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TECHNICAL DATA 
General 

Cubic Capacity 2.2 1itres (2178 cc.) (132.7 cu. ins.) 
Number of Cylinders 4 
Valves ... Overhead, Push Rod operated 
Valve clearances .012 in. hot or cold 
Bore ... 3.25 ins. (82.6 mm.) 

~ 
Stroke	 4 ins. (101.6 mm.) 
B.H.P. (maximum) 55 at 3,500 r.p.m. 
Torque (maximum) 89 ft. Ibs, at 2,750 r.p.m. 
Compression Ratio 20 to 1 
B.M.E.P. (maximum) 101 lbs. per sq. in. (7.1 kg.rcm.s) at 2,750 r.p.m. 
Type of Combustion Chamber Ricardo-Comet III. 

Pistons 
Material Aluminium 

Up to Engine No. 1B0234677 
.00403" (.1024 )Piston clearance at bottom of skirt .00463" .1176 mm. 

Width of ring groove:­


Compression }_"+.002" (238+.05 mm.)

32 .001" . .025 

Oil Control 3 "+.002" (476+.05 mm.)
i6 .001" . .025 

Compression rings:­
lst groove ... Plain 
2nd and 3rd groove Internally Stepped 

Oil Control: ­
4th and 5th grooves Slotted Scraper 

~: 

Ring Width:­

Compression .0928" to .0938" (2.367 to 2.383 mm.)
 
Oil Control .1865" to .1875" (4.737 to 4.763 mm.)
 

Ring Gap ...	 .009" to .014" (.23 to .35 mm.)
 

For engine numbers after 1B0234677 
.0040" (.1016 )Piston clearance at bottom of skirt .0046" .1168 mm. 

Width of ring grooves:­
~":. 3" 0035" 088lst Compression	 32 +:0045" (2.38+:131 mm.) 

3" 0025" 0632nd and 3rd Compression II +:0035" (2.38+:088 mm.) 
3" .0015" .038Oil control	 16 +.0025" (4.76+.063 mm.) 

~, Compression rings:­
lst groove ... Parallel compression Chrome faced
 
2nd groove Parallel compression
 
3rd groove Taper faced Compression
 

Oil Control: ­
4th and 5th grooves Slotted Scraper
 

Ring Width:­

Compression 323 " (2.38 mm.)
 
Oil Control -&" (4.76 mm.)
 

Ring Gap ...	 .009" to .014" (.228 to .356 mm .
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Gudgeon Pin 
Type ... Floating in Piston 
Fit .0003" to .0005" (.0076 mm. to .0127 mm.) 

Length 70.4 + 0 mm. 
-.25 mm. 

Diameter It" (28.574 mm.) 

Crankshaft 
Material Forged Steel 
Diameter of main journals 2.4780" to 2.4785" (62.941 mm. to 62.954 mm.) 
Diameter of crankpins .,. 2.2480" to 2.2485" (57.099 mm. to 57.112 mm.) 
Crankshaft end float ....002" to .003" (.051 mm. to .076 mm.) 
Main journal clearance . .002" to .0035" (.051 mm. to .089 mm.) 
Main Journal Bearings . (top) Steel Backed, White Metal Lined 

(bottom) "Lead Indium Lined 

Connecting Rods 
Material Forged Steel 
Length (centre to centre) 7.999" to 8.001" (20.217 em. to 20.323 em.) 
Big end housing diameter 2.395" to 2.3951-" (60.833 mm. to 60.846 mm.) 
Side Clearance .0085" to .0125" (.216 mm. to .3175 mm.) 
Big-end clearance .002" to .0035" (.0127 mm. to .0444 mm.) 

Big End Bearing 
Type ... ... (Top) Thin Wall, Steel Backed, Lead Indium 

(Bottom) Thin Wall, Steel Backed, White Metal 
Overall length ... .995" to 1.005" (25.273 mm. to 25.527 mm.) 
Inside Diameter ... 2.2515" (57.188 mm.) 
Thickness .072" to .072t" (1.829 mm. to 1.835 mm.) 

Camshaft 
Material ... Forged Steel 
Journal Diameters:­

Front ... 1.788f' to 1.7892" (45.434 mm. to 45.446 mm.) 
Centre ... 1.748{-" to 1.749t" (44.418 mm. to 44.431 mm.) 
Rear ... 1.622{-" to 1.623i" (41.218 mm. to 41.221 mm.) 
Bearing Clearance (all three) ....001" to .002" (.025 mm. to .051 mm.) 
End Float ....003" to .006" (.076 mm. to .152 mm.) 
End Thrust taken on Locating Plate 
Drive ... Triple Chain 

Camshaft Bearings 
Type ... White Metal 
Number 3 

Valves 
Material-Inlet ... E.N 52 Steel 

Exhaust ... E.N 59 Steel 
Head diameter:­

Inlet 1.605" to 1.610" (40.77 mm. to 40.89 mm.) 
Exhaust 1.3215" to 1.3265" (33.566 mm. to 33.693 mm.) 

Seat Angle: 
Inlet and Exhaust ... 45° 
Valve Clearance (Hot) .012" (.305 mm.) 
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Timing 
Inlet Opens ... 5° B.T.D.C. 
Inlet Closes 40° A.B.D.C. 
Exhaust Opens 60° B.B.D.C. 
Exhaust Closes 5° A.T.D.C. 
Valve Clearance for Timing .021" (.53 mm.) 

Valve Guides 
Length: 

Inlet 21&" (54.37 mm.) 
Exhaust 2-!-" (63.499 mm.) 

Outside Diameter: 
Inlet and Exhaust .5635" to .5640" (14.313 mm. to 14.326 mm.) 

Inside Diameter: 
Inlet ....337" to .338" (8.56 mm. to 8.58 mm.) 
Exhaust .3433 to .3438" (8.72 mm. to 8.73 mm.) 

Height above Valve Spring Seat t"~~" (19.05 +.~ mm.) 

Valve Springs (up to Engine No. lBD223665) 
Free length 2*" (29.76 mm.) 
Fitted length and load ... 1*" at 65 lbs.+2 lbs. (16.67 mm. at 29.5 kg.+.9l kg.) 
Number of Working Coils ... 41 
Diameter of Wire .0176 (4.47 mm.) 
Core Diameter 1.125" to 1.140" (28.57 mm. to 28.95 mm.) 

Double Valve Springs (as from Engine No. BD223666) 
Outer Spring 

Free length 21" (62.5 mm.) 
Fitted length and load l~" at 58.5 lbs.±2 lbs. (43.26 mm. at 28.57 kg.±.9l kg.) 
Number of Working Coils ... 51 
Diameter of Wire ~P2" (3.969 mm.) 
Core Diameter 1.125" to 1.140" (28.57 mm. to 28.95 mm.) 

Inner Spring 
Free Length 2-&" (55.56 mm.) 
Fitted Length and Load 11" at 24 lbs.±l lb. (38.1 mm. at 10.89 kg.±.45 kg.) 
Number of Working Coils ... 71 
Diameter of Wire .104" (2.641 mm.) 
Core Diameter .750" to .765" (19.05 mm. to 19.43 mm.) 

Flywheel 
Material Cast Iron 
Diameter 12-!,' (32.7 em.) 

Lubrication 
Oil pump: 

Type Eccentric rotor 
Oil pressure: 

Idling speed (550 r.p.m.)... ... ... ... ... 15 lb. per sq. in. (1.05 kg.jcm.s) 
Normal speed (30 m.p.h.) (48 k.p.h. or 2,000 r.p.m. in Top Gear) 45 to 50 lb. per sq. in. (3.1 to 3.5 kg.jcm.s) 

Oil filter: 
Type Tecalemit-Felt Element 
Oil Capacity It Pints (.601itres) 

Oil Capacity of engine ... 10 pints (5.68 litres) 
Total Oil Capacity lIt Pints (6.38litres) 
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Cooling System 
Circulation Pump 
Capacity (Engine only) ... 9 Pints (5.112 litres) 
Thermostat: 

Opening temperature 158°F. (70°C.) 
Fully open temperature 167°F. (75°C.) 

Fuel Injection System 
Lift Pump AC Mechanical
 
Injection Pump C.A.V.
 

Type B.P.E.4A65.S210S6355EL
 
Injection order 1.3.4.2
 

Static Injection timing 28° B.T.D.C. at spill cut-off
 
Injection opening pressure 115 Atmospheres
 
Venturi control unit c.A.V.
 

Type 42 mm.
 
Injectors C.A.V.
 

Type Ricardo Pintaux B.D.N.12SP6A
 
Nozzle holders ... C.A.V.
 

Type B.K.B.35S668
 
Governor C.A.V.
 

Type B.E.P./M.Z.80A13I (Later Engines B.E.P./A.M.Z.80A131)
 
Main filter C.A.V.
 

Type F.2/9
 

Electrical System 
Dynamo Lucas 

Type 12 Volt, C.45PV5 (Later Models C.39PV2)
 
Starter motor Lucas 12 Volt
 

(Early Models) Type M45G
 
Lock Torque 29 Ibs. ft. (4 m/kg.)
 
Current Amps. . .. 930
 
Terminal Voltage ... 5.2
 
Torque at 1,000 r.p.m. 13.5 Ibs. ft. (1.86 m/kg.)
 
Current Amps. ... 510
 
Terminal Voltage ... 8
 

Adjusting shims for the Starter Clutch are supplied in thicknesses of.006", .005", and .004" (.152, .127 and .101 mm.) 

(Later Models) Type M45G with Self-Indexing Drive
 
Lock Torque 32.5 Ibs. ft. (4.49 Kg.m.)
 
Current Amps. ... 900
 
Terminal Voltage ... 6.4
 
Torque at 1,000 r.p.m. 15.5 Ibs. ft. (2.14 Kg.m.)
 
Current Amps. ... 570
 
Terminal Voltage ... 8.8
 -

Heater Plugs ... Lodge, Type 002/2 (After Engine No. 226988 Lodge 002/3) 

Torque Wrench Settings 

Cylinder Head nuts 75 lbs.jft. (10.35 m/kg.)
 
Main Bearing studs 80 lbs.jft, (11.04 m/kg.)
 
Big End nuts ... 50 Ibs./ft. (6.9 m/kg.)
 
Flywheel bolts 50 lbs.jft. (6.9 m/kg.)
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General 
The B.M.C., 2.2 litre Diesel engines are of the in­

direct injection type, with four cylinders having a bore 
of 3.25 ins. (82.6 mm.), and a stroke of 4 ins. (101.6 
mm.) with a compression ratio of 20 : 1. 

Cylinder Block 
The cylinder block and crankcase is a one piece casting 

in high quality cast iron, ensuring maximum rigidity and 
strength. It carries flanged cylinder liners of the dry 
type which are easily renewable. Full length water 
jackets are provided around the liners so that even 
cylinder temperatures, and high wear resistance is 
assured. 

Cylinder Head 
The cylinder head carries the valve operating gear, 

inlet and exhaust valves, fuel injectors, and heater plugs. 
Large circulation passages are cast in the head, ensuring 
adequate cooling. 

A quickly detachable rocker cover encloses the valve 
gear and embodies an oil filler. 

The combustion chambers are the Ricardo Comet III 
type, and in conjunction with valves of large head diam­
eter give maximum efficiency and easy air inlet and 
exhaust flow. Both the air inlet and exhaust manifolds 
are carried on the left-hand side of the cylinder head, 
and provision is made for connecting a vehicle heater. 

Camshaft 
The forged steel camshaft is mounted in the left-hand 

side of the cylinder block, and supported by three white 
metal bearings. The cam profiles are designed to 
prevent surge and to give quiet operation of the valve 
gear. A jockey type, oil fed, timing chain tensioner is 
fitted. 

The timing chain is of the triple roller type and drives 
the fuel injection pump and lift-pump. 

Crankshaft 
The forged steel, counterbalanced crankshaft is sup­

ported by three main bearings. 

Main Bearings 
The three main bearings are of the "Thinwall" type, 

and are of generous dimensions to give adequate bearing 
surfaces in order to withstand the considerable loads 
experienced in Diesel engines. The top halves of the 
bearings are steel-backed white metal, and the bottom 
halves of steel-backed lead indium. 
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Crankshaft thrust washers, of white metal, are fitted 
on each side of the centre main bearing. Each main 
bearing cap is secured in position by large diameter high 
tensile studs and split-pinned castellated nuts.' 

Connecting Rods 
These are of "H" section, forged steel, employing big­

end bearings of the "thinwall" type. The top halves of 
the bearings are of steel-backed lead indium and the 
bottom halves, steel-backed white metal. 

The big-ends are diagonally split to permit the pistons 
and connecting rods to be withdrawn upwards through 
the cylinder bores. 

Oil jet holes are drilled in the upper halves of the big­
ends and these supply the cylinder walls with adequate 
lubrication. The small ends are fitted with steel-backed 
bronze bushes. 

Pistons 
Aluminium pistons of the solid skirt type are fitted 

and a specially shaped crown is incorporated to suit the 
characteristics of the combustion chamber. 

Three compression and two scraper rings are fitted, 
and the floating type gudgeon pin is secured in position 
by means of circlips. 

Valves 
The inlet valves are of large head diameter to promote 

good charging, whilst the smaller exhaust valves can be 
easily cooled. Valve stem oil seals are fitted. 

Lubrication 
The lubrication system is high pressure, forced feed 

throughout the engine. The eccentric rotor type pump 
is driven from the camshaft. 

Oil is delivered to a gallery in the crankcase and from 
this point, to the main, big-end, and camshaft bearings 
at a running pressure of approx. 50 lbs.rsq. in. (3.5 kgm.j 
cm-). 

Jet lubrication is provided, via oil holes in the big-ends 
of the connecting rods, to the cylinder walls. The rocker 
gear is supplied with oil from the camshaft rear bearing, 
and the timing chain with its tensioner, from the front 
main bearing. 

A full-flow oil filter is mounted on the side of the 
crankcase and there are no external oil pipes or con­
nections. The oil filler is located on the valve rocker 
cover, and a breather is connected to the air cleaner. 
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The oil reservoir capacity is 10 pints (5.68 litres), plus 
Ii pints (.60 litre) for the oil filter. Total capacity IIi 
pints (6.38 litres). 

Injection Pump and Fuel System 
The C.A.V. fuel injection pump is flange mounted, 

and incorporates a pneumatic governor unit, and an 
excess fuel device, which is hand operated for cold 
starting. The pump drive is via the triple roller timing 
chain. 

A cable operated engine stop lever is fitted. 
The fuel lift pump is an AC mechanical type, and is 

driven by the camshaft. Fuel oil is delivered to the in­
jection pump via a filter. 

Pintaux type fuel injection nozzles are used, and the 
leak-off pipes return any excess fuel to the inlet side of 
the filter. 

Inlet and Exhaust Manifolds 
The inlet manifold is of aluminium alloy and carries 

the venturi unit which contains a spindle for the butterfly 
throttle control connections. Cast-iron is used for the 
exhaust manifold and both are mounted on the same 
side of the cylinder head. 

Air Cleaner and Silencer 
The air cleaner/silencer is mounted adjacent to the 

valve rocker cover and is connected to the venturi unit, 

A breather pipe is taken to the valve rocker cover. An 
oil bath air cleaner may be fitted to export engines. 

Cooling System 
Water circulation is by a centrifugal type pump which 

is belt driven and mounted on the front of the cylinder 
block. A carbon faced, moulded rubber seal is fitted to " 
the pump. 

The cooling water is delivered to a gallery in the cyl­
inder block, and thence through jet holes to the valve 
seats and cylinders. 

A two or four bladed fan may be fitted. The cooling 
system is controlled by a thermostat in the cylinder head 
via inbuilt by-pass passages. 

Dynamo 
A Lucas 12 volt, Type C45/PV5, fan ventilated, belt 

driven dynamo is fitted. 

Starter 
Lucas; Type MA5.G. with a lever engaged pinion, 

operated by a cable from the instrument panel of the 
vehicle. 

Heater Plugs 
Lodge: Type 00.2/3 heater plugs are fitted, in series 

with a resistor. 
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REGULAR ATTENTIONS
 

General 
The following regular attentions must be observed in 

order to keep the engine in good condition so that long 
and trouble free service may be obtained. Cleanliness is 
the foundation of all good servicing, and the engine 
should at all times be kept in a thoroughly clean 
condition. 

The prevention of damage starts with the driver. He 
should be in a position to clean, inspect, adjust and 
lubricate the engine, making a report of those defects 
beyond his capabilities so that they may be corrected by 
the workshops or an authorised dealer as quickly as 
possible. The making of a report by the driver when 
taking the engine in for attention will save time. 

Extreme climate or operating conditions may necess­
itate more frequent attentions than those given, and it 
must be left to the discretion of the operator to vary 
these intervals to suit local requirements. 

During the early life of an engine the working parts 
settle down, with the result that various clearances and 
adjustments have to be corrected. When the engine has 
covered 500 miles, (800 km.) or 25 hours running, it is 
recommended that the following operations be carried 
out, if necessary by an agent. 

I.	 Check and tighten the cylinder head nuts. 
2.	 Check and adjust the valve and rocker clearances. 
3.	 Check and tighten the manifold nuts. 
4.	 Check the vacuum pipe unions. 
5.	 Check and tighten the valve rocker bracket bolts. 
6.	 Check and adjust the accelerator linkage to the 

venturi for free action and full opening. 
7.	 Check and adjust the fan belt tension. 
8.	 Check all water connections. 
9.	 Drain and refill the engine sump with new oil. 

