06 m
0003100008 n, (0076 0 0152 o

Cransahat and caméhalt chin whel eeth acos i fno
Shims behind crankshaft chain whe

Injection pump chain whee self-aligning

1:75025 to 1:75075 in. (44 46 to 44-47 mm)

0001 10 0:002 in. (0°03 to 0:05 mm)

e
Refer to Section 8, sub-section B15 for cylinder head
‘machining dimensions

45°

0195 - 0:0025 in. (4-963 - 0:063 mm)
0199 0:0025 in. (5:005 & 0:063 mm)

1:857 1 1:662 in. (39-55 to 39-67 mm)

1:307 to 1-312 in. (33-20 10 33:32 mm)

034175 to 034225 n. (8168 10 869 oy

039 in. (9

530 [0:28 ) stand-down 00,0031, (0076 mm)
stand-proud

p— —
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GENERAL DATA (continued)

valve sprngs
olonath
Fred o
Pk fvav closeé)

Working coils
Wire diameter
Core diameter
Valve quides
Inlet
Exhaust
Inside diametor
Inlet (reamed in position)
Exhaust (reamed in position)
Outside diametor
Inlet and exhaust
Valve rockers
Bush bore diameter (reamed in position)

aft
Valve rocker clearance (cold)
Inlet

ankcase
Valve timing with 0:021 in. (053 mm) racker cloaranco

Inlet valve .
Exhaust valve
Timing marks

Inecton ming
ing marks

Tining chain tensioner

Lubrication
il Pump.
o
Rotor end float
Outer rotor to body diametrical clearance.
Rotor lobe clearanco

Oil pressure rolief valvo spring
160 length
Oil pressure (engine hot)
Idiing
Normal running

COOLING SYSTEM
Marine enginos.

Industrial engines

Thermostat
Operating temperature.
Pressure c
Reloase valve opening prassuro
Drive belt
Tension
Adjustment
FUEL SYSTEM
Lift pump

Static pressur (no deiivery)
Injection pump
oller 10 rollor dimension
Governor link leagth

Inner Outer

2187in. (5565 mm) 28 in. (635 m

1-5 in. (381 mm) 1-703 in. (43-26 mm)
2310251 565 t0 605 I
(1043101134 k) (256310 2744 kg)
7; 5;

0104in. (265 mm) 0156 in. (3:96 mm)

075 10 0765 in 1125101140 in
(1905101943 mm) (2858 10 28:96 mm)

214 in. (5436 mm)
25in. (635 mm)

03438 10 0:3443 in. (8733 to 8745 mm)
03433 to 03438 in. (8720 to 8733 mm)

05635 t0 06640 (14:313 10 14-326 mm)

08115 10 08126 in. (2061 10 20:64 mm)
00005 10 0-0025 in. (0013 to 0-084 mm)

0012 in. (0:30 mm) X
0015 in. (0-38 mm) x

099875 10 099925 in. (24-47 to 2448 mm)
0010 and 0-020 in. (0-25¢ and 0508 mm)
00006 10 0:00175 in. (0013 to 0-044 mm)

Opons Closes.
5°BTDC 40" ABDC
60 5

Dimples on chain wheels, and either dogree plate on
timing cover with notch or m; kshaft pulley, or
timing indicator on flywheel housing with timing mark
on flywheel

25" BT.D.C. (fully retarded)

Timing pointer on injection pump chain wheel hub and
timing mark on injoction pump housing

Maximum _permissible bore ovality 0:003 in.
(0076 mm) maximum

Eccentric rotor
2008 in. (013 mm) maximum
0010 in. (0-25 mm) m;

0008 1 (0.2 mm) maximom and 0:006 in. (015 mm)

maximum (see diagrams)

3in (762 mm)

15 Ib.in? (1:05 kg.om)
50 Ib. in? (352 kg.cm?)

Pressurised and thermostatically controlied closed circuit
system using cither a heat exchanger of keol coolor,
Pressurised and tharmostatically controlled closed circuit
systom with radiator

Stamped on thermostat in degrees F
Stamped on cap in b.int

Lin. (962 mm) lateral movement in centro of longest run
under fingor prossure
Slacken alternator mountings and vary position.

£ meche

5ib,

Ty cAV DA msrso A -

18790n (50
3004 TS e 11 ) .

A




GENERAL DATA (continued)

Injctors,
Noztle.

Nozzle holder
Auxiliary hole diameter
Nozzle seat angle .
Valve seat angle
Neede lift
Opening pressure

Main fiter

CLUTCH (Automotive industrial engines only)

vee

Colour of damper springs.

Pressure plate springs.
Froe length
Identification colour

ELECTRICAL EQUIPMENT
Aenator
Output
Minimum brush length
Brush sarng prese
i (19-844 mm) compressed length
*v,, In. (10:319 mm) compressed langth
Field wi
Resstance
Current flow at 12 volts
Conuol unit
ela
Starter motor
‘Minimum brush lenath

Adjustment
Salenoid resistance
Closing coil
Hold-on coil
Heater plugs
TORQUE WRENCH SETTINGS
Cylinder head nuts
Rocker bracket nuts
Manifold nuts.
Big ond bolts
Main bearing bolts
Flywheo! bolts
Fuel injection pump.

‘Advance unit cap nut stud
‘Advance unit spring ap and end plug
Back laakage connection
Cam ring advance screw
Control bracket screw.
Control cover stud
Gonvol covar sud cop s
Drivo plate scrows
Dot toraue
Indirect torque (using tool 18GE55A)
Drive shaft screw
End plato screws
Hydra d locating bolt
Hvradh head locking srews

Solonoid fixing n
S o soranaid coppor tormil

Type CAV Pintaux

Type BON.0.SPC 6209

Type BKB.35 SD. 5283

Looein. 020 mm)
o

It
002 to 0029 n. (061 to 0:74 mm)
135 atmos X
Tone G FS 5536130

Borg and Beck single dry plate 10 in. (254 mm)
Black and cream

2:6625 in. (6509 mm)
n

Lucas Type 11AC
ampere:
Y . (3:969 mm)

4105 02 (11340 1014176 9)
731081 oz (21262 to 24097 9)

377 + 018 ohms
mps

M456G.
e
430z (1:22 kg) inimum on new brush
15 in. (38
Shaf dlameter plus 0-0005 in. (0013 m

0006 t 0:015 in. (0127 to 0381 S netween pnion

face and thrust washer
Engagement leve Bivot pin
01310 015 ohms.

06310 073 ohms.
Champion AG32

7o ot (1037 ket

50 bt ft (69 kat.m)

1ao1stim. (1.8 ket m

40 Ibfin. (0:46 kgf.m)

160 lbf.in. (1-85 kgf.m)
140 lbfin. (1-61 katm)

12 bt (17 kgf.m)
45 10 50 Ibfin. (0513 to 0'675 kgf.m)
25 bt in. (0-288 kgf.m)

10 Ibfin. (0115 kafm)

B 1btt (11 kgt.m)
45 Ibf 1 (062 kaf.m)
24 Ibtin. (0:276 ket.m)

— e e ey - we Wn P ER WE MR NN MY W M W EEN



GENERAL DATA (continued)

OIL CAPACITIE!
Sump (including fiter industrial engines)

10 pints (567 liues)
(marine engines)

12 imp pints (682 les)
Filter mp pints (07 ire)

COOLING CAPACITIES

Keel caoler Marine 5 pints (14:2 litres)

Heat exchanger | engines 21 pints (12 res)
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SECTION A

Description R
Lubrication
Runnin

Stopping the engine
Maintenance attentions

Daily service

Initial servicing -

Every 50 hours duty

Every 200 hours duty .

Every 400 hours duty . Lo

Every 800 hours duty .
Maintenance and Overhaul Procedures
Removing and refitting the ongine

» T
Removing and replacing .
il filter
Dismantiing and repluunj
F.LP. Driving gear Iu .b. ator and lubricating filter
and replacing
Oil pressure re\ed:n velve
val, Iron and replacement
Ol pump and stra
Ramoving and venlacmq
Dismantling

Rocker shaft assembly
oving and replaci
Dismantiing and fo-assembiing Lo
Fitting new bushes Lo
Valve rocker clearance .
Cylinder head Lo -

Removing and IEDIQFIHQ
Valve grinding
Valve seat Inserts
Valve guides
Removing and replacing
Timing gear case cover
Removing and replacing
“Timing chain, chain wheels and tensioner ..
Removing and replacing
Dismantling and re-assembling the tensioner
Valve timin,
Fuel injection pump driving spindle
Removing and refitting
Camshaft and front plate
moving .

Camshaft bearing liners
Flywheel and starter ring -
emoving and refitting . . .
Connecting rods and pistons -
emoving
Dismantling and re-assembiing
Refitting
Crankshaft and main bearings
Removing
Refitting
Cylinder liners
Removing wom liners.
Fitting new liners and pistons

33
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SECTION A

_ 1.5 LITRE DIESEL - BASIC ENGINE ASSEMBLY

FIG.1
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SECTION A

810100 Bunuin Jof masog
8195 10 soysem Sunsds
a5 10 sausem urerg
8104 Buuny.

Y 10} 1asen

uind osafu 1oy gnyy
" 103 M0105 yunsionunon
NG wondofuy 10} 1axseey
10y saysepy

699 Bu11esq uiews oy 1y
oo Burieoq urews oy
965 Buseaq u
98 Bu1223q ureus oy
989 Bu11580 Ui 881 pue 1uosy oy suron
a5 10 aysepy

duns Joy masog

2016 108 aseoyuesgy

s 10y Bnid uesqy

601G wiesp oy sousegy
dung

s 1o; soxseey

969 Burieoq urews sog pmig
22110 0y 3npy

U op auseyy

9101 20034 10) soysery

M1 Burs 10y masog
-

20 Bunuy.

3P a3eid Buus 103 sard ssumsig
18800 Bununy

Mas 10, Joysem el

M9295 10} Jausem Sunics

21919 1001} pue 12100 Buun 10, maing
#9195 10; Jaysom ureig

M908 10} iaysem Sunds

49809 B 1o marog.

so10Us31Ie 10 OwEAD o yu
201 Butieaq yeysuues,

w0018 3puso

NP 104 5qm 3pingy

soidepy.

Pims amssaud g

2021 20umSIp 10 1aysey

03,9 2ouBisIp xoquessy

9195 10} sausem o0y

2123 sof sousep

29910 33001510 x04830 10, marog

a405u1 isquewo uosnauioy
B asop
10 so, sousep

s
o8

6t (440U8) pnas peay sapunhg
o vondussaq

R

Alquisssy suibu3 fasaiq a1 g°) 03 Xapup

18001} pris posy sepunkgy
o3y J3pUIAD 104 103508
Peay s3puithg

40912 331100 sa1em 10y 1y
1219 19201 10} 1ayseey
803 134201 e

4snq seqany

sousem g

49109 133201 10y 10w ey
603
s plojiuews 10g 1ny

L —

194984 12001 104 s ioug.
90219 191001 10} prs Bucry
JeI3Mut 10} i Jy0-qeay

16 291 1301001 10, 1109 ofueg
110G ofueq soy saysopy

Pm1s s01fut 10y 3y

0 10} saysem

owafu

S01201u1 10} ovgsem yurop.
1019310 0y pms.

“2Usom foas saznuony.
-

PI14s 160y Joy sausom suiop
oui.0,

19109 3p1s 1oy mas.

o2
12105 apis sopunto

1880 apis i

wondusaq

HEEEEEEESXMNSMNNMNMNSMWMmm



S3I18WISSY LAVHSINVO - LAVHSINYHO INIONI 135310 38111 6L - 291

SECTION A




SAIuIsSSY Yeysuwe) - yeysyueid suibu3 a1 §'L 03 xapul

SECTION A

09 197901 o4 Busds Bureds &
6s 1¥901 10 ysng P
9 asos o} U0y @
31buids Bump dwnd vonoalu) E e 191201 Joy s Bunsnipy o
Beidpeq sauoisua uiewy 8 v o101 anien <
Apoq sauoisual 1oy 134509 8 Alquissse o101 dwind 1O s ud s v
Apoq sauorsuai o) Baid 8 dwind o oy fasoq zs sausem 158 ooy e
B(d o3 sausem 007 28 #poq aund 110 s saysem Buuids ios-a1n0q 3
saddis savorsuay wiewd 18 a1puids Buinup dwnd 10 o5 13 pomas iz
Buvids sauoisust uieyd 08 e 10y s o Boid vy o
33PUIAD J200ISURY UIeYD 6 nu yeuswed kS eus spou 61
4poq seuorsuar e 8 00 Jo) sausem 907 w P 1001 124903 10} 30y a
110G Joj Jousent 3007 w 3aum uiew yyeysuie) o BPIs 19010 24001 Joj Jauisem Bursds. o
sauoIsuz) uiewd 0} 3108 o a101d Buneool o) Mes Y PRI 19904 134001 oy seusem uield o ©
wetp Sy st w [ p— st
1y Bunims v o a5 1o a1eid Bunppon o
N4 Burniers 104 1usom x50 e o £
u 1w «
w o "
o P pos Buroauuoa Joj 3408 o
6 & P01 Buit2au005 104 Buiseaq pus-Big 6
89 « (€ pue 1soN) de pue pos Bunseuucy s
P Butids anjen 110 o (v Pue ZsoN) des pu pos Bunssuuod ¢
9 060 Buds saren s o1 Bu23UU0D 104 usng pus- 9
s s w1 u0sBpns o} dipID s
w e wd ucatpng v
€ 2 o €
00 10} Y © (101103 10} sBuLs uoistg z
110 [3auMAlY 103 10N 1s o (uorssaiduwos) sbuns votsig .
vonduoseg  “oN o vonduoseg o

SEEEEENEERENEREENERNNENEDN



EE S 2 S EEEERsssEmEwERERT

W3LSAS ONILYOIHENT INIONI 135310 YL gL - €914

SECTION A




AN INEEEEREREERRRRERE

SECTION A

1'5 LITRE ENGINE

DESCRIPTION

The 1°5 litre diesel engine is a water cooled four cylinder
overhead valve unit with cylinders and crankcase cast in
one piece ensuring maximum rigidity and strength. Full-
length water jackets are provided so that even cylinder
temperatures and high resistance to wear are assured.
The cylinder head carries_the valve rocker gear, fuel
injectors and heater plugs. The valves are set vertically in
the cylinder head and are operated by the camshaft
through the tappets, pushrods and rockers. Large circu-
lation passages are cut in the head ensuring adequate
cooling; the combustion chambers are the Ricardo
Comet V type. Both the air inlet and exhaust manifolds
are carried on the left hand side of the head and on the
automotive industrial version provision is made for con-
necting a vehicle heater.

The forged steel counterbalanced crankshaft which drives
the dynamo and water pump/s is supported by three steel
shell type bearings lined with lead-copper. Crankshaft end

to permit the pistons and connecting rods to be withdrawn
upwards through the cylinder bores.

Aluminium pistons of the solid skirt type with three
compression rings and two il control rings are fitted, the

give quiet operation of the valve gear. The timing chain is
of the double-roller type and a slipper-type, oil-fed timing
chain tensioner is fitted.

The cooling system is the closed circuit thermostatically
controlled fresh water type using a conventional circu.
lating pump and, for the Captain marine engine either @
Heat exchanger or Keel cooler unit. For most Captain
applications a positive displacement pump is also fitted
10 pump raw, or sea water through the gearbox oil
cooler (where fitted) the exhaust manifold and pipe.
(See Cooling Systems Section C.)

Standard electrical equipment comprises a dynamo and
conventional regulator and a solenoid operated. pro-
engaged starter motar.

Transmission include, where specified, a four speed
forward and reverse speed gearbox for the industrial
engine, and for the Captain the choice of either a PRM100
or Borg Warner hydrauically operated forward/reverse
gearbox or a mechanically operated epicyclic gearbox.

A2

LUBRICATION

All bearing surfaces and moving parts are pressure lubri-

cated by an eccentric rotor non-draining type oil pump,

located on the left hand, or port, side of the crankcase and

gear driven from the camshaft. Oil is drawn through a

gauze strainer mounted inside the sump and forced

through drilled passages in the crankcase to the fuel
jection pump drive gear Iubricator and the oil pump

driving spindle via a pencil type filter gauze; aiso to a
non-adjustable, plunger type, release valve, and on
through a drilling across the rear of the crankcase and a
horizontal feed gallery in the starboard side of the crank-
case to the external full-flow type oil filter.

Filtered oil passes into the main oil gallery and then
through drillings in the crankcase and crankshaft to the
main, big end, and camshaft bearings and the fuel injection

rocker shaft to the valve rockers and adjusting screws.
Surplus oil from the valve rockers returns to the sump via
the push rod tunnels to lubricate the tappets. The timing

cylinder bores is effected by jet holes drilled in the con-
necting rod big end bearings.

A3
RUNNING INSTRUCTIONS
Starting the Engine
1. Ensure that the gearbox, where fitted, is in neutral,
the seacack, where fitted, is open (Marine engine
stallation only) and that the engine stop control is
fully home.
Turn on the fuel supply and set the throttle control in
the fully open position.
Turn the key operated switch on the instrument panel
o the fully clockwise position to actuate the starter
motor. Immediately the engine fires release the koy
and close the thrattle control. If the engine fails to
start within five or six seconds, release the key and
allow a short interval between each attempt to start
This is to ensure that the engine is stationary thereby
preventing possible damage to the starter motor pinion
or flywheel ring gear.
1t the engine has been idle for any length of time, or in
cold conditions, switch on the heater plugs for a few
seconds, turning the key operated switch clockwise
to the third (heater) position, before attempting to
start the engine. In extreme cold conditions the length
of time the plugs are switched on should be 15 to
30 seconds. Failure of an engine to start, or eratic
engine acceleration, may be the result of air in
system. This can be caused by allowing the fuel tank
fo become empty, by a leaking joint, or by dismantling
any part of the fuel system. If this condition is sus.
pected, and after every occasion when part of the fuel
system has been dismantled air must be removed from
the system by bleading as described in Section D
Once the engine starts, check that the dynamo, or
alternator is charging satisfactorily. The ammeter
reading will drop considerably after a short space of
time i the battery is in a good state of charge. Should
the ammeter show a heavy discharge reading and
there is virtually no_electrical equipment in use,
immediate attention should be given to the electrical
system. Refer o the wiring diagram in Section E
Check the engine oil pressure ; this should be indicated
on the oil pressure gauge within 30 seconds of the
engine starting. Extensive flickering of the gauge
needle when the engine is warm would indicate a
faulty gauge which should be checked by substitution.
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SECTION A

A low reading on the gauge could be caused by a
choked oil fifter element or oil pump, strainer, a faulty

provided there is sufficient oil in the sump and the

Bngine bearings are not suspect. See General Data for

oil pressures.

Po the marine engine fitted with a seawater pump.

Foeck that there is a flow of water from the exhaust
i is indicated

Ahctruction. Where the exhaust manifold includes a
ol tale’ cock a circulation check may be made before
examining the seacock.
Running-in Spee:
e oament given to a new engine during the fist 25 o
20 imning hours will have an important bearing on its
S Bbsequent fite. During this period the speed must be
S eited so that racing of the engine does not occur, The
e must bo increased gradually and progressively unti
SR sast 50 running hours have been completed. Labouring
e anaine must also be avoided, and warming up’ should
e done at a faily fast speed, approximately 1500 rev/min,
D8 that the engine attains its correct working temperature
£ e shortest possible time. Allowing the engine 1o un
by when in a cold condition leads to excessive
cylinder wear.
Stopping the Engine
o kap the engine pull out the stop’ control to its fullest
T ot This will stop the engine by cutting off the supply
06l to the injectors. Turn the key operated master
witeh anti-clockwise to the ‘offposition.
e arina installation, before leaving the boat turn off
the seacock.
WARNING: Failure to tur off the seacock has frequently
lod 10 a boat filling with water and ultimately
sinking, due to a leak in the cooling system.

A4

MAINTENANCE ATTENTIONS

The following maintenance instructions have been pre-
Paredin order 10 show in a clearly artanged and cancise
el the attentions required to maintain the engine in
o fcient condition under normal conditions of work
and climate, and are based on the assumption that the
A ricants used are in accordance with the recommenda-
\ans given under ‘Recommended Lubriconts'. Extreme

the operator to var
Daily Service

D ore starting the engine check the level of coolant in
T Tadiator (industrial installations only) Heat exchanger
e el cooler header tank (marine installations only) and
S Up, if necessary. Where an anti-freeze solution is used
o Ehould be taken o ensure the correct consistency is
maintained.

Meove the engine oil level indicator from the engine
e iccase and check the level. Maintain the level at the
SAAX mark on the indicator and never allow it o fall below
the MIN mark, Use one of the recommended lubricants

el
On marine engines fitted with a sea/river water pump give
the greaser half a tur; also the ster tube greasers, and if
necessary replenish with grease.

Initial Servicing — after 25 hours running

During the early fife of the engine the oil picks up
Derous minute particles of foreign matter, which it is
impossible to eliminate during the course of manufacture.

The working parts of the engine also settle down, with
the result that certain clearances and adjustments will

vt will be appreciated that this attention, given during
e critical period in the life of the engine will make all the
differance to its subsequent life and performance.
e rain the engine of oil and refill with one of the
d lubricants.
Renew the ol filter element (See ion A7),
2. Where a gearbox s fitted, drain the oil and refill with
one of the recommended lubricants. For marine
engines using a Borg Warrer gearbox,clean the screen
befors refiling the box with fluid and wher

P atbox servicing, after the initial draining and refilling,
Shauld be in accordance with the Manufacturer's
instructions.
3. Renew the main fuel filter element as described in
Section
Remove the cap screw from the domed cover of the
Toal it pump (located on the left hand or port side
of the engine)
Uit off the cover and, remove the cork gasket and
filtor gauze. Wash the gauze in petrol (gasoline) with &
Qiff brush, renew the cork gasket if damaged and
ro-assemble.
Withdraw the driving gear lubricator and filter gauze
o the port side of the crankcase and wash in petrol.
\og'a stiff brush to clean the gauze and blow out the
Iobrivator with compressed air. Check that the copper
joint washers are serviceable and re-assemble. After
Tanning the engine, check for oil leaks.

6. Check,and, if necessary, tighten the manifold stud nuts
With o torque spanner set to 16 IbEft (21 kgf.m).
e from the hose on the

he two cover nuts, cap

>
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8. Check,
clearances (See General Data for clearance and sub-
section A12 for procedure).

9. Re.sot the torque spanner 0 25 Ibf.ft (3:4 kgf.m) and
if necessary tighten the rocker shaft bracket nuts.

.

10, Check the fan and dynamo driving belt for correct
tengion. It should be possible to deflect the belt & in.
{127 mm) at the centre of its longest run by normal
{hamb pressure. Re-adjust if necessary as described
in Section E.

11, Remove the vent plugs from the battery cells and
oxamine the level of the electrolyte in each cell. If
Tecessary add sufficient distilled water to bring the
lovel just above the top of the separators. Do not

water. Wipe away all dirt
and moisture from the top of the battery.

WARNING : Never use a naked light when exarining

th \

e cells.

12, Remove the leads from the heater plugs and unscrew
each plug from the cylinder head. Insert a twist drill
of e in. (4:37 mm) diameter into each hole, in turn,
nd'turn the drill by hand 10 remove the carbon build
Up. Withdraw the diill and remove any particies of
ehrbon from the conical seating in the cylinder head.
Refit the heater plugs and leads.

wOn the industrial engine the breather pipe is con-
nected to the crankcase.
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Fig.4 - Removing carbon from heater plug saating

Every 50 hours duty - or weekly

1. Check the level of the battery electrolyte.

2. Oil all the controls and fairleads. Check all water pipe
and fuel pipe connections for leaks and tighten clips,
union nuts etc as necessary.

3. On marine installations (where applicable) clean the
seacock and filter.

4. Give the external reduction gear (where fitted)
coupling flange greaser one turn and when necessary
replenish with one of the recommended greases.

5. Give the sea/river water pump and ster tube half a
turn and when necessary replenish with one of the
recommended greases. Do not overgrease.

Every 200 hours

Repeat the 25 hours and 50 hours procedures and include

the followina :—

1. Remove the air cleaner and withdraw the element
Wash the element in paraffin (kerosene) and allow it
10 dry. Wet the element with engine oil and allow all
surplus oil to drain.

Every 400 hours

Repeat the 200 hours service and include lubrication of

the dynamo commutator (Captain and 1-6) bearing by

injecting two or three drops of one of the recommended
oils into the central hole in the commutator bearing plate.
very 800 hours

Repeat the above and also fit a new oil filler cap, Since

the oil filler cap incorporates an air filter which cannot be

cleansed, it is advisable to renew the cap at the interval

Fig5 - Oil filer cap and fi

recommended. On marine engines fitted with a heat
exchanger also include the following :—

SECTION A

Dismantle, clean and re-assemble the Heat exchanger.
Remove the plug from the fresh water pump bod
(all engines) and add a few drops of one of the
recommended oils. Replace the plug,

MAINTENANCE  AND  OVERHAUL
PROCEDURES

oo

A5

REMOVING AND REFITTING THE ENGINE

In order o remove the engine assembly from the installa-

tion for major overhaul it will first be necessary to remove

or disconnect all exteral units and assemblies, guards
etc; peculiar to the particular installation. Suitable lfting
slings and pulleys will also be necessary o lift the engine
unit_from ‘its mounting. With the external items dis-

connected or removed continue as follows i—

1. Drain the engine ol

2. Drain the cooling system (Section C). If an anti-freeze
solution has been added to the water, drain the
contents into a suitable container. For information on
the correct amount of anti-freeze required for different
degrees of frost refer to Section C.

3. Disconnect the relevant water pipes and on industrial
engines remove, as applicable, the radiator cowl,
radiator and il cooler. For marine engines remove the
Heat exchanger or Keel cooler header tank.

4. Disconnect the H.T. cables from the battery and the
starter motor soleoid.

5. Disconnect the LT. cables from the starter motor
solenoid, the cables to the dynamao or alernator, the
cable from the 4-position switch-to the heater plugs
and the cable or cables from the 4-position switch 1
any auxiliaries mounted on the engine,

6. Uncouple and remove the oil gauge pipe. Where an
ail pressure switch is fitted, disconnect the lead from
the generator relay (alternator fitting only).

7. Disconnect the throttle and stop control cables fror
the respective levers on the fuel injection pump anct

8. Disconnect the fuel supply pipe from the fuel lift
pump and the retur pipe from the main fuel filter, If
necessary disconnect both pipes from the fuel tank
and remove.

9. Uncouple the exhaust pipe from the exhaust manifoic!

ange.

10. Disconnect the drive coupling, or alternatively, wh
a gearbox is fitted support the gearbox and remove this
bolts securing the gearbox bell housing or adapter
plate to the engine back plate or flywheel housing.

11. Remove the engine mounting bolts.

12. Using the lifting pulleys and sling support the engine:
beneath the mounting brackets at the front and rror
of the engine. Finally before lifting the engine clear of
the installation check that all relevant pipes and cablos
are disconnected
NOTE: Where the installation includes a gearbox aac!

the engine is being removed without the box,
there must be sufficient clearance to withdrow
the engine forward on the level until the gecr
box input shaft s clear of the engine dampi ig
plate or gearbox primary shaft clear of the
clutch driven plate.

To refit the engine, reverse the foregoing procedure, <n<

when complete bleed the fuel system, as described i1

Section'D.
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AB
sump
Removing and Replacing

1

~

©

e

While the engine is warm unscrew the drain plug on
the side of the sump and allow the engine oil to drain
into a suitable container (industrial only)

or the marine engine operate the hand pump
mounted at the rear of the exhaust manifold, first

Remove the oil level dipstick.

Support the sump and remove the set bolts securing
it to the crankcase. Detach the sump and gasket from
the engine. If the engine is removed from the installa-
tion it may be convenient to remove the bolts while
the engine is suspended. providing the unit is kept
tigid. On the marine engine it may only be possible to
remove the sump when the engine is removed from
the installation.

Clean the sump thoroughly and inspect it for cracks
and damage. Ensure that the joint flanges of the sump
and crankcase are clean and free from scores and

burrs.

Inspect the front and rear main bearing cap cork seals
and if worn or damaged, renew.

Install the sump using a new gasket, and tighten the
set bolts in diagonal sequence.

Refit the sump drain plug (industrial) or pump drain
pipe (marine) and dipstick and fill the sump with one
of the recommended grades of engine oil

A7
OIL FILTER
D-smamlmg and Replacin

Release the filter bowl by unscrewing the central bolt
which secures it 10 the filter head, and withdraw the
bowl complete with element.

2. Remove and discard the element and detach the filter
bow joint from the filter head.

3. Bxract the cirlip from the central securing boft and
dismantle the filter bowl component

4. ok il components i paraiin (koresene) and allow

dry.

5. Reassemble the bow! components ensuring that the
felt washer fitted between the pressure plate and steel
washer is in good condition. Install a new element.

6. Check that the filter bowl joint washer is in good
condition and fit to the filter head.

7. Refit the bowl and element assembly to the filter
head, run the engine until the oil is thoroughly warm
and examine the filter for leaks.

A8

F.I.P. DRIVING GEAR LUBRICATOR AND

L

UBRICATOR FILTER

Removing and Replacin:

T

he Fuel injection pump lubricator and lubricator filter are

located at the rear of the crankcase on the left hand, or
port side, as illustrated.

o

Unscrew the hexagons and remove both components.
Wash in paraffin (kerosene), blow out the lubricator
with compressed air and replace, ensuring that the
copper joint washers are in good condition and will
make oil tight joints.