10.	 Drain and clean the engine oil filter, and fit new 
element. 

II.	 Lubricate the accelerator linkage. 
12.	 Lubricate the water pump bearings. 
13.	 Check all fuel line connections for tightness. 

Note.-Change the engine oil filter again at 2,000 miles 
after the initial attention above, and thereafter observe 
the normal period of 3,000 miles. 

DAILY 
Check the oil level in the sump and top up if necessary. 
Check the fuel level in the tank and fill up if necessary. 

EVERY 1,000 MILES 
(1500 km.) or 50 hours
 

Lubricate the water pump bearings.
 

Oil the accelerator linkage.
 

EVERY 2,000 MILES 
(3000 km.), or 100 hours
 

Clean the fuel lift pump filter.
 

EVERY 3,000 MILES 
(5000 km.), or 150 hours 

Drain the engine sump and refill with fresh oil. 
Check and adjust the fan belt tension. 

EVERY 6,000 MILES 
(10000 km.), or 300 hours 

*Check and adjust the valve and rocker clearances. 

EVERY 7,000 MILES 
(12000 km.), or 350 hours
 

Renew the external oil filter element.
 

EVERY 10,000 MILES 
(16000 km.), or 450 hours 

*Drain and clean the engine sump, refill with fresh oil.
 
*Remove and test the injectors for spray.
 
tRenew the fuel filter element.
 

EVERY 12,000 MILES 
(20000 km.), or 600 hours
 

Lubricate the dynamo.
 

AS REQUIRED 
Flush out the cooling system. 
Decarbonise, and grind in the valves. 
Adjust the idling speed. 
Bleed the fuel system. 

*These operations should be dealt with by special 
arrangement and carried out in the workshops. 

[This must be done earlier if signs of fuel starvation, 
indicating a clogged filter, appear. 
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COOLING SYSTEM
 
Description 

The water is circulated by a centrifugal impeller-type 
pump which is mounted on the front of the cylinder block 
and driven by a Vee belt from the crankshaft. 

A thermostat is installed in the outlet pipe, mounted 
on the front of the cylinder head, to impede the circul­
ation of the water into the radiator until it has reached a 
predetermined temperature in the cylinder block and so 
provide a more rapid warming up of the engine. 

A drain tap is situated on the right-hand side of the 
cylinder block. 

Air is drawn through the radiator by a fan which is 
mounted on the pump pulley. 

Adjustments in Situ 
The purpose of the following adjustments is to main­

tain the performances of the fan, pump and dynamo at 
their maximum, and consists of moving the dynamo in 
relation to the cylinder block to adjust the tension of the 
belt. Proceed as detailed below. Other specific perform­
ance faults should be diagnosed by referring to "FAULT 
DIAGNOSIS" in Section K. 

1.	 Referring to Fig. 01 slacken the dynamo securing 
bolts (A). Support the dynamo with one hand and 
release the set bolt (B) and the nut and bolt (C). 

2.	 Using hand pressure, press on the dynamo sufficiently 
to swing it away from the side of the cylinder block, 
thereby taking up any slackness in the belt. 

3.	 The belt should be adjusted so that when the securing 
bolts are finally locked up, the long run of the belt 
can be pressed in -r' (12.7 mm.) at the centre by 
normal thumb pressure. 

Note:	 It is important that the fan belt is always run at 
the correct tension, as any slackness will cause 
slip and rapid wear, and excessive tightness will 
induce rapid bearing wear. 

Thermostat 
To remove: 
1.	 Drain the cooling system. 
2.	 Disconnect the air release pipe from the outlet pipe. 
3.	 Disconnect the outlet hose from the outlet pipe. 
4.	 Release the two set bolts and remove the outlet pipe 

from the thermostat housing. 
5.	 Lift out the thermostat from its housing. 

To view and overhaul 
1.	 Test the thermostat by immersing it in water and 

heat up, checking the temperature. The thermostat 
should start to open between 170° and 176°F. (77° 
and 80°C.) and be fully open at 201°F. (94°C.). If 
the thermostat does not open between the given tem­
peratures it should be renewed. Also if the valve 

Fig. D1. Fan belt adjustment 

sticks in the fully open position, it should be renewed. 
No attempt should be made to repair the thermostat. 

2.	 Clean the joint face of the water outlet pipe and 
thermostat housing. 

To install 
The installation of the thermostat is a reversal of the 

procedure "To remove". Fit a new joint gasket between 
the thermostat housing and the outlet pipe. 

Fan and Pump Assembly 
To remove: 
1.	 Drain the cooling system. 
2.	 Disconnect the water hose. 
3.	 Remove the radiator. 
4.	 Remove the fan blades if necessary by withdrawing 

the four screws from the pulley. 
5.	 Remove the set pins from the pump flange and take 

off the pump. 
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Fig. D2.
 
The dipstick (1). and cylinder block drain tap (2).
 

To remove the Pump Spindle 
Remove the nut from the front end of the spindle, 

withdraw the fan pulley and take out the key. 
While holding the pump body, the spindle can now 

be tapped out < towards the rear, carrying with it the 
impeller, spring, and washers. 

Bearings and Washers 
The ball bearings, distance piece, steel and rubber 

washers have next to be removed from the body. First, 
prise out the spring retaining ring and remove the grease 
retaining ring; then, using a soft punch tap out the first 
ball bearing, which will be followed by the tubular dis­
tance piece. The second ball bearing will require to be 
centralised in the body before it can be tapped out in a 
similar manner to the first bearing. It will be followed 
by the grease retaining assembly, consisting of a dished 
steel washer, and a carbon faced rubber seal. 

The Sealing Ring Assembly 
Removing the nut on the rear end of the spindle, will 

enable the impeller and key to be withdrawn, followed 
by the spring, metal cap washer, rubber washer and 
carbon faced rubber sealing ring, the latter registers 
within the cap washer. 

Reassembly 
In reassembling, it is essential that the bearings, dis­

tance piece, and various washers, together with other 
parts be positioned correctly. 

Lubrication 
Lubricate sparingly with oil using oil gun after re­

moval of plug. 

To Refit the Unit 
When refitting it is most important that the gland 

spring is holding the carbon seal against the pump body 
at a correct pressure. 

This can be done by making sure that the gland spring 
is just holding the carbon faced rubber seal up against 
the shoulder on the spindle before inserting it in the 
pump body. 

Adjust the fan belt as instructed on page 0/1. 

To drain and flush the system 
The instructions covering "draining" and "flushing" 

the cooling system are given in the manual or instruction 
book concerned for your particular vehicle. The drain 
tap for the engine cooling system is located at the rear, 
on the right-hand side of the engine. 

FROST PRECAUTIONS 
When frost is expected, or when the engine is to be 

used in very low temperatures, or stand idle in an un­
heated place, care should be taken to prevent damage to 
the cylinder block. In these circumstances the water in 
the cooling system should be mixed with one of the 
following brands of anti-freeze, or the cooling system 
drained completely. NOTE-If a heater is fitted to the 
vehicle it will be necessary in most cases to use anti­
freeze as usually the heater can not be drained. 

Recommended Anti-freeze:­

Smith's Bluecol 'D' 

Filtrate Nevafreeze 'D' 

Mobil-Permazone 
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LUBRICATION
 
Efficient lubrication is of vital importance to ensure the 
reliability and long life of the moving parts. Great care 
has been taken to select oils which will give the best 
results under all operating conditions. It is therefore 
imperative that the correct grades of oil be used and that 
they should be applied in accordance with a definite 
schedule. The chart given in this Section should be reg­
ularly referred to for details of application, and grade of 
lubricant required. 

Description 
There is full pressure lubrication throughout the unit. 

The rotor type pump draws oil from the sump through 
a gauze oil filter and delivers it to all bearings and the 
timing chain. 

The sump capacity is 10 pints (5.68 litres), but an ex­
ternal full flow oil filter is fitted, and if the whole system 
has been drained, one pint (.6 litre) extra will have to 
be used when refilling in order to charge this filter. 

The oil filler is in the valve cover on top of the cylinder 
head, and the oil level is checked by a dipstick which is 
on the right-hand side of the engine. 

Draining the Sump 
The engine and oil filter should be completely drained 

and fresh oil put in at least every 3,000 miles to provide 
the best possible running conditions. 

There is a drain plug in the base of the sump. On new 
or reconditioned engines draining should be done after 
the first 500 miles (800 km.) running and again after the 
next 2,000 (3000 km.) miles, and the filter element 
changed in each case. After this period no further 
attention need be given to the filter, except the renewal 
of the element every 7,000 miles (12000 km.). 

Drain when the engine is warm. Under no circum­
stances should petrol (gasolene), or paraffin (kerosene), 
be poured through the oil filler to clean the engine. 

Refilling 
When refilling, do not pour the oil in too fast, other­

wise it may overflow through the breather at the front 
end of the valve cover. Check periodically that this 
breather is not choked up. Failure to keep this clear 
may result in condensation on the valve gear. 

Test the level of the oil with the dipstick, wiping the 
stick clean before taking the reading. This should only 
be done when the vehicle is on level ground and not im­
mediately after the engine has been run, or a false reading 
may be given. 

Circulation 
The oil circulation is clearly shown in Fig. E1. Starting 

at the gauze filter and pick up in the sump, oil is drawn 
into the pump, from which it is fed to the full flow oil 
filter and thence to the main oil gallery. This runs the 
length of the engine on the right-hand side, from which 
the main oil delivery is made. A spring-loaded oil release 
valve, located between the pump and filter and accessible 
from the exterior of the crankcase, is provided, the over­
flow from which is returned to the sump filter. From the 
main oil gallery, oil is fed to the big ends, main bearings, 
and the three camshaft bearings. 

From one camshaft bearing, oil at reduced pressure is 
taken through drilled passages in the cylinder block and 
cylinder head to an oil-feed collar on the valve rocker 
shaft, and thence to the drilled shaft itself. Therefore the 
shaft is under pressure, surplus oil after circulation re­
turning from the rocker gear via the push rod holes to 
the sump. 

At the front end of the front camshaft bearing there 
are two oil bleed holes which feed oil to the camshaft 
gear and thence to the timing chain. Separate lubrica­
tion for the cylinder bores is effected by a small jet hole 
in the top half of each connecting rod big end bearing. 

The Oil Pressure Gauge 
The oil pressure gauge gives an indication whether the 

oiling system is working properly. The normal oil 
pressure during ordinary running should be approximately 
50 lbs. per square inch (3.5 kg.jcm-), with a proportion­
ate lower pressure when idling, and will keep constant as 
long as the filter element remains clear and is not choked. 
As the filter gradually becomes choked, the oil pressure 
progressively becomes less. A drop of between 10 to 15 
lbs. per square inch below normal pressure is an indic­
ation that the element is being by-passed and that it 
should be renewed to restore the oil pressure to normal. 

The gauge should be observed when the engine is first 
started up after refilling the sump to check that the oil' 
is circulating and that the pressure is correct. It should 
also be kept under observation frequently during normal 
running. Should the gauge fail to register a normal 
pressure, it may be due to lack of oil in the crankcase. 
If oil is present and the gauge still fails to register, stop 
the engine immediately. Test the gauge by a replace­
ment, clamped direct to the instrument panel. 

Check for Loss of Pressure . 
First, check the sump oil level by means of the dip­

stick. If the level is well up, check the oil gauge pipe 



E/2 LUBRICATION 

Fig. El. 
This illustration shows the flow of oil from the sump via the oil pump to the main gallery, bearings, and
 

overhead rocker gear.
 

NOTE. On later engines the oil filler is positioned at the front end of the rocker cover.
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from crankcase to instrument panel for fracture or leak. 
If the pipe is in order, remove the sump and examine the 
gauze filter. This may be choked; also remove release 
valve and inspect for foreign matter. 

If these tests fail to indicate the cause of the loss of 
pressure or oil circulation, the crankshaft and other 

'..- bearings will have to be closely examined and stripped 
down if necessary. 

The Filter 
The external filter is of a full flow type, thus ensuring 

that all oil in the lubrication circuit passes through the 
filter before reaching the bearings. 

The element of the filter is of star formation in which 
a special quality felt, selected for its filtering properties, 
is used. 

Oil is passed through the filter from the pump at a 
pressure controlled at 50 lbs. per square inch (3.5 
kg.jcm-) by the engine oil release valve. This pressure 
will, of course, be somewhat higher until the oil reaches 
a working temperature. Some pressure is lost in passing 
the oil through the filter element; this will only be a 
pound or two per square inch with a new element, but 
will increase as the element becomes progressively con­
taminated by foreign matter removed from the oil. 

Should the filter become completely choked due to 
neglect, a balance valve is provided to ensure that oil will 
still reach the bearings. This valve set to open at a 
pressure difference of 15j20 lbs. per square inch (l kg.j 
em2 to 1.4 kg.jcm 2), is non-adj ustable and is located in 
the filter head casting. When the valve is opened, un­
filtered oil can by-pass the filter element and reach the 
bearings. 

To Renew the Filter Element 
1.	 Place a suitable receptacle under the filter and release 

the centre fixing bolt from the bottom of the filter 
body. 

2.	 Withdraw the filter body complete with element. 
3.	 Remove and discard the filter element. 
4.	 Thorougly wash out the filter body in paraffin 

(kerosene) or petrol (gasoline). Dry it with a clean 
non-fluffy rag. 

5.	 Install a new filter element and top up the bowl with 
the appropriate grade of oil. Capacity It pints (.60 
litres). 

6.	 Assemble the filter body to the filter head, ensuring 
that the joint washer is correctly positioned, clean 
and undamaged. Install and securely tighten the 
centre fixing bolt. 

7.	 Start the engine and check the filter for oil leaks. 
8.	 Stop the engine, give the oil time to settle down and 

check the oil level. Top up, if necessary. 
Leakage past a joint will cause serious or total loss of 

oil, and the engine should not be run until the leaking 
joint has been made good. 

To Remove the Oil Sump 
First, drain off the oil by taking out the drain plug. 
Support the sump while removing the set screws and 

then carefully lower clear of the oil pump gauze strainer 
and pick-up. 

Remove the joint washer; if broken, this will have to 
be replaced by a new one on reassembly. 

The Gauze Strainer and Pick-up 
The strainer should be examined for contamination 

and removed if necessary by releasing the two nuts. 
Wash the gauze with paraffin, using a brush and not a rag. 

Fig. E3. The oil filter. 
1.	 Head casting. 3. Bond. 
2.	 Element. 4. Centre bolt. 

To Remove the Oil Pump 
Disconnect the oil supply pipe from the pump body 

to the crankcase. 
From the left-hand side of the crankcase remove the 

oil pump locating screw. When the locking cap is re­
moved a screwdriver can be used on the screw itself. 
Note that there is a fibre washer under the nut. 

The oil pump complete can now be drawn down out 
of the crankcase. 
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To Replace the Oil Pump 
Insert the pump from below and push the shaft right 

home, when the driving gear will mesh with the gear on 
the camshaft. 

Insert the locking screw in the left-hand side of the 
crankcase and tighten. Fit the fibre washer and follow 
with the cap lock nut. 

Replace the oil delivery pipe to the pump body and 
crankcase. 

The pump does not need priming. 

To Dismantle and Re-assemble the Pump 
To dismantle the oil pump, first mark the flange and 

the body to assist re-assembly. Then, separate the body 
from the bottom flange when the female star gear can be 
lifted out of the body and the male eccentric star gear 
pulled from the shaft. Take care not to lose the key 
from the shaft. 

The re-assembly of this pump is achieved by reversing 
the dismantling procedure. 

The Release Valve 
Release valve pressure is determined by the spring, 

which is held in position by a plug. This plug is screwed 
home and no adjustment is possible. 

The valve is a conical-faced hollow plunger. Check 
that the plunger and the valve seat are clean and un­
damaged and that the passages in the crankcase are clear. 

When re-assembling, make sure the fibre washer is 
fitted under the head of the valve plug, and that an oil­
tight joint is made. 

The Valve Rocker Shaft 
The valve rocker shaft on the cylinder head is hollow. 

It is supplied with oil from the rear camshaft bearing and 
is drilled for the lubrication of each rocker. 

This shaft is plugged at each end, one of these being 
screwed in and detachable in order that the shaft may 
be cleaned internally. 



RECOMMENDED LUBRICANTS
 
Cleanliness of the lubrication system is of great importance and involves strict adherence to the recommendations for 
draining and changing the oil, and cleanliness of oil measures and cans used for refilling and of containers used for 
storing the lubricants. The British Motor Corporation cannot hold themselves responsible under the warranty for crankshafts 
or bearings that are damaged as a result of the use of dirty oil. 
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F/l B.M.C. 2.2 LITRE DIESEL ENGINE SUPPLEMENT 

OPERATION
 
General 
Always maintain the engine in as clean a condition as 
possible, since dirt is ruinous to the very high precision 
of the fuel injection equipment which is fitted. Keep 
the fuel clean also, and always use suitable strainers 
should it be necessary to top up the fuel tank of the 
vehicle by hand. .: 

In cases where the fuel is stored in drums, these should 
be set at an angle from the horizontal with a drain tap 
at the lowest point, and a main tap at the highest. In this 
way the danger of drawing off sludge, and its ultimate 

entry into the engine fuel system is greatly reduced. 
When a storage tank has been freshly filled, allow the 

sludge to settle before drawing off any further supplies. 
Never interfere with any part of the fuel system un­

necessarily. If adjustment should become essential, take 
the utmost precautions to ensure absolute cleanliness in 
working. As described later in this section, the only part 
of the injection equipment which should ever be worked 
upon at the roadside, is the injectors, and then only to 
the extent of removing the defective unit, and its replace­
ment with a spare injector, carried on the vehicle for such 
eventualities. 

Fig. Fl. 

I. Filler bleed plug. 5. Excess fuel bUIIOll. 9. Cylinder block drain tap. 

2. Filter bowl. 6. Fuel injection pump. :0. Oil pressure gauge connection. 

3. Filler drain plug. 7. Lubricating oil filter. 11. Dipstick, 

4. Water pump oiling plug. 8. Sump drain plug. 12. Fuel injectors. 

NOTE. Oil later engines the ~~ filler is positioned at the front end of the rocker cover. 
..~ 
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OPERATIONF/2 

Before Starting the Engine 

Check the level of the water in the engine cooling 
system and top up if necessary. Examine the oil level ill 
the engine sump topping up if required to the mark on 
the dipstick. Ascertain that the fuel tank contains fuel. 

If the unit is a new or reconditioned" one, or if air has 
entered the injection equipment, it will be necessary to 
bleed the fuel system before attempting to start. This 
operation removes any air from the fuel filter, fuel in­
jection pump, and connecting pipe lines, ensuring that 
fuel free from air bubbles is injected into the engine com­
bustion chambers. Although bleeding the system is a 
simple operation, care should be exercised to obviate the 
casual handling which is often given. In all cases of fuel 
filter or fuel line attention, absolute cleanliness is 
essential. When bleeding is necessary proceed as follows. 

First bleed the fuel filter. Slacken the bleed plug on 
the filter head (Fig. FI), and operate the hand priming 
lever on the fuel lift pump until the fuel flows from the 
plug completely free from air bubbles, when the plug 
must be screwed down. 

Note. If the fuel system has been allowed to run dry, the 
plug on the filter head should be removed, and the filter 
completely filled with fuel in order to save excessive 
manual operation of the lift pump. Replace the plug 
and washer, and carry out the bleeding operation as 
described. 

To bleed the fuel injection pump, slacken the bleed tap 
(Fig. F2), on the pump, and again operate the hand 
priming lever on the fuel lift pump until fuel without air 
bubbles emerges from the bleed tap, which must be 
closed immediately. The fuel system is now free from air. 

Starting in Normal Temperatures 

Ensure that the stop control is fully home, and that 
the master switch is "on". The charging light should 
show and the fuel gauge register. Operate the starter 
motor control, and at the same time open the throttle 
by slightly depressing the accelerator pedal. Release 
the starter motor control as soon as the engine fires. 

If the battery, starter, and fuel injection systems are 
in good order, the engine should start at once. If it does 
not, release the starter control and allow a short interval 
between each attempt to start. This is to ensure that the 
engine is stationary, and to prevent overheating and 
possible damage to the starter motor. If the engine re­
fuses to start investigate the cause. Check the oil pressure 
on the gauge, which should register within 30 seconds of 
the engine starting. If pressure does not register, stop 
the engine and investigate the cause. 

Fig. F2. 
1. Bleed tap. 2. Excess fuel button. 3. Level plug. 

Starting under Cold Conditions 

To ensure easy starting under cold conditions, an 
excess fuel device is fitted to the fuel injection pump, to 
allow extra fuel for starting. To operate, ensure that the 
stop control is fully home, depress the excess fuel button 
on the pump, and then the heater plug switch on the 
fascia for 15 to 20 seconds, before operating the starter 
with the throttle slightly open. Do not operate the heater 
plug switch after the engine has started. 

Stopping the Engine 

Pull out the stop control fully. This stops the engine 
by cutting off the fuel supply from the injection pump. 

Running-in Period 

The treatment given to a new or reconditioned engine 
during the first 500 to 1,000 miles (800 to 1500 km.) or 
25 to 50 hours running, will have an important bearing 
upon its subsequent performance. During this early 
period, the speed should be restricted so that racing of 
the engine does not occur. The engine speed should be 
increased gradually and progressively until at least 1,000 
miles (1500 km.) or 50 hours running have been covered. 
Labouring by the engine must also be avoided, and a 
change to a lower gear must be made as soon as the engine 
speed drops to approximately 750 r.p.m. 

Roadside Injection Adjustment. 

Never dismantle any part of the injection pump or 
nozzles at the roadside. It is recommended that a spare 
injector be carried. Renewing an injector is the only 
servicing of this nature permissible. If trouble does 
arise, it is advisable to regard it as a major breakdown 
and to call upon the asistance of the nearest available 
service station. 
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FUEL INJECTION SYSTEM
 

General 

The operation and efficiency of the compression­
ignition engine depends largely on the fuel injection 
system, the main components of which are manufactured 
to extremely fine limits, therefore cleanliness and accuracy 
in setting are absolutely essential. lt is recommended 
that, where facilities for servicing are not available at the 
premises of the vehicle, the parts be taken to a C.A.V. 
Service Station. 

Description 

The fuel is drawn from the supply tank by an AC 
fuel pump which is operated by the engine camshaft. It 
is imperative that the fuel is absolutely clean and free 
from foreign matter, and a type F2/9 C.A.V. filter with 
renewable paper element is used in the system prior to 
the injection pump. A filter gauze is employed in the 
fuel lift pump which also embodies a sediment chamber. 

The injection pump, meters and forces fuel under high 
pressure via Pintaux injection nozzles, into the combus­
tion chambers. The Pintaux nozzle has been designed 
expressly for use with the Ricardo Comet type of com­
bustion chamber, which is employed in this engine. The 
use of these designs ensures easy starting under arctic 
conditions, especially when used in conjunction with the 
heater plugs which are fitted. 

The accelerator or control lever is connected to a 
butterfly valve in the venturi unit which is mounted on 
the air inlet manifold, and a suction pipe connects the 
venturi to the pneumatic governor fitted on the fuel 
injection pump. 

The variation in suction created in the venturi, actuates 
the pneumatic governor, which controls the amount of 
fuel injected into the combustion chambers by the pump, 
thus governing the engine speed. 

Adjustments in Situ 

The purpose of the following adjustments is to main­
tain performance of the fuel system at its maximum and 
consists of the cleaning, testing, inspecting and bleeding 
of the fuel system. The operations as listed below are 
essential items of maintenance which may have to be 
accomplished during normal service. Specific perform­
ance faults should be diagnosed by referring to "FAUL T 
DIAGNOSIS", Section K. 

Removing and Testing Injector Nozzles 

It is difficult to give a hard and fast mileage or time 

limit at which the injectors should be examined, owing to 
the greatly differing conditions under which engines 
operate. For general operating conditions, these nozzles 
should be tested every 10,000 miles (16000 kilometres), 
or 450 hours. If injector trouble is experienced before 
this time has elapsed the period should be reduced 
accordingly. 

Fig. Gl. 
A CA. V. Fuel injector. 

It is often possible to locate an injector which is not 
working correctly by slackening off the injector feed pipe 
union nut a few turns and allowing the fuel to leak past 
the union whilst the engine is running slowly. If no 
change is heard in the performance of the engine or 
sound of the exhaust, it is reasonable to assume that the 
injector nozzle is faulty. The same applies if a faulty 
condition, such as very thick blue smoke on engine 
acceleration, disappears when one particular injection 
line is rendered inoperative. 

To test an injector, proceed as follows:­
(a)	 Disconnect the injector feed pipe union nut and all 

the injector leak-off unions. 
(b)	 Remove the two set bolts securing the injector to 

the cylinder head and carefully lever the injector 
nozzle holder out of the sleeve in the cylinder head. 
Immediately plug the hole to prevent the ingress of 
foreign matter. 

(c)	 If the injectors are to be stored for any length of 
time, then the fuel feed and leak-off unions must be 
blanked off with dust washers or clean cloth. 

To completely test the nozzle, the injector should 
preferably be tested on a nozzle setting outfit. 

If a nozzle setting outfit is not available, the injector 
can be tested on the engine as detailed overleaf: ­
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(a)	 Fit the injector to be tested onto its feed pipe, facing 
away from the engine. 

(b)	 If the engine is then motored at idling speed, the 
spray can be observed. 

Prolonged motoring of the engine is not necessary, as 
the spray can be observed during the first few engine 
revolutions. If the spray does not atomize but "hose­
pipes", or is weak, or if the nozzle dribbles, then it must 
be replaced by a clean, tested nozzle. The faulty nozzle 
should be wrapped in a clean cloth or greaseproof paper 
and taken for cleaning to a fully equipped workshop or 
the nearest C.A.V. Service Station. 
Note. To carry out the above test it is essential that the 
throttle unit (venturi) with its suction pipe, connecting 
it to the governor, is in position. If they are not fitted, 
the engine will not be governed and will race away if 
started. 

B 

2D. 32. A. 

Fig. G2. The Venturi stop screws. 
(A) Maximum fuel stop. (B) Idling stop. 

The test may be carried out with these components 
removed; if in addition, all the injectors are removed. 
The engine can then be motored by the starter. 

Great care must be taken to prevent the hands from 
getting into contact with the spray, as the working pressure 
will cause the oil to penetrate the skin with ease. 

To Eliminate Air from the System (bleeding) 
One possible cause of failure to start or of erratic 

acceleration is that air may have entered the fuel system 
through a leaking joint, the fuel tank being allowed to 
empty, or through any part of the system having been 
dismantled; it is imperative that no air is present in the 
fuel system and that there is no leakage at any joint or 
umon. 

Although bleeding the fuel system is quite a simple 
operation, care should be exercised to obviate the casual 
handling which this proce4· uently receives. In all 
cases of fuel filter or [attention, cleanliness is 

most essential to the efficiency and life of the engine. 
When bleeding becomes necessary, ensure that an 

adequate supply of fuel is in the tank and then proceed 
as follows:­
(a)	 First bleed the fuel filter by slackening the bleed plug 

on the filter head, and then operate the hand 
priming lever on the fuel lift pump until fuel, free 

" 

from air bubbles, flows out of the filter plug. When 
this occurs, immediately tighten down the plug. 

Note. If the fuel system has been allowed to run dry,
 
the plug on the filter head should be removed and
 
the filter completely filled with fuel to save excessive
 
use of the lift pump. Replace the plug and washer,
 
and carry out the bleeding operation as above.
 

(b)	 To bleed the fuel injection pump, slacken the bleed 
tap on the pump, and again operate the hand 
priming lever on the fuel lift pump to remove air 
from the fuel, then securely tighten the tap. 

To Renew the Fuel Filter Element 
The filter element should only need renewing at 10,000 

miles (16000 km.) or 450 hours, if clean, filtered fuel has 
been used and the necessary precautions taken when 
handling any component of the fuel system. If, however, 
the engine misfires or runs in an erratic manner 
through being starved of fuel due to a clogged element, 
the element must be renewed irrespective of the mileage 
covered or hours run. Proceed as follows:­

(a)	 Release the drain plug and allow the dirty fuel to 
drain into a suitable receptacle. 

(b)	 Release the cap nut and withdraw the body and 
element complete. 

(c)	 Discard the filter element. 
(d)	 Wash out the filter body thoroughly in petrol 

(gasoline) and allow it to dry. 
(e)	 Install a new filter element in the body, ensure that 

the rubber sealing washer is in good condition and 
in position in the filter head. 

(f)	 Refit the filter body. 
(g)	 Tighten down the cap nut and the drain plug. 

Ensure that all joints are made thoroughly air tight. 
(h)	 Bleed the filter. 

To Clean the Fuel Lift Pump Filter Gauze 
The filter gauze should be examined and cleaned 

every 2,000 miles (3000 km.). Under extremely dusty or 
dirty conditions this interval should be reduced as the 
conditions dictate. Access is obtained to the filter gauze 
by releasing the set bolt in the domed cover and removing 
the cover from the pump body. Remove the filter gauze 
and clean it in an air jet or petrol (gasoline). All deposits 
should also be cleaned from the sediment chamber. 

Replace the filter gauze and dome cover, use a new 
cork gasket between the dome cover and body if the old 
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1. Venturi connection. 
2. Leak-off pipe. 
3. Leak-off pipe union. 
4. Feed pipe union. 
5. Main filter head. 
6. Sealing ring. 
7. Filter bowl. 

Fig. G3. 

8. 
9. 

10. 
II. 
12. 
13. 
14. 

The components of the fuel system 

Injection pump bleed tap. 15. 
Main filter drain plug. 16. 
Main fuel feed to pump. 17. 
Injection pump. 18. 
Lubricating oil level pipe. 19. 
Governor. 20. 
Lift pump operating lever. 21. 

22. 

_~,r 

Lift pump.
 
Stop control connection.
 
Lift pump priming lever.
 
Stop lever bell crank.
 
Bracket.
 
Fuel injector.
 
Injector pipes.
 
Injector pipe connections.
 

NOTE.-Later systems embody a coiled copper pipe instead of the flexible one illustrated. A spill return pipe 
to the fuel tank is also incorporated. 

one is broken or hardened. Tighten the retaining set bolt 
just sufficiently to make a fuel-tight joint. Over-tightening 
is liable to damage the cork joint washer. 

Finally, bleed the system as described previously. 

FUEL LIFT PUMP 
Description (Fig. G4) 

The fuel lift pump is mounted on the side of the crank­
case and is operated mechanically from an eccentric on 

7 the engine camshaft, A hand priming lever permits 
pumping a supply of fuel through the main fuel filter to 

the injection pump for bleeding the system whenever any 
component has been dismantled or disconnected. 

As the engine camshaft revolves, the eccentric lifts the 
pump rocker-arm, which pulls the pull-rod together 
with the diaphragm downwards against the spring 
pressure, thus creating a vacuum in the pump chamber. 

Fuel is drawn from the tank and enters into the 
sediment chamber through the filter gauze, the suction 
valve, and into the pump chamber. On the return stroke 
the spring pressure pushes the diaphragm upwards, 
forcing the fuel from the chamber through the delivery 
valve and port to the main fuel filter. 
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When the main fuel filter is full, a pressure is created 
in the pump chamber. This pressure will hold the 
diaphragm downward against the spring pressure, and 
it will remain in this position until the main fuel filter 
requires further fuel. The rocker-arm operates the 
connecting link and allows an idling movement of the 
rocker-arm when there is no movement of the fuel pump 
diaphragm. 

A spring keeps the rocker-arm in constant contact 
with the eccentric, thus eliminating noise. 

Fig.	 G4. The fuei lift pump exploded. 
i.	 Cover nut. 4. Filter. 
2.	 Cover. 5. inlet. :.~~ 
3.	 Cork ring. 6. Sediment drain plug . . . 

7.	 Outlet, 

To Remove 
Disconnect the two fuel pipe union nuts from the 

pump. Unscrew the two set bolts securing the pump to 
the crankcase and withdraw the pump. 

To Dismantle 
1.	 Release the set bolt securing the domed cover and 

remove the cover with the cork gasket from the top 
half of the pump body. 

2.	 Lift off the filter gauze. 
3.	 Make a file mark across the flanges of the two halves 

of the body for guidance on reassembly. 
4.	 Unscrew the six set screws and separate the two 

halves of the pump body. 
5.	 Unscrew the two set screws, remove the valve plate, 

the suction and delivery valves and the gasket from 
the lower half of the pump body. 

6.	 To remove the diaphragm and pull-rod assembly 

from the lower half of the pump body, turn the dia­
phragm to the right through 900 and lift it out. This 
will also release the spring. 

7.	 Remove the two rocker-pin clips, push out the rocker­
arm pin, which will release the rocker-pin washers, 
the rocker-arm, the link and the rocker-arm spring. 

8.	 Remove the spring from the priming lever and body 
assembly. Further dismantling of the body assembly 
is not advisable as the priming lever is riveted over 
at the outer ends of the spindle. 

To View and Overhaul 
1.	 Wash all components in petrol (gasoline) and blow 

them dry with compressed air. Blowout the fuel 
passages in the top half of the pump body. 

2.	 Examine the valves for proper seating. No attempt 
should be made to dismantle the valve and seat 
assemblies. They should be renewed complete if 
they are not in absolutely perfect condition. 

3.	 Inspect the rocker-arm, linkage and pin for wear: 
Parts should be renewed where evidence of wear or 
looseness is found. On the working surface of the 
rocker-arm which engages the operating eccentric on 
the cam slight wear is permissible but not exceeding 
.010 in. (.25 mm.) in depth. 

4.	 Check for weak or broken rocker-arm and diaphragm 
springs and renew if necessary. When renewing a 
diaphragm spring, ensure the replacement spring has 
the same identification colour and consequently the 
same strength as the original. 

5.	 All gaskets should be renewed as a matter of routine. 
6.	 The diaphragm and pull-rod assembly should nor­

mally be renewed unless it is in an entirely sound 
condition without any signs of cracks or hardening. 

7.	 Examine the engine mounting flange on the lower 
half of the pump body for signs of distortion; if it 
is not flat, the flange should be lapped to restore it 
to its original condition. 

To Reassemble 
Reassembly of the pump is a reversal of the procedure 

"To dismantle", noting the following points: ­
1./'The rocker-arm pin should be a tap fit in the body, 

and if, due to wear, it is loose, the ends of the holes 
in the body should be burred over slightly. 

2.	 Before installing the valves, first place a new paper 
gasket in position. Fit the outlet valve, spring fore­
most, into its port. The inlet valve cannot be in­
correctly fitted owing to a restriction in the port. 