N\

Fig.6 - Fus injection pump driving geor lubricator and filter

A9

OIL PRESSURE RELEASE VALVE

Removal, Inspection and Replacement

The non-adjustable oil pressure release valve is situated
at the rear end of the crankcase on the left hand, or port
side and is held in position by a large hexagon nut sealed
by a fibre washer.

I

Remove the assembly with the oil pressure relief
valve grinding-in tool 18G69.

Check that the sprng has not ost s tension and that
its free length measurement is 2:859 in. (72'628 mm).
Examine the valve cup for score marks o signs of
wear. Renew both components as necessary.

Apply engineer's blue to the conical face of the valve,
and test the valve seat for continuous marking.
Should the seating be damaged, restore by lapping in’
using the service tool 18G9

Fig.7 - Lapping the oil pressure reliof valve

-
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OIL PUMP AND STRAINER

Removing and Replacing

1. Remove the sump.

2. Unscrew and remove the three nuts with plain and
spring washers securing the pump 1o the crankcase
and withdraw the pump. It it is necessary to withdraw
the oil pump driving spindle the fuel injection pump
and the fuel injection pump driving spindle must be
removed. (See sub-section A21 and Section D.)

4. When replacing the pump fit a new pump to crankcase
joint washer.

mantling

1. Remove the three setscrews and spring washers which

secure the strainer to the oil pump cover.

2. Remove the two screws securing the oil pump cover,
and detach the cover taking care not to lose or mis-
place the locating dowels.

3. Extract the shaft and rotor assembly.

4. Thoroughly wash all components in paraffin (kero-

Inspection

1. Install the rotors in the pump body, place a straight-
edge across the joint face of the pump body, and
measure the clearance between the top face of the
rotors and the underside of the straight edge. The
clearance should not exceed 0:005 in. (0127 mm),
but if it does careful lapping of the body face may
effect an improvement.

2. Check the diametrical clearance between the outer
totor and the rotor pocket in the pump body. If this
exceeds 0:010in. (0-254 mm) and cannot be remedied
by the renewal of either the pump body or the rotors,
then the pump assembly should be renewed.

3. Measure the clearance between the rotor lobes  if this
exceeds 0:006 in. (0152 mm) the rotors must be
renewed.

Reassembling

1. Lubricate the shaft and rotor assembly and ensure that
the outer rotor is installed in the body with its cham-
fered end at the driving end of the rotor pocket in the
pump body.

2. Ensure the two dowels are in position and refit the

ver.

3. Refit the strainer.

4. Check the pump shaft for freedom of movement,

Fig.8 - Checking the oil pump rotor clearance (15t position)

>
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A

Fig.9 - Checking the oil pump rotor clearance (2nd pasition)

1

ROCKER SHAFT ASSEMBLY

Re)
1.

2
3
a.

moving and Replacing
Drain the cooling system.

Disconnect the breather pipe from the hose on the
valve rocker cover (captain).

Remove the rocker cover taking care not to damage
the cork gasket.

Slacken the cylinder head nuts, a turn at a time, in the
sequence shown in Fig. 10 until the load has been
released. It will be found more convenient 10 use the
Cylinder hoad nut spanner 186694 with Torque
wrench 18G372 to turn the three nuts located below
the rocker shaft, numbers 1, 7 and 8 on the diagram.

Fig.10 - Cylindor head nut slackening and tghtening sequence

Remove the rocker shaft bracket nuts and washers
and lift off the shaft assembly.

Refit the rocker shaft assembly to the cylinder head
ensuring all rocker adjusting screws are fully slackened
and the bracket nuts only finger tight,

Using the cylinder head spanner and torque wrench
tighten the cylinder head nuts in the same sequence,
10 a torque of 71 Ibfft (97 kgf.m). Reset the torque
spanner to 25 Ibf.ft (34 kgtm) and tighten the
bracket nuts.

Adjust the valve to rocker clearance (sub-section A.12)
fit a new cover joint if the existing one is damaged and
replace the rocker cover.
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9. Reconnect the breather pipe (Captain), re-fill the
cooling system, run the engine and chack the cover
joint for oil lea
NOTE: Since tour of the bracket nuts also serve to

assist in retaining the cylinder head, the need
for slackening all the head nuts is necessary
to avoid the possibility of distortion. It is also
necessary to drain the cooling system to
prevent any water leaking into the cylinder
and sump.

Dismantling and Reassemblin,

1. Remove the rocker shaft Iocaung screw from the
rocker shat rear

2. Wt the st pinee lain o spring washers
from cach end o the shatt. and side off the fackers,
brackets and spacing s

3. Unscrew the plug from the front end of the shaft; the
plug in the rear end of the shaft is a drive fit and should
not normaily be removec

4. Wash all components thoroughly with _paraffin
(kerosene), dry off and then clear the oilway in the
vear rocker bracket, rocker shaft and rockers with
compressed air.

5. Fit the rear rocker bracket to the shaft and position it
with the locating screw.

6. Fit the remaining components to the shaft, positioned
as shown in Fig. 11

imﬂ @mlﬁl mn 1]

Fig.11 - Rocker shaft assembly

Fitting new bushes

I the rocker bushes are badly worn and renewal is
necessary, it is advisable to use the special Valve
rocker bush remover and replacer 18G226.
Place the rocker on the anvil and drive out the worn
bush (Fig. 12)

Fig.12 - Removing and replacing a valve racker bush

Fig.13 - Correct position of rocker bush when fitted

B

Position a new bush so that when pressed in the

groove at the bottom as shown in Fig. 13. Drill oil
holeg in the bush to coincide with the oilways in the

w

Flace the bush on the service tool drift and gently
drive the bush into position in the rocker.

Burnish ream the bush to the dimensions given in
General Data.

A2

VALVE ROCKER CLEARANCE

The clearance between the ends of the valve stems and
the valve rockers should be checked when the engine is
cold by means of feeler gauges in the following way :—

1. Crank the engine until No. 8 valve is fully open and
check the clearance of No. 1 valve which wilinow ~be
fully closy

Hold the adjusting screw with a screwdriver and
slacken the locknut (Fig. 14).

&

»

Fig.14 - Adjusting the valve rocker clearance

w

Insert a 0-015 in. (0-381 mm) feeler gauge as shown
and rotate the adjusting screw until the clearance
between the valve stem and rocker is correct. Hold
the adjusting screw against rotation, lock it in position
with the locknut and then re-check the clearance.
Check the remaining clearances by reference to the
following table :—

0.1 valve with No. 8 valve fully open .
No. 3 valve with No. 6 valve fully open
No. 5 valve with No. 4 valve fully open
No. 2 valve with No. 7 valve fully open
No. 8 valve with No. 1 valve fully open
No. 6 valve with No. 3 valve fully open
No. 4 valve with No. 5 valve fully open
No. 7 valve with No. 2 valve fully open
NOTE: The clearances should be checked at the

intervals recommended.

&
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A3

CYLINDER HEAD

Removing and Replacing

Drain the cooling system.
emove the canopy and radiator cowl, where applic-

able, and disconnect the hose from the water outlet

elbow and the by-{

N

is integral with the exhaust manifold.

Remove the Heat exchanger (where applicable).
Remove the air cleaner, the breather pipe (Captain)
and the rocker cover and gasket.

Remove the valve rocker shaft assembly (sub-section
A1) and withdraw the pushrods. As each pushrod
is withdrawn it should be labelled and numbered to
ensure replacement in its original position,

Remove the bolts securing the exhaust outiet chamber
to the exhaust manifold (Captain) and where a Heat
exchanger is used disconnect the water pipe,
Disconnect the exhaust pipe from the manifold
(industrial).

Remove the manifold stud nuts and withdraw both the
induction and exhaust manifolds.

Disconnect the high pressure pipes from the fuel
injection pump and the injectdrs and remove com-
plete with clamps and damper bushes. It is advisable
o seal off the injection pump outlets with sealing caps

o rw

o

© o

10. Disconnect the fuel pipes from the main fuel filter
t
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12. Remove the cylinder head nuts, and lift the head with
a direct pull to withdraw it evenly up the studs, On
no account should a screwdriver or similar tool be
used as a wedge between the cylinder head and the
cylinder block.

13. Remove the cylinder head gasket.

TES: 1. The injectors should not be left in position in
the cylinder head as the nozzle tips protrude
below the bottom face of the head and are
liable to sustain damage.

The combustion chamber inserts are a loose

fitin the cylinder head. They must be refitted

in their original positions because the cylinder
head face is machined with the inserts
instafled.

~

Refitting
1. Check the condition of the cylinder head gasket. If

there s any doubt about ts serviceability, fit a new one.
Remove any excess carbon from the faces of the
cylinder block and head, with a blunt soft metal
scraper.
If a new

~

w

gasket s being fitted, check the FRONT and
TOP markings on one side of the gasket and. fit
accordingly.

Refit the cylinder head and valve rocker gear and
tighten the cylinder head nuts and rocker bracket nuts
to the torque figures given in General Data and
sub-section A.11,

Adjust the valve rocker clearances, refit the rocker
cover and include a new cover joint if the one in use
is defective.

Re-assemble the remaining components, and bleed
the fuel system (Section D).

Start the engine and allow it to run at a fast idling
speed until it s thoroughly warm. Check for ol leaks,
remove the rocker cover, re-tighten the cylinder head
nuts, re-check the valve rocker clearances and adjust
as necessary. Replace the rocker cover,

~

o
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SECTION A

A4

VALVES

Removing and Replacing

1. Remove the cylinder head as described in A.13,

2. Detach the spring clips from the valve spring collar
retainers.

3. Using the Valve spring compressor 18G45, compress,
in tum, each set of valve springs and remove th

collar retainers. Release the compressor and remove

the collars, valve springs and ol seal from each valve

stem. Withdraw the valves, check that they are

numbered, and place to*one side in order of removal.

Remove all carbon deposits from the valves, valve
rts, valve

&

be removed
from the guides by dipping the valve stems in petrol
(gasoline) or paraffin_ (kerosene) and moving 1 up
and down the guide until it s free. If excessive wear 1o
evident renew the guides as described in sub-section
A7

Inspect the valve faces and seats, and recondition as
necessary (sub-section A.15),

Check the length and tension of each valve spring
against the figures given in General Data, and reneve
as necessary.

Place the valves in their respective seats in the cylinder
head, fit the bottom collars and then fit new oll seals

~

to the valve stems. Re-assemble the remaining com-
ponents, as shown in Fig. 15.

Fig.15 - Assembly of valve and springs

A5
VALVE GRINDING

1t using the Valve
grinding-in tool 18G29 and Suction pad 18G29A

When a dull even matt surface, free from pits, is
produced on both the valve face and seat, clean away
all‘traces of compound, and check the valve seating
by applying a spot of marking blue to the valve face,

N




SECTION A
Tools required for valve seat recutting are as listed
below —

INLET
Valve seat cutar and pilot handle 18G27
Valve seat glaze breaker 18G2

Valve seat narrowing cutter (houomi 18625
Valve seat narrowing cutter (top) 1

Valve seat finishing cutter 18G25

EXHAUST

Valve seat cutter pilot 18G174D

Valve seat glaze breaker 18G167A

Valve seat narrowing cutter (bottom) 1861670
Valve seat narrowing cutter (top) 18G1678

Valve seat finishing cutter 186167

3. Use the glaze breaker to prepare the seat surface and
recut the seats, removing only as little metal as is
necessary to ensure a true seat.
Restore the seats to their correct width (see General
Data) by using the narrowing cutters. Finally, lap the
valves onto their seats as already describ
Check that the valve head stand-down is within the
limits 0018 in. (0457 mm) to 0-038in. (0865 mm).
ive, fit new valves as
ot whom s doas not reduce the-stand-down 16
below 0-038 in. machine the cylinder head and fit new
inserts. Inserts should also be fitted if normal refacing
will_not restore the seats. For me cylmder head
machining dimensions refer 1o Fig.

&

@

Intet (4) Exhaust (B)

€.1.4965 10 1 4975 in. L.1.2775 10 12785 in.
(32463 t0 32.489 mm)
m.1168 01161 i
9.362 10 29,485 mm)
N 03 e 26187 o)
P. 085 (0 .090 in.
12186 (0 2286 )
Q.27310 276
693615 7073 o)
R. Mox.radius 015 in.
(381 mm
o 5.45°

Fig.16 - Cylinder head machining dimensions

Al

VALVE SEAT INSERTS

To fit an insert, first machine the seating in the cylinder

head 1o the dimensions given, and then proceed

1. Press a new insert into the cylinder head.

2. Check the area of contact between the new seat and
its valve with marking blue, and if necessary lap the
valve on 10 its seat

A7

VALVE GUIDES

Removing and Replacin,

T Drive The valve quidos eut through the upper face of
the cylinder head.

2. Fit new valve guides, to the dimensions given in
General Dat, through the ports and diive them into
the position shown in Fig

05620016 n (14.287—0.396 mm)
Fig.17 - Valve guides - fitted position
A8

TIMING GEAR CASE COVER

Removing and Replacing

in the event of an oil leak from the timing gear case cover
due 10,8 fauly seal o join, remove and replace the cover
in the following wi
1. "Brain the cooling system and remove the radiator and
oil cooler (industrial onl

Slacken the altemator mounting bolts and remove the
fan belt.

Remove the fan blades (industrial only).

Remove the crankshaft nut using Starting nut spanner
18G98A, and withdraw the crankshaft pulley using
Crankshaft gear and pulley remover 18G2.

Unscrew and remove the screws securing the timing
cover to the front plate and withdraw the cover taking
care not to damage the joint. For safe keeping remove
the oil thrower from the end of the crankshaft.

If the oil seal is defective use the Bearing and oil
seal replacar 18G134 and Oil seal replacer adaptor
18G134 BD 1o renew the sea

1f the joint is broken or defective remove al traces of
me e jint from the cover and font plate and it a now

> NI

<

®

Replace the oll thrower on the crankshaft and refi
the cover, with the securing screws finger tight.
Centralise the cover with the_crankshaft using the
Engine front cover centraliser 18G1046, and tighten
the securing screws

Refit the crankshaft pulley and fan belt, and for indus-
trial engines refit the fan blades, radiator and oil
cooler. Refill the radiator.

©

s
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19
TIMING CHAIN, CHAIN WHEELS AND
TENSIONER
nomovan and Replacing

ie;nsm the timing gear case cover as described in

. Crank the engine until the timing marks on the two

chain wheels are opposite one another as shown. This
will permit re-assembly without the necessity to rotate
the crankshaft or the camshaft.

Fig.18 - Valva timing marks

w

Remove the camshaft nut using the starting nut
spanner.

Press back the locking tab and remove the plug from
the base of the tensioner body. Insert a % in. Allen
key to engage the tensioner cylinder and turn the key
in a clockwise dnwcuon o ravact the tensioner slipper
into the unloaded p

Draw tne twe chai whoels with chain off the shats.

If the chain tensioner is to be overhauled o renewed,
unlock and remove the two setbolts and withdraw
the assembly, backplate and joint washer from the
engine. Refit the chain tensioner to the engine using
a new joint and lock the setbolts.

Ensure the half round keys in the crankshaft are in the
12 o'clock and 1 o'clock positions respectively, as
seen from the front.

If the chain wheels have been separated in order to
fit a new chain, re-assemble them in the chain with
the two dimples on the chain wheels opposite one
another and in line with the chain wheel centres as
shown. Should me existing chain. be refitted  the
same procedure
Keeping the whoeln this position, push them overly
onto the shafts as far as they will go. It may b
necessary to rotate the camshaft slightly to align lhe
camshaft key with the keyway in the camshaft chain

oo »

~

®

©

its nut and

10. Secure the camshaft chain wheel wi
lock washer

11. Release the chain tensioner by inserting the Allen
key and turing it in a clockwise direction until the
slipper head moves forward under the spring pressure
against_the chain. DO NOT ATTEMPT TO TURN
THE KEY COUNTER CLOCKWISE OR FORCE THE
SLIPPER HEAD INTO THE CHAIN BY EXTERNAL
PRESSURE.

SECTION A

Fig.19 - Chain tensioner and Allen key

12 Roit the tensionar bocy plug

e-assemble the remaining l:omponems

n m: Img and Re-assembl sioner

1. Withdraw the nlunuer end sipper assembly fom the
tensioner and engage_the lower end of the
Cylindor with the Allan Kay. Turh the Koy clockwise,
holding the key and plunger securely until the cylinder
and spring are released from inside the plunger

2. Check that the bore in the tensioner body is not
excessively oval. If it is greater than 0-003 in.

0-076 mm) when measured on diameters near the
mouth of the bore, then the complete chain tensioner
must be renewed.

3, Inspect the slipper head for wear. If it is badly worn a

new slipper head and cylinder assembly must be fitted

to the existing bady provided the bore of the body
is within the limit given above.

Thoroughly wash the components in clean pallol

(gesoline) o paraffn (kerosene) and use an air line

to clean the 0-125 in. (3:18 mm) diameter inlet hole

in the spigot and the 0:040 n. (102 rm) outet of
hole in the siip

5. Insert the spring i the plunger and place the cylinder

on the other end of the spring.

6. Compress the spring antl the cylindor enters the
plunger bore, engaging the helical slot with the peg
in the plunger.

7. Hold the assembly compressed in this position and
engage the Allen key. Turn the cylinder clockwise until
the end of the cylinder is below the peg and the
spring is held compressed.

8. thdvaw the key and insert the plunger assembly in

~

hor relvmng the tensioner check the slipper head for
freedom of movement and ensure that it does not bind
on the backplate when it is moved in the

A20

VALVE TIMING

To shack tho vale timing remove the valve rocker cover
and proceed as

I B e vave. rockev clearance of No. 1 cylinder inlet
valve to 0021 in. (0-53 mm) with the engine cold, as
described in Sub-section

Crank the engine and determine the exact point at
which No. 1 cylinder inlet valve is about to open. A
clack gauge mounted on the cylinder head, with its
indicator in contact with the valve spring cap, will
facilitate this operation. If the valve timing is correct

»
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CTION A

No. 1 piston will be at 5 B.T.D.C. as indicated by the
alignment of the notch on the crankshaft pulley with
the 5 mark on the timing cover degree plate.

0 NOT OMIT TO RESET THE INLET VALVE
CLEARANCE TO 0-015 in. (0-381 mm) WHEN THE
TIMING CHECK HAS BEEN COMPLETED.

1

EL INJECTION PUMP DRIVING SPINDLE
moving and Refittin

Remove the fuel injection pump. (Section D.)
Remove the countersunk screw and withdraw the
fuel injection pump hub from the crankcase.
Withdraw the driving spindle from the crankcase,
turning it clockwise to disengage from the camshaft.
Set No. 1 piston at 22 . on its compression
Stroke. The engine is set in this position by means of
the degree plate on the timing cover and the notch
on the crankshaft pulley.

Refit the driving spindle with the master spline of the
spindle in the 7 o'clack position. As the driving spindle
engages the skew gear on the camshaft it will turn in
a counterclockwise direction until the master spline
is in the 5 o'clock position.

Refit the fuel injection pump hub, insert the Injection
timing gauge 186629 into the driving spindle, and
set as shown. Eliminate slack in the drive by applying
gentle clockwise pressure on the gauge before setting
the timing pointer in line with the gauge marker.
Remove the gauge, refit the injection pump with the
mark on its mounting flange aligned with the timing

pointer.
Bleed the fuel system and if necessary adjust the
governed speed, as described in Section D.

A22
CAMSHAFT AND FRONT PLATE

Remoy

vin

The following procedures apply to both the camshaft and

the

instructions 9 to 11 do not apply.
! i

~

o as

oo

10.

12,

13.
14,

front plate, but if the front plate is not to be removed

Drain the cooling system and on the industrial versions
remove the radiator grill (where applicable), radiator
and oil cooler.

Slacken the dynamo or altemator mounting bolts and
remove the fan belt. If the front plate s to be removed,
withdraw the dynamo or alternator complete.

On the industrial versions remove the fan blades;
withdraw the_crankshaft pulley
Remove the timing cover and oil thrower.

Remove the camshaft nut, using the Starting nut
spanner 18GIBA.

Position the timing marks as shown in Fig. 18, retract
the chain tensioner slipper and draw both chain
wheels, and chain off the shafts.

Remove the camshaft locating plate.

Remove the chain tensioner.

On the marine version support the engine with a sling
and suitable lifting pulleys and raise the engine to
relieve the load on the front mountings.

Slacken and remove the front rubber mounting bolts
o setscrews and remove the front support brackets

. Remove the bolts securing the front plate to the

crankcase and withdraw the plate from the crankcase.
Remove the valve rocker cover, slacken the cylinder
head nuts in correct sequence, remove the bracket
nuts and the rocker shaft assembly. .Withdraw  the
push rods

Remove the injection pump and hub. Withdraw the
injection pump driving spindle.

Remove the fuel fitt pump.

15. Remove the cylinder side covers and lift out the
ta

16. Remove the starter motor.

17. Drain and remove the sumy

18. Remove the oil pump and

19. Withdraw the camshaft

Refittin

Reverse the above procedures

stages, include the following:—

(a) Check the camshaft end float and if outside the limits
0003 to 0-007 in. (0076 to 0178 mm) renew the
focating plate.

(b) Check the chain wheel alignment. The crankshaft
chain wheel face should be 0-005 in. (0-127 mm)
vearwards of the camshat chain wheel face. If
adjustment is necessary, add or remove shims to

P,
oil pump driving spindle.

and at the relevant assembly

t

(c) If necessary, renew the crankshaft front oil seal.

(d) When refitting the injection pump and driving spindie

ensure the master spline of the spindle is in the

5 0'clock position, with No. 1 piston setat 22° B.T.0.C.

on its compression stroke, and that the timing is

correct.

(e) Tighten the cylinder head nuts in correct sequence
and 1o the correct torque.

(f) Adjust the valve rocker clearance. (A.

(g) Bleed the fuel system and adjust the
(Section

12)
‘governed speed

A23

CAMSHAFT BEARING LINERS

Should it be necessary to renew the camshaft bearing

liners it will be found more convenient to remove the

engine from the installation and dismantle.

1. Withdraw the front bearing liner, using the Camshaft
liner remover 18G124A (basic tool) and adaptor
18G124F, as illustrated Fig. 20.

S
\

18G124F

il

Fig.20 - Front bearing liner - withdrawal procedure

2. In a similar way withdraw the rear bearing liner using

the basic tool with adaptor 18G124B as shown.

Fig21 - Rear bearing liner - withdrawal procedure




3. Withdraw the centre bearing liner using the basic
tool with adaptors 18G124C and 18G124H as shown.

crankcase, Fig, 23.

SECTION A

4. Fita new front bearing liner, as shown, ensuring the
oil holes in_the liner are aligned with those in the

U

oil holes in the

6. Fit a new rear bearing liner in a similar way, first o
ensuring the oil holes will line up with the respective the oil holes will line up with their

Fig.23 - Frent bearing lner - fitting procedurs.

crankcase when the bearing is fitted. ail holes when the bearing is fitted:

6. Fit a new centre bearing as shown, again ensuring

respective crankcase
tex

we4p [0) ©)
& £
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Fig25 - Gentre bearing liner - fitting procedure




SECTION A

7. Ream the front and Tear bearing liners, using the
reamer pilots and cutters illustrated, Figs. 26 and 27.

8,

. Ream the centre bearing in a similar way.

18GI23AC  18GI23B  18GI23AB

Fig.27 - Reamer for centre bearing liner

A24

FLYWHEEL AND STARTER RING

Removing and Refitting

1. Remove the gearbox and cluich (as applicable).
Alternatively uncouple and remove the generator
(generating set) or any auxiliary for which the engine
may be required to provide the motive power.
Remove the starter motor from the flywheel housing
or back plate.

Unlock and remove the flywhee! retaining nuts.

Mark the flywheel in relation to one of the retaining
bolt

ERE

s.

Using a hard wood drift tap the flywheel off ts flange

through the flywheel housing or backplate, turning

the flywheel through 90° after each blow.

If the starter ring is to be renewed drill holes through

the flange of the gear and then split the gear, using a

hammer and chisel, taking care not to damage the

flywheel.

Ensure the bore of the new ring and its mating surface

on the flywheel are free from burrs and are perfectly

clean.

Heat the new ring to a temperature of 200° to 230°C

(392" to 446°F) ; the strip of temperature indicating

paint on the ring will change from pink to grey at the
Cortect temperature.

Fit the starter ring with the tooth chamfer facing away
from the flywheel register,

. When the flywheel and starter ring have cooled
naturally, refit the flywheel to the crankshaft. Tighten
the nuts fo a torque of 37 Ibf.ft (6-2 kaf.m) and lock.

. Refit the starter motor and re-assemble the trans-
mission and driven member.

°

~

®
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A25
CONNECTING RODS AND PISTONS
Remor

1
2

o orw

ving
Remove the cylinder head as described in A.13.
Disconnect and remove the starter motor from the

engine.

Drain the oil and remove the sump.

Remove the oil pump and strainer assembly.

Remove the big end bearing caps and check that they
are numbered.

Withdraw the connecting rod and piston upwards
through the cylinder.

Dismantling and Re-assembling

Before dismantling a piston and connecting rod assembly,
check that the rods are numbered to correspond with the
numbers on the bearing caps.

1.

»

> w

Separate the piston from the connecting rod by
removing the gudgeon pin circlips and pressing out
the pins.

Remove the bearing halves from the connecting rod
and cap. If the bearing is to be used again it should be
marked to ensure re-assembly in its original position.
Remove the rings from the piston and place them in
the order in which they were removed.

Thoroughly clean all the dismantled parts and inspect
them for damage. Check that the piston is standard or
oversize. If oversize it will be stamped either 0010 in.

in. (0508 mm), i

(0254 mm), in,
(0762 mm) or 0-040 in. (1016 mm).

Check the cylinder bore for scoring and wear. If the
diameter-of the bore is worn in any place above the
corresponding limits given below the cylinder should
be rebored and the correct oversize piston fitted.




SECTION A

Where the cylinders have been bored out to their
maximum limits new liners should be fitted,

6. Insert each piston ring into the cylinder bore and
measure the piston ring gap as shown in Fig. 28,

Fig.30 - Fitted position for gudgeon pin bush

10. Finish_ream the bush to a diameter of 1-0002 to
1-0007 in. (25405 to 25:418 mm).

11. Re-assemble the piston to the connecting rod, with
the combustion cavity and oil jet hole in line as
illustrated.

Fig.28 - Measuring a piston ring gap

Check that the top compression ring is 0:012 to
0:017iin. (0-305 mm 10 0-432 mm) and the remainder
0-008 to 0-013 in. (0-203 to 0-330 mm)

Check the clearance of each ring in its own groove as
shown. The top compression ring should be 0-0035
to 0-0055 in. (0-089 to 0-140'mm), the second and
third compression rings should be 0-0025 to 0-0045 in,
(0:064 10 0:114 mm) and the oil control ring 0-002 to
0:004 in. (0:051 to 0-102 mm).

~

Fig.31 - Allgnment of combustion cavity and oll jet hole.

12. Refit the piston rings in the correct order, or renew as
necessary.

13. Refit the bearing halves to the connecting rod and cap
respectively, or renew as necessary.

14. Repeat the procedures for each piston and connecting
rod assembly.

Refitting
1. Position the compression rings around the piston so

that the gaps are equally spaced, and lubricate the
piston and cylinder bore with clean engine oil,

2. Compress the rings with Piston ring compressor
18GE5A, and insert the connecting rod and piston
downwards into the cylinder bore with the connecting

Fig.29 - Measuring a pist " rod offset towards the camshaft, as illustrated.
.29 - Measuring  piston ring clearance 3. e towards the
4. Lubricate the crankshaft journals and the bearings,
8. Replace the gudgeon pin in the small end bush and and then refit each bearing cap. Tighten the bolts t0 &
check the clearance does not exceed 0-0009 in. torque of 35 Ibf.ft (4-8 kgf.m)
(0-023 mm). 5. Refit tho oil pump and strainer assembly.
9. Where the clearance does exceed the figure given, 6. Fit a new sump joint and replace the sump.
a new bush with the join on the cap side of the 7. Refit the starter motor.

connecting rod as illustrated.

XX YT 222200 REanncnzns



SECTION A

Fig:32 - Connecting rods - indicating big end fitied position

®

Refit the cylinder head and refill the sump with one
of the lubricants listed under ‘Recommended Lubri-
cants’.

A26
CRANKSHAFT AND MAIN BEARINGS
Removins

1. Remove the engine from the installation.

2 Remove the fan belt and blades (industrial) and fresh
water pump pulley.

3. Remove the crankshaft nut and withdraw the crank-
shaft pulley.

4. Remove the timing cover.

5. Remove the oil thrower.

& Remove the camshaft nut.

5" Retract the chain tensioner slipper and remove the
chain tensioner.

8. Draw both chain wheels, and chain, off the shafts

G Remove the camshaft locating plate and the engine
front plate.

10. Remove the starter motor.

11, Remove the clutch (as applicable) and flywheel

12 Remove the flywheel housing or backplate (as
applicable)

13. Remove the sump, oil pump and strainer assembly.

14, Remove the big end bearing caps

16, Remove the main bearing caps using the Impulse
extractor 18G284 and the Main bearing cap remover
adaptor 18G284A. Alternatively, a Main bearing cap
remover 18G42A with adaptors 18G428 can be used
as shown.

16. Lift out the crankshaft and collect the main bearing

halves and thrust washers into sets and place in
fe-assembly order. Clean, o wash in paraffin (kero-
Sene) components as necessary.

Fig.33 - Main bearing cap - withdrawal procedure

Refitting

1

2.

3.
a.

5.
6.
7

8.
9.

Refit or fit new main bearing shells and re-assemble
the crankshaft to the cylinder block and connecting
1ods. Note that bearings are always fitted in sets.
Tighten the big end bolts to a torque of 35 Ibf.ft
(484 kgf.m) and the main bearing nuts to a torque of
75 Ibf.ft (10-38 kgf.m).

Mount a dial gauge on the front end of the crankcase
with its indicator resting on the front face of the
“rankshaft front main journal. Press the crankshaft as
far as possible to the rear, and holding it in this
position, zero the dial gauge.

Pross the crankshaft forward as far as possible and
note the reading on the gauge, the difference from
2ero being the amount of crankshaft end float. If the
ond float is outside the limits 0-002 to 0-003 in.
(6:05 to 0-08 mm), renew the thrust washers, ftting
them by selective assembly and ensuring that the oil
grooves face outwards towards the crankshaft webs.
Refit the oil pump and strainer assembly, and then the
sump, including a new sump joint.

Refit the flywheel housing o backplate and then the
flywheel. The flywheel should be fitted so_that its
TD.C. 1-4 mark is at the top when Nos. 1 and 4
pistons are at T.D.

Refit (as applicable) the clutch and starter motor.
Replace the camshaft locating plate.

Re-assemble the chain wheels and timing chain with
the timing marks correctly positioned. Release the
chain tensioner slipper and check the chain wheel
alignment

i necessary renew the crankshaft oil seal, replace and
centralise the timing cover.

Refit the crankshaft pulley, water pump pulley and
(as applicable) fan blades.

10. Refit the engine to the installation and refill the sump

with one of the recommended lubricants; also the
cooling system with coolant.
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A27

CYLINDER LINERS

Should the condition of the cylinder bores be such that
they cannot be cleaned up at the maximum oversize, the
cylinders should be bored out to the dimensions given in
General Data, and dry liners fitted.
Removing worn liners

1. Dismantle the engine and remove the cylinder head

s.

2. With the engine dismantled and the cylinder head
studs removed place the cylinder block face down-
wards on suitable wooden supports on the bed of a
press, making sure there is sufficient space between
the block and the bed of the press to allow the worn
liners to pass down.

3. Insert the pressing-out pilot complete with extension
into the bottom of the liner and carefully press the
liner from the bore.

Fitting new liners and pistons

1. Thoroughly clean the inside of the cylinder bores and
the outside of the liners.

2. Stand the cylinder block upright on the bed of the
press, insert the pressing-in pilot uide in the top of the
liner and position the liner with its chamfered end in
the top of the bore. Ensure the liner is square with
the top of the block and that the ram of the press is
over the centre of the pilot. Press the liner into the bore,

3. Finally, bore the cylinder liners to the standard bore

size.
4. Fit new standard size pistons to the connecting rods
and re-assemble the engine.
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SECTION B

Running instructions
Maintenance attentions
Maintenance and overhaul procedures
Removing and reftting the engine

mp.

Removing and replacing
Oil filter

Dismantiing and replacing
Oil pressure relief vi

emoval, inspection and replacement

Qil pump and strainer

Removing and replacing

Inspection

Re-assembling
Rocker shaft sssembly

Removing and rep!

Dismantling and re assemblmzy

Fitting new bushes.
Valve rocker clearance
Cylinder head

Removing and refitting
Valves
Valve grinding
Valve seat inserts.

cover
oving and repa
Timing chain- chain wheals and fensiorer
emoving and replacin
Dismantling and re-assembling the tensioner
Valve timing
Camshaft rlnd front plate
Remoyi
Refit
Caméhalt benring finers
Flywheel and starter ring
Removing and refitting
Connecting rods and pistons
Crankshaft and main bearings
emoving
efitting
Cylinder liners

Page
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FIG.1 - 2.5 LITRE DIESEL - BASIC ENGINE ASSEMBLY
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FIG. 3 - 2.5 LITRE DIESEL ENGINE LUBRICATING SYSTEM
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SECTION B

2'5 LITRE ENGINE

DESCRIPTION

The 2:5 litre diesel engine is a four cylinder overhead valve

unit similar in construction to the 15 litre engine, with

the following differences.

1. The distributor type fuel injection pump incorporates
2 mechanical governor, is hub mounted to the engine
front plate cover and driven via the timing gears from
the crankshaft.

2. An altemator with wransistorised control unit is fitted
instead of the dynamo and conventional regulator.
3. The cooling system for the Commander is identical to

that for the Captain and water caoling of the exhaust
system is standard. The cooling system for the indus-
trial versions is also the same as for the 15 litre
counterparts.
Transmissions include a four speed forward and reverse
speed gearbox, fitted when specified to the automotive
indusrial version, and_either a hydraulically operated
P gearbox or a Borg Warner Velvet Drive gearbox
for the Commander.

LUBRICATION

All bearing surfaces and moving parts are pressure lubri-
cated by an eccentric rotor non-draining type oil pump,
located on the left hand, or port, side of the crankcase and
gear driven from the camshaft. Oil is drawn through a
gauze strainer attached 1o the base of the oil pump and
passed through an_internal delivery pipe to a non-
adjustable plunger type relief valve, located at the front of
the cylinder block on the right hand, or starboard side,
and on through a feed gallery in the crankcase fo the
external full flow type ail fiter. From the filter the oil s fed

drive gear,
crankshaft and camshatt bearings. Drillings in the crank.
shaftallow for lubrication of the main and big end bearings
and two bleed holes in the front camshaft bearing allow for
lubrication of the timing chain. Oil for the timing chain
tensioner is fod through passages in the front of the
cylinder block

From the rear camshaft bearing oil at reduced pressure is
fed to the valve rocker shaft and rockers. Surplus oil
feturning to the sump from the valve rockers lubricates the
tappets. Lubrication of the cylinder bores is offectod by
et holes drilled in the connecting rod big end bearings.

B3
RUNNING INSTRUCTIONS
Refer to Section A sub section A.3.

B4

MAINTENANCE ATTENTIONS

Refer to Section A subsection A.4.

Note that the torque figures for the manifold stud nuts are
22 bt (3-04 kgh.m) and for the cylinder head nuts 75
IbLIt (1037 kgf.m). The reference to dynamo lubrication
does not apply.

MAINTENANCE AND OVERHAUL
PROCEDURES

B.S

REMOVING AND REFITTING THE ENGINE
Refer to Section A sub section A.5.

B.6
sump

and Replacing

Follow the instructions in Section A sub ction A6, but
before replacing the sump inspect the front and rear fnain
bearing cap sealing plugs and the sealing strip for the raar
main bearing cap. Renew as necessary.

B.7

OIL FILTER

Dismantling and Replacin,

Follow the instructions in Section A sub section A.7.

B8

OIL PRESSURE RELIEF VALVE
Removal, Inspection and Replacement
The instructions in Section A sub section A.9 aprdy, 1.2
hexagon plug is located on the right hand, or starbosid
side of the crankcase. The free length of the relief vale
spring is 3in. (76:2mm) as opposed to 2.859 in
(72:628 mm) on the 16 litre engine.

B9

OIL PUMP AND STRAINER

Removing and Replacing

1. Drain the oil and remove the sump. Withdraw ths
dipstick.

2. Release the oil delivery pipe from the crankcase,

3. Remove the cap nut and dowel screw shown in
Fig. 4 and withdraw the oil pump and strainer.

Figd - Oif pump cap aut and dowel serow
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Inspection
Remove the pump cover.
2. Check the rotor end-float does ot exceed 0-005 in.

(013 mm). Excessive ond-float can be corrected by
lapping the pump body face

3. Check the diametrical clearance between the outer
rotor and the pump body. If the clearance exceeds
0010 in. (0-25 mm) renew the rotors ar pump body
or both, as necessary.

4. Check the rotor lobe clearance (in two positions) as

shown. Renew the rotors if the clearance exceeds
0-008 in. (0-2 mm) and 0-006 in. (0-15 mm) respec-
tively.

Fig5 - Rotor lobe measuring position

inner ang
outer rotors
Coler
Fig.6 - Oil pump assembly

5. Re-assemble the components, ensuring that the
chamfered end of the outer rotor is innermost in the
pump body.

Re-assemblin,

1. Refit the oil pump assembly and secure with the
dowel screw. Replace the cap nut and washer.

2. Reconnect the oil delivery pipe.

3. Refit the sump and include a new sump joint. Refill the
sump with one of the recommended |ubricants and
replace the dipstick.

B.10

ROCKER SHAFT ASSEMBLY

Removing and Replacing

1. Drain the cooling system.

2. Disconnect the breather pipe from the ir cleaner and
rocker cover (Commander). On the industial engine
remove the air cleaner,

w

Remove the rocker cover taking care not to damage
the cork gasket.

Slacken the cylinder head nuts, a turn at a time, in the
sequence shown in Fig. 7 until the load has been
reieased. It will be found convenient to use Cylinder
head nut spanner 18G545 to remove the two nuts
which also serve as rocker cover studs.

1315 19 25
/

/ AN
280402 7 3 1 5 9 007 a0

Fig.7 - Cylinder head nut slackening and tightening sequence

Remove the rocker shaft bracket nuts and washers and
lift off the shaft assembly.

6. Refit the rocker shaft assembly 10 the cylinder head
ensuring all rocker adjusting scrows aro il siackened
and the bracket nuts only finger ti

7. Using the. Cylinder head nut spanner, a suitable
socket and torque wrench tighten tho Gylinder head
nuts, in the sequence used for slackening off, to a
toraue of s i (10-37 kgf.m). Tighten the rocker
bracket nuts to a torque of 25 Ibf.ft (346 kgf.m).

8. Adjust the valve to rocker ciearance (sub section B.11)
fita new cover joint if the existing one is damaged and
replace the rocker cover.

Reconnect the breather pipe (Commander) or refit the
cleaner (industrial), refill the cooling System, run
the engine and check the cover joint for oil leaks.

Dismantling and R
Follow the insiructions in Section A subsection A11.
Fitting new bushes

Follow the instructions in the above section using the
Valve rocker bush remover and replacer 18G21

BA1

VALVE ROCKER CLEARANCE

Refer to Section A sub section A 12 and follow the pro-
cedures and id down. The inlet

should be 0012 in. (0305 mm) and the exhausl valve
Cloarance 0:015 i, (038 m

812
CYLINDER HEAD

Removing and Refitting

Follow the procedures in B10 above; also Section A sub
section A13, but note the push rod positioning plate when




FERNRERRRNNA NIRRT

liing the cylinder head off the studs. When refitting,
tighten the cylinder head nuts to a torque of 75 Ibf i
(10:37 kgfm), the manifold nuts to 22 IbEfr (3,04
kof.m) and the rocker bracket nuts to 25 Ibf. ft (3-46 kgl.m)

B3 .

Follow the instructions in Section A,
VALVES sub-section A.14, A15, A.16 and A.17
o1a for removing and replacing valves, valve

grinding, and renewing valve seat inserts.
and valve guides. If the valve seats need
to be recut the exhaust valve seats

narrowing cutters used should be
B.15 18G28, 18G28A, 18G288B and 18G28C.
VALVE SEAT  The valve head stand-down should no
INSERTS 10

VALVE
GRINDING

in. (025 mm), butif it does

fit new valves, as necessary. Should
B16 stand-down still be excessive, machine
VALVE the cylinder head to the dimensions
COEs given and fit new inserts.

0.75--0.016 n (19,050,396 mm)

Inlet (A} Exhaust (B)
L.1.4216 t0 14226 in.
(36.11 10 36,13 mm)

4010 42.23 mm)

. 1,640 0 1,645 In. M. 1:300 (0 1,305 in.
(39.12 10 39.24 mm) (33.02 10 33,15 mm)
E.1.4610.(37.08 mam) N. 1.2 In, (30,99 mm)
F..090 0.0 in. 090 1
(229 10'2.41 mm) (2.20'10
6..278 10281 in. 10281 In,
(2.06 107,18 mm) (7,06 10 7.14 mm)
H. Max.rodius 015 in, A. Max.radius .01 in
(.38 mm) 38 mm)
as’ 5. 45
a0° 7. 40°

Fig:8 - Cylinder head machining dimensions
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BA7
TIMING GEAR CASE COVER
Removing and Replaciny

1. Drain the cooling system and remove the radiator and

oil cooler (industrial only).

2. Slacken the alternator mounting bolts and remove the
an belt.

3. Remove the fan blades (industrial only) and fresh
water pump pulley.

4. Remove the crankshaft nut using the Starting nut
spanner 186391, and withdraw the crankshaft pulioy,
using Gear and pulley remover 18G231 and Adaptors
18G2318.

6. Remove the degree plate from the timing cover, and

then the timing caver from the engine front
taking care not to damage the joint.
Remove the oil thrower from the crankshaft.

134CR to renew the seal.
Refit the oil thrower to the crankshaft.

om

joint.

s

plate,

defective use the Bearing and oil seal
and Oil seal replacer adaptor

Renew the cover joint if broken or defective, ensuring
the joint mating faces are clean before fitting the nov
int.

- Refit the cover, with the securing screws fingertight,

and centralise the cover with the crankshaft, using the

Engine front cover locating bush 18G3,

- Refit the degree plate, water pump puley, fan blades

and fan belt. Adjust the belt and tighten the alternator

mounting bolts.

12, Refit the radiator and oil cooler (industrial) and refil

the cooling system.

B.18

TIMING CHAIN, CHAIN WHEELS

AND TENSIONER

Removing and Replacing

1. Remove the timing gear case cover,

2. Crank the engine until the timing marks on the
Wwheels are positioned as shown

chain

Fig.10 - Valve timing marks

3. Retract the chain wensioner slipper as shown,

- If the chain tensioner alone requires attention remove
it, but if other components are to be removed loave the

tensioner in position.
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Fig.11 - Chain tensioner and Allen key

5. Remove the camshaft nut using the Starting nut
spanner 18G98A
Draw the three chain wheels with timing chain off the
respeciiveshaft and renew as nocessary.
7. Check the wheel bearing for
The ould be within the imits

aring bore. S
19503 10 17508 in (4446 to 4447 mm) and the
i clearance on the chain wheel hub should be 0-001 to
0002in. (003 to 005mm). If Leplecament is
necessary renew in the following w;
ey amave e drving langs rom the chain whl.
(b) Press out the old bearing and press in a new one
from the chamfered end of the chain wheel bore.
Finish ream the bore of the new bearing to the
size given in General Data.

Flange Chain whee!
i washer

\ Bearing
Circlip tiner

Fig.12 - Fuslinjection pump drive assembly

© Fit the driving flange to the chain wheel with the
spline and timing mark in the relative
positions shown. Position the flange so that its

securing bolts are central in the adjusting slots.

8. Position the chain wheels with the timing mark shown
and refit the chain. Keeping the chain wheels so
positioned push them evunly on to the respective
shafts as far as they will o y be necessary to
rotate the camshaft sllgmly o allgn o comshaft key

i with the keyway in the camshaft chain wheel.

9.

Fig.13 - Injection pump master splins and timing mark

Secure the camshaft chain wheel with its nut and
lockwasher.

10, Check, and if necessary adjust the camshaft and

crankshatt chain wheel alignment, by fitting shims
behind the crankshaft wheel, as r¢

11. Release the chain tensioner by mserung ‘the Allen key

and turning itin a clockwise direction until the slipper
head moves forward under spring pressure against the

chain. DO NOT ATTEMPT TO TURI Y
COUNTER CLOCKWISE OR FORCE THE SLIPPER
HEAD INTO THE CHAIN BY EXTERNAL PRESSURE.

12. Refit_the tensioner body plug and re-assemble the

remaining components.

Dismantling and Re-assembling the tensioner
1

>

5.

Withdraw the plunger and slipper assembly from the
tensioner body and engage the lower end of the
cylinder with the Allen key. Turn the key clockwise
holding the key and plunger securely until the cylinder
and spring are released from inside the plunger.
Check that the bore in the tensidner body is_not
excessively oval. If it is greater than 0-003 in.
(0-0762 mm) when measured on diameters near the
mouth of the bore, then the complete chain tensioner
must be renew
Inspect the slipper head for wear. If it is badly worn a
new slipper head and cylinder assembly must be fitted
to the existing body provided the bore of the body is
within the limits given al
Thoroughly wash the components in clean ptrol
(gasoline) or paraffin (kerosene) and use an air lne to
clear the 0125 in. (318 mm) diameter inlet oil hole
in the spigot and the 0-040 in. (1-02 mm) outlet oil
hole in the slipper
Insert the spring in the plunger and place the cylinder
on the other end of the
Compress the spring Uil the cylinder enters the
plunger| bme engaging the helical slot with the peg in
the plu

1616 the assembly compressed in this position and
engage the Allen key. Tum the cylinder clockwise until
the end of the cylinder is below the peg and the spring
is held compressed.
Withdraw the key and insert the plunger assembly in
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After refitting the tensioner check the slipper head
for freedom of movement and ensure that it does not
bind on the backplate when it is moved in the body.

Fig.14 - Timing chain tensioner components

B.19
VALVE TIMING
Follow the instructions in Section A, sub section A.20.

B.20
CAMSHAFT AND FRONT PLATE
Removi
The following procedures apply to both the camshaft and
the front plate, but if the front plate is not to be removed
instructions 10 to 15 do not apply.
rain the cooling system, and on the industrial
versions remove the radiator grill, where applicable,
radiator and oil cooler.

2. Slacken the alternator bolts and remove the fan belt
If the front plate is to be removed, withdraw the alter-
nator completely.

3. On the industrial versions remove the fan blades and
watar pump pulley.

4. Remove the crankshaft pulley.

5. Remove the degree plate from the timing cover and
then the timing cover from the engine front plate,
taking care not to damage the joint.

6. Remove the oil thrower from the crankshaft

7. Remove the camshaft nut using the Starting nut
spanner 18G9BA,

8. Position the chain wheel timing marks as shown in

Fig. 10, retract the chain tensioner sipper and draw the
three chain wheels and chain, off the shafts.
Remove the camshaft locating plate,

10. Remove the timing chain tensioner.

11. Disconnect the fuel feed and return pipes from the fuel
injection pump.

12. Disconnect the high pressure pipes from the injection
pumy

13. Remove the lubricating oil feed pipe from the crank-
case and injection pump chain wheel hub.

14. Support the engine with a sling and suitable lifting
pulleys and raise the engine 1o relieve the load on the
front mountings. On the Commander it may be neces.
sary to disconnect the propeller shaft from the gearbox
and to lift the complete engine/gearbox unit from the
installation in order to drop the sump.

15. Remove the front plate complete with injection pump.

16. Remove the cylinder side cover.

17. Withdraw the dipstick and release the dipstick tube
from the sump,

SECTION B

18. Drain the sump, and on the Commander disconnect
the drain pipe from the sump. Remove the sump.

19. Release the oil delivery pipe from the crankcase.

20. Remove the cap nut and washer and dowel screw
from the left hand or port side of the crankcase and
withdraw the oil pump and strainer

21. Remove the rocker cover.

22. Remove the rocker shaft, withdraw the push rods and
lift out the tappets.

23. Withdraw the camshaft,

Refitting

Reverse the foregoing procedures and at the relevant
stages include the following i—

(a) When offering up the front plate, fit all bolts, which
secure it to the cylinder block, before tightening any.
This will ensure correct positioning of the plate.

(b) Check the camshaft end float, and if outside the limits
0:003 to 0:006 in. (0:076 to 0152 mm) renew the
locating plate.

(c) Assemble the chain and chain wheels to the respective
shafts with the timing marks as shown

(d) Check the chain wheel alignment. The crankshaft and
camshaft chain wheel teeth faces should be in fine. If
adjustment is necessary, add or remove shims behind
the crankshaft chain wheel. The injection pump chain
wheel s self-aligning.

(&) Release the chain tensioner slipper.

(f) Ensure the crankshaft front oil seal is serviceablo if
necessary renew. Centralise the timing cover as
described in B.17.

(9) Adjust the valve rocker clearances (Refer to B.11)

(h) Bleed the fuel system (Section D)

B.21

CAMSHAFT BEARING LINERS

Should it be necessary to renew the camshaft bearing

liners it will be found more convenient to remove the engine

from the installation and dismantle.

1. Withdraw the front bearing liner, using the Camshaft
Liner remover and replacer 18G124A (basic tool) and
adaptor 18G124F, as illustrated.

Fig.16 - Rear bearing liner - withdrawal procedure
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2. Withdraw the rear bearing liner using the basic tool 4. Fita new front bearing liner, first ensuring the oil holes
with adaptor 18G124B as shown. will line up those in the crankcase, when the
3. Withdraw the centre bearing liner using the basic tool bearing is fitted.

with adaptors 18G124D and 18G124H as shown.

Fig.18 - Front bearing line - fitting procedure

5. In a similar way fit a new rear bearing liner first 6. Fit a new centre bearing liner again ensuring the oil
ensuring the oil holes will line up with the respective holes will line up the respective crankcase oil
crank case oil holes when the bearing is fitted. holes when the bearing is fitted.

iciap 0) ©
o

S TR

[

Fig.19 - Rear bearing liner - fitting procedure

© ©) 1crap  igcien
R

Fig20 - Centre bearing linr - itting procedure

L o e ey s
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7. Ream the front and rear bearing liners using the Cam-
shaft liner reamer 18G123A with cutters and pilots as
own. The reamed diameter of the front bearing

SECTION B

should be 178875 to 1-78925 in. (4643 to 45-45
mm) and the rear bearing should be 1-62275 to
1:62325 in. (4142 to 4123 mm).

18GI238  18G123M

18G123AC

18GI23€E

18GI23L  18G123A

Fig.21 - Reamers for front and rear bearing liners

Fig.22 - Reamer for cantre bearing liner

8. Ream the centre bearing liner using the basic tool
18G123A with cutters and pilots as shown. The

B22

FLYWHEEL AND STARTER RING

Romoving and Refitting
Remove the gearbox and clutch (as applicable).
Alternatively uncouple and remove the generator
{generating set) orany auxlary forwhich the engine
may be required to provide the motive pow
Remove the stater motor.rom the fiywheo! housing
or backpl
Mark e lywheel and ono of the crankshat dowsisin

Famove the oil seal from tho fywhoel housing.
If the teeth on the starter ring are worn or damaged,
remove by drilling  hole through the ring and splitting
the ring across the hole with a hammer and chisel,
taking care not to damage the flywheel.
Ensure the bore of the new ring and its mating surface
on the flywheel are free from burrs and are perfectly
clean,
Heatthe new ring uniformly to a temperature of 200° to
230°C (392° to 446°F); the strip of temperature
indicatng paint on the ing wilchange from pink to
grey at the correct temperat
i, stater ring with he tooth chamfor facing away
from the flywheel register.

. Refit the flywheel housing or backplate and if neces-

fita new crankshaft oil se

sor w N
?.F’
El
3
H
3
H
H
3
g
=
3
8.
3
2

- © N
3 « >

. When the flywheel and starter ring have cooled natur-
ally refit the flywheel to the crankshaft.

12. Refit the starter motor and re-assembie the transmis-

sion and driven member. Where a clutch is fitted use

alignment tool 18G554 to centralise the clutch plate.

reamed diameter should be 174875 to 1-74925 in.
(4442 to 44-43 mm).

13. Bleed the fuel system.

B.23

CONNECTING RODS AND PISTONS

To remove, dismantle and re-assemble and refit connect-
ing rods and pistons mllow the instructions in Section A,
sub section A.25 but where dimensions occur refer to
Goneral Data' o the comect figures.

Fig.23 - Connecting rods - indicating big end fitted position
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B.24

CRANKSHAFT AND MAIN BEARINGS

Removins
Remove the engine from the installation.

2. Remove the fan belt and blades (industrial) and fresh
water pump pulley.

3. Remove the crankshaft nut and withdraw the crank-
shaft pulley.

4. Remove the timing cover.

" Remove the oil thrower from the crankshatt.

6. Retract the timing chain tensioner slipper and remove
the tensioner.

7. Remove the camshaft nut and draw the three chain
wheels, together with the chain, off their shafts.,

8. Remove the camshaft locating

9. Disconnect the fuel pipes from the fuel filter and
remove as necessary. Remove the fuel filter.

10. Disconnect the high pressure pipes from the injection

pump.

11. Remove the lubricating oil feed pipe from the crank-
case and injection pump chain wheel hub.

12. Remove the front plate complete with injection pump.

13, Remove the ol filter and, where fitted the oil cooler

ind pipes.

14. Remove the starter motor and where applicable the
clutch from;the flywheel.

15. Mark the flywheel and one of the crankshaft dowels
relative to each other and remove the flywheel.

16. Remove the flywheel housing, or backplate as
applicable.

17. Remove the sump.

18, Release the oil delivery pipe from the crankcase.

19, Remove the domed nut and then the oil pump locating
screw from the port or left hand side of the cylinder
block. Withdraw the oil pump and the oil strainer

20. Remove the big end bearing caps and separate the

connecting rods from the crankshaft.

21. Remove the main bearing caps using the Impulse
extractor 18G284 and the Main bearing cap remover
adaptor 18G284AJ.

22. Lift out the crankshaft and collect the main bearing
halves and thrust washers into sets and place in re-
assembly order.

23. Clean, or wash all components in paraffin (kerosene).

Refitting

1. Fit new bearing shells, as necessary, and re-assemble
the crankshaft to the cylinder block and connecting
vods. Note that bearings are always fitted in sets.

2. Tighten the big end bolts t0 a torque of 50 Ibf.it

69 kgf.m) and the main bearing bolts to a torque of
100 Ibf.ft (13-82 kgt.m).

3. Mount a dial gauge on the front end of the crankcase
with its indicator resting on the front face of the
crankshaft front main journal.

4. Press the crankshaft forward as far as possible and
note the reading on the gauge, the difference from
2610 being the amount of crankshaft end float. If the

nd float is outside the limits 0-002 to 0-003 in.

{0:051 to 0-076 mm), renew the thrust washers,

fitting them by selective assembly and ensuring that

the oil grooves face outwards towards the crankshaft

webs.

5. Refit the oil pump and strainer assembly. Reconnect
the oil delivery pipe to the crankcase.

6. Refit the sump and include a new joint.

7. Refit the flywheel housing or backplate, as applicable.
If the oil seal is suspect, renew.

8. Refit the flywheel, ensuring the marks on the flywheel
and crankshaft dowel correspond.

9. Re-assemble the starter motor to the flywheel starter
ring and flywheel housing, or backplate.

10. Where applicable refit the clutch. Renew the oil filter
element and refit the oil filter with a new joint to the
cylinder block; where applicable reconnect the oil
cooler and pipes.

11. Offer up the front plate with injection pump to the
cylinder block and loosely fit all the securing bolts to
ensure correct positioning of the front plate. Tighten
up when correct.

12. Reconnect the lubricating oil feed pipe to the crank-
case and injection pump chain wheel hub.

13. Reconnect the high pressure fuel pipes to the injection

pump.
14. Replace the fuel filter and reconnect the associated

15. Replace the camshaft locating plate.

16. Re-assemble the chain wheels, and timing chain with
the timing marks correctly positioned.

17. Replace the chain tensioner and release the slipper.

18, Check the chain wheel alignment and replace the
camshaft nut.

19, Replace the crankshaft oil thrower and refit the timing
cover. If necessary fit a new oil seal.

20. Refit the crankshaft pulley, water pump pulley, fan belt
and fan blades (industrial).

21. Refit the engine to the installation.

B.25
CYLINDER LINERS
To fit new cylinder liners follow the instructions in

ection A sub section 27 but refer to General Data for
cylinder bore and liner machining dimensions.
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COOLING

DESCRIPTION

The cooling system for the Captain and the Commander
marine engines is a closed circuit pressurised and thermo-
statically controlled fresh water type employing either a
Keel cooler unit or a Heat exchanger unit. A featuro of
the system is water cooling of the exhaust manifold, the
manifold forming part of the closed circuit on engines
using a Keel caoler and part of a separate open circuit on
engines using a Heat exchanger. Raw water is drawn in
and pumped by a positive displacement pump, through
the heat exchanger element, the manifold and exhaust
system and discharged overboard. A separate pump is also
necessary for exhaust cooling where a keel cooler is tted,
raw water_being drawn in and pumped direct to the
exhaust pipe and then discharged overboard. The
Commander also includes an oil cooler. Industrial engines
feature the pressuris

Contrald. resh water systam, and, depending on tha
application, include a radiator and oil cooler.

Heat exchanger cooling
The Heat exchanger unit, with fresh water header tank
integral with the body, i mounted on the front of the
engine. When the engine is started from cold, the thermo-
stat, which is housed at the front of the cylinder head, is
closed and fresh water from the heat exchanger is
Circulated, via inbuilt passages, within the cylinder block
and cylinder head by an impeller type water pump.

Once the water reaches the predetermined working tem-
perature the thermostat opens and allows the water to be
returned to the header t

Sea, or river water is drawn by a vane type positive
displacement pump through a seacock and strainer, and
passed through the element (tube stack) of the heat
exchanger an xhaust manifold and pipe to be dis-
charged overboard.