3.	 When installing the diaphragm and pull-rod assembly, 
the locating "tab" on the periphery of the diaphragm 
should be at the 11 o'clock position. After pressing 
the diaphragm downwards and at the same time 
turning it through 900 to the left (which will allow 
the pull-rod to engage the fork in the link), the "tab" 
should be at the 8 o'clock position, with the holes in 
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the diaphragm matching up with the holes in the 
body flange. 

4.	 Make certain that the top and bottom halves of the 
pump body are reassem bled in their original positions; 
the markings scribed on the body flanges when dis­
mantled will ensure this condition. The securing 
screws should be tightened diagonally and securely 
while the diaphragm is held at the top of its stroke 
by .pushing the rocker-arm away from the pump. 

5.	 When installing the domed cover, tighten the set bolt 
just sufficiently to make a fuel-tight joint. 
Do not over-tighten. 

To Install 
The installation of the pump is a reversal of the pro­

cedure "To Remove", noting the following points: ­
1.	 Lubricate the rocker-arm and rocker-arm pin. 
2.	 The gasket between the pump and the cylinder block 

should be renewed. 
3.	 Crank the engine if necessary to bring the eccentric 

on the camshaft into its extreme released position, in 
order that its small side contacts the rocker-arm, be­
fore replacing the attachment screws. 

To Test 
Test the operation of the pump by disconnecting the 

outlet fuel pipe union nut from the pump and cranking 
the engine. There should be a well-defined spurt of fuel 
from the pump outlet at every working stroke, namely, 
once every two revolutions of the engine. Connect the 
fuel pipe and bleed the fuel system. 

Finally, run the engine for a short time and check 
for leaks. The fuel system must be bled again after 
correction of any leaks. 

FUEL FILTER 
Construction 

The general arrangement of the type "F" filter is 
shown in Fig. 05. The filter is of the cross-flow type, the 
inlet and outlet connections being carried on the cover, 
which also incorporates a bracket for support. The pot 
or bowl is of pressed steel, and forms an oil-tight con­
tainer for the paper element. An air vent plug is also 
carried on the cover, and according to requirements a 
gravity, vent valve or pressure relief may be carried in 
addition. A drain-plug is provided at the bottom of the 
filter bowl. 

The paper element, wound round a tubular core in 
the form of a spiral, is contained in a thin metal canister. 
Dirty oil is confined to the underside of the paper coils, 
and filtered oil to the upper side. 

Method of Operation 
Reference to Fig. 05 will show how the paper element 

filter operates. Fuel enters the filter through the inlet 
connection, passes down outside the element container, 

then up through the element, and finally emerges via the 
central outlet at the top of the element and so out through 
the outlet connection. 

Dirty fuel is excluded from the clean side of the 
element by means of oil seals at top and bottom of the 
element core, oil tightness of the seals being maintained 
by the pressure of the spring. 

Fig. G5. The (lie! filter cut away, showing 
its constuction. 

Maintenance 
As many complaints of fuel pump element wear can 

be traced to lack of care in the servicing of filters, the 
importance of correctly replacing the element, and 
avoiding getting dirt on the clean side of the filter, cannot 
be over-emphasized. When choking takes place, this is . 
usually found to be due to a waxy sludge which is depos­
ited from the fuel. If filters are found to choke in an un­
reasonably short time this will probably point to an 
unsatisfactory fuel supply, or storage tank installation, 
and steps should be taken to investigate in order to find 
out how, and at what point, an undue amount of im­
purities can enter the system. 

Paper elements are not intended to be cleaned and 
must be discarded when choked. 

INJECTION PUMP 
Description 

The C.A.V. type RP.E. Fuel Injection Pump is of the 
camshaft operated, spring-return, plunger typee employ­
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ing one pumping unit for each cylinder in the engine, 
and incorporates its own camshaft and tappet gear. 

Barrels and plungers, valves and seatings, are of highly 
ground steel, being finished to the finest limits and pre­
cision, to ensure accurate operation at high speeds and 
pressures; each pair must, therefore, be regarded as in­
separable and not interchangeable. 

Great care should be taken to ensure that scrupulous 
cleanliness is observed in any work done on the pump, 
as any damage or the slightest particle of dirt will be 
detrimental to its efficient operation. 
Operation 

Fuel is delivered by the lift pump into the common 
suction chamber in the injection pump housing, from 
which it is drawn into the pumping chambers of the 
various elements through two small lateral ports. The 
plunger moves vertically in the barrel with a constant 
stroke. To enable the pump to vary the quantity of fuel 
delivered per stroke the plunger is provided with a 
vertical channel extending from its top edge to an 
annular groove, the upper edge of which is cut in the 
form of a helix. A toothed rack is provided whereby the 
plunger can be rotated in its barrel during operation. 

When the plunger is at B.O.C., fuel can enter through 
the barrel ports ("A" and "0"). In a primed system the 
barrel and the pipes leading from the pump to the in­
jectors are ful1 of fuel. As the plunger rises a certain 
amount of fuel is pushed back through the barrel ports, 
until the plunger reaches its bottom position, where the 
top land of the plunger has closed both ports. The fuel 
above the plunger is then trapped, arid its only outlet is 
via! t .elivery valve which is mounted on top of the 
purd' 1. 

The sure exerted by the rising plunger upon the 
fuel causes this .to lift the valve and to enter the pipe 
which connects the pump to the injector. As this is 
already full, the extra fuel which is being pumped in at 
the pump end causes a rise in pressure throughout the 
line and lifts the nozzle needle (or injector valve). This 
permits fuel to be sprayed into the engine combustion 

2 3 4 

End of injectionB.D.C. B.D.C. End of injection,
'------y~---~ '----,--_.-1 .. Starting position Normal load position 
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chamber. Thus, fuel is being pumped into the line at the 
pump end, and an equal amount pushed out at the nozzle 
end. The lower edge of the control helix ("B") now un­
covers the barrel port, thus allowing fuel to be by-passed 
to the suction chamber (which is under a much lower 
pressure than the fuel above the plunger), by way of the 
vertical slot. This causes the delivery valve to shut under 
the action of its spring, and with the col1apse of pressure 
in the pipe line, the nozzle valve also shuts. 

The plunger stroke is always constant but that part of 
it which is actually pumping is variable. By means of 
the helical edge which runs round the plunger, which 
itself can be rotated within the barrel, it is possible to 
make this point of cut-off occur earlier or later in the 
stroke. To stop the engine, the plunger is turned so that 
the vertical slot coincides with the barrel port during the 
whole of the plunger stroke; thus, no fuel is delivered. 
The position of the plunger stroke at which the helical 
edge will uncover the port is adjustable by rotating the 
plunger axially by means of a toothed quadrant. 

The toothed quadrant meshes with a rack provided on 
the control rod which actuates all the pump elements in 
the unit, and is connected to the governor or other 
controls by suitable linkage. 
Anti-Dribble Device 

When the helical edge of the pump plunger uncovers 
the port on the pump barrel, near the end of the delivery 
stroke, the pressure of fuel is immediately reduced so 
that the delivery valve at once drops onto its seating, 
thus cutting off communication between the pump and 
the nozzle until the next delivery stroke takes place. In 
coming to its seat to act as a non-return valve, the 
delivery valve is, however, made to perform the other 
highly important function of pressure pipe release. This 
double function is obtained by the construction of the 
delivery valve unit, which is an ordinary mitre faced 
valve with a guide having a circular groove cut in it, 
dividing the guide into two parts. The lower part has 
four longitudinal grooves communicating with the 
circular groove. 

5 

Fig. G6. 

Illustrating the injection pump barrel, 

with the plunger in its various 

operating positions, reading from 

left to right. 

Engine
 
Stopped
 



~ FUEL INJECTION SYSTEM GI7 

The upper part of the guide forms a small piston which 
..as a highly ground finish, and forms a plunger fit for 
the valve seating when the pump is on its delivery stroke, 
the pressure of the fuel rises and the delivery valve is 
pushed up until the fuel can escape through the longit­
udinal grooves over the valve face to the nozzle. Immed­
iately, the pump plunger releases the pressure in its barrel, 
the delivery valve (under the influence of its spring, and 
the great difference in pressure between the pump barrel 
and the delivery pipe), resumes its seat. This causes the 
small piston parts to the guide to sweep down the valve 
seating with a plunger action, thus increasing the space 
in the delivery pipe (by an amount equal to the volume of 
the small piston part of the valve guide), before the valve 
actually seats itself. The effect of this increase of volume 
in the delivery pipe system, is that of suddenly reducing 
the pressure of the fuel therein, so that the valve in the 
nozzle can "snap" on to its seat, thus instantaneously 
terminating the spray of fuel in the cylinder entirely 
without "dribble". 

Lubrication 
No lubrication attention during operating service is 

required by the fuel injection pump; the mechanism is 

lubricated by the leakage of fuel oil from the pump 
elements. 

If, however, a new or reconditioned pump is fitted to 
the engine, the inspection cover must be removed and the 
sump filled with engine oil. An overflow pipe is fitted 
and the filling process should be continued until oil 
emerges from the pipe, which governs the correct max­
imum level. 

To Remove the Fuel Injection Pump 
To remove the injection pump, first take out the four 

set-pins securing the drive end cover plate, situated on 
the timing case, and remove the plate and joint washer. 
Knock back the lock washer under the head of the barrel 
nut, Fig. G7, and remove the nut. 

Now, disconnect the venturi pipe from the pneumatic 
governor, and the main fuel feed pipe at the injection 
pump. Detach the feed pipes to the injection nozzles at 
the pump end, and the engine stop lever rod at the upper 
end by removing the securing nut situated at the rear 
face of the control lever on the engine crankcase. 

Three nuts and plain washers securing the injection 
pump flange to the timing case, must now be removed. 

'. 

~ 
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Fig. G7. Fuel injection pump removal, showiIJ$ tool No. IF.8337 inset. 
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Screw tool number IF.8337, Fig. G7, into the pump 
drive chain wheel, thereby forcing the pump to the rear 
and separating the tapered and keyed pump shaft from 
the drive. The chain wheel will remain in position sup­
ported by its ball race. Take care to retrieve the wood­
ruff key from the drive. 

Removing the Pneumatic Governor 
Before the fuel injection pump can be dismantled the 

pneumatic governor unit must be taken off. To do this 
remove the four set screws from the flange of the gover­
nor. Keep one hand over the governor, as the diaphragm 
spring may force the housing away from the pump. 

Take out the diaphragm spring, and then actuate the 
engine stop lever on the pump. This will move the dia­
phragm away from its seating allowing access to the 
connecting clevis pin between the diaphragm rod and 
pump rack. Remove the split pin and washer, and by 
moving the diaphragm sideways, separate it from the 
pump. 

Reassembling and Refitting the Governor 
This is a reversal of the dismantling procedure. The 

diaphragm being made of specially prepared leather, 
should give lasting service, but in the event of a leak 
being suspected, the following procedure should be. 
adopted. 
(a)	 Remove the vacuum pipe. 

(b)	 Move the stop lever to the "stop" position. 

(c)	 Place a finger over the diaphragm housing union in 
order to seal it. 

(d)	 Release the stop lever. 

(e)	 The control rod should then remain stationary, any 
movement towards the maximum speed position 
indicating leakage either at the diaphragm or at the 
housing union, or between the housing and main 
cover. If the union, housing, and cover joints are 
tight, then the leakage is occuring at the diaphragm 
which should be renewed. 

(f)	 The vacuum pipe can be tested for leaks in exactly 
the same way as the diaphragm, except that the 
diaphragm housing end is connected to the governor 
union, and a finger applied to the venturi end of the 
pipe. 

(g)	 Ensure that slackness does not occur between the 
accelerator pedal and venturi unit, or between the 
stop lever and its control rod. 

(h)	 The engine stop lever must be perfectly free through­
out the whole of its permitted movement. 

CAUTION. In no circumstances run the engine without 
the l'flIturi air or air inlet manifold in position, or with the 
sqt}ion pipe to the governor disconnected. Do not interfere 
with the idling damper screw on the governor, nor with the 
maximum fuel stop. 

·~~4---3 
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Fig. G8. The excess fuel button used for cold starting. 
f. Button. 4. Cover. 
2. Stop screw. 5. Fixing screws. 
3. Spring. 6. Locking nut. 

Dismantling the Fuel Injection Pump 

This operation should not be lightly undertaken as 
only mechanics specially trained can be' expected to 
carry it out successfully. Strict cleanliness should be 
observed when' preparing to dismantle fuel injection 
pumps, care being taken to see that all iron filings, dirt, 
grit, dust, etc., are removed from the bench on which the 
work is to be done. The bench should then be. covered 
with a sheet of clean grease-proof paper and a number of 
small clean containers provided for the various parts 
removed. It is also advisable to have a thoroughly clean, 
covered vessel available, containing a supply of fresh 
clean petrol (gasoline), or fuel oil for washing these parts. 
If permanent facilities are installed ~ the servicing of 
injection equipment, the bench shoula be covered with 
zinc sheeting or linoleum or a similar easily cleaned 
material. 

To facilitate dismantling and reassembling fuel in­
jection pumps it is advisable to use special tools, in 
addition to the ordinary spanners and screwdrivers which 
are available in every workshop. They can readily be 
supplied or obtained through any C.A.V. Service Station 
or Dealer. 

Special attention should be paid to the pump plunger 
and barrel unit, which should carefully be isolated, a 
specially important point being to ensure that the 
plungers are never laid down separately or fitted except 
into the barrels from which they were originally taken. 
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Diaphragm.
 
Auxiliary idling plunger.
 
Auxiliary idling set screw.
 
Idling spring.
 
Main diaphragm spring.
 
Housing.
 

Fig. G9. The fuel injection pump. 

13. Governor breather. 
14. Pump element. 
15. Suction chamber. 
16. Delivery nipple nut. 
17. Delivery valve holder. 
18. Joint for 19. 
19. Inlet connection stud. 
20. Fuel inlet nipple nut. 
21. Pump element barrel. 
22. Control rod. 
23. Pump element plunger. 
24. Helical spring. 

25. Tappet assembly. 
26. Camshaft. 
27. Housing. 
28. Closing plug. 
29. Delivery valve spring. 
30. Delivery valve and seating. 
31. Locking screw and joint. 
32. Clamp screw. 
33. Cover plate screw. 
34. Cover plate. 
35. Dipstick. 

NOTE.-This illustration differs slightly from the injection pumps now used but the essentials are exactly the same. 
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Comment has already been made on the extremely fine 
limits to which these parts are finished, so that the pump 
plunger and its barrel should always work together as a 
pair. The surfaces of these parts should never at any 
time be touched with a file, scraper, or other hard tool 
or any abrasive compound. Should they be damaged, the 
entire injection pump should be sent to the nearest C.A.V. 
Service Station for attention, rather than preliminary 
efforts be made with any form of grinding paste, powder 
or stone. 

The delivery valve and seating should be treated in 
the same way, as these are similarly matched, and" if 
trouble is experienced after they have been cleaned and 
rubbed together, the pair should be replaced from 
service parts stock. 

In the case of multi-cylinder injection pumps, unless 
adequate facilities exist for dismantling the pump ele­
ments, control sleeves and control rod, it is important 
that this work should be referred to the nearest C.A.V. 
Service Station, in whose workshops will be found the 
necessary apparatus for ensuring that the controls are 
again assembled and adjusted to give the uniformity of 
delivery required. The importance of accuracy in this 
respect cannot be exaggerated, and a special power­
driven machine has been devised to enable the calibration 
to be performed at high speed. 

t;,EXffmination of Plunger, SpringJlDd Camshaft 
(see Fig. G9) H, 

1.	 Remove inspection cover plate (34). 
" .. 

2.	 Remove the bearing end plate (2) after rotating cam­
shaft (26) to bring the tappet (25) to its top dead 
centre position and insert a tappet holder under the 
head of the tappet adjusting screw. 
(These tools can be obtained from any C.A.V. 
Station). 
This should be repeated for each element, when the 
camshaft (26) can be easily withdrawn. NOTE. The 
camshaft must be marked to ensure that it is replaced 
the right way round. 

3.	 Unscrew the closing plugs (28) (with tool ET.105) at 
the base of the housing and push up the tappet until 
it is possible to withdraw the tappet holder, after 
which the tappet assembly, the lower plate spring (3), 
the plunger spring (24) and plunger may be withdrawn 
through the holes. 

o Change Delivery Valve and Seating 

,;, Unscrew the delivery valve holder (17), withdraw the 
spring (29) and the delivery valve. The valve seating and 
its joint can now be removed by means of an extracting 
tool which is obtainable from any c.A.V. Service Station. 

To Remove the Pump Barrel
 
Unscrew the locking screw (31) and push the barrel
 

from below be means of a fibre or soft brass drift. This
 
process involves complete readjustment to the delivery
 
of the injection pump, and in the absence of adequate
 
facilities the adjustment should be placed in the hands
 
of an accredited C.A. V. Service Station.
 

Reassembling (Fig. G9)
 

In reassembling the pumps great care should be taken
 
that all joints and other parts are entirely clean. They
 
should be (a) rinsed in clean petrol (gasoline) or fuel oil,
 
(b) allowed to drip, (c) smeared with a lubricating oil and 

• finally	 brought together entirely without the use of 
'.cotton waste, rags, or cloth wipers of any kind. 

1.	 Refit the" barrel of the element carefully, observing
 
that the slot in it is opposite the hole for the locking
 
screw (31). Tighten down the locking screw after
 
making sure that its joint is in place.
 

2.	 Refit valve seating and joint, carefully locating them
 
in position in the pump housing. Replace delivery
 
valve and its spring and finally fit delivery valve
 
holder with its joint in position and screw down
 
tightly.
 

3.	 Refit regulating quadrant (6), regulating sleeve (5), , . 
and upper spring plate (4). 

4.	 Insert plunger with spring and the lower spring plate
 
into the barrel, taking care that the lug on the lower
 
edge of the plunger fits into the slot in the control
 
sleeve, for which it is marked.
 

5.	 Insert tappet assembly (25) and press against the
 
spring until the tappet holder can be located between
 
the tappet adjusting ~crew and the pump housing.
 
Operations 1to 5should be repeated for each element.
 

6.	 Refit camshaft (26) in its bearings in the pump
 
housing taking care that it is fitted so that the correct
 
firing order of 1, 3, 4, 2 will be maintained.
 

Note. The camshaft gives different firing orders according
 
to the position in which it is placed in the pump.
 
A 4-cylinder camshaft firing 1, 3, 4, 2 when re­

versed in the housing gives a firing order of 1,
 
2, 4, 3.
 

7.	 Refit the bearing end plate (2) and tighten securing
 
screws removing the tappet holders from beneath
 
adjusting screws.
 

8.	 Refit inlet connection union nut (20), and inlet
 
closing plugs (28).
 

9.	 Smear the mitre joint face of the closing plug with
 
white lead, or other sealing compound, and tighten
 
up hard.
 

10. Fill	 the camshaft chamber with lubricating oil to
 
the prescribed level with engine oil of SAE 30 grade.
 

11.	 Replace the inspection cover plate. 
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Refitting the Injection Pump 

Fig. G 10 illustrates the flywheel timing marks. In view 
of the 20 : 1 compression ratio of the engine, and the 
consequent difficulty of rotating the crankshaft, two sets 
of markings are provided so that the nearest set to the 
T.D.C. position may be used with greater convenience. 

Timing the injection pump, so that the spill cut-off 
'/,	 occurs at 28° B.T.D.C. is a simple operation, but great 

care must be taken to carry out the work accurately, 
otherwise the engine performance will not be up to 
standard. 

With the timing chain wheels and chain assembled in 
their correct relationship to each other, as described in 
Section H, rotate the flywheel until the most convenient 
injection timing mark is vertical. Notice. that these 
marks are 1M 1/4 and INJ 2/3 respectively, and that 
the test pipe 18G.223 must be connected, as later 
described, to the appropriate pump element. Therefore 
if the mark INJ 1/4 is used, the pump is timed on the 
elements No.1 or No.4, these being numbered from the 
front of the engine, and similarly on elements No.2 or 
No. 3 if the INJ 2/3 mark is used. 

Having set the flywheel in position, offer the injection 
pump to the engine. Ensure that the key is positioned 
correctly in the drive end of the pump camshaft. Bolt 
the pump to the rear face of the timing case, but only 
tighten down the securing nuts finger tight so that the 
pump body can be rotated about its camshaft axis. 
Connect up the main fuel pipe from the filter to the 

\'	 injection pump. 

Insert the barrel nut with its lockwasher and retaining 
washer in position under the head into the centre of the 
pump drive chain wheel, and screw onto the camshaft of 
the pump. In doing so, ensure that the spigot of the 
retaining washer engages with the recess in the bearing 
and that the locating tab of the lockwasher is positioned 
in its recess. Ensure that the freewheel roller is in the 
driving position. Also ensure that the camshaft of the 
pump does not rotate. This is best achieved by running 
two nuts onto the other end of the camshaft and locking 
them against each other. The camshaft can then be held 
with a spanner. Do not omit to knock over the lock­
washer. 

Unscrew the applicable element nut on the injection 
pump, according to the injection timing mark in use, i.e., 
No. I or No.4 if this mark is set vertical, or No. ~,0f 3 
if this is more convenient. Take out the spring and valve, 

" 

Fig. GIO. 
Illustrating the flywheel timing marks. 

replace the valve holder and connect up the test pipe 
to the element outlet. 

Slacken the bleed plug on the fuel filter head, and by 
means of the priming lever on the fuel lift pump, pump 
up the fuel until it flows free from air bubbles from the 
bleed plug which must be tightened immediately. 
Slacken the bleed tap on the fuel injection pump casing 
and proceed in a similar manner. The system is now 
free from air up to the pump elements. 

Now, rotate the injection pump about the axis of its 
camshaft, so that the elements move towards the engine. 
Very slowly rotate it away from the engine, and immed­
iately the flow of fuel ceases from the test pipe, stop the 
movement. Great care must be taken during this op­
eration to ensure that the pawl of the freewheel is hard up 
against its drive. Use a spanner on the lock nuts on the 
camshaft, as previously described. This is the pumps 
correct position, and the spill cut-off is now timed to 
occur at 28° before the top dead centre position of 
pistons I and 4 or 2 and 3 according to the flywheel 
timing marks used. Tighten down the pump flange bolts. 

Disconnect the test pipe, and connect up the high 
pressure pipes to the pump elements and the injectors. 
Before starting the engine ensure that the camshaft 
chamber of the pump is filled with engine oil. Top up 
with the level plug removed until the oil flows from the 
orifice, and replace the plug. 

..~~ 
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Adjusting the Tappet Clearance 
Between the rocker arm head and the valve stem 

there must be a clearance of .Oll-in. (3.05 mm.). 
To check this adjustment have the engine turned by 

the starting handle and note the point at which the push 
rod stops falling. From that point until it starts to move 
again there must be a clearance of .Oll-in. (3.05 mm.). 
Test with feeler gauge. 

Note.-Always operate the engine stop control before 
turning the engine. 

Fig. Hl Showing the upper face of the 
cylinder head 

If adjustment is necessary, whilst continuously apply­
ing sufficient pressure to the adjusting screw with a heavy 
screwdriver slacken the lock nut, then raise or lower the 
adjusting screw in the rocker arm. 

Tighten the lock nut when the adjustment is correct, 
but always check again afterwards in case the adjustment 
has been disturbed during the locking process. It is most 
advisable that this re-check of the clearance be made 
while the engine is at normal working temperature. 

In replacing the valve cover take care that the joint 
washer, using a new one if necessary, is properly in place 
to ensure an oil-tight joint. 

Removing the Push Rods 
To remove the push rods.it is not necessary to dis­

mantle the valve gear beyond slackening the tappet 
adjustment. 

Slacken the tappet adjustment to its full extent. With 
the aid of a screwdriver, supported under the rocker 
shaft, depress the valve and spring and then slide the 
rocker sideways free of the push rod. Remove the push 
rod. 
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In the case of the front or rear end rocker, however, it 
is necessary to take out the split cotter pin from the end 
of the shaft, when the rocker can be removed, together 
with the plain washer, and the push rod lifted out. 

Replace in the reverse order. 

Rocker Arm Bushes 
While the rocker gear is detached from the head check 

for play between the rocker shaft and rocker arm bushes. 
If this is excessive, new bushes should be fitted. To do 
this, take out the split pin at the end of the shaft when 
the plain and spring washers, rocker arm and rocker 
shaft brackets may be removed. 

The white metal bush is best removed using a drift 
(Service tool No. 18G21), and an anvil. The anvil should 
be recessed to retain the rocker in position while the bush 
is pressed or gently knocked out with the drift. 

The flange of the drift must also be recessed to prevent 
the new split bush from opening when being driven into 
position. These new bushes are not supplied at a 
finished size, the internal diameter must be reamed to 
suit the shaft. 

Decarbonising 
For this operation it will be necessary to remove the 

manifolds, cylinder head, and push rods. 
Scrape off all carbon deposit from the cylinder head 

and ports. 
Clean the carbon from the piston crowns by scraping 

them with a piece of wedge-shaped hard wood. Care 
being taken not to damage the piston crowns and not to 

Fig. H2. Showing the lower face of the 
cylinder head 
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Fig. H3 
1. Fan belt. 22. Crankcase rear cover. 44. Joint washer. 
2. Mounting bracket. 23. Joint. *45. Oil seal. 
3. Fan. 24. Rear main bearing cap. 46. Oil catcher. 
4. Fan pulley. 25. Rear main bearing shells. 47. Engine front plate. 
5. Water pump spindle. 26. Dynamo mounting bracket. 48. Joint. 
6. Key. 27. Oil pump Cap Nut. 49. Main bearing cap stud. 
7. Dipstick. 28. Tappet cover. 50. Cork plugs. 
8. Rubber boot for dipstick. 19. Cover joint. 51. Oil release valve. 

30. Camshaft front bearing. 9. Dipstick tube. 52. Crankshaft thrust washer. 
31. Water pump seal. 10. Water pump impeller. 53. Camshaft centre bearing. 
32. Water pump casing. 11. Serial number plate. 54. Joint washer, sump. 
33. Cup.:. I 12. Cylinder block drain tap. 55. Sump. 
34. Felt washer. 13. Cylinder block. 56. Sump drain plug. 
35. Distance piece. 14. Oil pressure connection. 57. Front main bearing cap. 
36. Ball race. 15. Cylinder liner. 58. Main oil filter. 
37. Distance piece. 16. Core plug. 59. Joint washer. 
38. Ball race. 17. Welsh plug. 60. Oil filter element. 
39. Grease retainer. 18. Engine back plate. 61. Sealing ring, oil filter. 
40. Split ring. 19. Camshaft rear bearing. 62. Rubber mounting. 
41. Injection pump drive cover. 20. Breather pipe. 63. Rebound stop. 
42. Joint washer. 21. Clip. 64. Front mounting bracket. 
43. Timing case. 

*Early engines up to No. 229511 were fitted with a felt oil seal. Later models have an '0' type ring. 

allow dirt or carbon deposit to enter the cylinder barrels 
or push rod compartment. 

When cleaning the top of the piston, do not scrape 
right to the edge, as a little carbon left on the edge assists 
in keeping down oil consumption; with the pistons 
cleaned right to the edge, or with new pistons, oil con­
sumption is often slightly, though temporarily, increased. 

Replacing the Cylinder Head 
Refit the cylinder head gasket with the side marked 

"TOP" uppermost, having smeared both sides with 
grease to make a good joint and prevent sticking when 
the head is again lifted. '" 

Replace the rocker gear if this has been removed. 

Lower the head over the studs, replace the cylinder 
head nuts finger tight, and insert the tappet push rods. 

i- Tighten the cylinder head nuts evenly, a quarter of a 
turn at a time, to a final figure of 75 lbs. ft. ..'" Reset the tappets to .0l2-in. (3.05 mm.) and replace 

-~ ~ the valve cover. 
Check the valve tappet clearance again after the 

vehicle has run about 100 miles as the valves have a ten­
dency to bed down. At the same time it is advisable to 
test the cylinder head nuts for tightness. Tightening the 
cylinder head nuts may affect tappet clearances, although 
not usually enough to justify resetting. They should be 
rechecked, however. 

Valves 
Weak compression in any cylinder, in spite of correct 

tappet clearances, usually suggests that valve grinding 
is necessary, and the head should be removed for 
investigation. 

Valve Timing 
The inlet valve opens at 5° before T.D.C. and closes 

at 40° after B.D.C., whilst the exhaust opens at 60° 
before B.D.C. and closes at 5° after T.D.C. Valve 
clearance for timing .021" (.53 mm.). 

Removing and Refitting a Valve 
With the cylinder head removed, a valve spring com­

pressing tool No. 18G45can be used to compress the spring. 
Take away the circlip and the split cotters, then release 

the spring and remove the valve. 
Reassembly is a reversal of the operations for removal. 

When fitting the split cotters it is also worth noting that 
the spring circlip should be replaced as soon as the cotters 
are in position. This saves holding the cotters in the 
groove while the spring is released. 

Split the two halves of the spring cup between which 
there is an oil seal. If this oil seal shows any signs of 
damage or perishing, it should be renewed as its object 
is to prevent excess oil entering the valve guide. 

When removing the valves, place them on a valve 
carrying board to enable them to be identified with the 
cylinder from which they have been taken. 

Clean the carbon from the top and bottom of the valve 
heads, as well as any deposit that may have accumulated 
on the stems. The valve heads should, if necessary, be 
refaced at an angle of 45°. If the valve seats show signs 
of excessive pitting it is advisable to reface these also, 
using a pilot, tool No. 18G31, and handle No. 18G27, 
with cutter No. 18G28. If the seats are glazed, use tool 
No. 18G189. 

The valves are without any indentures or slots in the 
head, and this necessitates the use of a suction rubber 
headed valve grinding tool. 
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Fig. H3 
1. Fan belt. 22. Crankcase rear cover. 44. Joint washer. 
2. Mounting bracket. 23. Joint. *45. Oil seal. 
3. Fan. 24. Rear main bearing cap. 46. Oil catcher. 
4. Fan pulley. 25. Rear main bearing shells. 47. Engine front plate. 
5. Water pump spindle. 26. Dynamo mounting bracket. 48. Joint. 
6. Key. 27. Oil pump Cap Nut. 49. Main bearing cap stud. 
7. Dipstick. 28. Tappet cover. 50. Cork plugs. 
8. Rubber boot for dipstick. 29. Cover joint. 51. Oil release valve. 

30. Camshaft front bearing. 9. Dipstick tube. 52. Crankshaft thrust washer. 
31. Water pump seal. 10. Water pump impeller. 53. Camshaft centre bearing. 
32. Water pump casing. 11. Serial number plate. 54. Joint washer, sump. 
33. Cup.12. Cylinder block drain tap. 55. Sump. 
34. Felt washer. " 13. Cylinder block. 56. Sump drain plug. 
35. Distance piece. 14. Oil pressure connection. 57. Front main bearing cap. 
36. Ball race. 15. Cylinder liner. 58. Main oil filter. 
37. Distance piece. 16. Core plug. 59. Joint washer. 
38. Ball race. 17. Welsh plug. 60. Oil filter element. 
39. Grease retainer. 18. Engine back plate. 61. Sealing ring, oil filter. 
40. Split ring. /9. Camshaft rear bearing. 62. Rubber mounting. 
41. Injection pump drive cover. 20. Breather pipe. 63. Rebound stop. 
42. Joint washer. 21. Clip. 64. Front mounting bracket. 
43. Timing case. 

"Early engines up to No. 229511 were fitted with a felt oil seal. Later models have an '0' type ring. 

allow dirt or carbon deposit to enter the cylinder barrels 
or push rod compartment. 

When cleaning the top of the piston, do not scrape 
right to the edge, as a little carbon left on the edge assists 
in keeping down oil consumption; with the pistons 
cleaned right to the edge, or with new pistons, oil con­
sumption is often slightly, though temporarily, increased. 

Replacing the Cylinder Head 
Refit the cylinder head gasket with the side marked 

"TOP" uppermost, having smeared both sides with 
grease to make a good joint and prevent sticking when 
the head is again lifted.> 

Replace the rocker gear if this has been removed. 

Lower the head over the studs, replace the cylinder 
head nuts finger tight, and insert the tappet push rods. 

Tighten the cylinder head nuts evenly, a quarter of a 
turn at a time, to a final figure of 75 lbs, ft. 

\0., Reset the tappets to .0l2-in. (3.05 mm.) and replace 
~ . the valve cover. 

Check the valve tappet clearance again after the 
vehicle has run about 100 miles as the valves have a ten­
dency to bed down. At the same time it is advisable to 
test the cylinder head nuts for tightness. Tightening the 
cylinder head nuts may affect tappet clearances, although 
not usually enough to justify resetting. They should be 
rechecked, however. 

Valves 
Weak compression in any cylinder, in spite of correct 

tappet clearances, usually suggests that valve grinding 
is necessary, and the head should be removed for 
investigation. 

Valve Timing 
The inlet valve opens at 5° before T.O.C. and closes 

at 40° after B.O.c., whilst the exhaust opens at 60° 
before B.O.c. and closes at 5° after T.O.C. Valve 
clearance for timing .021" (.53 mm.). 

Removing and Refitting a Valve 
With the cylinder head removed, a valve spring com­

pressing tool No. 18G45can be used to compress the spring. 
Take away the circlip and the split cotters, then release 

the spring and remove the valve. 
Reassembly is a reversal of the operations for removal. 

When fitting the split cotters it is also worth noting that 
the spring circlip should be replaced as soon as the cotters 
are in position. This saves holding the cotters in the 
groove while the spring is released. 

Split the two halves of the spring cup between which 
there is an oil seal. If this oil seal shows any signs of 
damage or perishing, it should be renewed as its object 
is to prevent excess oil entering the valve guide. 

When removing the valves, place them on a valve 
carrying board to enable them to be identified with the 
cylinder from which they have been taken. 

Clean the carbon from the top and bottom of the valve 
heads, as well as any deposit that may have accumulated 
on the stems. The valve heads should, if necessary, be 
refaced at an angle of 45°. If the valve seats show signs 
of excessive pitting it is advisable to reface these also, 
using a pilot, tool No. 18G31, and handle No. 18G27, 
with cutter No. 18G28. If the seats are glazed, use tool 
No. 18G189. 

The valves are without any indentures or slots in the 
head, and this necessitates the use of a suction rubber 
headed valve grinding tool. 
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Fig. H4. The Crankshaft 

Valve Grinding 
For valve grinding a little grinding paste should be 

smeared evenly on the valve face, and the valve rotated 
backwards and forwards against its seat, lifting and 
advancing it a step at short intervals, until a clean and 
unpitted seating is obtained. The cutting action is facilit­
ated by the periodical lifting of the valve from its seat. 
This ·,~lIows the grinding compound to repenetrate be­
tween the two faces again, after being squeezed out. 