SYSTEMS

Keel cooling

The Keel coolerunit s ocated on the undorside of the boat,
with the header tank forming an integral part of the
xhaust manfold on the Captain and bang odned on
the end of the exhaust manifold on the Commander.
Initially, with the engine running cold, fresh water is
drawn from the c unit and circulated through the
cylinder block and cylinder head by an impeller type fresh
water pump. Once the water reaches the correct tem-
perature the thermostat opens and the water passes into
the header tank and the jacketed exhaust manifold to be
returned 1o the cooling uhit, where it is cooled by the
surrounding sea or river water.

If the exhaust system is water cooled (wet exhaust) a
separate positive displacement (sea water) pump is fitted,
and sea or river water is drawn in via a suitable seacock
and strainer and pumped directly to the exhaust outlet
chamber. It is then passed through the exhaust pipe and
discharged overboard.

MAINTENANCE AND OVERHAUL
PROCEDURES

c2

HEAT ExcHAMGER

Removing and Re

Remove the filler csp fom the hest exchanger, open
the drain tap on lha cylmdev block, and drain the
water, or anti lution into a suitable container.
Remove the drain p\ug from the heat exchanger and
drain the contents into a suitable container. Open the
drain tap at the rear of the exhaust manifold to drain
the sea water.

Disconnect and remove the hoses and/or pipes from
the end cover and the hose from the heat exchanger
10 the fresh water pump.

Remove the bolts securing the heat exchanger body
to the supporting strut, or mounting brackets, and the.
setscrews securing the water outlet elbow to the

~

w

»

Fig.1 - Hoat exchanger - Captain

2
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body (Commander). On the Captain remove the three
domed nuts secufing the heat exchanger to the
cylinder head thermostat housing. Lift off the heat
exchanger.
Refit the water outlet elbow to the heat exchanger
body (Commander). or the heat exchanger to the
thermostat housing (Captain) and include a new joint,
as appropriate.
Reconnect the hoses, and on the Commander re-
connect the supporting strut.
Replace the drain plug, close the cylinder block drain
tap and refill the unit with fresh water or anti-freeze
solution. Replace the filler cap and run the engine to
expel any air that may be trapped in the system. Top
up with coolant, as necessary.
ing, Cleaning and R i
Unscrew the hexagonal brass cap nut and remove both
end covers; one has the two seawater connections
and an atiached brass tie rod, which is located in the
centre of the element (tube stack).
Withdraw the ‘0’ seals from each end of the element
and remove the assembly from the casing. If the
element cannot be moved with normal hand pressure,
a few gentle taps with a wooden mallet or similar
object should release it.
If the tubes of the element are encrusted with salt
water deposits, press a piece of §in (3175 mm)
diameter steel rod through each tube to remove the
obstructing matter
CAUTION It is important when doing this 10 press the
rod through the tubes in the opposite direction
to that in which the sea water flows,
Should the element appear to be completely
blocked, place the assembly in a hot
preferably boiling, caustic soda solution, to
dissolve the obstructing matter.

o

S e

w

4. Place the element in the body and refit the two 'O’

seals over the ends of the element and into the
racesses in the bady casing. It is advisable to renew
the seals if they are badly worn or deformed,

Ensure the end covers are cloan, insert the tie rod in
the element and press the atiached end cover into
position

Replace the opposite end cover and secure the whole
assembly by means of the hexagonal brass cap nut
complete with copper and asbestos washer.

c3

KEEL COOLER HEADER TANK

(Commander only)

Removing and Replacing

1. Remove the filler cap and using suitable containers,
drain the cylinder block and the exhaust manifold; a
drain tap is provided at the rear end of the manifold.

2. Disconnect the hose from the top water outlet.

3. Remove the setscrews securing the header tank to the
manifold

4. Replace the tank, reconnect the hoses, close the
drain taps and refill the tank with fresh water or
coolant. Replace the filler cap and run the engine to
expel any air that may be trapped in the system. Top
up with coolant, as necessary.

ca

RADIATOR

Removing and Replacing

1. Remove the canopy and cowl, where fitted, remove
the radiator filler cap, open the radiator drain tap and
cylinder block drain tap and drain the system

SECTION C

2. Disconnect the top and bottom hoses and, where
fitted, the two on the oil cooler.

3. Remove the two lower mounting nuts and the nuts
from the upper supporting stays.

4. Lift out the radiator.

5. Replace the radiator, reversing the removal procedure,
close the taps and refill the system until the level of
the coolant is 1 in. (254 mm) below the bottom of
the filler neck.

cs

THERMOSTAT

For maximum efficiency the engine operating temperature
is maintained wi certain limits by a thermostat fitted in
3 housing at the front of the cylinder head.

The thermostat opening is set by the manufacturer and
cannot be altered. It opens at the temperature marked on
the body. During decarbonising it is policy to test this
opening by immersing the thermostat in water raised to
the requisite temperature. The valve should open under
these conditions, but if it fails to open & new unit must
be fitted.

Fig.2 - Thermostat and housing

Removing and Replacing

1. Drain the cooling system.

2. Remove either the heat exchanger or keel cooler
header tank. For industrial engines disconnect the
top hose at the top water outlet connection.

Remove the top water outlet and lift the thermostat
out of its housing.

Fit a new housing joint washer, replace or renew the
thermostat and re-assemble.

Close the taps and refill the system with coolant.

o & w

c6

FRESH WATER PUMP

Removing and Replacing

1. Drain the cooling system.

2. Slacken the alternator or dynamo mounting bolts and
the adjusting link bolt. Pivot the alternator towards
the engine to relieve the driving belt tension and
remove the belt.

Remove the setscrews securing the pulley and fan
blades (industrial only) to the pump hub.

Disconnect the hose from the pump body.

Remove the four setscrews and washers securing the.
pump body to the cylinder block and on the Captain

an
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and 15 the mounting bolt to the dynamo or alternator.
Withdraw the pump assembly.

6. Replace the pump and if necessary fit a new joint
washer between the pump and cylinder block.

7. Adjust the tension of the driving belt so that at the
centr of thg vertical run itis possile to defect the

belt 1 in
8. Close ma et taps and refil the system with coolant.
Dusma

. thduw the hub from the pump spindle using a
suitable extractor.
2. Extract the locating wire through the hole in the top
of the pump body, and drive the spindle And bearing
assembly rearwards out of the pump bo
3. Withdraw the impeller from the spindle ond remove

the water seal
4. Inspect each component, and renew as necessary.
Ro assembling
Reft the spindle and besring assembly to the pump
iy. On the Captain and 1°5 ensure the lubricating
hole in the bearing coincides with the hole in th
pump
Refit tha Water seal 10 the spindle followed by the
impeller
Chock the impeller clearance, A, and ensure it is
within the limits given.
Reft the beating etaining cip in the pump body andl
fit a new pulley hub o the spindle.
Check the ‘B" dimensions and ensure it is within the
fimits given.

o os oo

Shaft and
bearing

b &

;ML‘

Body

Fig.4 - Frosh water pump assembly (Commander)
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0,026 (0,508 mm) N\

Fig:5 - Fresh water pump suction (Captain)

c7

SEAWATER PUMP

Removing and Replacing

1. Close the seacock and drain the cooling system.

2. Disconnect the inlet and outlet pipes from the body
of the pump.

3. On the Captain remove the drive belt from the
crankshaft pulley 1o the pump pulley.

4. Remove the nuts and washers securing the pump to
the adaptor plate on the timing cover (Commander)
o remove the nuts and bolts securing the pump to the
mounting bracket (Captain) and remove the pump

assembly.
6. Where applicable, fit a new pump to adaptor joint
and replace the pump, reversing the above procedure.

‘and withdraw the cam from
o old jonting compound by
using a solvent, .

4. Extract the impe)
5. Press the shaft assmhly k

the bearing plin

6. Remove the 7 soais and slingor from the body.
7. Inspect each component and renew as necessary.

Re-assembling
1. Refit the seals, Q' ring and s}

ha Shagt and refit the sha in the
shaft.

6.
the body and withdraw

2. Refit the bearing

6. Refit the impgfler and replaceNpe spline se:

7. Replace the’end cover joint, &t the end covev and
secure with the screws.

Dismantling (Commander with Keel Cooler and

wet Exhaust)

1. Remove the end cover screws and withdraw the
cover and joint washer.

2. Extract the impeller screw and withdraw the impeller.

3. Remove the cam screw and cam from the body.
Remove the old jointing cempour\d by using a solvent,
i.e. petrol.

4. Remove the wear plate.

5. Press the shalt and coupling assembly out of the body.

Fig6 - Fresh water pump section (Commander)

6. Remove the seals and slinger from the body.

7. Inspect each component and renew as necessary.
Re-assemblin

1. Refit the seals and slinger.

2. Press me shaft and coupling assembly into position in

3. Locate the wear plate in the body.
Brush a non-setting jointing compound e.g. Hylomar
on the cam screw thread and upper surface of the
cam; when fitting the cam make sure it s flush with
both ends of the body housing.

5. Refit the impelier and scrow.

6. Replace the end cover joint, refit the end cover, and
secure with the screws.

Dismantling (Captain with Keel Cooler and wet
t)

1. Remove the end cover screws and withdraw the
cover and joint washer.

2. Witndiow tho pullay and slacken off the packing nut.

3. Extract the impeller screw and withdraw the impelier

4. Remove the cam screw and withdraw the cam from
the body.

5. Remove the packing nut, and extract the packing.

6. Press the shaft from the body.

7. Inspect uach ‘component and renew as necessary.

Re-assembling

T Cibricato tho shaft with machine oif and press the
shaft back into the body.

2. Dip a now packing in a ight machine o and instal.
Replace the packing n

3. Brisha non-seting jointing compound 9. Hylamar
on the cam screw thread and upper surface of the

cam; refit the cam.

4. Lubricate the impeller housing (pump body) with a
good quality water pump grease and refit the impeller.

5. Replace tho cover join,refit the cover and securo with
the scre

Dv;m.n(lmg (Captain with Heat Exchanger)

1. Remove the end cover screws and withdraw the
cover and joint washer.

2. Remove the pulley and loosen off the packing nut.

3. Withdraw the shaft and impeller assembly from the

body.

4 Remove the mpsllr by liding it towards he lattened
end of the

5. Baract the com scrow and cam. Remove the old
jointing compound by using a solvent, i.e. petrol.

6. Remove the packing nut and gland, and extract the old
packing with a small screwdriver.

7. Inspect all components for wear or damage and
replace as necessary.
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N

o
Shatt 10,

Re-auemblln

~

w

Dip the now packing in b inachine il nd insal

the packing, packing gland and packing nu
oot tho cam screw, throads. nd o 1op of the cam

ith a non- senir\g joiniing compound and install in

the pumy

Ropiate aha kay in the shaft ind slide tho impelier on

the shaft from the flatte

4. 't

o

1. End cover
12, Adsor fi
13, Bearing

Coupling

bobncate the impeller housing (pump body) with a
od quality water pump grease, and the shaft with
machine oil. Replace the shaft and impeller assembly
in the body.

Replace the cover joint, refit the end cover, and secure
with the sorews. Hand tighten the packing nut during
gperation and raduall tighten unil the pump stops
dripping. Set the focking n

Fig8 - Sea water pump (Commander with keel cooler)

1 Body & medesoms 1 Sndcom
2 Shaftandcoupling 7. Wear 120 doine
3 se 8 ' 18 Joint
4 Siinger 9. Admtor 1w Joint
5 impoller 10, Com serow LA
6
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Fig.9 - Sea water pump (Caffain with kes! cooler)

L Boay
2 Greecun
. 3 sh
’ a

7. King

B Packing nut

5. cam

0. Com screw
Joint

12, Cover

Boay

Shatt
Koy - Impaller
Impoitar

Cam

Lok nut

REErTT

c8

COLD WEATHER PRECAUTIONS

When frost is expected, or when the engine is o stand
idle in an unheated place, care should be taken to prevent
damage to the cooling system/s and cylinder block. Such
damage may be avoided by either draining the cooling
system, or by adding anti-freeze solution o the cooling

ater.
Only anti-freeze of the ethylene glycol type, incorporating
the correct type of corrosion inhibitor, is suitable, and
awners are recommended to use anti-freeze conforming

ing
Packing pland

10, Packing nut
Gremo cup

120 Joint

130 Cover

to specification BS.3151 or BS 3152, The percentages of
anti-freeze solution for protection against different degroes
of frost are

20% concentration Safe for 35 F (19°C) of frost

(
25% concentration Safe for 47°F (26°C) of frost
g 3
30% concentration Safe for 60°F (33°C) of frost
28°F (-33C

Before introducing anti-freeze into the fresh water syster
itis advisable to drain and flush out the system.
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Description
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Dismantling and re- ascembnng Lol
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The fuel injection pump.
Description
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Pumping and distributor rotor
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Removing the pump from the engine
Refitting and re-timin
Maximum and idling speed adjustments .
Overhaul Procedures . . .
Dismanting (Pump with hydrauic govemov]
Re-assem!
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THE FUEL SYSTEM

D1
GENERAL DESCRIPTION

The fuel system for the Commander and Captain marine

engines; also for the 25 litte and 15 litre industrial

type lift pump, a single element fuel filter and a hydraulic-

ally governed or mechanically governed distributor type

fuel ‘injection_pump.

Fuel is drawn from the fuel tank and fed by the lift pump to
the injection pump via a C.A.V. fuel filter. Filtered fuel is

then metered by the injection pump and forced, via four
s typo Injectors, into the ngine combustion chambers
in the form of a fine spray.

D.2

THE FUEL LIFT PUMP

Description

The fuel lift pump is mounted on the crankcase and is

Pump body.

Fig.1 - Fuel lift pump (Captain and 1.5)

operated by an eccentric on the engine camshaft. A hand
wiming ever pormits pumping a supply of fuel for testing

fihen the it pump output i greater than thefuel injoction
pump requirements the fuel in the pumping chamber holds
the diaphragm against the pressure of the diaphragm
spring and the connecting link allows an idling movement
of the rocker arm. A spring maintains the contact between
the rocker arm and the eccentric, thus eliminating noise.

Removing and Replacing
1

> »

£l

~

p > o

B

e

o

~

Disconnect the two fuel pipes from the body of the
pump, unscrew the two set bolts securing the pump
to the crankcase and withdraw the pump and its joint
washer. Seal the end of the pipe from the tank to
prevent siphoning.
Bofore replacing the pump, which is a reversal of the
foregoing procedure, test it in the following way :—
immerse the in a bath of clean paraffin (kero-
sene) and fush it through by operating the rocker arm
six 10 eight tim
Remove and ‘emoty the pump; seal the suction side of
e pump, placing a finger firmly over the inlet union
ket NG 2 oporats e rocker a several (s
n removal of the finger from the inlet union &
distinct sucking noise should be heard,
In a similar manner seal the delivery side of the pump.
(marked OUT) and press the rocker arm inwards to
charge the pumping chamber with sir. I the pump i
good condition the umping chamber should
ol undor comprossion for o of thros seconds:
inally repeat this test, but immediately the pumping
chamber is charged with air immerse the pump in a
bath of clean paraffin and inspect the diaphragm
flanges for signs of air leakage.
Lubricate the rocker arm and the rocker arm pin with
clean engine oil. Fit a new pump to cylinder block
joint and refit the pump.
Bleed the fuel system as described in D.4 page 4

ismantling and Re-assembling (Captain and
al

1°5 Industri

Scribe a mark across the pump body joint flanges for
guidance when re-assem!

Remove the set bolt and fibre washer securing the
domed cover to the body ; detach the cover and cork
sealing ring and lift off the flter gauze.

Remove the setscrews securing the two halves of the
pump body and separate the two sections.

Remove the two screws securing the valve retaining
plate and withdraw the plate, inlet and outlet valves
and valve gasket from the upper half of the pump body.
Press the diaphragm lightly downwards and turn it
clockwise through an angle of 90° to release the
diaphragm pull-rod from the operating link fork ;
withdraw the diaphragm and its return spring from the
lower half of the body.

Remove the retaining clips from the ends of the rocker
arm pin and press the pin out of the body to release the
fockar am, rocker arm distance washers, sping and
lin

Wash al compenents in paraffin (erosene) and blow
the cavities clean with compressed air. Renew com-
ponents which are worn or damaged. A new diaphragm
must have the same identification colour as the
original.
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THE FUEL SYSTEM

DA

GENERAL DESCRIPTION

The fuel system for the Commander and Captain marine
engines; also for the 26 litre and 15 litre industrial

type lift pump, a single element fuel filter and a hydraulic-
ally governed or mechanically governed distributor type
fuel ‘injection_pump.

Fuel is drawn from the fue tank and fed by the lft pump to
the injection pump via a C.AV. fuel filter. Filtered fuel is
then metered by the injection pump and forced, via four
e typo injectors, into the ngine combustion chambers
in the form of a fine spray.

D.2

THE FUEL LIFT PUMP

Description

The fuel lift pump is mounted on the crankcase and is

Pump body

Fig.1 - Fuel ift pump (Captain and 1.5)

operated by an eccentric on the engine camshaft. A hand
wiming lver permits pumping a supply of fue! for testing

finen the it pump ouput s gresterthan thefulnjction
olds

the diaphragm agams! e pressure of the drlnhvagm

spring and the connecting link allows an idling movement

of the rocker arm. A spring maintains the contact between
the rocker arm and the eccentric, thus eliminating noise.

Removing and Replacing

1. Disconnect the two fuel pipes from the body of the

ump, unscrew the two set bolts securing the pum
1o the crankcase and withdraw the pump and its joint
washer. Seal the end of the pipe from the tank to
prevent siphoning.

2. Before replacing the pump, which is a reversal of the
foregoing procedure, test it in the following way :—

3. Immerse 1 in a bath of clean paraffin (kero-
sen) and fush it through by operating the rocker arm
six t0 eight tim

4. Ramove and ‘amoty the pump; seal the suction side of

e pump, placing a finger firmly over the inlet union
(markod IN) and oporat the rocker arm several tmes,

n removal of the finger from the inlet union &
distinct sucking noise should be heard,

5. In a similar manner seal the delivery side of the pump
(marked OUT) and press the rocker arm inwards to
charge the pumping chamber with ir. I the pump i n
good condition the umping chamber should

ol undor comprossion for o of thros seconds:
inally repeat this test, but immediately the pumping

chamber is charged with air immerse the pump in a
bath of clean paraffin and inspect the diaphragm
flanges for signs of air leakage.

7. Lubricate the rocker arm and the rocker arm pin with
clean engine oil. Fit a new pump to cylinder block
joint and refit the pump.

8. Bleed the fuel system as described in D.4 page 4

Dismantling and Re-assembling (Captaln and

5 Industrial)

1. Sariba a mark across the pump body joint flanges for
guidance when re-assem!

2. Remove the set bolt and fibre washer securing the
domed cover 1o the body ; detach the cover and cork
sealing ring and lift off the flter gauze.

3. Remove the setscrews securing the two halves of the
pump body and separate the two sections.

4. Remove the two screws securing the valve retaining
plate and withdraw the plate, inlet and outlet valves
and valve gasket from the upper half of the pump body.

5, Press the diaphragm lightly downwards and turn it
clockwise through an angle of 90° to release the
diaphragm pull-rod from the operating link fork ;
withdraw the diaphragm and its return spring from the
lower half of the body.

6. Remove the retaining cnps from the ends of the rocker
arm pin and press the pin out of the body to release the
fockar am, rocker am distance washars. sping and

7. Wash all components in paraffin (kerosene) and blow
the cavities clean with compvessed air. Renew com-

st have the same identiication colour as e
original.
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8. Check the body castings for cracks and, using a
straight-edge, ensure that the diaphragm mounting
flanges are true, If they are found to be distorted they
may be lapped to restore their condition.

9. Check that the wear on the rocker arm working
surface does not exceed 0-010 in. (0-25 mm). The
rocker arm pin should be a tap fit in the pump body,
and if, due to wear, it i oose, the holes in the body
may be closed by peening. Refit, or renew the rocker
arm, as necessary.

10. Locate the diaphragm retur spring in the diaphragm
lower protector washer and insert the diaphragm into
the pump body with its locating tab in the 11 o'clock
position (see Fig. 2 ). Press the diaphragm down-
wards and tun it anti-clockwise through an angle of
90° to engage the siots in the pull rod with the
operating link fork.

1. Pump mounting flanga
2. Locating tab - initial

sition
3. Locating tab - final
position

Fig.2 - Fusllft pump diaphragm

11. Fit a new valve gasket and then install the inlet and
outlet valves.

12. Position the diaphragm by means of the rocker arm
50 that it is level with the body joint flange. Place the
upper half of the pump in position, ensuring that the
marks scribed on the jomt flanges during dismantling
coincide, and secure the two halves of the body,
leaving the screws finger tight,

13. Push the rocker arm towards the body to position the
diaphragm at the bottom of its stroke. With the
diaphragm held in this position tighten the screws in o
diagonal sequence.

14. Replace the filter gauze, fit a new cover joint, and
replace the domed cover and secure, but do nol over
tighten the setbolt.

15. Test the pump as described under ‘Removing and
Replacing’.

and and

26 Industrial)

. Scribe a mark across the body joint flanges.
2. Remove the domed cover, sealing ring and filter gauze.
3. Remove the setscrews securing the two halves of the
pump body and separate the two sections

Press the diaphragm lightly downwards, rotate it
through 90° and withdraw the diaphragm, spring and
oil seal.

Check the rocker arm pin and linkage for wear or
damage. If necessary secure the rocker arm in a vice

-

@
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and tap the face of the pump mounting flange to
dislodge the rocker arm pin retainers.

Wash the body and components in paraffin (kerosene)
and blow the cavities in the casting clean with com.
pressed air.

—— Diaphrogm
and spring.

7.

®

©

Fig.3 - Fuel lift pump (Commander and 2.5)

Renew components, as necessary, then assemble the
focker arm, operating link and packing washers on to
the rocker arm pin. Place this assembly and the rocker
arm return spring in position in the pump body and tap
two new rocker arm pin retainers fully home in their
grooves. Secure the retainers by staking the ends of
the grooves,

Should the valves be suspect, lever them out carefully
with a screwdriver, Renew the valve gaskets, press in
the new valves and stake them in position.

If necessary renew the diapbragm and check that the
free longth of the diaphragm spring is 1% in. (25-56
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mm). When renewing the spring ensure the identifica-
tion colour is green, the same as the original.

10. Renew the diaphragm rod ol seal and the seals for the
domed cover and its screw.

Wards and turn it counter-clockwise through an angle
of 90 to engage the sliots in the pull rod with the
operating link fork.

12, Postion the diaphragm by means of the rocker arm,
<o that it is level with the body joint flange. Place the
Upper half of the pump in position, ensuring that the
ks scribed on the joint flanges during dismantling
Toinoide and secure the two halves of the body
leaving the screws finger right.

13. Push the rocker arm towards the body 10 position the
diaphragm at the bottom of its stroke. With the dia-

| hragm held in this position tighten the screws in a

diagonal sequence.

44, Replace or renew the filter screen, fit the new cover
o, replace the domed cover and secure, but do not
over tighten the setscrew.

15, Tost the pump as described under ‘Removing and

Replacing’ page 2

D3

MAIN FUEL FILTER

Description

The main fuel filter consists of three main parts, a head and
a base casting between which is clamped a metal canister
containing the paper filter element.

‘An "0’ ring located in an annular groove in the centre boss
of the filter seals the dirty side of the filter from its clean

Wosd
enting

Fig.4 - Main fuel filter assembly

The head casting is provided with two inlets, two outlets
n and air vent connection. One outlet connection is not
Yequired and is fitted with a sealing plug. The second inlet

connection returns fuel oil, surplus to injection pump
fequirements, to the dirty side of the filter.

TR Suxiliary pipe connects the vent connection on the top
£ the filter head 1o the injector leak-off pipe, providing
ontinuous air venting of the fuel during operation.
Removing and Replacing

Thoroughly clean the filter externally.

Disconnect the three fuel pipes and the leak-off pipe
from the filter

Homove the two bolts and nuts securing the filter to its
mounting bracket and withdraw the filter from the

N

w

ine.

Replace in the reverse order, but upon completion

bleod the fuslsystom. 25 described in D.4 operations
and

smantling and Re-assembling
Unscrew the bolt from the centre of the filter head and
detach the base casting.
Remove the filter element, using a twisting movement
1o separate the element from the filter head.
Withdraw the three sealing rings from their locations in
the head and base castings: unscrew the blanking
plug from the filter head.
Fhoroughly clean all components, excepting the filter
element and sealing rings, in petrol and allow them to

w

>

ry.

Fit the blanking plug into connection No. 4.

install a new element and sealing rings. The element is
fitted with its strengthened rim uppermost.

oo

D4
BLEEDING THE FUEL SYSTEM
1. Ensure that there is an adequate supply of fuel in the
fuel tank.
Slacken the union nut at the filter end of the injection
pump feed pipe. Operate the lift pump, and when the
fuel passing the union thread is free from air bubbles,
tighten the union nut.
Unscrew the blanking plug in the unused outlet con-
nection on the filter head, sufficiently to allow fuel at
lift_pump pressure to pass the thread on the plug.
Operate the lift pump and when the fuel issuing from
around the plug thread is free from air bubbles,
tighten the plug.
Slacken the two air bleed valves on the fuel injection
pump. One bleed valve is located on the governor or
control cover, while the other is incorporated in the
hydraulic head locking screw situated immediately
above the pump nameplate. Operate the lift pump and
When the fuel flowing from both bleed valves is free
of air bubbles, tighten the valves.
e
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Replace in the reverse order, but upon completion

bleod the fuslsystom. 25 described in D.4 operations
and

smantling and Re-assembling
Unscrew the bolt from the centre of the filter head and
detach the base casting.
Remove the filter element, using a twisting movement
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Withdraw the three sealing rings from their locations in
the head and base castings: unscrew the blanking
plug from the filter head.
Fhoroughly clean all components, excepting the filter
element and sealing rings, in petrol and allow them to
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Fit the blanking plug into connection No. 4.

install a new element and sealing rings. The element is
fitted with its strengthened rim uppermost.
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D4
BLEEDING THE FUEL SYSTEM
1. Ensure that there is an adequate supply of fuel in the
fuel tank.
Slacken the union nut at the filter end of the injection
pump feed pipe. Operate the lift pump, and when the
fuel passing the union thread is free from air bubbles,
tighten the union nut.
Unscrew the blanking plug in the unused outlet con-
nection on the filter head, sufficiently to allow fuel at
lift_pump pressure to pass the thread on the plug.
Operate the lift pump and when the fuel issuing from
around the plug thread is free from air bubbles,
tighten the plug.
Slacken the two air bleed valves on the fuel injection
pump. One bleed valve is located on the governor or
control cover, while the other is incorporated in the
hydraulic head locking screw situated immediately
above the pump nameplate. Operate the lift pump and
When the fuel flowing from both bleed valves is free
of air bubbles, tighten the valves.
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Fig.§ - Bleed valves (Pump with muthmlulun\mmnr)

5. Slacken the union nuts at the injector ends of any two

igh pressure pipes. Ensure that the stop control is in

the’ run' positon, and set the throtilo in e fully opon

rank the engine until the fuel flowing from

Fomn pvpes is free from air bubbles, then tighten the
pipe union nuts.

6. Start the engine and allow it to run until it is firing on
all cylinders. After renewing the main fuel filter
element it will only be necessary 1o bleed the filter as
described in operations 2 and 3, providing the engine
is not cranked during this operation.
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THE FUEL INJECTION PUMP

Descriptio

Tho CAV. DPA type fuel injection pump is a single

cylinder, opposed plunger, inlet metering distributor type,
incorporating either a mechanical or a hydraulic governor
and an automatic advance device which is hydraulically
operated. The pump illustrated in Figs. 11 and 12 consists
essentially of three main rotating members, the drive shaft,
a pumping and distributing rotor and a _ sliding vane
type transfer pump, arranged on a common  axis 5o that
they rotate as one. The rotor, spliné coupled o the drive
shaft, carries at its outer end the transfer pump which is
covered by an end plate housing the transfer pump
pressure regulating valve. Where a mechanical type gover
nor is fitted, a quill shaft is interposed between the drive
gear hub on the engine and the drive shaft, the two shafte
being coupled by a splined drive hub.

Transfer Pump and Pressure Regulating Valve
The transfer pump raises the fuel pressure to an inter-
mediate level, and as its capacity is many times the maxi-
mum requirements of the injection Jum o reguiting
Tool10 56 by passed bock 10 e Socton sl of e wanstor
ump.
The pressure regulating valve, in addition to regulating the
pressure of the fuel from the transfer pump, also provides a
means of by-passing the transfer pump when priming the
injection pump.
Referring to Fig 7 it will be seen that the valve is cylindi-
cal and contains a small ‘free’ piston, the travel of which is
limited by two light springs. When priming the injection
pump, fuel at lift pump pressure enters the central port in
the regulating vaive sleeve and moves the ‘free’ piston
against the pressure of the piston retaining spring to
uncover the priming port in the lower end of the valve
sleeve. The priming port is connected by a passage in the
end plate to the delivery side of the transfer pump, thus
enabling the fuel to by-pass the stationary transfer pump
into the fuel passages within the hydraulic head and prime
the injection pump.