On completion, all traces of the grinding compound 
must be removed from the valve and seating. 

It is essential for each valve to be ground-in and re­
fitted on its own seating as indicated by the number on 
the valve head. The valves are numbered 1 to 8, starting 
from. front. If a new valve is used it should be identi­
fied with its seating by stamping the number on the head, 
taking care not to distort the valve in the process. 

It is also desirable to clean the valve guides. This can 
be done by dipping the valve stem in petrol (gasoline), or 
paraffin (kerosene) and moving it up and down in the 
guide until it is free. Reclean the valve and re-insert it 
in the guide, and replace the valve spring, cap, oil seal 
cotters, and circlip. 

Valve Guides 

The valve guides are of a one piece design, pressed into 
the cylinder head. 

Valve guides should be tested for wear whenever valves 
are removed, and if excessive side play is present, a close 
check should be made of the valve stem and the guide. 
In the event of wear being present, the defective com­
ponent should be renewed. If a valve is at fault the wear 
will usually be evident on the stem, but it should be borne 
in mind that the inlet valve and stem should be a running 
fit to avoid the possibility of an air leak. 

If renewal is necessary, due to wear, the valve guide 
may be driven out after the removal of the valve. 

The drift used should be stepped in order to ensure 
location and to obviate it slipping off the guide and 
damaging the port. The guide should be knocked out, 

t working on the plain and not the chamfered end. 

~ .. 

A new guide should be forced into position in the 
same direction-that is, inserting it through the valve 
seating and driving towards the top of the cylinder head. 

Removing the Tappets 
Remove the valve cover, slacken back the tappet ad­

justment and withdraw the push rods as described on 
page H/l. 

Remove the cylinder side cover on the left-hand side 
of the engine. 

Note that the cover joint is made with a cork washer. 
Carefully remove this washer. Renew, if it is damaged. 

Remove the vent pipe attached to the side cover; it is 
flange mounted with two set screws. 

The tappet plungers may be withdrawn from the 
crankcase by lifting them upwards with finger and thumb. 

Replacement is a reversal of this operation, but take 
care to make an oil-tight joint with the side cover and 
the vent pipe. 

Starting Nut and Belt Pulley 
Using tool No. 18G96 or a suitable heavy box spanner, 

unscrew the starting nut on the crankshaft after knocking 
back the lock washer. The spanner will probably have 
to be hammered in order to "start" this nut, but a few 
fairly sharp blows in an anti-clockwise direction should 
be sufficient. 

With the nut and its washer removed, the belt pulley 
and crankshaft damper can be withdrawn from the shaft. 

Timing Cover 
The timing cover is secured to the engine by means of 

the following: 
Three nuts and bolts, 1\", A/F. 
One stud, 'i~ ", A/F. 
Three nuts and bolts, t", A/F. 
Ten set pins, f', AjF. 

Fig. HS. Showing the specially 
shaped piston crown 
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1. Spper hose connection. 
2. .1knt pipe. 
3. )fir cleaner.

/'; 
NOTE. 

On later engines a central bolt is also used, positioned 
through the' centre of the timing cover. 

Upon r6Il\~val of these, the timing cover and joint 
washer can ,l)e removed and at the same time the oil 
thrower ~o,~ld be ta~en from the fro~t of the cran~shaft. 

Note thecorrect fitting to prevent oil from creeping to 
the fan pulley; the concave or hollow side must face 
forward; towards the pulley. 

When re-assembling, do not damage the oil seal; 
make the joint carefully, using-a new joint washer if 
necessary, and tighten the set screws evenly. 

Front Suspension Plate 
The engine front suspension plate can be removed by 

taking out the remaining set screws. 

Removal of the Flywheel 
Before removing the flywheel, rotate the engine crank­

shaft so that the notch in the belt pulley is in line with 

Fig. H6. General I'iew of engine 

4. Oil filler. 7. Lubrication nipple clutch thrust. 
5. Dynamo. 8. Lift pump priming lever. 
6. Breather pipe. 

Later engines have the oil filler at the front end of the rocker cover. 

the arrow on the timing case. The engine is now. set 
with No. I piston at Top Dead Centre. 

After taking away the Clutch, the flywheel can be re­
moved upon releasing the bolts attaching it to the crank­
shaft flange. 

When replacing the flywheel ensure that the 1/4 Top 
Dead Centre mark is set vertical. 

Rear Suspension Plate 
The engine rear suspension plate may be removed, 

after the flywheel, by taking out the remaining set screws 
into the crankcase. 

Pistons and Connecting Rods 
There is an oil jet in the top half of the big-end bearing. 

Ensure that this lines up with the holes in the shell 
bearings to give free passage of oil. 

To draw the pistons, the connecting rods have to be 
taken upwards through the cylinder bores; the sump 
and cylinder head have therefore to be removed. 
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33 34 35 

46 

Fig. 87. Engine Components.
 

NOTE.-The rocker cover is of cast aluminium on later engines.
 

As from Engine 226988 heater plugs which differ visually are used. In addition, a chain damper is fitted 
below the top run of the timing chain. 
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Fig. H7 
1. Joint washer, thermostat. 
2. Thermostat cover. 
3. Heater plug. 
4. Heater plug lead. 
5. Rocker bush. 
6. Rocker. 
7. Spring clip. 
8. Valve collets. 
9. Rubber sealing ring. 

10. Valve spring cap. 
11. Valve spring. 
12. Rocker shaft plug, screwed. 
13. Rocker shaft standard. 
14. Rocker shaft. 
15. Valve spring locator. 
16. Distance piece. 
17. Welsh plug. 
18. Push rod. 
19. Push rod cup. 
20. Rocker adjusting screw 
21. Lock nut. 
22. Nut. 
23. Rocker standard studs. 
24. Distance piece. 
25. Blanking plug. 
26. Blanking plug. 
27. Rocker shaft plug. 
28. Spring washer. 
29. Plain washer. 
30. Split pin. 
31. Welsh plug. 
32. Core plug. 
33. Makers' name plate. 

34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 

Rocker cover. 
Breather pipe, rocker cover. 
Oil filler cap. 
Oil filler. 
Lifting bracket. 
Rocker cover stud. 
Rocker cover joint. 
Exhaust manifold. 
Cable bracket. 
Maximum speed stop screw and nut. 
Venturi. 
Joint washer. 
Inlet manifold. 
Butterfly spindle. 
Venturi arm. 
Manifold stud. 
Exhaust manifold stud. 
Flywheel locating dowel. 
Manifold securing washer. 
Flywheel set pin. 
Locking plate. 
Flywheel. 
Dynamo mounting stud. 
Dynamo swinging link. 
Dynamo. 
Dynamo cooling fan. 
Dynamo pulley. 
Starter ring. 
Crankshaft. 
Connecting rod upper bearing. 
Camshaft. 
Camshaft end plug. 
Gudgeon pin circlip, 

68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 

Compression rings. 
Oil control ring. 
Piston. 
Lower oil control ring, 
Connecting rod. 
Small end bush. 
Tappet. 
Valve guide, inlet. 
Inlet valve. 
Exhaust valve. 
Valve guide, exhaust. 
Cylinder head gasket. 
Thermostat. 
Water temperature gauge connection. 
Timing chain. 
Injection pump chain wheel. 
Camshaft retaining plate. 
Locking plate. 
Camshaft chain wheel. 
Securing nut. 
Chain tensioner. 
Crankshaft pulley. 
Starting handle dog. 
Oil thrower. 
Crankshaft chain wheel. 
Pick-up pipe. 
Oil strainer. 
Oil pump. 
Retaining cap nut, oil pump. 
Oil pump drive shaft. 
Connecting rod lower half bearing. 
Big-end cap. 
Big-end cap stud. 

67. Gudgeon pin. 

Remove the split pins and nuts from the big end 
bearing cap and withdraw the cap. Before pushing the 
connecting rod through the bore check that the big end 
bearing bolts are still in position. 

Remove the circlips to release the gudgeon pin and 
remove the piston. The gudgeon pin is a push fit in the 
piston. 

Care should be taken in withdrawing the connecting 
rod and piston, or damage may be caused to the piston 
or the rings. 

Check the crank pins for out-of-round and scoring; if 
either is present the crankshaft will have to be removed 
for grinding. 

Connecting rods are numbered from 1 to 4, starting 
from the front and this numbering is stamped on both 
halves of the big end bearing. Note that the numbering 
is stamped on the side facing the camshaft when assem­
bled. 

The shell bearings are removed by hand and new 
bearings require no scraping or hand fitting, apart from 
placing in position so that the feathered ends are prop­
erly located on the top and bottom halves, and ensuring 
that the lead indium half bearing is placed in the upper 
position. This half bearing is distinguishable by the fact 
that it is a darker colour than the white metal lower half. 

Replacing a Piston 
Use tool No. 18055 to compress the piston rings when 

replacing the pistons in the bores. 
:~//'I 

Oversize Piston Rings 
After fitting oversize piston rings there may be a tend­

ency to noisy operation unless attention is paid to any 
bore "lip" which may be present in the cylinder. A dial 
gauge in the cylinder will show the presence of such a 
"lip"; it should be eased with the aid of a hand scraper. 

Bearings 
These bearings can often be dealt with while the 

engine is in the chassis, but for major overhauls it is 
preferable to take out the engine unit complete, as they 
are most easily serviced with the engine inverted. 

Centre Bearing 
There are thrust washers fitted on each side of the 

centre bearing. See that the peg formed on each pair fits 
into the bearing cap. The maximum end float permissible 
is .003-in. (.076 mm.). 

Bearing Caps 
The front and rear main bearing caps have cork oil 

sealing plugs fitting into a drilling on each side. 'In re­
building see that these plugs are in place and in good 
condition. 

Provided the journals are not unduly worn new shell 
bearings can be fitted a pair at a time, simply by removing 
the bearing caps and exchanging the shells. 

Handle the new shell bearing halves carefully as they 
have a very fine finish, and ensure that all dirt and grit 
is removed from the bearing caps and the journal faces. 
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Fig. H7 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
l l , 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 

Joint washer, thermostat. 
Thermostat cover. 
Heater plug. 
Heater plug lead. 
Rocker bush. 
Rocker. 
Spring clip. 
Valve collets. 
Rubber sealing ring. 
Valve spring cap. 
Valve spring. 
Rocker shaft plug, screwed. 
Rocker shaft standard. 
Rocker shaft. 
Valve spring locator. 
Distance piece. 
Welsh plug. 
Push rod. 
Push rod cup. 
Rocker adjusting screw 
Lock nut. 
Nut. 
Rocker standard studs. 
Distance piece. 
Blanking plug. 
Blanking plug. 
Rocker shaft plug. 
Spring washer. 
Plain washer. 
Split pin. 
Welsh plug. 
Core plug. 
Makers' name plate. 

34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 

Rocker cover. 
Breather pipe, rocker cover. 
Oil filler cap. 
Oil filler. 
Lifting bracket. 
Rocker cover stud. 
Rocker cover joint. 
Exhaust manifold. 
Cable bracket. 
Maximum speed stop screw and nut. 
Venturi. 
Joint washer. 
Inlet manifold. 
Butterfly spindle. 
Venturi arm. 
Manifold stud. 
Exhaust manifold stud. 
Flywheel locating dowel. 
Manifold securing washer. 
Flywheel set pin. 
Locking plate. 
Flywheel. 
Dynamo mounting stud. 
Dynamo swinging link. 
Dynamo. 
Dynamo cooling fan. 
Dynamo pulley. 
Starter ring. 
Crankshaft. 
Connecting rod upper bearing. 
Camshaft. 
Camshaft end plug. 
Gudgeon pin circlip. 

68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 

100. 

Compression rings. 
Oil control ring. 
Piston. 
Lower oil control ring. 
Connecting rod. 
Small end bush. 
Tappet. 
Valve guide, inlet. 
Inlet valve. 
Exhaust valve. 
Valve guide, exhaust. 
Cylinder head gasket. 
Thermostat. 
Water temperature gauge connection. 
Timing chain. 
Injection pump chain wheel. 
Camshaft retaining plate. 
Locking plate. 
Camshaft chain wheel. 
Securing nut. 
Chain tensioner. 
Crankshaft pulley. 
Starting handle dog. 
Oil thrower. 
Crankshaft chain wheel. 
Pick-up pipe. 
Oil strainer. 
Oil pump. 
Retaining cap nut, oil pump. 
Oil pump drive shaft. 
Connecting rod lower half bearing. 
Big-end cap. 
Big-end cap stud. 

67. Gudgeon pin. 

Remove the split pins and nuts from the big end 
bearing cap and withdraw the cap. Before pushing the 
connecting rod through the bore check that the big end 
bearing bolts are still in position. 

Remove the circlips to release the gudgeon pin and 
remove the piston. The gudgeon pin is a push fit in the 
piston. 

Care should be taken in withdrawing the connecting 
rod and piston, or damage may be caused to the piston 
or the rings. 

Check the crank pins for out-of-round and scoring; if 
either is present the crankshaft will have to be removed 
for grinding. 

Connecting rods are numbered from 1 to 4, starting 
from the front and this numbering is stamped on both 
halves of the big end bearing. Note that the numbering 
is stamped on the side facing the camshaft when assem­
bled. 

The shell bearings are removed by hand and new 
bearings require no scraping or hand fitting, apart from 
placing in position so that the feathered ends are prop­
erly located on the top and bottom halves, and ensuring 
that the lead indium half bearing is placed in the upper 
position. This half bearing is distinguishable by the fact 
that it is a darker colour than the white metal lower half. 

Replacing a Piston 
Use tool No. 18G55 to compress the piston rings when 

replacing the pistons in the bores. 

Oversize Piston Rings 
After fitting oversize piston rings there may be a tend­

ency to noisy operation unless attention is paid to any 
bore "lip" which may be present in the cylinder. A dial 
gauge in the cylinder will show the presence of such a 
"lip"; it should be eased with the aid of a hand scraper. 

Bearings 
These bearings can often be dealt with while the 

engine is in the chassis, but for major overhauls it is 
preferable to take out the engine unit complete, as they 
are most easily serviced with the engine inverted. 

Centre Bearing 
There are thrust washers fitted on each side of the 

centre bearing. See that the peg formed on each pair fits 
into the bearing cap. The maximum end float permissible 
is .003-in. (.076 mm.). 

Bearing Caps 
The front and rear main bearing caps have cork oil 

sealing plugs fitting into a drilling on each side. In re­
building see that these plugs are in place and in good 
condition. 

Provided the journals are not unduly worn new shell 
bearings can be fitted a pair at a time, simply by removing 
the bearing caps and exchanging the shells. 

Handle the new shell bearing halves carefully as they 
have a very fine finish, and ensure that all dirt and grit 
is removed from the bearing caps and the journal faces. 

j, ~~. 
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Fig. H8. Timing chain tensioner exploded. 
1. Shank. 5. Retaining plates.	 9. Pawl spring. 
2. Tension spring. 6. Spring washer for set screw.	 10. End plate. 
3. Slide block.	 7. Set screws (retaining plate to slide block). 11. Set screws (end plate to shank). 
4. Chain wheel. 8. Pawls.	 12. Spring washer for set screw. 

Take care to place the white metal half bearing in the To view and overhaul 
upper position, and the lead indium bearing at the 1. Examine the bearing surfaces of the wheel and slide 
bottom. block for wear. If the running clearance is excessive, 

When fitting bearings ensure that all bearing caps are the wheel or the tensioner assembly, or both, should 
replaced the right way round by the stamp markings be renewed. 
which must face the camshaft on re-assembly. 2. Examine the spring-loaded pawls for correct engage­

When replacing the split pins in the main bearing nuts, ment in the retaining plate serrations. If they do not 
the ends should be bent back with pliers; hammering grip, the tensioner assembly should be renewed. 
back should not be resorted to. 

3. Examine the tension spring for weakness or signs 
Timing Chain Tensioner	 >- of fracture. 

The tensioner ensures quiet running by constantly 
4. Clear the oil feed passages with compressed air. taking up the slack in the timing chain.	 C,", 

If rattles are diagnosed as coming from the timing 
chain, the chain alone should not be suspected. The 
tensioner may have deteriorated and if this is found to 
be so, it must be renewed. 

To dismantle the tensioner proceed as follows:­
I. Break the locking wire and remove the set screws 

(7) securing the retaining plates (5) to the slide block 
(3) and the end plate assembly (10) to the shank;
 
care must be taken not to lose the spring (9) and two
 
pawls (8) in the end plate assembly.
 

It is advisable to mark one of the retaining plates 

Fig. H9 Showing the Camshaft 

and its mating surface on the slide block to ensure 
correct reassembly. 

2. Withdraw the slide block (3), spring (2) and wheel 
(4) off the shank. 
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Fig. HI0. Piston and connecting rod assembly. 

5.	 Examine the teeth of the chain wheel; fit a new 
wheel if worn. 

Note.-The tensioner assembly, excluding the chain 
wheel, can only be renewed as a complete unit when any 
component part is worn or damaged. 

To reassemble 
Reassembly is a reversal of the procedure "To 

dismantle." Ensure that the pawls are refitted in the 
correct relative position to the retaining plate. Removal 
of the tensioner is described under "Timing marks and 
chain." Lock the screws in pairs with soft locking wire. 