A Reyuiating sieavo
B A 7. Rogulating piston

1 8. Pivion retwining spring
2 9. Fuol pos anstor
3 7 infet

4. Slvov guide plug 10, Raguiating

5. Regulating spring 11 Pl pavsa 10 rantar

puma outior

- Pressure regulating valve

When the injection pump is in operation, fuel at transfer
pressure enters the lower end of the valve sleeve, forcing
the “free’ piston upwards against the regulating spring to
progressively uncover the regulating port in the valve
sleeve and allow a metered flow of fuel 1o by-pass back to
the inlet side of the transfer pump. The transfer pressure
thersfore, is controlled by a balance between the regulating
spring pressure and the requirements of the injection
pump at any moment. On the pump fitted with a hydraulic
governor the maximum movement of the piston is re-
stricted by a screw, |n order 10 increase the rate at which
transfer pressure rises. The screw, referred o as a uansier
pressure adjuster, is sex during manufacture to suit the
application concerned

Pumping and Distributing Rotor

The pumping and distributor rotor revolves, and is a close
fit in the stationary hydraulic head. The pumping section
of the rotor has a transverse bore containing twin opposed
pumping plungers. These plungers are operated by means
of a cam ring, carried in the pump housing, through rollers
and shoes which sfide i the rotor. The cam ring has four
internal lobes operating in diagonally opposite pairs. The
opposed plungers have no return springs but are moved
outwards by fuel under pressure from the transfer pump,
the flow of fuel and outward displacement of the plungers
being determined by the setting of a metering valve and
the speed at which the pump is rotating. As a result the
rollers which operate the plungsvs, do not follow the
contour of the internal cam ing entirely, but will contact
the cam lobes at points which will vary according 1o the
amount of plunger displacement

The distributor part of the rotor contains a central axial
passage which connects the pumping space between the
plungers with the four inlet ports and a singlo distributing
port drilled radially in the rotor. The inlet, or charging,

ports are equally spaced around the rotor at‘an intermedi-
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ate position, and as the rotor turns, these ports are aligned
Jly with the inlet or metering port in the hydraulic
head. This port admits fuel to the rotor under control of

Totor is the distributing_port, and as the rotor turns, this
port is aligned successively with the outlet ports in the
Fydraulic. head, from which the  injectors are fed via
external high-pressure pipes.

Machined on each lobe of the cam ring, immediately after

reduction of pressure in the inje
Secondary injection and allowing the injector nozzle
foadle valve to snap onto its seating to terminate the
Spray of fuel into the combustion chamber without
“dribble’.

8
3
g
s
2

4. Pumplng end of rotor
5. Pumping plunger

1. Top adjusting plate
2. Roller shoe ear
3. Roller

Fig8 - Pumping and distributing rator

Automatic Advance Control

‘An automatic advance control mechanism fs fitted, which
operates by rotating the cam ring within the pump body.
A ball-ended cam screw, screwed into the cam ring is
operated by a piston sliding in a cylinder

One side of the piston is spring loaded, while the other side
{s subjected to fuel at transfer or drain pressure, according
1o engine load, which is admitted to the cylinder through
the hollow locating bolt and a port in the cylinder wall
The pressure of fuel is controlled by the rotary and/or
endwise movement of the metering valve.

Fuel Metering with Hydraulic Governor

The hydraulic governor is housed in the casting which
carries the pump control and shut off levers. The control
lover is mounted on a pinion shaft which is in contact with
5 vack which in turn is free to move on the metering valve

m.

The metering valve slides in a bore in the hydraulic head
into which bore the diagonally drilled metering port opens.
A damping valve is carried on the metering valve stem

Shutoft lover 5. M
Rock 6. Metaring valve
7. Pinion shaft

pow

Governor 3pring
‘Damping velve

Fig - Hydraulic governor

against a shoulder, and the governor spring is held be-
tween the damping valve and the rack. The damping valve
slides in a cylindrical bore in the pump body which is

on the governor housing limits the rotation of the shaft o
control the maximum speed of the engine.

Idling speed is controlled by the spring-loaded screw on
the governor housing, which limits the movement of the
rack on the metering valve stem towards the stop position.

a similar function to the rack and pinion shaft, Maximum
‘and idling speeds are controlled by the respective screws
in conjunction with a stap plate on the throttle shaft. The

the annulér space around the valve via holes drilled trans-
Versely in the valve, Axial movement of the metering valve
Varios the area of the metering port in the hydraulic head
‘ehich registers with the annulus around the valve, the
“ifoctive area of the port being that which is uncovered by
the lower edge of the annulus.

When the control lever is moved to give increased speed
the metering valve is pushed to the fully open position by
the goveror spring. As the engine speed increases, transfer

the metering port

Should the engine speed drop, the consequent reduction in
ransfor pressure will allow the governor spring to reassert
Hteelf and move the metering valve towards the fully open
position to stabilize the engine speed.
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Operation of the shut-off lever rotates a spindle, the inner
end of which is machined to form a ‘cam’. This cam
engages the under side of the shut-off washer, secured to
the top of the metering valve by a self-locking nut, and
lifts the valve to a position where the metering port in the
hydraulic head is blanked-off and so stops the engine,
Fuel Metering with Mechanical Governor

The mechanical governor is of the flyweight type, the
weights being held in a retainer, which is clamped be-

h i b and the dri

rotates as a single u

Governor weignt

LI

4

Fig.10 - Mechanical governor

The weights are a sliding fitin the retainer pockets and are
50 shaped that, when under the influence of centrifugal
force, they pivot about one edge. A thrust sleeve, which
is a sliding fit on the injection pump drive shaft is moved
axially by the flyweights. Movement of the thrust sleeve is
transmitted by means of the governor arm and the spring.
loaded hook link to rotate the metering valve. The governor
am pivots about a fulcrum on the control bracket and 15
held in contact with the thrust sleeve by spring tension.
Connection between the governor arm and the throttle arm
and shaft assembly is made through the governor spring
and the idling spring and its guide.

shut-off bar, operated by an external lever, rotates the
metering valve to close the metering port,
The metering valve is provided with a vertical slot along
which fuel passes at transfer pressure into the metoring
port. The valve is situated in a chamber in the hydralic
head, into which the diagonally drilled metering port
opens, and rotation of the valve varies the effective area of
the metering port o regulate the flow of fuel to the pump.
ing and distributing rotor.
When the throttle arm is moved to give increased speed,
the light idling spring is compressed as the guide is drawn

SECTION D

through the governor aim and the governor spring is
tensioned. Tension of the governor spring, acting Upon the
governor arm and thrust sleeve. resists movement of the
governor flyweight

As the engine speed incraasss, the incieasing centrifugal
force moves the flyweight outwards, overcoming she
governar spring tension to move the governor arm and the
metering valve towards the closed position. Whan the
selected speed has been attained if will be maintained by
governor action. Should the engine speed fai, the fly.
weights will move inwards, causing an increase of fuslling
which restores the selected engine speed.

When the throttlo arm is i the idling position the governor
spring is untensioned and governing action is controlled
by the light idling spring.

The position of the metering valve depends upon the
setting of the throttle arm, which varies the governor
s pressure on the governor arm. Any variation in
pump speed is accompanied by an increase or decrease in

transfer pressure, which assists in regulating the flow of

Removing the pump from the engine
1. Disconnect the throttle and stop control cables from
the control levers on the fuel injection pum;

2. Disconnect the fuel feed and return pipes from the
pump.

3. Disconnect the high pressure pipes from the pump
and the injectors and withdraw the pipes complete
with clamps and damper bushes.

4. Seal the pump outlet unions and the inlet unions on the
fuel injectors with Sealing caps 18G216.

5. Remove the securing nuts and withdraw the purnp

from the engine.
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Fig.11 - Fuel injection pump with hydraulic governor (Captain and 1.5)
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Refitting and Re-timini

1.

Position the crankshaft so that No. 1 piston is at 22°
BT.D.C. on its compression stroke (Captain and 1-5)
or 75° B.T.D.C. on its compression stroke (Comman-
Ger and 2:5). The notch on the crankshaft puliey will
be aligned with the appropriate degree mark on the
iming cover degree plate.

F ion timing gauge 18G629 (Captain and
1'5) or the Injection timing gauge 18G698 (Com-
mander and 2'5) in place of the injection pump.
apply gentle clockwise pressure to eliminate slack
hd st the timing pointer in line with the mark on the

fiming gauge. Secure the timing pointer and remove
the gauge.

Fig.14 - Injection timing gauge 186698

Position the master spiine of the pump quill, or drive
shaft to align with the opposite spline of the driving
flange or driving spindie and fit the pump to the engine
Jining up the mark on the pump housing with the

w

IS
E
3
3
H
§
5
2
8
3
3
3
g
]
g
e
H
3
2

return pipes.

Reconnect the throttle and stop control cables to the
respective levers on the governor housing or control
cover, ensuring that both levers have a full range of
movement when operated.

6. Bleed the fuel sy d i

el

Maximum and Idling speed adjustments
After fitting either a new or overhauled pump the engine
maximum light running speed and the idiing spe
should be checked, and if necessary, adjusted. Before
making either of these adjustments, it is essential that the
&ngine air cleaner is correctly serviced and fitted.
Run the engine until it has attained its normal running
temperature — THIS 1S MOST (MPORTANT.

Pump with hydraulic governor (Type
2. Slacken the locknut and retract #e i
thetop of the governor housing two complete turns.

}\‘%: the locknut to secyfe th
g

Fig.15 - Adjusting screws (hydraulic governar)

3. Using a tachometer to check the engine speed, adjust
the maximum speed Stop Screw 10 give the maximurm
light running speed indicated on the pump nameplate.
Fit the locking sleeve on top of the stop screw, and to
discourage unauthorised adjustment seal with wire
and lead seal, using Sealing pliers 18G541.

4. Adjust the spring loaded idiing stop screw, located on
‘the governor housing, to give an idling speed of be-
tween 500 and 600 rev/min.

5. Slacken the locknut, and screw in the idling damper
assembly until the idling speed is increased slightly.
Carefully retract the idiing damper until the idling
speed is restored, and then tighten the locknut to
secure the damper in this position.

Pump with mechanical governor (Type D.P.A. 3248F80A)

2. Using a tachometer to check the engine speed, adjust
the maximum speed stop screw (1) to give the
maximum light running speed indicated on the pump
nameplate. Tighten the locknut, fit the sleeve and seal

it with wire and a lead seal using Sealing pliers
18G541.

3. Stop the engine and unscrew the anti-stall screw (2)
until it is out of contact with the governor arm.
4. Start the engine and adjust the idiing stop screw (3)
10 give an engine speed of 450 to 500 rev/min.
5. Screw in the anti-stall screw until a slight speed
increase is noticed, then unscrew it one third of a turn.
6. Re-adjust the idling stop screw to give an engine
speed of 500 rev/min and tighten the locknut.
7. Test the anti-stall screw setting by running the engine
at 3000 rev/min and releasing the throttle :
() If the engine stalls screw in the anti-stall screw
slightly and re-test.
(b) If the engine deceleration is sluggish, unscrow the
anti-stall screw slightly and re-test.
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Fig.16 - Adjusting screws (mechanical governor)

8 Tighten the anti-stll screw locknut and check the
operation of the stop control
NOTE: Afte D ejostment of the ani-stall scrow
ensure that the idling speed is controlled by the idling
stop screw and not by the anti-stall screw.

OVERHAUL PROCEDURES
Dismantling (Pump with hydraulic governor type
DPA3246857;

Immerse components in clean calibration fluid as they are
d.

e

1. Mount the pump on the D.P.A. assembly base
18G633A

2. Remove the high-pressure connections.

3. Remove the adjusting hole cover.

4. Remove the govemor housing and withdraw the
securing screws.

5. Withdraw the throttle and shut-off shdfls

& Withcraw the metering valve ossem

7 Insert Assembly rod 180687 through.the transverso
ole in the upper end of o ‘metering valve stem, and,
using the rod to_hold the valve, unscrew the self
locking nut from the vaive to release the assembly.

8 Tum the pump to gain access to the advance unit,

move the unit noting the non-rsturn valve ball in
the side of the hydraulic head locating b

5. Remove the sping cap. (nota iho adjusting shims),
spring, piston, and end plug from the advance housing.

10. Remove the cam ring advance screw, using Torque
spanner socket 18G646 and a standard ratchet
wrench.

11. Remove the end plate from the hydraulic head.

12, Withdraw the transfer pump vanes and liner.

13. Remove the fuel inlet connection from the end plate
and withdraw the regulating valve components.

14. Mount the Drive shaft holding tool 18G651 on the
drive shaft and, using Assembly box spanner 18G634
in conjunction with a standard ratchet wrench,
slacken the transfer pump rotor. The word ‘OFF and
an anow etched on the exposed face of the rotor
indicate the direction in which the rotor is unscrewed.

16. Remove the two hydraulic head locking screws and
withdraw the hydraulic head assembly.

16. Unscrew the transfer pump rotor.

17. Stand the hydraulic head assembly on the bench with
the drive plate uppermost. Hold the drive plate with
Assembly drive plate spanner 18G641 and remove the
two drive plate securing screws ; withdraw the drive

15 Witndraw the. rotor from. the hydraulic head and
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remove the bottom adjusting plate.
20. Withdraw the cam ri
21. Wllhdvaw the cam ring circlip, using Circlip pliers

22. Rormovs the drive shaft circip.

23, Withiwaw the crive shaft fiom the pilot tube in the
pump housing.

24. Renew all "0 rings, oil seals, and gaskets.

25. Renew any springs which are damaged or of incorrect
length when compared with new counterpars.

26. Examine the hydraulic head, fotor, pumping plungers,
and metering valve. If any of these components are
worn or damaged, renew the hydraulic head and rotor
assembly.

27. Renew the cam ring and plunger rollers if they show
signs of wear or flats.

28. Renew the regulating valve sleeve and piston if they
are worn o if the piston is tight in the sleove.

29. Renew the pump housing if the pilot tube bore is
scored or worn.

Re-assembliny

1. Fit new oil seals to the drive shaft using the Hydraulic
drive shaft protection cap 5 10 pass the seals

over the splines of the shaft. The seals are flat but
assume a dished shape when in position.

2. Refit the drive shaft holding the oil seal with the
Hydraulic shaft seal assembly tool 18G642A as shown.

Fig.17 - Rofittng the drive shaft

3. Securs the shaftin positon with [t Gircip an: 1h
test the shaft for freedom of movemen

Compress the cam ring circlip, using the cirlp plie

and seat it against the shouider in the bore

pump housing.

Fit the cam ring (the directional arrow on its visil

face should match that on the pump nameplat.)

Fit the cam advance screw finger tight to locte 1

cam ring and check the ring for freedom of moveme

Fit the top adjusting plate and drive plate as showr

ig.
Fit the roller shoe assembiles.

Fit the bottom adjusting plate and insert the rc
assembly into the hydraulic head.

om N ® o
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10 open at 15 atmospheres) to the high pressure outlet
on the hydraulic head,
12, Operate the handle of the test machine and turn the
pumping and distributing rotor in the normal direction
of rotation until the plungers are forced outwards to
the maximum fuel position.

Fig.19 - Setting the roller to roller dimension
13, Setthe oller-to-roller dimension to 1-98in (50,29 mim)

Using the Maximum fuel adjusting probe 18G656.
Move the adjusting plates clockwise to increase the
dimension and counter clockwise to decrease the
dimension.

14. Tighten the drive plate screws to the torque figure
given in ‘General Data', using the drive,plate spanner

15. Disconnect the test machine and the hydraul
adaptor from the hydraulic head.

16. Fit a new ‘O’ ring to the hydraulic head periphery and
fit the hydraulic head to the pump body.

17. Fit both hydraulic head locking screws finger tight.

18, Tighten the transfer pump rotor to the torque figure
given in ‘General Data” using the Assembly box
Spanner 18G634 and the Drive shaft holding tool
18G651.

19, Fit the transfer pump liner and vanes.

20. Assemble the regulating valve components 1o the end
plate in the order shown in fig.

21. Ensure that the transfer pump liner locating pin is
fitted to position 'C"in the end plate.

22. Locate a new oil sealing ring on the hydraulic head
face, and fit the end plate.

Fig.20 - Tightaning the transfer pump rotor

23. Tighten the end plate screws and fuel inlet connection
10 the torque figures given in ‘General Data’.

24, Tighten the cam ring advance sorew to the torque
figure given in ‘General Data’.

25, Fit ‘0" 1ings to the advance unit end plug and spring
cap, using Protection cap 18G640 to pass the rings
over the threads.

7y
]
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Fig21 - Regulating valve assembly

26, Fit the end plug to the advance unit at the end where
the fuel drilling enters the bore.

27. Insert the advance piston into its housing, then insert
the springs into the piston.

28, Fit the original thickness of shims into the spring cap
and fit the cap to the advance unit.

29, Fit the ‘O’ ring to the hydraulic head locating bolt,
using Protection cap 18G639. Position the non-return
valve ball on its seat in the side of the bolt and fit the
bolt to the advance unit. Fit the ‘O’ ring to the shank of
the head locating bolt using the ~Assembly cap
18G647 and fit the plain washer on top of the ‘0"

fing.
30. Fit the advance unit and include a new gasket.



31. Assemble the metering valve components as shown
in Fi 18G637, inserted
through the hole in the valve stem to hold the assembly

ig. 22 using Assembly rod

when tightening the nut.

@
8

8

shut-off washer and control sleeve.
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Fig.22 - Metering valve assembly

34. Fit the shut-off shaft,

35. Use the Pilot guide 18G691A to align the metering
valve bore with the damping valve bore, and tighten
both hydraulic head locking screws 1o the torque
figure given in ‘General Data’

36. Tighten the advance unit cap nut, hydraulic head
locating bolt, end piug, and spring cap to the torque
figures given in ‘General Data',

37. Fit the governor housing and a new joint washer. The
throttle lever should be on the nameplate side of the

using.

38. Fit the adjusting hole cover and include a new joint.

39. Mount the pump on a test bench.

40. Fit radiial connections to the high-pressure outlets,

41. Remove the plain hydraulic head locking screw and
fit Transfer Pressure adaptor 18G636.

42. Fit the End plate adjuster 18G690 to the inlet connec-
ion. Unscrew the adjuster fully then scraw it in
13 tumns.

43. Renove the screw from the advance unit spring cap
and fit the Automatic advance gauge 18G6388. Zero

44, Set the stop screws to give maximum throttle lever

45. Make the following pump to test bench connections :
(a) Radial connections to injectors.
(b) Transfer pressure adaptor 18G636 to pressure
gauge.
(¢) End plate adjuster 18G690 to feed pipe (with a ‘T’
coupling to vacuum gauge).
(d) Adjusting hole cover, via a measuring glass, to
drain pipe,
46. Prime the injection pump as follows :—
(a) Tur on the fuel foed.
(b) Slacken the feed pipe at the injection pump until
the fuel is flowing from it free of air bubbles.
(6) Air vent the pump from the hydraulic head vent

screw.
(d) Rotate the pump drive through 90° and again vent
the hydraulic head.

Fit the "O" rings to the throttle and shut-off shafts,
using Protection cap 18G643A and Assembly cap
18G647.

Insert the metering valve into the governor housing and
fit the throttle shaft with its end engaging between the

ipe
47. Test and adjust the pump.
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(6) Air vent the pump from the vent valve on the
jovernar housin
(f) Ensure that the pump body is filled with fuel by
removing and refitting the adjusting hole cover.
(9) Run the pump at 100 rev/min (see pump name-
plate for rotation) and bleed the high-pressure
pipes until delivery is obtained from all injectors,

Testing and Adjusting

1
2.

o

The test bench must be set to run in the direction of the.

pump rotation.

Fuel available at injection pump inlet must be 1000 .c.
flow minimum or 2 Ib.in? pressure maximum,

Test injectors should be a matched set with type

BDN.12.5D.12 nozzles operating at 175 atmospheres.

Injector pipes should be 6mm x 2 mm x

lon

The injection pump throttle and shut-off levers must
be in the fully open position, except when otherwise
stated.

Before taking fuel delivery readings the test oil in the
measuring-glasses should be allowed to settle for 15
seconds, and the measuring glasses should be allowed
o drain for 30 seconds between tests. All fuel defivery
figures are for 200 shots.
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TEST PLAN
Pump type DPA.3246857
Test No. Description Rev/min Requirements Action and/or Remarks
1 Transfer pump vacuum 100 | 18in. Ho witrin Fuel supply tumed off. Air vent
60 sec from hydraulic head vent screw
at 100 rev/min after test.
2 Transfer pressure 100 | 11 1b. in® minimum Exchanga regulating sleeve guide
nesses available) to
Db ine pressure.
3 Transfer pressure 1,700 | 501062 Ib.in? Adjust as in Test 2 to obtain
‘ pressure.
\
4 Advance position 800 |it01° Adiust by adding shims insids the
advance  unit_spring
maimom of 35 min additional
tothe original -5 mm shim which
i
! 5 Transfer pressure 2100 | AsTest 3 plus Adjust by means of End plate
221b. i adiustor 186650,
6 Advance position 1200 | 14t02°
i 7 Advance position 1,700 | 23t033°
8 Back-leakage 1,050 | 51070 c.c. per
{ 100-shot time cycle
| 9 Maximun fuel delivery | 1,080 | *45+ 01 cc. Adjust output by moving adjust-
I average (spread ing plate relative to drive plate
1 between lines not to | with Maximum fuel adjusting
2 exceed 08 c.c.) probe 18G656. Tighten drive
{ plate screws to correct torque

\ using Drive plate screw torque
! adaptor 18G655A in ¢0n|uncl|on
i with Torque wrench 18

i
| 10 Fuel delivery 100 Average as Tsst 9 This is a minimum delivery figure.

| minus
" Cut-off operation 200 | Average 0.8 c.c. Shut-off lever fully closed.
maximum
12 Fuel delivery 1,700 Record delivery.
13 Governor setting 2100 | Average0-8 c.c. Set throttle lever with maximum
maximum (no ine speed adjustment screw.
to exceed 1+4 c.c.)
¥ 14 Fuel delivery 1700 | Average as Test 12 s 2 minimum delivery figure.
minus 0-4 Thiatie 1ove sét 361
! 15 Timing - Relief _valve timing _adaptor
i 18G653A (set as 30 atmospheres)
connecting Injector nozzle testing
! machine 18G109A to outlet 'V'.
Timing mark ‘G” visible through
, adjusting hole, apply fuel pres-
sure. Rotate drive shaft with Uni-
| versal flange marking gauge
| T8GG4BA (36t at 208°) and mark
i pump flange with scriber.
Al
f *The maximum fuel delivery given is for sea-level conditions. For continuous use above sea-level the maximurn fuel
al delivery should be set as follows i—
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Altitude Maximum fuel delivery
010 2000 ft 4410460
2000 10 4000 ft 411043 cc.
4000 to 6000 ft 391041 cc.
6000 to 8000 ft 36t038cc.
8000 to 10,000 ft 33t035cc.
10,000 to 12,000 ft 311033 cc.

Dismantling (Pump with mechanical governor
type DPA 3248F80A
" Remove the cover plate fiom the side of the pump
housing and drain t
2. Withraw the quil shatt from the drive

5 Chock thet e hub ond.flat 15 0010 n (0254 mm).
f the end-float is excessive renew the pump body and
the governor weight retainer

4 Molnttha pump.n the DPA sssembly bass 16G630A.

5. Remove the high-pressure connectior

6 Remove the throttla and shut of lovers and dust
covers.

7. Remove the control cover and shut-off shaft, pushing
the thiotle shaft out of the cover s the’ cover is
remove

8. Romove fhe control bracket assembly and detach the
metering valve from the assembly.

9. Remove the advance unit

10. Remove the end plug, spring cap (note the adjusting
shim), and internal components from the advance unit

11. Remove the cam ring advance screw.

12 Remove the end plate from the hydraulic head

13 Withdraw the transfer pump vanes and liner.

14 Remove the fuel inlet connection from the end plate
and withdraw the regulating valve components.

15. Hold the drive hub with Drive shaft screw assembly
tool 18G659 and, using Assembly box spanner

18G634 in conjunction with a standard ratchet

wrench, slacken the transfer pump rotor. The word
‘OFF and an arrow etched on the exposed face of the
rotor indicate the direction in which the rotor is

16. Remove both hydraulic head locking screws and
withdraw the hydraulic head assembly.

17. Unscrew and remove the transfer pump rotor.

18. Stand the hydraulic head assembly on the bench with
the drive plate uppermost. Hold the drive plate with
the Assembly drive plate spanner 18G641 and remove
the two drive plate securing screws. Remove the drive
plate, lift off the top adjusting plate and withdraw
the rollers and shoes:

19. Wuhdmw the rotor and remove the bottom adjusting

20, ibéraw the cam ring
21. Withdraw the cam ring circlip, using Circlip pliers

22. Hold the “drive hub with Drive shaft screw assembly

00l 18G659, and using Torque adaptor 18G664 with

& Stondard Sooket Wigheh, Temove i orew rom the

drive hub. The splined drive shaft complete with

governor weights assembly may now be withdrawn
from inside the housing.

23, Remove the ‘O’ ring and the governor weight assembly

rom the drive shaft,

24, Withdraw the drive hub from inside the pump housing
and remove the spring washer, and support washer
from their locations inside the drive hub. The washers
are removed by turning them end on inside the hub and
withdrawing them along the master spline. Two flats
are machined on the outside diameter of the support
washer to facilitate this operation.

Fig.23 - Removing the drive hub screw

25. Remove the drive hub oil seal, using Oil seal extractor
18G658.

26. Renew all ‘0" rings, oil seals and gaskets,
27. Renew any springs which are damaged or of incorrect

fength when compared with new counterparts.

Fig24 - Extracting the drive hub oil seal

28. Examine the hydraulic head, rotor, pumping plungers,
and metering valve. If any of these components are
worn or damaged, renew the hydraulic head and rotor
assembly.

29. Renew the cam ring and plunger rllers i they show
signs of wear or flats.

30. Renew the regulating valve sleeve and piston if the
are worn or if the piston is tight in the sloove

31. Renew the governor thrust washer and sleeve if the ;
are worn or damaged.

Re-assembling

1. Fit a now drive hub oil seal to the pump housi

driving it onto its seat with Oil seal guide 18G66.
Insert the transparent Oil seal inspection plug 18GGE0
into the oil seal to see if the seal is seating correctly.
A correctly fitted oil seal will show a continuous biac
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line when viewed through the flange end of the oil seal
inspection plug.

N

e drive hub, complete with its support washer

and spring washer
Hit the governor weights, thrust washers and thrust
Sleeve 1o the weight retainer, using the Locating pin

18G667, and plate 18G662, as shown in Fig. 25

os

o

o

Fig25 - Assembling the governor weights

Fit the drive shaft to the governor weight assembly.
Fit he Protection cap 18G657 over the drive shaft
<plinesand fitanew O’ ringin the machined groove on
the

shaft
15 the drive shait assembly 10 the pump housing and

Grive hub and tighten the drive shaft scrow to the
toraue figure given in ‘General Data’, using tools
{8659 and 18G664. Check the drive hub end-float.
Fit the cam ring circlip.

Eit the cam ring (the directional arrow on its visible

-+ fate should match that on the pump nameplate).

©

10.

12.

13,
14.

B3z I3 @

23.
24.
26.

Fit the cam ring advance screw finger tight to iocate
fh-Carn ring and check the ring for freedom of move-

ment

Fit the top adjusting plate and drive plate.

Fit the roller shoe assemblies.

Fit the bottom adjusting plate and insert the rotor into
the hydraulic head.

Fit the transfer pump rotor but do not tighten,

Sotthe roller to roller dimension to 50-29 mm (1-98 in)
e ascribed in 11, 12 and 13, page14 and shown in
Fig. 1

ig. 19
. Fit'a new ‘0" ring 1o the hydraulic head periphery and

fit the hydraulic head to the pump

. Fit both hydraulic head locking screws finger tight.
 Fiuhien the transfer pump fotor o the torque figure

given in "General Data’, using tools 18G634 and
181

. Fit the transfer pump liner and vanes.
. Assemblo he regulating valve comoonents to the end

late in the order shown in Fig.
'« that the transfer pump liner locating pin is

. Ensi
fitted to position ‘C' in the end plate.
Locate the oil sealing ring on the hydraulic head face

and fit the end plate.

. Tighten the end plate screws, fuel inlet connection,

e Ting advance screw to the torque figures
en in ‘General a’.

Fit the advance unit gasket (dry) to the pump housing.

Fit the advance unit housing to ‘the pump housing.

Tighten the hydraulic head locating bolt, cap nut,

and both hydraulic head locking screws to the torque

figures given in ‘General Data’.

. Fit new ‘O’ rings to the spring cap and end plug,

using Protection cap 18G640 1o pass the rings over
the threads.

. Hit the slide washer, then the piston, into the advance

Unit on the side where the fuel drilling enters the bore.
Screw in the end plug.

. Fit the maximum advance stop, followed by the spring,

Into the advance unit. Screw in the spring cap and
shim.
Mien the spring cap and end plug to the torque

" figure given in ‘General Data

«
S
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. Ingert the metering valve into its bore in the hydraulic

ead.
_ Fit the assembled governor arm and control bracket to

the pump housing, ensuring that the lower end of the
overnor arm engages the stepped face of the thrust
sleeve flange.

. it the keep plate (open end towards the shut-off bar),

how lock washers, control cover studs and control
Dracket screw. Tighten the control cover studs and
oonitol bracket screw to the torque figures given in
“General Data'.

. Fit the spring retainer, spring, and linkage washer to

ook, Pass the threaded end of the hook
through the governor arm and fit the pivot washer,
backing washer, and linkage nut to the linkage hook.

. Attach the finkage hook to the metering vaive with the

hook turned towards the valve.

. Bress the governor arm lightly towards the metering

Salve and, holding a vernier gauge parallel to the
ump axis, as shown in Fig. 26 adjust the linkage nut
P Tet the governor link length to 62:5 1 mm (2:064
4£0:039 in).

Fig:26 - Using the Verier gauge

36, Fit the idling spring and guide to hole No. 2 in th

@
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Governor arm (see Fig. 27) and connect the governc
spring 1o the guide.

. Thsert the plain end of the shut-off bar into the contr
bracket slot and position the bar under the tab of th
control cover stud locking washer.

"0’ rings 10 the throule and shut-g

Yings using Protection cap 18G665 and pack !
groove between the ‘0 rings with Shell Alvania No.

grease.
9. fit the shut-off shaft to the control cover, positioni

the shaft peg close to the edge of the cover ai
projecting slightly from the joint face.
2ok a new contral cover gasket in calibration fl

0.
‘and fit it to the pump housing.
1. Connect the free end of the governor spring to h

Nor2'in the throttle shaft link (see Fig. 27) and fit
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throttle shaft to the control cover.

42. Fit the control cover, ensuring that the shut-off peg
engages the shut-off bar, and tighten the cover cap

nuts to the torque figure given in ‘General Data’,

Fig.27 - Governor spring location holes

43, Fitthe dust covers and levers to the control shafts.
44. Fit the cover plate to the pump housing and include a
w joint.

45. Mount the pump on a test bench.

48 Fit radial connections to the high-pressure outlets,

47. Remove the plain hydrauiic head locking screw and
fit Transfor pressure adaptor 18G636.

48. Remove the screw from the advance spring cap and
it the Automatic advance gauge 18G638B. Zero the

gauge.
49. Set the stop screws to give maximum throttle lever
vement,

. test b Bl
(a) Radial connections to injectors,
(b) Transfer pressure adaptor 18G636 to pressure
gauge. The adaptor is screwed into the hydraulic
head in place of the plain locking screw.
(c) Fuel inlet connection to feed pipe (with a ‘T’
coupling to vacuum gauge)
(d) Drain (return) connection, via measuring glass, to

drainpi
51. Fill and prime the injection pump as follows :—
(a) Connect the fuel feed pipe to the drain connection
on the .
(b) Open both vent screws on the injection pump and
tum on the gravity feed.
(c) When test oil free of air bubbles flows from the
hydraulic head vent screw close the screw.
(d) When test ol free of air bubbles flows from the
control cover vent screw close this also.
(e) Rotate the pump drive through 180 degrees and
repeat operations b, c, and d.
(f) Fit the feed and retur pipe to their resepctive con-

(9) Run the pump at 100 rev/min (see pump nameplate
1 rotation) and bleed the high-pressure pipes
until delivery is obtained from all injactors.
52 Ensure that ai joints, oil seals, and connoctions aro
oil-tight,
63, Test and adjust the pump.
Testing and Adjusting
Conditions of test
1. The test bench must be set to run in the direction of
ump rotation.
2. Fuel available at injection pump inlet must be 1,000

LS

£
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c.c./min. flow minimum or 2 Ib.in? (015 kg/cm?)
pressure maximum.

Test injectors should be a matched set with type
BDN.12.SD.12 nozzle operating at 175 atmospheres.

Injector pipes should be 6 mm x 2 mm x 865 mm
lon,

The injection pump throttle and shut-off levers must be
in the fully open position, except where otherwise
stated.

Before taking fuel delivery readings the test oil in the
measuring-glasses should be allowed to settle for 15
seconds, and the measuring glasses should be allowed
to drain for 30 seconds between tests. Al fuel delivery
figures are for 200 shots.
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TEST PLAN
Pump type DPA. 3248F80A
Test No. Description Rev/min Requirements Action and/or Remarks
1 Transfer pump vacuum 100 16 in. (406 mm) Hg Fuel supply turned off. After test,
within 60 seconds air vent from hydraulic head vent
screw at 100 rev/min.
2 Transfer pressure 100 11 Ib.in? (0-8
" kg/cm?) minimum
3 Transfer pressure 1,260 48 10 60 Ib.in*
(34 10 4:2 kg/cm?)
i 4 Fuel delivery setting 1250 60to68cc. Obtain this delivery bv adjusting
Il average delivery the shut-off lever witl S_hut-o"

alter the setting of the metering
valve adjustment screw to main-
tain a zero advance reading.

5 Advance setting 1,250 | 1 to 24° advance With shut-off lever set as in Test 4
\ use the metering valve adjust-
ment screw to obtain this advance

| setting
| 6 Fuel delivery check 12650 | 601068 cc. Shut-off lever set as in Test 4 and
average delivery metering valve adjustment as in
Test 5. Remove the Shut-off lever
adjuster.
7 Advance check 1,250 | 33to43° advance Metering valve adjustment as in
Test 5 and shut-off lever full
b closed. Lock metering valve ad-
justment screw and seal it, using
Sealing pliers 18G541.
8 Back-leakage 700 510 50 c.c. per Throttle lever fully closed.
] $60-2har e
cycle
9 Maximum fuel delivery 700 | *8:2 401 ce. Adjust output by moving adjusting
average (Spread plate relative to drive plate with
i between lines not the Maximum fuel adjusting probe
i to exceed 0'8 c.c.) 18GE56. Tighten drive  plate
‘J screws to correct torque with
! Torque adsptor 18G656A and
i wrench 18G537.
o 10 Fuel delivery check 100 | Avorago as Test 9 This is a minimum delivery figure.
i minus 1-0
i 1 Cut-off operation 200 | Average1'5cc. Shut-off fever fully closed.
‘maximum
12 Throttle operation 200 | Average 08 c.c. Throttle lever fully closed and
maximum anti-stall screw unscrewed an
Tocked.
o 13 Fuel delivery check 1,700 Record delivery.
! 1 Governor setting 1,950 | Average 15 c.c. Set throttle lever with maximum
| maximum (No fine | speed adjustment screw.
’ | to exceed 25 c.c.)
14 15 Fuel delivery check 1,700 | Average as Test13 | This is a minimum delivery figure.

minus,
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TEST PLAN (contd.)

Pump type DPA. 3248F80A

Test No. Description Rev/min

Requirements Action and/or Remarks

16 Timing —

Relief valve timing _adaptor
18GE53A (set at 30 atmospheres)
connecting Injector nozzle testing
machine 18G109A to outlet 'V".
Apply fuel pressure, rotate drive
ub with Universal flange marking
gauge 18G648A (set at 86”) and
mark pump flange with scriber.

*The maximum fuel delivery is for sea-level conditions,
For continuous use above sea-level the maximum fuel
delivery should be set as follow

Altitude
2000 ft

Maximum fuel delivery

Fig.28 - Shut-off lover adjuster ftted to pump

D6
FUEL INJECTORS

Description

The fuel injectors are located in water-cooled copper
sleeves in the cylinder head and are fitted with four-hole
long-stem injector nozzles.

Each nozzle consists of a nozzle body and a nozzle valve
which are accurately lapped so that the valve is the closest
possible fit in the body, yet sufficiently free to ensure
correct operation. The lower end of the valve is reduced i
diameter to form a stem, and a conical valve face is
machined on the lower end of this stem.

A valve seat in the base of the nozzle body is lapped at a
different angle to the valve face on the valve (see General
Data) to ensure a knife-edged contact between valve and
seat. Each nozzle is mounted on a nozzle holder and is
attached to it by means of a nozzle nut. The mating faces of
both nozzle and nozzle holder are lapped to ensure a high
pressure seal when the nozzle nut is tightened. Contained

A fuel injector

1. tnjector cap nut 8. Noile valve
2 Cop nut washer 9. Spinale

3. Cocknut 10, Iniwt union

4. Locknut washar 11, Spring

5 N 12, Washer

6. Nozile nut 13. Spring eap nut
7. Notzle body

Fig29 - Fuel injector assombly

in the nozzle holder are a spindle and spring which retal
the nozzle valve on its seat. The upper end of the spring
located by a spring plate in an adjustable cap nut, B
screwing the cap nut in or out the pressure on the sprir.
(and therefore the injection pressure) can be adjusted
required. In operation, fuel under pressure from the inje
tion pump passes into the nozzle holder through the inl
connection. Through drillings in the nozzle holder ar
nozzle body the fuel reaches an annular chamber in t
nozzle body. The pressure in the annular chamber acts ¢
the shoulder of the nozzle valve where its diameter
reduced. When the pressure is sufficient to overcome th
spring setting the nozzle valve is lifted off ts seat and fuc
i sprayed into the engine cylinder through the holes in tr-
1ip of the nozzle body. As s0on as the fuel pressure dro;
below the setting of the spring the nozzle valve is return:
10 its seat.
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Lubrication is provided by allowing a small quantity of fuel

1o leak back past the nozzle valve into the nozzle holder.

The fuel is then retured to the fuel system via a leak-off

connection i the injector cap nut.

Removing and Replacing

1. Disconnect the spill rail from the injectors.

2. Disconnect the high pressure pipes from the injectors.

3. Remove the securing nuts and withdraw the injectors
using the Impulse Extractor 18G284 with the Injector
remover adaptor 18G284P.

Fig.30 - Location of atomizer washers

4. Renew the atomizer seal washers, fitting the new
washers as shown in Fig.

5. Replace the injectors and tighten the securing nuts to
the torque figure shown in General Data

6. Re-connect the high pressure pipes to the injectors.

7. Re-connect the spill rail to the injectors.

8. Bleed the high pressure pipes.

Dismantling and Re-assembling

1. Mount the injector in the Injector nozzle dismantling
fixture 18G388,

2. Remove the injector cap nut, spring cap nut, spring,
and spindle.

3. Remove the nozzle nut and nozzle using the Injector

nozzle nut spanner 18G210 in conjunction  with

Torque wrench 186372,

Renew the spring if it shows any sign of weakness.

5. Renew the spindle if it is not perfectly straight.

6. Clean the nozzle and valve, sing the Injector nozzle
Cleaning kit 18G487. Connect the Injector nozzle
Toverse flush adaptor 18G109E to the Injector nozzle
{esting machine 18G109A and connect the nozzle to

»

Fig.31 - Reverse flushing the nozzle

the adaptor as shown. Reverse flush the nozzle.
7. Renew the nozzle assembly if the pintle clearance is
excessive when checked as shown in Fig.

Fig.32 - Checking the pintle clearance

If necessary restore the nozzle and valve seats as
described on page 24 The nozzle seat angle should be
59° and the valve seat angle should be 60°.

9. Check the needle lift against the figure in General

10. Mount the nozzle holder in the dismantling fixture and
reverse the procedure in 2 and 3, tightening the nozzle
hut to the torque figure given in General Data.

11, Test and adjust the injector as detailed.

Testing the fuel injectors

If the injectors are to be tested correctly, o f it is desired

1o adjust the opening pressure then the use of the nozzle
i i Il lion with dapt

testing
18G109B will be necessary. A fuel which does not affect
the skin of the operator, e.g. Shell Calibration Fluid "C"
should be used in the machine.
Before using the test machine ensure that the fuel tank is
full, and before removing an injector from the machine
close the check valve to prevent damage 1o the pressure
gauge which may result from a sudden droj
WARNING : When an injector is being tested the spray
holes in the nozzle should always be turned
away from the operator.
Testing for spray
1. Connect the adaptor, which consists of an additional
nozzle holder fitted witl nozzle and a modified
nozzle nut to the test machine.

Fig.33 - Injoctor and adaptor connected to test machine

22
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2. Open the check vaive and operate the test machine
lever. Note the reading on the pressure gauge at the
instant the nozzle sprays - the reading should be
220 atmospheres. If the pressure is incorrect, adjust the
nozzle nut accordingly.

3. Screw the injector to be tested into the adaptor ; close
the check valve to cut off the pressure gauge and
operate the lever on the test machine to expel any air

Auxilary spray

Main spray

5. Operate the hand lever more rapidly at about 140
strokes per minute - the main spray can be observed.
This should be well atomized and free from large spiits
or distortion. A slight centre core may be disregarded

Seal-tightness test

1. Remove the test adaptor and connect the injector
under test direct 10 the test machine. Open the check

setting’
2. Depress the lever of the test machine until a pressure of
90 atmospheres is obtained. Hold this pressure for 10
seconds and examine the nozzle seat, for moisture,

SECTION D

Back-leakage test

Before making this test set the injector nozzle to open at

between 160 and 170 atmospheres and ensure the

pressure gauge is in circuit.

1. Operate the lover of the test machine uniil the gauge
registers a pressure of 160 atmospheres. Release the
lever and time the pressure drops from 150 to 100
atmospheres. For a nozzle in good condition, the time
should not be less than 6 seconds, or greater than

ds.

40 secon

2. Ensure that no leakage occurs at the lapped joint of
the valve. If leakage at the joint is suspected do not

‘General Data’ and re-test.
If the pressure drop time is stilllow, excessive leakage
past the lapped portion of the valve is indicated, and
the particular nozzle and valve should be renewed ae
an assembly.,

Injector nozzle final settin

On completion of the foregoing tests the Pintaux nozzle

must be set 10 pen at a pressure of 135 atmospheres as

follows :—

1. Remove the injector from the test machine,

2. Remove the injector cap nut and copper joint washer,

3. Release the locknut and tumn the spring cap nut cloce:
wise to increase or counter clockwise to decrease the
opening pressure,

4. Lock the spring cap nut and re-check the nozzle
opening pressure on the test machine.

5. Repeat operations 3 and 4 until the correct aponing
pressure of 135 atmospheres is obtaincd

6. Refit the injector cap nut and joint washer

SUMMARY CHART

Nozzle Adaptor Strokes
opening | (18G109B) per
pressure opening minute
Test pressure Requirements
Auxiliary 136am. | 220 atm, 60 Spray free of distortions.
Slight core permissible.
Spray
Main 135 atm. 220 atm. 140 Spray free of distortions,
Slight core permissible.
Seat tightness 100 atm. - Dry nozzle after 10 seconds at 90
atm. pressure.
Back-leakage 160 to - Initial pressure 160 atm.
170 atm. Time for pressure drop from 150
t0 100 aum. 10 be between 6 and
40 seconds.
Final setting 135 atm.* - - J

*Add 5 atmospheres when setting new injectors or after fitting new springs.
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Reclaiming Injector Nozzlcs

ter dismantling, cleaning and testing, an injector is
Toondo be unsatiactory. i is usually possible 1 rocon
dition the nozzle providing it has been found satisfactory
when checking the back-leagage.
To recondition a nozzle the use of a nozzle grinding and
lapping machine is required. A nozzle microscope s also
necessary for inspection of the nozzle body and valve
during the eclaiming process.

clect a suitablo Iap fom those supplied with the

grinding and lapping bore diameter

Saies Sighily itom Gne nozzte to another, and it s
necessary to choose a lap which fits the nozzle body in
The same manner a6 the nozzle valve. This wil ansuro
concentricity of the valve seat in the body with the
body bore after lappin
Mount the lap in the lathe of the nozzle grinding and
lapping machine and grind the conical tip 10 the
correct nozzle body seat angle as given in ‘General
Data’. The lap should be passed slowly backwards and
forwards_across the surface of the grinding-wheel
feeding in the lap very gradually until its conical
surface is entirely cleaned up. Inspect the lap under
the nozzle microscope to ensure that its ground
surface is smooth. If the surface appears rough the
grinding-wheel should ssed,
B e o o the Iapping ohuCk of the machine and
apoly a coating of tallows to the guide surface of the
lap for lubrication purposes. Apply a very small
atanty of apping paste 10 the tp of the lap taking
cars tha the paste doos nt extend (0 the top of the

»

@

NOTE: Ifany |appmg paste is allowed to get between
ide surface of the lap and the nozzle
body, the clearance between the nozzle body
and valve will be increased and the nozzle will
probably be made unserviceable.
Start the machine and carefully slide the nozzle over
the rotating lap. Oscillate the nozzle on the lap, in very
short strokes, at a rate of 20 to 30 strokes per minute,
ongaging the nozzle seat with the lap at the end of
each slmke ‘The lap should not remain in contact with
the nozzle seat for more than 5 seconds at a time and
the pressure applied to the nozzle should bo light,
Excessive pressure will cause grooving of the nozzle

»

£l

After 30 seconds lapping time withdraw the nozzle,
clean the lap, and examine the conical lap tip. There
will be a mat surface where the lap has been in contact
with the nozzle seat, and in the early stages of lapping
this mat surface will probably be narrow or have a
bright circumferential ring in the middle. These mark-
ings indicate the extent of the wear on the nozzle seat.
The lap should be refaced, as already described, after
every 14 minutes of lapping time, but in the case of a
hsdlv worn nozzle seat it may be necessary to reduce

L

Wlp "the lap stem clean and re-coat it with tallow.
Re-charge the tip of the lap with lapping paste and
continue lapping until the seat is free from scores and
grooves. When the seat appears satisfactory after a
few seconds lapping with a freshly ground lap, charge
the lap with fine lapping paste and continue lapping
unnl a smooth, mat surface is produced over the entire

Thvoughoul the lapping the lap should be cleaned and

examined after every 30 seconds of lapping time.

Thoroughly clean the nozzle by ‘reverse-flushing’ as

described and dry out with compressed air. Make a

final inspection of the nozzle seat under the
ope.

~

8. Examine the conical valve face of the nozzle valve
under the microscope for scoring and pitting. The most
critical part of the valve face is the angle formed by the
conical face and the parallel stem on which the conical

edge’ anywhere on its diameter. The reason for this is
10 ensure a high-pressure, fuel-proof line contact
between the nozzle valve and seat. If wear is evident
the conical face should be refaced on the nozzle
grinding and lapping machine.

9. Ensure that the grinding-wheel is dressed correctly and
that the efacing angle i set or the nozle alve (see
General D:

10, Mo the valve inthe lathe of the machin and reface
the conical tip in the same way as already described
forthe nozzle body lap.

1. Remave_ only the  bsolute minimum of material;
sufficient to change the colour of the valve face is
enough, otherwise the needle lift will be affected.

As a guide, there should be no sparks or audible hiss
from the grinding-wheel when  carrying out  this
o :

The operation is best observed through a magnifying

glass, the point of focus being the surface of the

conical face away from the grinding-wheel. In the
avent of the nozzle bong a ight it n the nozzle body,

of the vaive, it Is possible to restore the fit. Mount the
nozzle valve in the lopping chuck of the machine,
using a suitable adaptor chuck, and apply a very smali
quantity of fine lapping paste to the guide surface of
the valvo. Start tho machine snd thread the Iapoing
collet supplied with the r the rotating
Colve. Osepiare the collo aver the valve guide surface,
and after every 10 10 15 seconds of lapping time clean
the valve and test it for correct fit in the nozzle body.
A correctly fitting valve should just slide into the
nozzle body under its own weight when lubricated
with fuel oil.

12. After attention to the nozzle body valve seat or to the
Valve seat face on the nozzle valve, check the nozzle
valve lift_(needlo Iift) against the figures given in
General Data. If the needle lift is excessive it may be
restored by lapping the joint face of the nozzle body on
a surface lapping plate. When lapping the nozzle face,
extreme care should be taken to avoid tilting the
nozzle, s this face makes a high pressure joint with
the nozzlo hoider and must therefore bo true and at
5 ot angles o the nozzle axi

Dle the jector ond test and adjust s

dlicrlbed
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ELECTRICAL EQUIPMENT

E1

ALTERNATOR - LUCAS TYPE 11AC

Description

The Lucas Type 11AC alternator is an 8-pole three phase
rotating field machine, with a star-connected output
winding.

The 8-pole rotor carries the slip rings and the field winding
and is supported by a ball bearing locating in the drive
end bracket, and a needle roller bearing in the opposite,
slip ring, end bracket.

A 24 slot 3 phase star-connected output winding on a
ring-shaped lamination pack forms the stator which is
housed between the slip ring end and drive end brackets.
Brush gear for the siip ring fed field winding is mounted
on the slip ring end bracket, the two carbon brushes

bearing against a pair of concentric brass slip rings carried

on a moulded disc attached to the end of the rotor.

In addition 10 the brush gear the slip ring end bracket
ies six silicon diodes connected in a three phase

bridge circuit to give rectification of the generated a.c.

utput.

The diodes and stator windings are cooled by airflow
through the alternator induced by a ventilating fan at the
drive end.

A plastic_strip coloured RED (positive) and BLACK
(negative) is attached to the appropriate output terminals,
each stip identifying the polarity of its associated
terminal.

field winding energised and the main output cable dis-
connected, otherwise diode failure may result.

Fig.1 - Alternator assembly

1. shaftnut 9. Sliprings 1.

2. Spring washer 10, Stator faminations. 18.

3 11, Stator windings 19

4. Through-bolt 12, ight termine! 20.

6. Distance collar 13, Output termina 21 n

6 Drive ond bracket 14 Field terminal blade 22, O’ ring oil seal

7. op ring 15, Outpe plastic strip 23 'O ring retaining washer
8. Rotor (field) winding 16, Terminal blade retaining tongue 2. Fon

Output Control

The alternator output is controlled by an electronic voltage
regulator unit model 4TR.

Field Isolating Device

The voltage regulator and the alternator field winding are
isolated from the battery when the engine is stationary.
This is achieved by the normally-open contacts of a model
6RA relay whose operating coil is fed via a standard

ignition switch. The relay contacts are connected directly
10 the battery o 1o the ammeter, since the alternator
output must respond to changes in battery voltage and
not to conditions occurring elsewhere in the system.
Warning Light Unit

A further terminal marked "AL’ is provided for use with a
model 3AW warning light control.



Fault Finding

In the event of a fault developing in the charging circuit

the fallowing procedura should be adopied to locate the

cause of the tror

§7\hspect the driving beltfor wear and tension.

2. Start the enging and check.that bavieny voltage is
being applied to the rotor winding by connecting a
voltmeter between the cable ends attached to the
field terminals.
if 2o valtage s inicatad,stop the engine and aply
the control unit test procedure tabulated on pa
If battery voltage is indicated, stop the engine. it
draw the two brush box moulding retaining scrows
and remove the brushgear for examination. If the
amount by which a brush or brushes protrudes
beyond the brushbox moulding is less 1
(5 mm), fit new brush and spring assemblies as
described under ‘Brushgear inspection’.

3. Re-start the engine and test the alternator output, If a

2010 reading is indicated on the ammeter, apply the

alternator test procedure. Remove the alternator for

overhaul if the trouble cannot be resolved, but before
doing 50, note the following :—

(a) Observe battery polarity before removing any
connections, Since alternators and transistorised
regulators are polarity conscious immediate and
ireparable_damage can be caused if reverse
polarity connections are made to the battery.

(b) Never earth the brown/yellow cable, should it be
necessary to disconnect it at ‘AL’ on the warning
light control, otherwise a damaged  alternator
dlods and wiing will resut i he aquipmant is

(c) Nover earth the brown/groen cable when dis-
connected at the alternator field terminal otherwise
the control unit, relay and associated wiring may

be damaged if the ignition is switche:

Removing and replacing the Alternator

1. Disconnect the battery and alternator cables.

2. Slacken the adjusting link bolt and the mounting bolts,
and pivot the alternator towards the engine. Remove
the driving belt

3. Remove the bolts and lift out the alternator from the

4 Replace In the reverse order, and adjust the diving
belt so that it is possible to deflect the belt
(25 mm) at the centre of its longest run.

MAINTENANCE AND OVERHAUL PROCEDURES

Dismantling the Alternator
1. From the drive end remove the shaft nut, spring
washer, pulley and fan.

Unscrew and withdraw the three ‘through’ bolts.
Mark the drive end bracket stator laminations pack
and slipring end bracket so that they may be re-
assembled in correct angular elation to each other.
Withdraw the drive end bracket and rotor from the
statoy. The drive end bracket and rotor need not be
separated unless the drive end bearing requires
examination or the rotor is to be replaced. In this
event the rotor should be removed from the drive end
bracket by means of a hand press, having first removed
the shaft key and bearing collar

From the slipring end bracket remove the terminal
nuts, washers, insulating pieces, plastic identity strips
and brushbox screws. Care should be taken not to
misplace the two washers fitted between the brush-
box moulding and the end bracket.

Withdraw the stator and heat sink assemblies from
the slipring end bracket.

wn

=
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7. Glose up the etining tongus o th r0ot of each fskd
terminal blade and withdraw the brush spring
terminal assemblies from the moulded brushbox

Brushgear Inspection

1. Measure istance the brushes protrude be
e brushbox moulding, when. i the. oo pos
Ths should excoed 0-2 n- (5 mm) and if the brushes
are wom o, o below, this length they should be
renewed. A new brush length is § in. (159 my

2. Chack that the brushes move freely in their holders.
i at il sugoish, claan the brush sides with a petrol

joth or if this fails to effect a cure, lightly

Polish the brush sides. on & mboth s, Aemiove i
iaces of brush dust before re-housing tho brushes in
their hol

3. Check the brush spring pressure using @ push-type
spring gauge. Push each brush in turn back against its
spring until the brush face is flush with the housing.
The gauge should then indicate 8-16 oz (227-454 g).
Replace a brush assembly which gives a reading
appreciably outside these limits

New brushes are supplied complete with brush springs
and Lucar terminal blades and fitting is a simple operation
performed by merely pressing into position until the tongue
registers. To ensure that the terminal is properly retained
carefully lever up the retaining tongue with a fine screw-
driver so that the tongue makes an angle of approximately
30° with the terminal biade.

NOTE: The brush which bears on the inner slipring is

always associated with tho posiivo pole o he

electical syste e lower linear speed of
he innet 1hg 1a5ults In 160uc6d moEhaneal woar
and helps to offset the higher rate of electrical
wear peculiar to the positive connected brush

Slipring Inspection
The surfaces of the sliprings should be smooth and un-
contaminated by oil or other foreign matter. If oil or foreign
matter are present, clean the surfaces using a petro
moistened cloth, o if there is evidence of burning use very
fine glass paper. On no account must emery cloth or
similar abrasives be used.
No attempt should be made to machine the sliprings, as
any eccentricity in the machining may adversely affect the
high speed performance of the alternator. The small
current carried by the rotor winding, and the unbroken
surface of the sliprings mean that the likelihood of scored
or pitted rings is almost negligible.

Rotor

1. Test the rotor winding by connecting either an ohm-
meter (Fig. 2 ) or a 12 voit battery supply, in series
with an ammeter (Fig. 3 ) between the sliprings.
The reading of resistance should be approximately

value of the curent should be approximately 32
amperes,

Fig2 - Rotor winding resistance test using Ohiametor
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both parts of the heat sink assembly must be replaced.
individual diodes are not replaceabls.
Fig3 - Rotor winding resistance est using Ammeter
2. Test for defective insulation between one of the slip-
fings and one of the rotor poles using a 110 volt a.c.
mains supply and 15 watt test lamp connected in
the lead to the rotor (Fig.4 ). If the lamp lights the
Coil is earthing and a. replacement  rotor/siipring
‘assembly must be fitted.
Fig.5 - Diode test connections
NOTE: Since the forward resistance of a diode varies with
the voltage applied no realistic readings can be
obtained with battery powered ohmmeters. An
indication only will be given of a diode state, a
diode in good condition yielding infinity" in one
direction and some indefinite but much lower
reading in the other.
WARNING : Ohmmeters of the type incorporating a hand-
driven generator must never be used for checking diodes.
Diode Heat Sinks
The hea sink assembly consiss of ono part of positve
. ; i polarity and the other part of negative polarity. The
Fig4 - Rotor winding insuation tst Positive part i identified by red markings on the diodes
3. No attempt should be made to machine the rotor poles and the negative part by black markings on the diodes.
o 1o rue a distorted shaft Replacement of the heat sink only requires re-soldering
Stator of the thvee sutor feads, but, 33 with removal fom tho
. Stator, great care should be exercised when soldering, a
T e e e e tacoverhant e, heat ik thermal shunt being used and the operation carried out as
b e o o shoui bo weed o GUckly s possible. M grade 45-55 tin-ioad solder shouid
lightly grip the diode pins and the three cables
removed a5 quickly as possible. The plers act as a
thermal shunt
2. Check the continuity of the stator windings by first
connecting any two of the three stator cables, in
Sorigs with a 15 watt test lamp (Lucas No. 280), to a
12 volt batiery. Repeat the test, replacing one of the
two cables by the third cable. Failute of the test lamp
to light on either occasion means that part of the
Stator winding is open circuit and a replacement stator
must be fitted
3. Test for defective insulation between the stator coils

and lamination pack with a 110 volt a.c. mains supply
and a 16 watt test lamp. Connect the test lamp, in
. series with the mains supply, to the stator lamination
pack using a suitable probe or cable. Connect a
second probe or cable between any one of the three
stator cable ends and the other mains supply terminal.
If the lamp lights, the stator coils are earthing and a
replacement stator must be fitted.

Before re-soldering the stator cable ends to the diode
pins, a test for defective diodes on the heat sink
assomblies should be carried out.

>

iodes
Check each diode, in turn, by connecting in series with a b

15 wat test lamp across a 12 volt battery supply. In the Fig.6 - Heat sink cable securing points

first instance the connections should be made as in Fig. 5

and then reversed. In one direction only the lamp should After soldering, the connections should be neatly arranged
light. If the lamp lights in both directions or does not light around the heat sink to ensure adequate clearance for the
at all the diode is defective and the appropriate part or rotor, and be tacked down with MMM EC 1099 adhesive
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where indicated in Fig. 6 The stator connections must

pass through the appropriate notches at the edge of the

heat sink. .