Withdrawing the Camshaft 
First remove the oil sump, the oil strainer and the oil 

pump. 
The timing gear cover should then be removed to­

gether with the valve rocker cover and engine side cover. 
The push rods, tappets, timing gears and chain can now 
be taken away. 

Unscrew the set screws and spring washers holding the 
locating plate to the crankcase, and draw the c.a~shaft 

~~:~:¥'l 

forward, rotating slowly to assist with withdrawal. 
There should be a clearance of .003-in to .006-in. (.076 

mm. to .152 mm.) between the camshaft gear and the 
camshaft shoulder when assembled to provide the nec­
essary end float. Check this with a feeler gauge. 

Camshaft Bearings 
These can only be renewed with the engine out of the 

frame, as the engine rear mounting plate must be re­
moved for access to the back bearing. 

Old bearing liners can be punched out and new ones 
tapped into position. Oil holes must be carefully lined 
up. 

All bearings must, however, be reamed in line to give 
.001-in. to .002-in. (.025 mm. to .051 mm.) clearance on 
each. 

Replacing the Camshaft 
Replacement of the camshaft is a reversal of the above 

procedure. 

Timing Marks and Chain 
When renewing a timing chain proceed as follows: 

1.	 Remove the heater plugs from the cylinder head. 
Take off the rocker cover and completely remove the 
valve rocker shaft assembly. This is necessary so that 
the crankshaft, camshaft, and injection pump 
sprockets can be rotated by hand independantly of 
each other in order to bring the punch marks on 
them into the correct positions for lining up with the 
bright links of the timing chain. 

The rocker shaft is removed to obviate damage 
occuring to the valves and pistons of the engine when 
the sprockets are independantly moved. With the 
engine correctly timed, and the chain in position, the 
bright links and punch marks will only coincide once 
in every ninety-four revolutions of the crankshaft. 
It is therefore, of great advantage to be able to rotate 

~ ~ ·;~r.V:rf
\ ( 'I' 'C····:::" "® '--'...< 1~"1.:'," ;",,;' -~~/-;;.::~, .........V \~ L.·-L.r..:::::::..IIJ>,,;;;;~ lif y )~


1... 
""" \1 ,•••;••••~ _.b. ~:>o , "':4

' \ \( ,,I' 0::;;" ';-'010:·,. ..t~. 
')' ~!!!l1 I'· /1. ..l~:(!:'i;h)f:i'i~'i:>t'l> "~'I:~" 

...	 ( ...' "'I!~!liil l'i~·l'·' ~ .jll'".
I.' //,·llIji:itI~·!qll~illi.:"..t::::::,l· I .,I!I.I: I::

/	 ..•. J, f. :!!\It:··J\r !I'WiiJmUlllll':' ",X'I,)Q... ~lilll'I'I!!11i 
/	 .•,..... f ". Ii 'ilill" II - ::--< II. l;;~.N ..,-h:"'1') "I' I I, ,~ 

(j)."'o/lll~~!I!llllijP~;'''''.'!I;I''' ~}j';"~')~;~:E,t""'-'\~l;,,:IIIII'I!.I~1/ I '.. III !' ;i:;il I'ill', \\~ .,., Jr .~'" ~II~II ' 
, t'i~: "l;~""llillr>. ~~,.;. . i . ·~r;:;..v..:::"'''''' "\ IIIIii'