Bearings When refitting a circlip retained bearing plate, use a

Bearings which are worn 1o the extent that they allow hand press to compress the assembly enough to allow
essive movement of the rotor shaft must be renewed, the circlip to re-lacate itself. "

butin the unlikely event of the needle roller bearing inthe 5 Replace the circlip, or refit new screws or rivets as

slipring end bracket becoming unserviceable a complete necessary.

end bracket assembly must be fitted. Re-assembling the Alternator

The drive end ball bearing is retained by a plate which is  Re-assembly of the alternator is the reversal of the dis-

secured either by scrows, fivets or a circlip, and the bearing ~ mantling procedure, special attention being paid to the

may be removed in the following way. llowin

Release the bearing plate by either withdrawing the

screws, prising free the circlip with the top of a scrow.

driver, or filing away the rivet heads and punching

out the rivets, according 1o the securing method used.

2. Press the bearing out of the bracket — noting the order
of assembly of the pressure ring and plate when theso
are fitted.

3. Ensure the replacement bearing is clean and i

lowing

1. Carefuly align the drive end bracket, lamination pack
and slipring end bracket.

2. Tighten the three through bolts evenly. If the rotor
and drive end bracket have been separated the inner
journal of the drive end bearing must be supported
by a suitably dimensionsed tube for the re-assembling
operation. Do not use the drive end bracket as a
support for the bearing while fitting the rotor.

TEST PLAN
Control Unit and Relay
Test Procedure Action and/or Remarks
1. Resistance Check the resistance of the cables connected

between points A and B shown on the wi
diagram. The total resistance should not exceed

1 ohm.
2. Battery charge The battery must be fully charged
3. Battery voltage Disconnect the two cables from | The voltmeter should register battery voltage.
to brush gear the alternator field terminals. | If a zero reading is obtained check the circuit
Connect a voltmeter between | wiring and relay operation.
the cables, and run the engines.
4. Relay operation Remove the lead from terminal | If output s satisfactory 1enew the relay unit
€2 and connect to terminal C1.
Start the engine and check the
alternator output
5. Voltage output Connect an accurate voltmeter | Atthe engine speed indicated and ammeter reading

6. Control unit
adjustment

across the battery terminals and
note the reading
Switch on sufficient auxiliary

proximately 2 amps, Start the
engine and run for at least eight
minutes at an alternator speed of
3000 rev/min until the ammeter
indicates a 10 amps charge,

Stop the engine.
Detach the control unit from its
mountings. Scrape out the com-
pound sealing the potentiometer
adjustment at the back of the
unit. Ensure the connections on
the unit are secure, and restart
the engine. Run the engine at
3000 rev/min alterator speed
with the condition of test as in
5. Turn the adjuster slot gradually
until the voltmeter registers a
stable reading within the correct
voltage range.

of 10 amps, the voltmeter reading should be stable
between 13-9 and 14-3 volts.

If the voltmeter reading is unstable or has not risen
above battery voltage, renew the control unit
If the reading is stable but outside the correct limits,
adjust the control unit.

Only a small adjuster movement is needed to effect
an appreciable difference in the voltmeter reading.
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TEST PLAN (contd.)

Test

Procedure

Action and/or remarks

7. Adjustment check

Type 11 AC Alternator,
1. Output

2. Circuit voltage

Stop tho angine,and then estart
t. With the alternator running at
5 apoed of 3000 rov/min check
the voltmeter reading.
When stable within the given
range, stop the engine, refit the
control unit, and remove the
meter.

Disconnect the battery positive.
Withdraw the cables from the
field terminals and, using a suit-
able pair of auxiliary cables
connect the field terminals to the
corresponding battery terminals.
Re-connect the battery positive
start the engine and gradually
increase ts speed to about 4000
alternator rev/min.

Stop the engine and connect a
low range voltmeter between
alternator terminal B —and bat-
tery negative. Start the engine
and note the voltmeter reading.
Transfer the voltmeter connec-
tions to the alterator terminal
B4 (frame) and battery positive
and again note the voltmeter
reading.

ot attempt to re-seal the adjuster hole.
Applvcallon of undue heat will damage the control

The ammeter should register approximately 40
amps. If a zero reading is obtained, check the brush
gear and repeat the test. If a zero reading is still
obtained remove and_dismantle the aitemator.
It a low reading is obtained check the wiring
connections and repeat the test. If a low reading is
still obtained proceed with Test 2.

I either of the two readings exceeds 0-5 volt there
is a high resistance in the charging circuit.

Trace and rectify this fault.

If there is no undue resistance (although output is
low) remove and dismantle the alternator.

Fig.7 - Control unit potentiometer adjuster location
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DYNAMO TYPE C40

Description

The dynamo is a shunt-wound, two-pole, two-brush,
ventilated machine arranged to work in conjunction with
a regulator unit, and comprises an armature with commu-
tator, a field magnet system housed in a yoke (cylindrical
frame), and the brush gear.

Rotation of the armatur
by the field magnets ir
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in the magnetic field produced
duces alternating voltages in the

armature windings which are converted into direct current
by the action of the commutator and brushes.

The output of the dynamo depends upon the strength of
the magnetic field and the speed at which the armature
rotates. Normally, any variation of speed is accompanied
by a change of output, and since the dynamo is driven at
varying speeds, means must be provided to control the

output. This is

done by varying the strangth of the

magnetic field, the current value being controlled by the
regulator unit.

A fan mounted behind the driving pulley draws cooling
air through the dynamo, inlet and outlet holes being
provided in the end brackets of the unit.

Collar retaining cup.

Fault Finding

In the event of the dynamo failing to charge, or if the
charging rate becomes intermittent, the following tests
should be made to locate the cause of the trouble.

1. Check the dynamo driving belt for correct terision. It
should be possible to deflect the belt 3 in. (127 mm)
at the centre of either run with normal thumb pressure,
If the tension is incorrect the belt should be adjusted
as described in Section

Ensure the dynamo and control box are connected
correctly. The dynamo terminal ‘D’ should be con-
nected to the control box terminal ‘D’ and the
dynamo terminal 'F" connected to the control box
terminal °F'

Disconnect the cables from the dynamo terminals and
bridge the two terminals with a short piece of copper
wire. Start and set the engine to run at normal idling

~

w

speed.
Clip the negative lead of a moving-coil-type voltmeter,
calibrated 0-20 volts, to one dynamo terminal and the

»

o

Commutator end bracket 10, Felt ring 8. Beoring retaining plate
Felt ring 1. Shaftkey 19, Ammaure
Felt ring retainer 12, Shattnut 20, Pole-shoo securing scrow
Porous bronzo bush 13 Pulley spacor 2. Throughbolts
Fibre thrust washer 14 Rwver 22 ommutator

il 15, Drive end bracket 200 Field terminal 'F*

16, Corrugated washer 24, rushos
i 1. Bal bearing 2. Output termina) D’

other lead to a good earthing point on the dynamo
yoke.

Gradually increase the engine speed; the voltmeter
reading should rise rapidly and without fluctuation
Do not allow the voltmeter reading to reach 20 volts,
Do not race the engine in an attempt to increase the.
voltage. It-is sufficient to run the dynamo up to »
speed of 1000 rev/min.

If there is no reading check the brush gear (see Page

If the reading is low (approximately 1 volt) the field
winding may be faulty.

If the reading is approximately 6 volts the armaturo
winding may be faulty.

If the dynamo is in good order, test the cables co:
necting the terminals on the dynamo to the terminals
on the control box for continuity.

Finally, remove the bridging wire from the terminals on
the dynamo and restore the connections.
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Removing and replacing the Drive Belt

1. Slacken the two bolts on which the dynamo pivots,
and the bolt securing the dynamo to the adjusting link.

2. Pivot the dynamo towards the engine as far as it will
go to relieve the drive belt of all tension. Ease the belt
off the dynamo and fresh water pump pulleys, and
withdraw it.from the crankshaft pulley.

3. Refit the belt over the crankshaft puley and then ease
it over the water pump and dynamo pulleys. Pivot the

only, to tension the belt and tighten the attachment
bolts and nuts to secure the dynamo in this position.
Over-tensioning of the belt must be avoided as this

A correctly tensioned belt
(12:7 mm) at the centre of either run by normal thumb.
pressure.

Removing and replacing the Dynamo

1. Disconnect the cables from the dynamo terminals.

2. Slanken lhe nut securing the dynamo adjusting link

0 the e front plate.

3. Suppovl Ihe dynamo, and unscrew and remove the
adjusting link to dynamo setscrew and the two bolts.
and nuts which secure the dynamo to the cylinder
bloc

4. Dlsengnge the drive belt from the pulley and withdraw
the dynamo from the engine.

Replacement is a reverial of the above procedure, but
before tightening the dynamo attachment bolts ensure
that the drive belt is tensioned correctly.

MAINTENANCE AND OVERHAUL PROCEDURES

Dismantling
Remove the nut and spring washer from the armature
shaft and withdraw the pulley and dynamo fan.

2. Remove the key and distance collar from the armature

aft.

Remove the two through-bolts securing the drive and

commutator end brackets to the yoke, and withdraw

the commutator end bracket complete with brush gear.

Withdraw the armature complete with drive end

bracket by tapping the bracket with a hide or wooden

mallet. Take care of the fibre thrust washer from the
commutator end of the armature sha

5. Press the armature out of the drlva end bracket
besring

Field coils

Testing

1. Measure the resistance using an ohmmeter connected

tween the field terminal and the dynamo yoke. A
reading of 6:0 ohms should be indicated.

If an ohmmeter is not available, connect a 12 volt d.c.

supply between the field terminal and the dynamo

yoka with an ammeter in series. Thn ammeter reading
should be approximately 2 amp:

An ‘infinity’ ohmmeter reading or a Iern ammeter reading

indicates an open circuit in the field winding, while an

‘ohmmeter reading much below 6:0 ohms, or an excessive

ammeter reading is an indication that the insulation of one

of the field coils has broken down. In either event the field
coils must be renewe

3.

N

Ramovmq and Fitting
Drill out the rivet securing the field coil terminal

connections to the terminal blade and earthing eyelet.
move the insulation piece, which prevanty the

junction of the field coils contacting the

3. Mark the yoke and pole shoes so that the ‘choss may

~

be refitted in their onglnal positions and unscrew
the two pole shoe ing screws, using a wheel
operated screwdnvel

4. Draw the pole shoes and coils out of the dynamo
yoke and lift off the coils.

Fig.9 - Tightening the pole shoe securing scrows

Locate new field coils, and pole shoes, in the yoke
and lightly tighten the securing screws, ensuring that
the taping of the coils is not trapped between the pole
shoes and the yoke. Finally, tighten the screws with
the wheel operated screwdriver.
6. Replace the msulauon piece between the coil con-
nections and the
7. Connoot the coil feads to the torminal biock nd ro-
tivet the block assembly to the yt
Commutator End bracket snd Brush geal
Assamble the commutator and bracke? 1o the armature
with the brushes held in position on the commutator
by their springs. Hold back each of the brush springs.
i turn and check each brush for freedom of movement
by pulling gently on its flexible connection.
To free sticking brushes, remove the endbracket from
the armature, clean all the carbon deposit from the
brush holders with petrol (gasoline) and if necessary,
ease the brushes by lightly polishing the sides with &
smooth file
Should the length of the brushes be less than } in.
(8:38 mm) 1t now ones and bed them to the commu-

~

©

Rofit the commutator end bracket o the armature and,
using & small spring balance, massuro the spring
tension. This should be 30 0z (850 gm) maximum
with new brushes and not less than 13 oz (369 gm)
with worn brushes.
4. Test the bush in the commutator end bracket for wear ;
ide movement of the armature shaft in the bush is
evident the bush should be renewed in the following

way —*
() Remove the lubricator cup, wick and spring and
withdraw the bush with a suitable extractor.

(b) Press the new bush into position, using a self-
extracting tool as shown. The diameter of the

mandrel portion of the tool fitting pin must be

0:5924 in. (15:05 mm) and highly polished.

After pressing in the bush, withdraw the tool by

tightening the nut against the sleeve, preventing

the fitting pin from turning by gripping its squared
end. The visible end of the bush must be flush

with the inner face of the end bracket.

g

E
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*NOTE: Befou fitting a new bush immerse it in thin

engine oil for 24 hours to fill the pores of the

bush with lubricant. Do not open out the

bush after fitting as this will interfere with its
porosity and impair lubrication.

Fig:10 - Commutator end bracket bush and self extracting type
ool assembly
1. 0,626 in(16.875 mm) BSF truncated
thresd

2, Extra
3. Fitting pin
4. Bearing housing
5. Hand press

8. Squared end

7. Sleeve 05038 16,08 mm)
8. Bush

Armaturo Assembly

Tomakeath Kk on th

the use of a voltape drop 1est and growler is sssential. If

these are not available, the armature should be checked

by substitution. No attempt should be made to machine

the armature core or to true a distorted armature shaft.

1. Clean the commutator with a cloth moistened with

petrol. If this is ineffective carefully polish with a strip

of fine glass paper (not emery). Pass the glass paper
round the commutator and draw it backwards and

forwards whils slowly rotating ihe armature.

Should ~skimming be ry, ensure that the

finished diameter s not less than 1-450 in. (36:83 mm).

Renew the armature if the commutator cannot_be

cleaned up without going below that diameter. The

process of re-skimming consists of

(a) rough turning

(b) undercuttin

(c) diamond turning, in that order.

Remove only the minimum amount of material when

rough turning, and undercut the insulation between

the commutator segments to a depth of Vi in.

(08 mm). Finally take a light skim using a diamond

tipped cutting tool, If the cutting tool does not have a

diamond tip polish the commutator with very fine

glass pap

~

end bearing
If the drive end ball bearing is worn to such an extent that
it will allow side movement of the armature shaft, renew
the bearing in the following way —
1. Drill out the rivets which secure the bearing rtaiing
plate to the end bracket and remove the
2. Bross the bearing out of tho and bracker and remove
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the corrugated washer and felt ring.

Thoraughly clean the new bearng and pack it with a
high melting point grea:

Place the felt 1ing and corrugated washer in the end
bracket bearing housing.

Locate the bearng in the housmg and press it home
by means of a hand pr

Fit the bearing retai e, and secure in position
by riveting, inserting e e e endbracket
from the outside.

LR

Fig.11 - Drive end bracket assembly
1. Ball bearing 4. Corrugated washer

2. Felt washer 5. Oiletaining washer
3. Retaining plate

-assemblin

Press the drive end of the armature shaft into the ball

bearing in the drive end bracket. During the pressing

operation support the bearing inner race, using a

length of suitable tubing. Do not use the drive end

bracket 1o support the bearing.

Reft the armature and drive end bracket 1o the yoks

ensuring the dowel in the end bracket engages the slot

in the yok

Replace the fibre thrust washer and refit the commu-

tator end bracket, partially withdrawing the brushes

from the brush boxes to clear the commutator and

ensuring the dowel engages the slotin the yoke. Ensure

the brushes are correctly located when the end bracket

is in position.

Replace the two through bolts and secure.

Refit the fan and pulley.

Bench testing

After re-assembling, mount the dynamo on a power driven

test bench and check the dynamo performance against the

following data

1. Cutting-in speed ‘1450 0 rou/min (maximum) at 130
0 vol

]

»

®
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2. Maximum output . zz amps at 2250 rev/min (mai-
5 dynemo vols and
4 teuancs oad o1 061 0
3. Field resistance . ...6-0 of

CONTROL BOX

Description

The control box contains two units - a voltage regulator
and a cut-out. Although structurally combined, the
regulator and cut-out are electrically separate (see Fig.13 ).
Both are accurately adjusted during' manufacture, and the
cover protecting them should only be removed if the unit
is faulty or suspect.
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Fig.12 - Control box

1. Rog 5
2. Cutout adjusting scrow contact
3. Fixed contact blade 6. Fogulator fixed contact scrow
4. stoparm 7. Regulator moving contact
8. Rogolator seriss windings
Regulator

The regulator is set to maintain the dynamo output
etween close limits at all speeds above the regulating
point, the field strength being controlled by the automatic
insertion and withdrawal of a resistance in the dynamo
field circuit. When the dynamo output reaches a pre-
determined value the magnetic flux in the regulator core,
induced by the shunt or voltage winding, becomes sufi-
ciently strong to_attract the armature to the core. This
auses the contacts to_open, thereby inserting the
resistance in the dynamo field circuit.

~__
[ ]
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Fig:13 - Regulator and cut out schematic

1. Regulator and cut-out frame
2, Fiold resistance
3. Shunt coil

4. Tapped series coil
5. Sories coil
6. Shunt eoil

The consequent reduction in the dynamo field current
fowers the dynamo output, and this in tumn weakens the
magnetic flux in the regulator core. The armature therefore
returns to its original position, and with the contact closed

the dynamo output rises again to its regulated maximurn.
This cycle is then repeated, and an oscillation of the
armature is maintained.

As the speed of the dynamo rises above that at which the
regulator comes into operation, the periods of contact
separation increase in length, and as a result the mean
value of the dynamo output undergoes practically no
increase once this regulating speed has been attained.
The series or current winding provides a compensation on
this system of control, for if the control were arranged
entirely on the basis of voltage there would be a risk of
seriously overloading the dynamo when the battery was
in a low state of charge, particularly if the lamps were in
use simultaneousl
Under these conditions, with a battery of low internal
resistance the dynamo output rises and, but for the series
winding, would exceed its normal rating. The magnetism
due 1o the series winding assists the shunt winding, so
That when the dynemo is delivering & heavy cumentinto
a discharged battery the regulator comes into operation
at a somewhat reduced voltage, thus limiting the output
accordingly. As shown in Fig. 13 a split series winding is
used, torminal ‘A’ being connected to the battery and
terminal "A1" to the lighting and ignition switch.

By means of a temperature compensation device the
voltage characteristic of the dynamo is caused to conform
more_closely to that of the battery under all climatic
conditions. In cold weather the voltage required to charge
the battery at a given rate increases, whilst in warm
weather the voltage required is lower. The compensation
device is in the form of a bi-metal spring located behind
the tensioning spring of the regulator armature. By
causing the operating voltage of the regulator to be
incressed in cold waather and reduced in ot westher the
bi-metal e changin,

Charactortis of the battory and prevents urlus vanation
of the charging current which would otherwise ocur. The
bi-metal spring also_ compensates for effects due to
increases in resistance of the copper windings from cold
to working values.

Cut-out
The cut-out is an electro-magnetically operated switch
connected in the charging circuit between the dynamo
and the battery. It automatically connects the dynamo
with the battery when the dynamo output exceeds that
of the battery and disconnects the two when the dynamo
output falls below that of the battery, and so prevents the
battery from discharging and possibly damaging the
dynamo windings.
The cut-out consists of an electro-magnet fitted with an
armature which operates a pair of contacts. The electro-
magnet_employs two windings —a shunt winding of
many tums of fine wire and a series winding of a few
turns of heavier-gauge wire. The contacts are normally
held open and are closed only when the magnetic pull
from the armature is sufficient to overcome the tension of
the adjusting spring

e shunt coil is connected across the dynamo. When
starting, the speed of the engine and thus the output of

jynamo rises until the_electro-magnet is strong

enough to overcome the spring tension and close the
cut-out contacts. The effect of the charging current
flowing through the cut-out windings creates a magnetic
field in the same direction as that produced by the shunt
winding. This increases the magnetic pull on the armature
so that the contacts are firmly closed and cannot be
separated by vibration. When the speed of the dynamo
falls to a point where its output is lower than that of the
battery, current flows from the battery through the cut-out
series winding and dynamo in a reverse direction to the
charging current. This reverse current through the cut-out
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will produce a_differential action between the two
windings and partly demagnetize the electro. magnet, The
spring, which is under constant tension, then puls the
amature away from the magnet and o separates. the
contacts and opens the circuit,

Like the regulator, the operation of the cut-out s tom-
perature-controlled by means of a bi-metal tonsioning

ring.

Regulator adjustment
The regulator is carefully set before Icaving the Works to
suit the normal requirements of the standard equipment
and in general it should not be necessary to alter it. if,
however, the battery daes not keep in a charged condition:
orif the dynamo output does not fal when the batory 19
tully charged, it may be advisable to check the setting and,
if necessary, to readjust it

Itis important, before altering the requlator setting, when
the battery is in a low state of charge, to check that
gondition is not due to a battery defect or to the dyname
belt slipping.

Electrical cetting (with unit cold)

The electrical setting of the control unit can be checked
Without emoving the cover, using a good-quality moving.
coil voltmeter (0-20 volts).

Withdraw the cables from the control box terminals ‘A"
and ‘A1” and connect these cables together.

Connect the negative lead of the voltmeter to the control
box terminal ‘D" and connect the other lead to torminal
Slowly increase the speed of the engine until the voltmeter
needle flicks and then steadies. This should occur ot g
volimeter reading betwoen 158 and 167 volts according
to the ambient temperature.

Ifthe voltage at which the reading becomes steady occurs
outside these limits the regulator must be adjusted in the
following wayi—

(@) Switch off the engi

e and remove the control box

cover.
(b) Slacken the voltage adjusting screw locknut and turn
the adjusting screw (Fig.14 ) in a clockwise direction
to raise the setting or in an anti-clockwise

regulator open-circuit vohage
should be completed within 30 seconds, otherwise heating
of the shunt winding will cause false settings to be mac.

s
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Machanical setting
The mechanical or air gap settings of the requfator shown
in Fig. 14 are accurately adjusted before loaving the Works,
and, provided that  the

procaed as follows —

(@) Slacken the fixed contact adjustment screw ocking nut
and tum the screw until it is quite clear of the armature
moving contact,

(b) Unscrew the voltage adjusting screw until it is wel
clear of the armature tension spring

() Slack

(d) Using a0:021 in. (0-533 mm) thick feeler gauge, wide
enough to cover completely the core face, insert thy
9auge between the armature and the core shim aq
shown, taking care not 1o turn up or damage the edge
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of the shim.
(e) Press the armature squarely down against the gauge
and retighten the two armature assembly socuring

scrows,

(f) With the gauge still in position, screw the adjustable
contact down until it just touches the armature con.
tact,

Retighten the locking nut,
(g) Reset the voltage adjusting screw as described under
“Electrical setting (with unit cold)’,

a

Fig.14 - Mechanical setting of the reguiator

1. Locknut 5. Fixed contact adjustment
2. Voltage adjusting screw screw
3. Armature tension spring 6. Armar

. Armature secu

. Core face and shim

Cleaning contacts
After long periods of service it may be found necessary to

Cut-out adjustment
Electrical setting
If the regulator is correctly set but the battery is still not
arged the cut-out may be out of adjustment. To
check the voltage at which the cut-out operates remove
the control box cover and connect the voltmeter botwee
torminals ‘D" and E',
Start the engine and slowly increase its speed until the
cut-out contacts are seen to close, noting the Voltage at
which this occurs. It should be between 127 and
volts. If the contacts close outside these fimits t will bo
necassary (o adjust the unit in the following way
urn the cut-out adjusting screw in a clockwise
direction 1o raise the voltage setting or in an anticlock.
wise direction to reduce the setting, Turn the screyy
only a fraction of a turn at a time,
(b) Test after each adjustment by increasing the engine
speed and noting the voltmeter readings at the instant

gireuit in the wiring of the cut-out and regulator unit

which case the units should be removed for examination

or renewal.

Mechanical setting

It for any reason the cut-out armature has to be removec

from the frama care must be taken to obtain the cortect oy

gap settings on re-assembly. These can be obtained .
flow
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(a) Unscrew the cut-out adjusting screw until it is well
clear of the armature tension spring.
(b) Slacken the two armature securing screws.

(c) Press the armature squarely down against the copper-

sprayed core face and retighten the armature securing

ws.

(d) Using a pair of thin-nosed pliers, adjust the gap be-
tween the armature stop arm and the armature tongue
by bending the stop arm. The gap must be 0-030 in.
(0:762 mm) when the armature is pressed squarely
down against the core
Similarly, the fixed contact blade must be bent so that
when the armature is pressed squarely down against
the core face there is a follow through’ of blade deflec-
tion of 0:010 to 0:020 in. (0-254 to 0-508 mm). See

ig.
(e) Reset the cut-out adjusting screw in accordance with
the instructions already given.

4
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Fig.15 - Mechanical satting of the cut-out
5.

1 3 ngue and moving

2. Armature tension spring

3. ‘Follow through' -0,010 to
0.020n.(0.254 10 0508 mm)

4. Stoparm

contact
Armature socuring screws
Fixed contact blade

6
7

Cleaning contacts
Do not use emery-cloth or a carborundum stone for
cleaning cut-out contacts. If the contacts appear dirty,
rough, or burnt, place a strip of fine glass-paper between
the contacts and then, with the contacts closed by hand,
draw the paper through. This should be done two o three
times with the rough side of the glass-paper towards each
contact.

Wipe away all dust or other foreign matter, using a clean,
fluffless cloth moistened with methylated spirits,

4
STARTER MOTOR - TYPE M45G

Description

The Type M4SG starter motor is a series parallel wound,
four-pole, four brush, solenoid-operated  pre-engaged
drive type machine.

A roller clutch incorporated in the drive assembly aflows
torque to be transmitted from starter motor to engine, but
notin the reverse direction. This ensures that the armature
is never driven at high speed by the engine thus, in the
event of the starter drive pinion remaining in mesh with the
flywheel starter ring after the angine has fired, the armaturo
is adequately protected as the drive pinion is free running
in this direction. The clutch unit s sealed and cannot be
dismantled for subsequent re-assembly.

A pair of moulded brake shoes, driven by a cross- peg in the
armature shaft, are spring loaded against a steel fing
inserted in the commutator end bracket to ensure a rapid
return to rest of the armature when the engine fires and the

starter switch is released.
‘The solenoid unit consists of a closing coil, a hold-on coil,
and a plunger operating the starter switch contacts. Like
the clutch unit the solenoid is sealed and cannot be dis-
mantled for subsequent re-assembly.
Operation
When the starter switch is operated the solenoid is ener-
gised and the starter pinion moves into mesh with the
flywheel starter ring. The first and second stage switch
contacts close and full torque i exerted by the armature.
In the event of tooth to tooth abutment, axial movement of
the drive and pivoting of the engagement lever is stoppéd,
but the solenoid piunger casing continues its travel, com-
pressing the engagement spring located within it to close
the first pair of contacts. The closing of these contacts
energises one of the four field windings, resulting in partial
torque being exerted by the armature. Immediately the
inion clears th h mesh

the pinion with the starter ring and moves the solenoid
plunger to close the second pair of contacts, The closing
of these contacts connects the remaining field windings in
parallel with the first, and full torque is exerted by the
armature.

Alost motion spring ensures that, when the starter switch
is released, the contacts in the solenoid are opened before
withdrawal of the pinion from the starter ring commences,
The spring is interposed between the solenoid plunger
casing and the engagement lever, and, as it is weaker than
the solenoid plunger return spring, the initial movement of
the plunger casing by the retum spring opens the contacts
and compresses the lost motion spring before moving the
engagement lever.

Fault finding

If the starter motor does not operate, o is sluggish, the

following points should be checked prior to removal.

1. Ensure that the battery is in a healthy, well charged

condition and that the terminals and earth connections

are clean and tight.

Connect a voltmeter (0-20) across the battery termin-

als and operate the starter switch.

A minimum voltmeter reading of 10 volts indicates a

satisfactory circuit, but if the starter motor does not

operate the indications are that current is flowing
through the motor windings, with the armature
stationary, and the motor should be removed from the
engine for examination. If the starter operates slug-

gishly proceed as in 3.

Connect the voltmeter between the starter main ter-

minal and yoke and operate the starter motor for two

or three seconds. A maximum voltage drop of 0-5 volt
from that obtained in 2 indicates a satisfactory circut,
but if the voltage drop is excessive continue as in

Connect the voltmeter between the starter terminal

and battery negative, and operate the motor for two or

three seconds.

If the meter reading drops to above 0'6 volt proceed

to test the solenoid, as in 5, but if the meter reading

drops to or below 0°5 volt proceed as in 6.

Connect the voltmeter across the solenoid switch and

operate the starter for two or three seconds.

(a) If the reading is the same as in 4, a faulty switch or
connection is indicated.

(b) If the reading is zero or fractional, suspect a poor
connection at the battery, starter switch or starter
main terminal,

(c) If the solenoid operation is sluggish, check that the
voltage drop in the operating switch circuit is not

3.

N

o

>

ive.
Connect the voltmeter between the starter yoke and
battery earthed terminal and operate the motor for two
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1. oid 10, 19, End cover
2. Return spring 1 aft 20, Commutator end bracket
3. Solenoid plunger 12 21 Thrust washer

4. Lost motion spring 13 22, Commutator

5. Oilseal 1a, 23, sh

6. Engogement i 15, 2. B

7. Engogement lever pivotpin 16, 25, Brake ring

8 Orive ond bracket 7. 2.

9. Retining ring 18, End cover oil seal 27, Drive engagement spring

or three seconds.

(a) A zero reading will indicate that the earth line is
satisfactory.

(b) If the meter reading reaches 06 volt check the
battery earth connections and the engine to frame
cable connections,

If the motor is heard to operate but does not attempt to

crank the engine, a damaged drive is indicated and the

motor should be removed for examination.

Removing and Replacing the Motor

1. Disconnect vent possit
ing and detach the heavy and light cables from the
terminals on the base of the starter solenoid.

2. Remove the oil filter, unscrew the two bolts with
spring washers securing the starter motor to the
flywheel housing, gearbox distance piece or engine
backplate and withdraw the motor forward and away
from the engine.

Replacement of the starter motor is a reversal of the

above procedure. If however, a replacement motor is to

be fitted, or in the event of the driving end bracket
being renewed during overhaul, the pinion out-of-
mesh clearance must be checked before assembling

the starter to engine. The clearance should be 1§ in,
(3:2mm) between the leading edge of the
pinion and the flywheel starter ring.

MAINTENANCE AND OVERHAUL PROCEDURES

Dismantling

1. Disconnect the copper link from the terminal ‘STA' o+
the solenoid and the terminal on the starter motor yokc
Remove the two securing nuts with spring washers
and withdraw  the solenoid and solenoid plunger
spring from the driving end bracket, lifting the sofena
plunger upwards to disengage it from the upper ond o
the drive engagement lever.

2. Remove the commutator band cover, hold back tae
brush springs, and withdraw the brushes from the’r

3. Unscrew and remove the two through-bolts and with-
draw the commutator end bracket from the yoke.

4. Withdraw the yoke complete with field coils from the
armature and drive assembly.

6. Slacken the drive engagement lever pivot pin locknut
and remove the pin.

6. Remove the drive end bracket.




SECTION E

~

Carefully drive the thrust collar off its retaining ring on
the armature shaft. Withdraw the retaining spring and
remove the thrust collar and drive assembly from the
armature shaf

Remove the intermediate bracket from the armature
assembly.

Field coils

Insulation test

®

indicate that the field coils are earthed to the yoke and must

be renewed.

Continuity test

Connect a 12 volt battery and a 15 wat test lamp between

the terminal post and each brush in turn. If the lamp does

not light an open circuit is indicated and the coils must be
renewed.

Removing and Fitting

1. Remove the nut, spring washer, plain washer and

insulating washer from the terminal post.
Using a wheel operated screwdriver, remove the four
pole shoe retaining screws. Withdraw the inter-coil
connector insulating piece and fift the field coils com-
plete with terminal and poleshoes out of the yoke.
Withdraw the insulator from the field coil terminal and
separate the pole shoes from the coils,

3. Assemble the new cails to the pole shoes and position
them inside the yoke. Do ot forget to fit the insulator
to the coil terminal.

4. Insert and lightly tighten the pole shoes, retaining
screws, ensuring that the field coil taping is not
trapped between the pole shoes and the yoke. Replace
the inter coil connector insulation piece and, with the
pole shoes held in position by means of a pole shoe
expander, tighten the retaining screws with a wheel
operated scrowdriver.

Fig.17 - Field coils - assembly procedure
1. Poleshoe retaining screw 2. Poleshoe expander

Commutator End bracket and Brush Gear

1. Check the condition of the two moulded brake shoes.
If excessive wear is evident carefully prise the shoes
and springs from their housing, and renew. Take care
not to lose the hardened steel washer fitted beneath
the brake shoes.

2. Hold back each brush spring in turn and move the

brush by gently pulling on its flexible connector. If the
movement is sluggish, remove the brush from its
holder and ease the sides by lightly polishing on a
smooth file. Renew the brushes if they have won to
approximately %s in. (8:0 mm) in length. Two of the
rushes are connected to the insulated brush holders
on the commutator end bracket and two are connected
to tappings on the field coils.
To renew the brushes release the flexible connectors
from the brush holders and field coil tappings using a
hot soldering iron. and secure the flexible connections
of the new brushes by soldering. New brushes are
preformed so_that bedding to the commutator is
unnecessary.
Ensure the brush holders are secure on the commutator
end bracket and using a 110 volt a.c. supply and 15
watt test lamp, test the insulation of the two insulated
brush holders. Clean off all traces of carbon deposits
before testing. Connect the supply and test lamp be-
tween each brush box in tur, and the commutator end
bracket. If the lamp lights, the insulation is faulty and
the end bracket must be renewed.
With the armature located in the yoke and the com-
mutator end bracket fitted to the armature, use a spring
balance to check the spring tension. With new brushes
the tension should not be less than 43 oz. (1-219 kg).
Check the bracket bearing for wear. If excessive side
play of the armature shaft is experienced, renew as
Tollows :—
(a) Screw a suitable tap squarely into the bearing and
then withdraw the tap complete with bearing.
(b) Press a new bush into position using a shouldered,
highly polished mandrel 0-0005 in. (0-013 mm)
greator in diameter than the shaft which s to run in

©
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the bush.

NOTE: Before fitting new bushes, immerse them in
thin engine ol for 24 hours. This period may be
shortened by heating the oil to 100°C (212°F)
for two hours and allowing it to cool before
removing the bushes. Porous bronze bushes
must not be reamed after installation, as the

porosity of the bearing will be impaired.

Drive end and Intermediate brackets

The drive end bracket and intermediate bracket bearings

should be checked for wear and if necessary renewed in

the same way as for the commutator end bracket, A new

bush fitted to the intermediate bracket shouid be lubricated

with Rocol "Molypad’ molybdenized non-creep il (or

equivalent) after fitting.

Armature Assembly

- Inspect the winding for signs of burning or damage and

check that the conductors have not lifted from the
commutator risers; conductors which have lifted
would indicate overspeeding of the motor due to a
faulty roller clutch drive. If the conditions of the wind-
ing is doubtful an insulation test should be made
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ment, in tumn, and the armature shaft. If the test lamp
lights when contact is made with any segment the
insulation is faulty and the armature must be renewed.
To make a thorough check on the armature a ‘growler’
should be used, but in the absence of any test equip-
ment a suspect armature should be checked by
substitution.

Remove anytraces of oil, carbon or dirt from the com-
mutator with a petrol moistened cloth. Should this be
ineffective spin the armature and polish the commu-
tator with fine glass paper, removing all abrasive dust
with a dry air blast.

w



4. If the commutator is badly worn, mount the armature
between centres in a lathe, rotate at high speed. and
make a light cut with a very sharp tool. Do not remeve
more metal than is necessary. Finally, polish with very
fine glass paper, THE INSULATORS BETWEEN THE
COMMUTATOR = SEGMENTS ~MUST NOT ' BE
UNDERCUT.

Re-assembly

1. Lubricate all moving parts with Rocol ‘Molydest
starter motor grease (or an equivalent).

2. Refit the intermediate bracket, and the drive assembly

splines without roughness or tendency to bind,

3. Refit the retaining ring and thrust collar to the arma-
ture shaft,

4. Refit the drive end bracket,

5. Replace the drive engagement lever pivot pin and
locknut

6. Fit a new rubber seal to the
refit the yoke.

7. Refit the cornmutator end bracket to the yoke, it new
rubber washers o the through bolts, gold size seal the
threads of the through bolts, replace the bolts and

cl

intermediate bracket and

s
8. Fitanew rubber seal to th

refit the cover to the yoke,
9. Refit the solenoid to the drive end bracket and include

e commutator end cover and

10. Before fitting the copper link o the solenoid and yole,
t the pinion travel and check the operation of the
switch contacts :
(a) Connectterminal ‘STA' 10 earth
(b) Connect a 6 volt suppiy, with a switch in circuit,
between the small unmarked solenid  terminal

(c) Close the switch to move the pinion into the en
gaged position (the period of energisation should
be as brief as possible to avoid overheating the
series winding)

{d) Lightly pross the pinion wwaids the armatuie and

nut, ensuring that the

anow an the pivot pin is within the arc on the drive

end bracket

(f) Remove the 6 volt supply and replace it with a 10

volt supply.

(g) Connect a separately energised test lamp circuit

actoss the solenoid main terminals.

(h) Insert a stop in the drive and bracket to restrict the
pinion travel to that of the normal out. of-mesh
cleararce.

) Close the switch (the period of energisation should
be as brief as possible to avoid overheating the
series winding). The test lamp should now give a
steady light indicating that the solenoid contacts
are remaining closed.

(k) Switch off and remove the stoy

(1) Switch on, hold the pinion in the fully engaged

position and switch off. The test lamp should now
go out, indicating that the solenoid contacts have
ened,

11. Remove the test equipment and fit the copper link,
12. Check the starter motor performance.

SECTION E

Performance tests

1. Fit the starter motor to a starter test rig, and connect a
fully charged 120 amp-hour (20 amp rate) 12 volt
battery via a suitably rated ammeter and a switch to the
solenoid and starter as shown.

Close the switch and check the light running current
and the armature speed against the values given in the
following table.

»

=
i

i

Fig-18 - Test equipment - light runing current
1. Gonnecting link 3. Switch
meter 4. 12301t banory

. 2~1{" dﬂm-‘”\wvuww‘ul&: ,«)
S

- 4

1. Ammetar
2. Voltmeter
3. Spring balancs

Fig.20 - Apparatus for lock torque test

1. 051in (12.7 mm) diameter heles 7. 3in. (262 ran)
2. 3in. (76.2 rm) channal iron 810 in, (254 1mm;
tyoke 9. 3in. (762

mact
3. 0375 ., (9.5 mm) cloarance

4. 0.375 in. (9.5 mm) mild stasl roct
5. 0.375 in, (9.5 mm)

6 Spr

12,1210, (3048 may
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Connect a voltmeter into circuit and assemble the
torque measuring apparatus as shown. Check the
running and lock torque against the figures given.

Test Amps “a\:'oul’tn‘g:“li:‘ " Rev/min Torque
Light running 100 - 5000 to 6000 -
Running torque 500 8 1000 136 Ibf.ft
Lock torque. 800 56 - 26 Ibf.ft

Solenoid test

To test the solenoid, a resistance check should be made on
the windings using a ‘Wheatstone’ bridge. Alternatively a
current flow measurement can be made using a 4 volt
supply and two separate ammeters, one calibrated 0-40
and the other calibrated 0-10, may be used. The test
should be made with the windings cold, and when using a
Wheatsone bridge the resistance value for the closing

the hold-on winding betwsen 0-63 and 073 ohm.

Closing winding

Using the current flow measurement method, connect the

4 volt supply and the 0-40 range ammeter in series be-

tween terminal S2 and the Lucar terminal. Adequately

rated cables, preferably 44 strand 0:012 gauge, should be
, and a current flow of 26 to 31 amperes should be

dicated on the ammeter.

Hold-on winding

Connect the 4 volt supply and the 0-10 range ammeter in

series between the Lucar terminal and the solenoid body.

A current flow of 56 10 65 amps should be indicated on

the ammeter.

A solenoid with faulty or suspect windings should be

renewed.
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SECTION E
AMMETER
AUXILIARIES
sTaRTER
SWITCH
6RA RELAY neAr -
5 ' Ysraa]
sTARTER
SOLENOID
LI ]
TO HEATERS
STARTER
[1
F -
TR ALTERNATOR BATTERY
TACHOMETER
OBSERVE POLARITY Clomeren,
z 4+
ALTERNATIVE TACHOMETER
WIRING TORUN' ON STARTER sWITCH
=
PICK-UP UNIT
TO PICK-UP UNIT
Fig:21 - Wiring diagram - Alternator positive earth systam (Captain)
AVMETER !
ALTERNATOR
0‘ 6RA RELAY STARTER
wi swiTcH
oré
w2 ¢ jsTarT
X3 HEAT
15D STARTER
SOLENGID
TO HEATERS
STARTER
F -+
4TR ALTERNATOR TACHOMETER BATTERY
CONTROL

OBSERVE POLARITY

(oPTIONAL) \f2

TERMINAL
BLOCK

PICK - UP UNIT

Fig.22 - Wiring diagram - Alternator insulated raturn system (Captain)
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BATTERY
P sTaRTER
®
AMMETER
AUXILIARIES
STARTER SWITCH l
o HeATER nesisToR
Pl
TACHOMETER
forTionAL)
'L £l TO HEATERS
e o
vl
RELAY 6RA

PICK-UP UNIT

ALTERNATIVE TACHOMETER WIRING

O RUN' ON STARTER SWITCH F +
e
GEN X'

1
v ¥ ToPicK-UP

CONTROL BOX 4TR

Fig.23 - Wiring diagram - Alternator positive earth system (Commander)
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12voLT ATTERY
soLenoiD swiren i
]
=
+ @— : g
3
e
1E
|«
ALTERNATIVE B
TACHOMETER 12
WIRING )8
- B — o
® e
I
]
I
705 Gen 2 Genx
T ——
AMMETER "'_ [
STARTER
Tomecr
s aue st ersontod | T Surncorion
Bl by Novegs
-0

TACHOMETER

AUXILIARIES

POLSERICK-UP

VOLTAGE REGULATOR RG 340

NOTE: Al 1nsds 0w thus
only oquied when tacho,
s frtad,

DYNAMO ¢ - 40

Fig24 - Wiring diagram - Dynamo positive oarth system

19
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12 VOLT BATTERY.

+ .——“,.

AMMETER

STARTER BUTTON

VOLTAGE REGULATOR RB 340

SOLENOID SWIT

STARTER

HEATER BUTTON

TO HEATER PLUGS

DYNAMO C-40

Fig.25 - Wiring diagram - Dynamo positive earth system (1.5 Industrial)



12VOLT BATTERY

B o o

SOLENOID SWITCH

AMMETER STARTER BUTTON

STARTER

HEATER BUTTON

DYNAMO c-40

9ram - Dynamo positive earth system (2.5 Industrial)
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SECTION F

Automotive clutch 8in. and 9 in.

General description . .
Driven plate assembly |
Bearing assembly
Cover assembly

Adjustment

Removing and replacing

Overhaul procedure

Dismantling

Re-assembling

Release lever adjustment
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SECTION F

CLUTCH ASSEMBLIES

F1

AUTOMOTIVE CLUTCH 8 in. (2032 mm) and 9 in.
(228:6 mm)

General Description

e 8 in. clutch used with the industrial automotive 1-5
litre engine an 9 in. clutch used with the industrial
automotive 2-5 litre engine are of the single plate dry disc
type, mechanically operated with provision made for
adjustment on the operating lever.

Fig.1 - Flywheel and Clutch

Driven Plate Assembly

The driven plate assembly consists of a splined hub and
flexible steel driven plate to the outer diameter of which is
fixed the annular friction facings. This plate is attached to
the splined hub by a spring mounting which provides a
torsional cushion.

Bearing Assembly

The withdrawal bearing assembly comprises a graphite
release bearing mounted in a cup attached to the throw-
out fork and a release plate attached to the inner ends of
the release levers by means of retainer springs. Release is
accomplished by moving the release bearing forward into
contact with the release plate, thus applying pressure to
the release levers.

Cover Assembly

Each release lever is pivoted on a floating pin which
remains stationary in the lever and rolls across a short flat

pressure plate lugs, eliminating friction at these points. As
pressure is applied to the clutch the pressure plate is
withdrawn from the driven plate, compressing the thrust
coil springs which are assembled between the pressure
plate and clutch cover.

When pressure is removed from the clutch, the clutch
springs force the pressure plate forward against the
driven plate, gradually and smoothly applying the power

of the engine to the transmission.

Adjustment

Adjustment of the control lever should rarely be necessary

except when the friction linings have worn down, o after

overhaul

1. To check the clearance on the release bearing inside
the clutch housing, depress the clutch pedal until the
actual spring pressure is felt. Measure the travel at the
pedal pad; this should be 1in. (25:4 mm), which
corresponds to a clearance of s in. (1-6 mm) on the
release bearin

2. If the clearance differs from the figure given, increase
or decrease the length of the operating rod by rotating
the nutat the trunnion in the operating lever,

Removing and Replacin;
Remove the gearbox and clutch housing.

2. Mark the relative positions of the clutch cover and the
flywheel, and gradually remove, a turn at a time and in
diagonal sequence, the setbolts securing the clutch
cover to the engine flywheel ; withdraw the cover and
the driven plate assembly.

Before installing the clutch assembly it is advisable to
check the flywheel for misalignment,

3. Hold the clutch cover assembly and driven plate on the
flywheel and screw in the cover securing bolts finger
tight. Note that the splines in the hub of the driven
plate are chamfered at one end to permit ready entry of
the stem wheel shatt splines. The longer side of the
driven plate hub with the chamfered spiines should be
towards the rear,

4. Insert the clutch centralising tool 18G628 (145 litre)
or 18G564 (25 litre) through the clutch cover and
driven plate hub so that the pilot enters the spigot
bearing in the rear end of the engine crankshaft. This
will centralise the driven plate.

5. Tighten the cluich cover securing bolts a turn at a time
in diagonal sequence, to avoid distortion.

6. Remove the centralising tool and install the gearbox.

7. Adjust the free movement of the clutch pedal.

OVERHAUL PROCEDURE
Dismantlin

When dismantling the clutch cover assembly the following
parts should be suitably marked so that they can be ro.
assembled in exactly the same relative positions to each
other to preserve the balance and adjustment — the cover,
the lugs on the pressure plate, and the release lovers.

The Clutch assembly gauging fixture 18G99A shown in
Section G provides an efficient and_speedy means of
dismantling, re-assembling and adjusting the clutch with
a high degree of accuracy. The tool is universal, and &
chart detailing the sizes of spacing washers and distance
pieces for particular types of clutch is provided on the
inside of the metal container lid.

Proceed as Follows

1. Detach the retaining springs from the release lever
plate and remove the springs and plate.

Rest the clutch assembly tool base plate on a flat
surface, ensure that it is clean, and place upon it
spacing washers as directed by the chart,

Position the clutch on the spacing washers so that the
holes i the clutch cover align with the tapped holes in
the base plate, with the release levers as close to the
spacing washers as possible,

Insert the tool setscrews, tightening them a little at a
time in a diagonal pattern, until the cover is firmly and
evenly secured to the base plate. This is most import-

»
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antif the best resuils are o be achicved
Remove the four eyebolt adjusting nuts, shecring
away the peening by initial pressure.

Unscrew, ina diagonal patten, the sotscrews seci
the clutch cover to the base plate reisasing the
pressure on the clutch springs gradually and ovenly
Lift off the cover and remove the pressure springs.
7. To remove the release lovers, remove the an

o o

)

Fig.2

8. Clean the clistch parks carafuliy, I the inings are to be
used again they Shult ot be aliowed 1o come Tt
contact with cieaning fiiids

8. Examune the friction finings for wear or logse rivers
and check the chiven piate for uneven or worn splines,
distorion ar signs of fatigue cracks. Generally, itis not
desitable 10 fit news tacton fin) gs on the oiiginai
driven plate: because refaced driven plates oftor are
distorted or otherwise inpaned and prodice. on
satisfactory dluich action. | renowing linings, the
tivets should be diilied cut, et panchid out,

10. After refacing, wmount e driven plate o a maideel
Between centies aimd <ok fo run-out by imaans of 4
dial gatiys sut as near b the 6.1ge as possible, Whers a
N0t excends 0015 i {0-55 mm), e the plate
by prising Win the ieguisits duecuon afier finding the
high-scts

1. Exanune it wou of the piessuie plac

s bailly griaved aic 1cigh, the suilave way be

TR L The R s isappeal

12, Examing the vachingd suidace of the relvase lovi
plate,  ihis is badly grcoved, wnew the plage, A ¢
plate will also be necessary if the surtaces on the
reverse side of (h6 piate, which are it cortact with the
1ips of the reieass i3, are won dewn

13, Examine the i of 1 reloase Jovers wiich teor on
the back of the ruiwase lover plate. A sinail oo of
worn flat surtace 15 perinissibl, but if this is ex oz,
the lever should be renewed, Check for CEISIVE WeaT
in the groove in which the strut bears. Examine care.
fully the “U'-shaped depiassion in the lover inios whic,

14, Bxamine each sveholt for flats 41 tr,
i

16 Examine the presstire sprtings for meak i or
i

"
11 Examie te clath withdeswal s

& Examine the release boaring for ¢

SECTION F

springs, giasp the lover and eyebolt between the
thumb and fingers, so that the inner end of the lever
and the thieaded end of the cyebolt are as near
together as possible. keeping the eyebalt pin seated in
its sacket in the lever. The strut can then be fifted over
the ridge on o the enl of the lever, making it possible
0 lift the evebolt off the pressure plate.

Chiitch asseribi;

fiis 100 evabolt ititing pin. it 1
ai all ifin, e fover mist be 6o
danger of it breaking wader e o g
results 10 the whole mechanis;

fits inta e pressure 1
renewed. The same applies (0 1he &

where it passes througn the eyeboll It st el be
fit, but not toe loose.

iS5

0 measurs the amount of b
the mctal cup. if the bearing s cracke o
01 tere s Yhein, (16 mm) of less of beadng s
pioud of the cup, the cup and beaieg m.it &
newed.

tion and if nece fenew, Henew in 501

the biishas. If necessary, senen

He sssembling

Beiona (sa

and ke 8016 1o replace (0em in i ol i e,
unlass the pans have bean rencued
Gsition the pressure plate on e
Washers On the base plaie as fweutonsl de.cried,

Apply a sliGht smear of grease (o the reluss v
contact faces of the struts, eyubolt soats 1 th
cover, drive lug sides on the pressure plate and thy
plain ends of the eyobolts

Install the reloase lever, evebic!t and pin, ho
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threaded end of the eyebolt and the inner end of the
lever as close together as possible. With the other hand
insert the strut in the siots in the pressure plate suffi-
ciently to allow the plain end of the eyebolt to be
inserted in the hole provided in the pressure plate.
Move the strut upwards into the slots in the pressure
piate lug, over the ridge on the short end of the lever,
&1 drop it into the groove formed in the lever.

Fit the remaining release levers i a similar manner.
Place the pressure springs on the bosses on the
pressure plat

Bower the cover over the assembled parts, ensu
that the anti-rattle spnnus are in position and that thg
tops of the pressure springs are directly under their
seats in the cover. In addition the machined portions.
ofthe prossuro plato ugs must bo directy under the
slots in the cover through which they will

ert the. gauging. fxture setscrews thiough. the
cover holes and screw them into the base plate in a
diagonal pattern, a little at a time, to prevent distortion
Guide the eyebolts and pressure plate lugs through the
holo i th clutch covercuring i gadal ightaning

an

o

~

8. Sorew the adjusting nuts on to the eyeblts.
Release Lever Adjustment

Satisfactory operation of the clutch is dependent upon
accurate adjustment of the release levers, so that the
prossro plate face i maintained paralll to he fywhea)
face. This cannot be accomplished by setting the levers
parallel 1o the face of the release bearing after the clutch
has been assembled to the flywheel, beca use of the
variations in the thickness of the driven plat

For an accurate adjustment the gauging ﬁxluve must be

sc

ed
Screw the gauge fixture actuator into the base plate
and pump the handle a dozen times to settle the clutch
mechanism. Remove the actuator
Screw the tool centre pillar into the base plate and
select a distance piece as shown on the accompanying

Fig.3 - Using the actuator to compress the clutch springs

chart, Place the distance piece over the centre pillar
with its recessed face downward:

Place the gauge height finger over the centre pillar.
Adjust the height of the release levers by tightening or
loosening the eyebolts until the height finger, when
fotated, just contacts the highest point on the tips of
the release levers. Press downwards on the height
finger 10 ensure that it bears squarely on the adaptor
while rotating.

Remove the height finger and pillar, and screw in the
actuator to the base plate. Operate the clutch several

>0

o

o
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finger to check adjustment
times o enable the components to settle on their
knife-edges.

Remove the actuator and replace the centre pillar,
distance piece, and height finger; if necessary, re-
adjust the release levers. Repeat the procedure to
ensure that the release levers are finally seated, and
gauge once more.

Remove the centre pillar, distance piece, and height
finger and peen over the release lever adjusting nuts.
Fit the release lever plate on the tips of the release
levers and secure it by the three retaining springs.
Release the tool setscrews in diagonal sequence a
little at a time, relieving pressure slowly and evenly.
Remove the clutch assembly from the base plate.
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SERVICE TOOLS

ENGINE 15 LITRE

Oil pressure relief valve grinding-in tool 18G69.

Cylinder head nut spanner 18G694

o

Valve grinding-in tool 18G29
Suction pad - valve grinding-in tool 1562

Valve rocker bush remover and replacer 18G226

Valve seat cutter and pilot handle 18627
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Valve seat glaze breaker 18G25A — inlet
Valve seat glaze breaker 18G167A — exhaust

Soa1

Valve seat narrowing cutter (bottom) 18G25C — inlet

Valve seat narrowing cutter (bottom) 18G167C ~ exhaust

Valve seat narrowing cutter (top) 18G258

Valve seat narrowing cutter (top) 18G167B — exhaust

Valve seat finishing cutter 18625 - inlet

Valve seat cutter pilot 18G174D Valve seat finishing cutter 18G167 — exhaust
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Piston ring compressor 18G55A

& Ao

Crankshaft gear and pulley remover 18G2

Bearing and oil seal replacer 18G134

Engine front cover centraliser 18G1046

Camshaft liner remover adaptor 18G124F
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15608

Camshaft liner remover adaptor 18G124C

Main bearing cap remover (basic tool) 18G42A
Main bearing cap remover adaptor 18G428

ENGINE 2'5 LITRE

Impulse extractor (basic tool) 18G284

I

Main bearing cap remover adaptor 18G284A Valve rocker bush remover and replacer 18G21
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Gear and pulley remover (basic tool) 18G231

—

Oil pump driving gear remover adaptors 1862318

Valve seat alaze breaker 18G28A

S====0623

Oil seal replacer adaptor 18G134CR

Valve seat narrowing cutter (bottom) 18G28C

Starting nut spanner 18G391 Camshaft finer remover adaptor 18G1240
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Camshaft liner remover (basic tool) 18G123A

Camshaft liner cutter 1861238 Camshaft liner reamer pilot 18G123T

Camshaft liner reamer pilot 18G123AC

LR

Camshaft liner reamer pilot 18G123AD

0l Seal replacer adaptor 18G134CQ.

Camshaft liner reamer pilot 18G123M
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Main bearing cap remover adaptor 18G28A AJ

FUEL SYSTEM

DPA assembly base 18G633A

Ao
Fuel injection pump outlet sealing caps 18G216

sy

Assembly rod 18G637

Injection timing gauge 18G629 Torque spanner socket 18G646
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3099A

Injector nozzle testing machine 18G109A

Assembly box spanner 186634

Assembly drive plate spanner 18G641 D 0104

Maximum fuel adjusting probe 18G656

anonon

Protection cap for automatic advance plug 18G640

Hydraulic shaft seal assembly tool 18G642A
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peszen

Automatic advance gauge 18G6388

Asosea

Pilot guide 18G691A

Universal flange marking gauge 18G648A

End plate adjuster 18G690

&5 8 2 X EEENKILIEEEEDNENMS.
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Drive shaft screw assembly tool 18G659

Torque adaptor 18G664

0221

Throttle and shut-off protection cap 18G665

aoas

Oil seal inspection plug 186660

Locating pin 18G661 Injection remover adaptor 18G284p
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SECTION H

RECOMMENDED LUBRICANTS

Marine Engines
Engine and B Type Mechanical Epicyclic Gearbox

Ciimatic
Conditions, Esso Mobil Shall 8P Fitrste | Duckhams | Castrol Stornal
Esso Exa
20W/30 or Duckhams
Above 90°F | “Essoffest | Dolvac Rotolla Enorgol Fitate | Mubigrade | C Auto Deso
@2°c) HD30 | Oils30 30 DD30 | Diesel30 | Q20/50 | CR30 HD30
Esso Exta
90°F (32°C) | 20W/30 or Fitwate | Duckhams
downto” | “Essofl Delvac Rotella Energol Diosel | Multigrade | Casyol | Auto Deso
10°F(—12°c) | HD20 | 0ils20 | 2020w | DD2OW 20 Qz0/50 | CR20 HD20
10°F (12°C) | Esso 10W
downto | or Essofiest | Delvac Rotolla Energol Filta Duckhams | Castol | Auto Deso
O°F (-18°C) 1 0il910 10w DCIOW | Diessl 1oW | Q20/60 | CR.10 HD10
Bolow O°F Duckhams
—18°c) asw30
PRM100 Gearbox .
Wobiloil Shl
Superor | Super 100
Unifiowor | “Mobil | or Rote
Above —10°C Delvac | MorRotella§ | Vanalius Cagtrol
(14°F) " |HD1OW30 | Special |  20W/20 20w aTX
Borg Warner Gearbox
Esio Avtomatic
c Transmission
Transmission | Mobilfid | Shell Donax | Fiuid ATF. Caswol Stomol
Conditions Fluid 200 6 TreA | TypeA | Nolmatic 6. Lynx
Fresh Water Pump
Esio Filtrate Super
Al Mutipurposs | Mobilgrease | Shall | Energre Lithium | Duckhams | Castoleasa | Ambroline
Conditions | groase H MP. Retinax A L2 Grosse [ LB10 Grasse | LM. LHT.
Sea/River-Water Pump, and Stern Tube Greasers
Esso Fitrte Supor
Al ultipurpose | Mobilgrasse | Shell | Energrease | - Lithium | Duckhams | Castrolease | Amboline
Conditions | greose H MP. Retinax A L2 Groase 0Groasa | LM, LHT.
Utility Lubricant Oilcan Points
Sholl Energol Duckhams
Al Essolube |  Delvac Rotolls | Diesoi D | Fimate | NOLDiosel | Castrol | AutoDeso
Conditions | 'HD.20 | OI910 | 20/20W 20W | Oiosal20 |  Twenty CR20 H.0.20

Multigrade Diesel Motor Oils

In addition to the above recommended lubricants, we approve the use of the oils listed below, for all conditions
down to 0°F (—18°C), unless the engine is old and in poor mechanical condition.

Engine Sump

Al
Conditions
n

(—18°C)

Mobiloil
Special

Rotella
10W/30

Energol
Dissol

Multigr
10W)

Muliigrade

Castrol
C.R20W/30

Stornol
Minx 10/30
s..