' • li'~ "1""1'1 W~?,l ~ . ,. : 'v, /'(0' .. "1 ....~,.~;);:.).. IA!!ll;~:::~lli~~'.f,W~,. ,. . ~ "(li~;ll ". I/"'---.....J~ ..... '~:~ ,,~':'I '11" r"; I!/If, ", '; '. I" I ...... 
"	 'I • l<. .~ . \. ..J .:-.. 

~~~~ ','it Jli~:k~ (,~·"'·ISI·~c:iiljili'.~.... I:::~ , ,\ K\1l!. ". .;;!,.,I~,lllillllll~~Rir-:;;;~:;l;t~...J(!pll:~("Gilll~ liiiil~ "\'" '10:,.,•• \,y ~.,. ""I,l't ;;,,~!) __.;......~~ ••..!1ltll
11111111:' \, If) \ ',;j::}'>' _,~, '\~.
 

j I \ .._-:) " V ,...__....., . \ (._~\\(;~
 
Ii	 1<, \.. \"" 
III	 I> \ .\ .\ " ( 1	 •• \",I\l~'" '-," I,(/)	 ,,,,.,I	 11 

Fig. Hl1. Method of usinii'7/f;J1 No. 18GZI .	 " , r­



HJlO	 SERVICE OPERATIONS 

Fig. H12. Timing chain drive.
 
Showing the position of the marked teeth and bright chain links.
 

the sprockets independantly but the preceding in­
structions must be carried out. 

2.	 To remove the timing chain it is necessary first to 
take off the automatic chain tensioner. Release the 
tab washers from the nut and set bolt, and, using a 
box spanner through the hole in the tensioner, un­
screw the set bolt from the bracket. Release the two 
spring-loaded pawls by squeezing the pins together 
and push the chain wheel as far over as possible to 
compress the spring; wedge in position with a small 
strip of wood or by insering assembly tool No. 
180241. Unscrew the nut from the other side of the 
bracket and ease off the tensioner clear of the chain. 
The chain will be sufficiently slack for removal from 
the other chain wheels. Correct reassembly and func­
tioning of the chain tensioner is of great importance, 
and care must be taken to ensure that it is correctly 

fitted, or the valves may foul the pistons, thus damaging 
the engine. 

3.	 Fit the new timing chain with the bright links and 
punch marks in register as shown in Fig. H.12 
ensuring that the injection pump chain wheel is hard up 
against its driving pawl. 

Correct fitting of the chain is essential to ensure 
proper timing and to avoid damaging the engine through 
valve contact with the pistons. 

Note.-In all cases where the timing gears or chain 
have been renewed or altered, it is advisable to 
recheck that the injection timing occurs at 28° 
B.T.D.C. 

4.	 To check the valve timing the valve clearance must be 
set to .021" (.53 mm.). Reset to .012" (.305 mm.) for 
running. 
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J/1 B.M.C. 2.2 LITRE DIESEL ENGINE SUPPLEMENT-" 

ELECTRICAL EQUIPMENT
 
GENERATORS 
C39PV2 and C45PV5 

Description 
The generator is a two-brush-type machine operating 

in conjunction with a compensated voltage regulator and 
is air-cooled by a fan combined with the drive pulley at 
its forward end. 

The generator comprises an armature with commutator 
field magnet system housed in a yoke, (cylindrical frame), 
and the brush gear. The brush holders are riveted to 
the commutator end bracket, which also houses the 
bearing for the armature shaft, the other end of the 
armature shaft being supported by a bearing located in 
the drive end bracket. The two end brackets are clamped 
to the yoke by two through-bolts. 

Rotation of the armature in the magnetic field pro­
duced by the field magnets induces alternating voltages 
in the armature windings which are converted into direct 
current by the action of the brushes and commutator. 
The output of the generator depends upon the strength of 
the magnetic field and the speed at which the armature 
rotates. Normally, any variation of speed is accom­
panied by a change of output and, since the generator is 
driven at varying speeds, means must be provided to 
control the output. This is done by varying the strength 
of the magnetic field, the current value being controlled 
by an automatic voltage regulator. 

Adjustments in situ 

No external adjustments can be made to the generator. 
However, the commutator and brushes can be cleaned 
and the belt drive adjusted to overcome slipping. See 
also "To test on the engine." To adjust the belt drive 
tension, see Section D. 

To test on the engine 

If the generator does not charge properly or IS lll ­

operative, the fault should be diagnosed by tests, as 
follows:­

1.	 Check to see whether the fan belt is slipping. 

2.	 Check that the cables between the generator and 
control box are connected correctly. 

(a)	 One cable connected between the (D) terminals 
of each unit. 

(b)	 One cable connected between the (F) terminals 
of each unit. 

3.	 The following test should be made while the generator 
is cold:­

(a)	 Disconnect the two cables from the two gen­
erator terminals and bridge the two terminals 
with copper wire. 
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Fig. Jl. The Generator exploded. 

1.	 Brush. 5. Field coil. 10. Field terminal. 
2.	 Brush spring. 6. Distance collar. 11. Brush holder. 
3.	 Thrust collar. 7. Driving end bracket. 12. Commutator end bracket. 
4.	 Commutator. 8. Yoke. 13. Field terminal nut and washers. 

9.	 Armature. 
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(b)	 Connect the negative cable of a moving coil type 
voltmeter (range 0 to 20) to the bridging piece 
and the positive to earth. 

(r)	 Start the engine, slowly increase the engine speed 
and note the reading on the voltmeter. This 
should gradually rise to 12 volts.' Do not race 
the engine to increase this voltage. If these 
results are obtained the generator is operating 
satisfactorily. Do not prolong this test, other­
wise serious damage to the generator may result, 
as under these conditions the generator is oper­
ating on open circuit and will quickly overheat. 

4.	 Should the reading indicated on the voltmeter be 
low, no matter how fast the engine is speeding up, 
the generator is defective and the commutator and 
brush gear should be examined as follows:­

(a)	 Remove the generator cover band (later models 
withdraw end bracket). 

(b)	 Check for sticking brushes by holding back the 
brush spring and moving the brush in its holder. 
If there is any tendency to stick, remove the 
brush and clean it with petrol (gasoline) or ease 
it with a smooth file. Check the brush spring ten­
sion by means of a spring balance. Spring ten­
sion should be 15 to 25 ozs. (425 to 708 gm.) 
(C39) and 30 to 44 ozs. (850 to 1247 gm.) (C45). 

(c)	 If the commutator is dirty, lift the brushes away 
from the commutator surface and wedge them 
in their holders. Moisten a cloth in petrol (gas­
oline) and clean the commutator surface. 

5.	 Re-test the generator. If the reading on the voltmeter 
is still unsatisfactory, an internal fault is indicated 
and the generator should be removed and dismantled 
for rectification. 

6.	 If the generator is in good order, restore the original 
connections, remove the generator cable from the (D) 
terminal on the control box and connect a voltmeter 
between this cable and a good earthing point on the 
vehicle. Start the engine and slowly increase the 
engine speed, when the reading should be the same 
as that measured directly at the generator. No 
reading on the voltmeter indicates a break in the 
cable. 

To remove 

1.	 Disconnect the cables from the generator terminals. 

2.	 Remove the set bolt securing the generator to the 
adjusting link. 

3.	 Support the generator and remove the mounting bolts 
securing it to its support bracket. 

4.	 Release the drive belt from the pulley and remove 
the generator. 

'~~~ 
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Fig. J2. Testing brush spring tension. 

1. Spring. 2. Balance. 

Dismantling the Generator 

Remove the generator from its mounting bracket and 
transfer it to a clean work bench. 

Take off the generator pulley by releasing the securing 
nut and washer. If the pulley is exceptionally tight on 
the shaft and woodruff key, use a suitable extractor such 
as tool 1802. If fitted, remove the cover band, hold 
back the brush springs and remove the brushes from 
their holders. 

Unscrew the nuts from the two through bolts at the 
commutator end of the generator and withdraw the bolts 
from the driving end. 

Release the nut, spring washer and felt washer from 
the smaller terminal (i.e., field terminal) from the com­
mutator end bracket and remove the bracket from the 
generator frame. 

The driving end bracket together with the armature 
can now be lifted out of the generator yoke. 

Commutator 
Examine the commutator and if burned or blackened, 

clean with a petrol-moistened cloth, or in bad cases by 
polishing with very fine glass paper. If necessary, under­
cut the insulation to a depth of 12 in. (.79 mm.) with a 
hacksaw blade ground down to the thickness of the 
insulation. 
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A MC'M'~ 
Fig. J3. Undercutting mica. 

'A' is correct and' B' incorrect. 
J. Insulation. 2. Segments. 

Armature 
Check the armature by means of a growler test and 

volt drop test, and prove the condition of the insulation 
by connecting a test lamp, at mains voltage, between the 
commutator segments and the shaft. 

Brushgear 
Examine the brushes. If they are worn so that they do 

not make good contact on the commutator or if the 
brush flexible is exposed on the running face, take out 
the screw securing the eyelet on the end of the brush 
flexibles and remove the brushes. Fit new brushes into 
their holders and secure eyelets on the ends of the brush 
lead in the original positions. Brushes are pre-formed 
and in consequence do not require bedding. 

Field Coils 
Test the resistance of the field coils by means of an 

ohmmeter. The reading on the ohmmeter should be 6 
ohms. If such an instrument is not available, connect a 
l2-volt D. C. supply with an ammeter in series, between 
the field terminal and the generator frame. The ammeter 
reading should be approximately 2 amps. If there is no 
reading, the field coils are open circuited and must be 
replaced. 

To test for earthed field coils, unsolder the end of the 
field winding from the earth terminal on the generator 

-: 

.­
Fig. J4. Commutator end bracket. 

J. Brush connection. 2. Brush housing. 

yoke, and with a test lamp connected from the supply 
mains, check between the field terminal and generator 
yoke. If the lamp lights, the field coils are earthed and 
must therefore be replaced. To remove the field coils, 
use a wheel operated screwdriver. 

When replacing field coils, an expander should be 
used so as to press the pole shoes into position. A few 
taps on the outside of the generator frame with a copper­
faced mallet will assist the expander to seat the pole shoes. 
When the pole shoes are finally home, fully tighten up 
the fixing screws using the wheel operated screwdriver 
and caulk, to lock them in position. 

iii 

Me. 42. A. 

Fig. J5. Removing a brush. 
1. Commutator. 2. Brush. 

3. Spring. 

Bearings 
Bearings which are worn to such an extent that they 

will allow excessive side movement of the armature shaft 
must be renewed. 

Commutator End 
To remove and replace the bearing bush at the com­

mutator end proceed as follows:­
(a)	 Press the bearing bush out of the bracket by means 

of a hand press or bench drill. 
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(b)	 Press the new bearing bush into the end bracket, 
using a shouldered mandrel of the same diameter as 
the shaft which is to fit in the bearing. 

Note: Before fitting a new porous bronze bearing 
bush, it should be immersed for 24 hours in clean thin 
engine oil. 

Driving End 

The ball bearing at the driving end is replaced as 
follows:­
(a)	 Knock out the rivets which secure the bearing re­

taining plate to the end bracket and remove the 
plate. 

(b)	 Press the bearing out of the end bracket and remove 
the corrugated washer, felt washer and oil retaining Fig. J7. Generator drive end bracket. 

1. Bearing. 3. Oil retaining washer. 
2. Felt washer. 4. Corrugated washer. 

washer. 

2 3 G. 29. A. 

Fig.	 J6. 
1. Oil hole. 
2. Felt ring. 

Generator Lubrication. 
3. Aluminium disc. 
4. Bronze bush. 

(c)	 Before fitting the replacement bearing see that it is 
clean and lightly pack it with high melting point 
grease. 

PRE-ENGAGED 
TYPE 

Description 
The use of pre-engaged starting motors to start diesel 

engines is a matter of engine characteristics rather than 
of choice. Following the first firing stroke of a low­
temperature start, it is common for a compression­
ignition engine to make several idle revolutions. Due in 
part to ignition of the fuel-air mixture, and in part to 

(d)	 Place the oil retaining washer, felt washer and 
corrugated washer in the bearing housing in the 
end bracket. 

(e)	 Locate the bearing in the housing and press it home 
by means of a hand press. 

(1)	 Fit the bearing retaining plate. Insert new rivets 
from the outside of the end bracket and open the 
rivets by means of a punch to secure the plate rigidly 
in position. 

Reassembling the Generator 

In the main, reassembly of the generator is a reversal 
of the dismantling procedure. 

When reassembling a "windowless" generator the 
brushes must first be held clear of the commutator in the 
usual way, i.e., by partially withdrawing the brushes from 
their holders until each brush is trapped in position by 
the side pressure of its spring. 

The brushes can be released onto the commutator with 
a small screwdriver or similar tool when the end bracket 
is assembled to within about half an inch of the yoke. 

Before closing the gap between the bracket and yoke, 
see that the springs are in correct contact with the 
brushes. 

STARTER MOTOR 
M45G 

high compression ratio, the engine will accelerate rapidly 
following an initial isolated firing stroke. This acceler­
ation can be much greater than that of a petrol engine 
(despite the heavier flywheel normally fitted to the diesel 
engine) and could cause an inertia type starter drive to 
be thrown out of engagement. It is usual therefore to 
employ a starting motor of the type where the pinion is 
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held in mesh with the flywheel until the engine develops 
enough power to run unassisted. 

Special protective features associated with the pre­
engaged starter include a clutch plate drive guarding 
against over-running in the event of the drive remaining 
engaged after the engine has run up to speed, and against 
over-loading due to backfire or in the event of drive re­
engagement at a moment of engine rock-back. 

General 
The starting motor is a 12 volt, four-brush four-pole 

machine constructed to provide pre-engagement of the 
driving pinion before torque is developed by the arm­
ature. It has a yoke diameter of 4-!- inches. A lever­
operated pre-engaged drive assembly is carried on the 
armature shaft extension. In the event of tooth-to-tooth 
engagement, this pre-engagement feature is overruled by 
the action of a compression spring which, on operating 
the starter lever, allows the pilot switch contacts to close 
in the normal way, thus energising a solenoid starter 
switch and causing the armature to rotate and the spec­
ially sectioned pinion teeth to slip immediately into mesh 
with the flywheel. 

Also incorporated is a dual-purpose clutch. This pro­
tects the motor from overload in the event of a backfire 
and also prevents the motor from being driven by the 
diesel engine flywheel. The clutch is shim-set during 

manufacture to slip against two or three times normal 
full load starting torque. The clutch also allows torque 
to be transmitted from the starting motor to the engine 
but not in the reverse direction which is free-running. In 
the event of the drive remaining in mesh with the flywheel 
after the engine has run up to speed, no damage will 
occur to the starting motor. Details of drive and clutch 
assembly are given on page J/9. 

Operation 

When starting the engine, a spring-loaded forked lever 
slides the clutch and driving pinion assembly outwards 
along the armature shaft extension. The shaft is straight­
splined for part of its length so that torque is transmitted, 
via the clutch, to the pinion. As the latter meshes with 
the engine flywheel, the final movement of the forked 
lever operates a pilot switch connected in the solenoid 
circuit of the main starter switch. Closure of the starter 
switch contacts connect the motor to the battery, the 
armature rotates and cranking commences. 

When the engine fires and the forked lever is released, 
the switch contacts open and the drive assembly is re­
turned to its out of mesh position where it is held under 
spring pressure against a braking ring mounted on the 
intermediate bracket. In this way, the starting motor 
armature is brought rapidly to rest. 

9
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Fig. J8 A cutaway view oj the starter. 

1. Commutator cover band. 5. Operating lever. 10. Driving pinion. 15. Armature. 
2. Yoke. 6. Rubber cover. l l . Drive end bracket. 16. Commutator end bracket. 
3. Field coils. 7. Clutch assembly. 12. Brake ring. 17. Porous bronze bush. 
4. Pilot switch. 8. Steel backed bronze bush. 13. Impregnated brass bush. 18. Commutator. 

9. Porous bronze bush. 14. Intermediate bracket. 
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Routine Maintenance 
The only maintenance normally required by the 

starting motor is an inspection about every six months of 
the brush-gear and commutator. In some instances, this 
may be facilitated by first removing the starting motor 
from the engine. 

Clean the outside of the starter before removing the 
metal band cover. Check that the brushes move freely 
in their holders by holding back the brush springs and 
pulling gently on the flexible connectors. If a brush is 
inclined to stick, remove it from its holder and clean its 
sides with a petrol-moistened cloth. Be careful to replace 
brushes in their original positions in order to retain the 
"bedding". Brushes which have worn so that they will 
not "Bed" properly on the commutator must be renewed. 

The commutator should be clean, free from oil or dirt 
and should have a polished appearance. If it is dirty, 
clean it by pressing a dry cloth against it while the starter 
is turned by hand from the pinion end. If the commutator 
is very dirty, moisten the cloth with petrol. 

SERVICING 
Testing in Position 

If the motor is heard to operate but does not crank 
the engine, this indicates damage to the drive. Remove 
the starting motor for examination. 

Connect a 0 to 20 voltmeter across the battery terminals 
and operate the starter control. If the voltmeter reading 

3 

Fig. J9. Starter end bracket. 
1. Terminal eyelet. 2. Brush boxes. 

3. Brush spring. 

Fig. JI0. The starter yoke. 
1. Field coils. 3. Brushes. ,,2. Main terminal. 4. Pole shoes. 

5. Shunt field coils. 

drops to about 6 volts, but the starting motor is not 
heard to operate, this indicates that current is flowing 
through the starting motor windings but that the arm­
ature is not rotating. Remove the starting motor from 
the engine for examination. 

If the voltmeter reading remains steady at about 12 
volts when the starting mechanism is operated, check the 
circuit for continuity from battery to starting motor via 
the starter switch. Examine the connections at these 
units. 

Sluggish or slow action of the starting motor can 
usually be traced to a loose terminal connection in the 
wiring circuit. 

To Test the Starter Switch Circuit 
Connect the voltmeter between the supply terminal of 

the pilot switch (mounted on the drive-end casting of 
the starting motor) and earth. No reading indicates a 
completely discharged battery, faulty cable or loose 
connection. 

Connect the voltmeter between the second terminal OD 

the pilot switch and earth. Operate the starter. No 
reading indicates a faulty pilot switch. To remove the 
switch, disconnect the pilot cables, pull back the rubber 
cover from the recess in the pilot switch lock nut, undo 
the lock nut and remove the switch. The switch adjust­
ment must be checked before the motor is used again. 

Connect the voltmeter to the small terminal on the 
main starter switch and to earth. Operate the starter and 
observe reading on voltmeter. No reading indicates 
faulty cable or loose connection. 

Connect the voltmeter between the large supply ter­
minal on the main starter switch and earth. No reading 
indicates faulty cable or loose connection. 



J/7 ELECTRICAL EQUIPMENT 

Connect the voltmeter between the second large ter­
minal on the main starter switch and earth, and operate 
starter. No reading indicates a faulty switch, which 
must be replaced. 

If the pilot and main switches are in order, check with 
the voltmeter between the starter motor terminal and 
earth and operate the starter, when a reading of 6 to 7 
volts should be obtained if the starter is operating nor­
mally. A lower or zero reading indicates a faulty internal 
connection, and the starter must be removed from the 
engine. 

Bench Testing and Examination of Brushgear 
and Commutator 

If it is necessary to remove the starting motor from 
the engine, first proceed as follows:­

Disconnect the cable from the positive battery terminal 
to prevent possible short circuits. 

Disconnect the heavy cable from the starting motor 
terminal, and the light cables from the pilot switch. 

Remove the pin which couples the starting motor 
operating lever to the operating linkage. Undo the three 
fixing bolts and withdraw the starting motor. 

Hold the starting motor yoke in a vice and test by 
connecting it with heavy gauge cables to a 12-voIt battery. 
One cable must be connected to the starter terminal and 
the other held against the body or end bracket. Pull back 
the operating lever slightly, to disengage the drive from 
the brake ring. Under these light load conditions the 
motor should run freely at about 4,500 r.p.m. 

If the operation of the starting motor is unsatisfactory, 
remove the cover band and examine the brushes and 
commutator. Hold back each of the brush springs and 
move the brush by pulling gently 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. Always refit brushes in their original positions. 
Renew the brushes when they have worn to fr" in length. 
Failure to do this will result in exposure at the running 
face of the brush flexibles, with consequent damage to 
the commutator. Check the tension of the brush springs 
with a spring scale. The correct tension is 30 to 40 oz. 
(850 to 1134 grms.) and new springs should be fitted if 
the tension is low. If the commutator is blackened or 
dirty, clean it by holding a petrol-moistened cloth against 
it whilst the armature is rotated. 

Re-test the starter; if the operation is still unsatisfac­
tory, the unit must be dismantled for detailed inspection 
and testing. 

To Dismantle 
Remove the cover band, hold back the brush springs 

and lift the brushes from their holders. 
Remove the four screws which hold the pilot switch 

bracket and rubber cover. Lift off the complete pilot 
switch assembly. 

To release the pinion return spring, use a notched 
screwdriver or similar tool and press the spring legs in­
wards and upwards. 

Undo the hexagon nut securing the operating lever 
pivot bolt. Knock out the bolt using a 21" X i" drift. 
The assembly of lever, distance collars and return spring 
may then be lifted out and wiII form a complete unit 
ready for re-assembly. 

Unscrew the nut on the starting motor terminal and 
remove the spring washer, plate washer, and insulating 
washer from the terminal stem. Unscrew and withdraw 
the two through bolts from the commutator end bracket, 
and remove bracket from the starter motor yoke. 

Remove the driving end bracket; the drive and clutch 
assembly can then be slid off the armature shaft exten­
sion. Remove the intermediate bracket from the starting 
motor yoke. Draw out the starting motor armature 
carefully. 

<. 

Fig. Jll. Starter intermediate bracket. 
1. Brake ring. 3. Bush. 
2. Mandrel. 4. Intermediate bracket. 

Replacement of Brushes 
The flexible connectors are soldered to terminal tags; 

two are connected to brush boxes, and tow are connected 
to the free ends of the series field coils. These flexible 
connectors must be removed by unsoldering, and the 
flexible connectors of the new brushes secured in their 
places by soldering. The brushes are pre-formed so that 
"bedding" to the commutator is unnecessary. 
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Commutator 
A commutator in good condition will be burnished and 

free from pits or burn spots. Clean the commutator with 
a petrol-moistened cloth. Should this be ineffective, spin 
the armature and polish the commutator with fine glass 
paper; remove all abrasive dust with a dry air blast. If 
the commutator is badly worn, mount the armature 
between centres in a lather, rotate at high speed and take 
a light cut with a very sharp tool. Do not remove more 
metal than is necessary. Finally polish with very fine 
glass paper. The INSULATORS BETWEEN THE 
COMMUTATOR SEGMENTS MUST NOT BE 
UNDERCUT. 

Armature 
Examination of the armature may reveal the following 

causes of failure. 
Conductors lifted from the end or ends of the armature 

core; this would indicate overspeeding or overheating. 
In either case the clutch would be suspect. 

11111111 ... "'"1 111 111 1111 111 11111111 ~ 
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Fig. J12. 

Starter operating mechanism with cover removed.
 
Showing elongated holes for adjustment of switch
 

Fouling of armature core against the pole faces. This 
indicates worn bearings or a distorted shaft. A damaged 
armature must in all cases be rep1ced and no attempt 
should be made to machine the armature core or to true 
a distorted armature shaft. 

Field Coils 
Test the field coils for continuity using a 12-volt test 

lamp and battery between the starter terminal and each 
brush in turn (with the armature removed from machine). 
Make sure that both brushes are clear of the yoke. 

Using a mains test lamp check between the common 
field terminal and the yoke. (When using the mains for 
testing, the voltage should be not more than 110 volts 
supplied through a suitable transformer.) Should the 
lamp light, faulty insulation is indicated of one or more 

I
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Fig. J13. Starter drive end bracket. 
(Pinion in fully engaged position). 

coils. Defective coils must be replaced.
 
Also test the insulated pair of brush boxes on the
 

commutator end bracket. Clean off all traces of carbon 
deposit before testing. Check for continuity between 
boxes and bracket; if the 11O-volt lamp lights, this in­
dicates faulty insulation and the end bracket must be 
replaced. 

Bearings 

The armature shaft is supported by three bearings. 
The commutator and driving end brackets each carry 
porous bronze bushes whilst the intermediate bracket 
carries a graphite impregnated brass bush. 

Bearings which are worn to such an extent that they 
will allow excessive side play of the armature shaft must Ibe replaced as follows:­

In the case of the commutator end bracket bearing, a 
thin toe extractor will be required to remove the old 
bush. Alternatively, a *" tap can be screwed in and 
withdrawn complete with bush. The driving end bush 
and the intermediate bracket bush may be pressed out. 

New bushes may be fitted using a shouldered, highly 
polished mandrel of the same diameter as the shaft which 
is to fit in the bearing, see Fig. 1II. Porous bronze bushes 
must not be reamed after fitting as the porosity of the bush 
will be impaired. 

1 
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NOTE: Before fitting a new porous bronze bearing 
bush it should be completely immersed for 24 hours in 
clean engine oil grade S.A.E.30 to 40. In cases of extreme 
urgency this period may be shortened by heating the oil 
to 100°e., when the time of immersion may be reduced riJ 
to 2 hours . ., 

.( 

Re-assembly of Starting Motor 
~ 

I The re-assembly of the starting motor is a reversal of 
the disman tling procedure, but the following special,41'1 points must be noted:­~:I_c" In refitting the driving fork assembly see that the flat 

j, 
I 

surfaces of the pivoted operating shoes face towards the 
driving pinion. When the operating lever closes the 
pilot switch contacts, the front edge of driving pinion 
must have travelled ,~ in. outwards along the armature 
shaft extension. 

To adjust travel, slacken the four pilot switch bracket 
screws and slide bracket away from lever to increase 
travel or towards lever to reduce travel. Retighten 
screws and check that front of pinion is I ¥.in. from face 
of the drive end bracket with operating lever pressed 
against the pilot switch body. See Fig. Jl3. 

LUCAS PRE-ENGAGED CLUTCH-PLATE f 
STARTER DRIVE 

I General Operation teeth the tension spring (8) is compressed and causes a 

,t 
I 

e-

I 
t 

f 

I
Ii 

j 

This drive assembly is mounted on the armature of 
the starting motor with the centre core (Fig. Jl4) splined 
to the motor shaft. When the vehicle starting lever is 
moved the operating bush (9) moves the whole of the 
drive assembly along the motor shaft to engage the 
pinion with the engine flywheel static ring. When the 
teeth are correctly engaged a pilot switch on the operating 
mechanism engergises a solenoid and so applies power 
to the motor and the engine is cranked. 

If the pinion teeth butt directly on to the flywheel 

build up of pressure behind the pinion, until the pilot 
switch contacts close. The armature then rotates and the 
pinion slides into mesh. The drive torque is transmitted 
through a multi-plate clutch; this is engaged by pressure 
from the moving member (15) which rides up the helical 
splines (6) on the centre core when the motor is switched 
on. The cushion spring (19) absorbs the initial shock 
when the drive clutch engages whilst the end thrust from 
the clutch assembly is taken on the thrust washer (2). 
If the drive remains in engagement after the engine has 

19
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2D. 26, A, 

Fig. J14. Drive Assembly. 
1. Pinion and barrel nut. 6. Helical splines. 11. Lock ring. Hi. Shim. 
2. Thrust washer. 7. Central core. 12. Brake plate. 17. Pressure plates. 

~ 3. Backing ring. 8. Tension spring. 13. Circlip. 18, Ring nut, 
4. Inner clutch plate. 9. Operating bush. 14. Retaining washer. 19. Cushion spring. 

f
 5. Outer clutch plate. 10. Lock ring retaining cup. 15. Moving member.
 

f 

I 
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fired, the clutch automatically disengages and releases 
the armature shaft-only the pinion and barrel (1) are 
then driven by the engine. The clutch also serves as an 
overload protection-it is set by means of shims so that 
it slips at a torque two or three times greater than the 
maximum output from the motor. This protects the 
whole starter from accidental damage if an engine back­
fire occurs. 

Dismantling 

Remove the drive assembly from the armature shaft. 
Take the lock ring off the centre core-to do this, either 
place the drive upright with the pinion resting on a soft 
metal block and compress the tension spring by using a 
hand press and distance pieces to push down the brake 
plate (12); or place the drive in a vice with soft metal 
jaws with two small metal blocks (1" long X -t" X -t") on 
either side of the centre core so that they press on the 
brake plate, then tighten the vice nntil spring pressure is 
removed from the lock ring and it can be removed. 

In either case it will be necessary to prise up the edge 
of the lock ring retaining cup so that this can be pushed 
down the centre core to release the lock ring. After the 
lock ring has been removed, gradually release the pres­
sure on the brake plate, then remove the brake plate, 
operating bush and tension spring from the centre core. 

Next remove the large circlip (13) and withdraw the 
centre core and clutch unit from the pinion and barrel. 

The drive can now be completely dismantled by re­
moving all the parts from the centre core-with the ex­
ception of the two pressure plates which are held in 
position by the ring nut (18). If these have to be removed, 
hold the centre core by means of a spanner placed 
across the flats on the rear end (by the lock ring groove) 
and use a large plate spanner to turn the ring nut, (or a 
"C" spanner on later models). 

This ring nut is held in position by peining the core 
and should only be removed if it is absolutely necessary. 
If it is taken off, then the core must be peined over again 
when the drive is re-assembled. 

Re-assembly 

The drive is built up in the reverse order i.e. ­

Replace the ring nut and pressure plates if these have 
been stripped down. Place the backing ring, clutch 
plates, moving member (15) and retaining washer (14) on 
the core in the correct order. Place the thrust washer (2) 
and the cushion spring (19) inside the pinion and barrel 
so that thet are correctly positioned over the bearing 
bush. Insert the clutch unit and replace the circlip (13). 

Check the slipping torque of the clutch as follows: 
Place the unit, pinion down, in a vice with soft metal jaws 
and tighten until the pinion is gripped firmly. Apply an 
anti-clockwise torque to the centre sleeve with a suitable 
torque wrench fastened on to the flats on the central core 
(by the lock ring groove). 

The clutch should not slip until the load applied ex­
ceeds 800 to 950 Ibs. ins. (9.2 to 10.9 m/kg.) If the clutch 
slips at too Iowa torque figure, dismantle again and add 
shims one at a time until the correct figure is obtained. 

If the clutch does not slip between the torque limits 
given, again remove the circlip-dismantle and remove 
shims one at a time until the torque test gives correct 
figures. Place the tension spring and brake plate on the 
core and again compress the tension spring as for dis­
mantling. 

Place a new lock ring retaining clip in position on the 
shaft and replace the lock ring. Release the pressure on 
the brake plate so that the retaining ring is pushed over 
the lock ring. Press the edge of the lock ring cup inwards 
so that it holds firmly over the lock ring and finally, 
replace the drive assembly on the motor. 

PRE-ENGAGED STARTING MOTOR WITH
 
SELF-INDEXING DRIVE
 

TYPE M45G 

DESCRIPTION
 

This starting motor is a four-pole four-brush earth­

return machine with series-parallel connected field coils.
 

A solenoid-operated pre-engaged drive assembly is 
carried on an extension of the armature shaft. The main 
features of this type of drive are as follows: 

1.	 Positive pinion engagement, preventing the pinion 
being thrown out of mesh whilst starting. 

2.	 Dual-purpose plate-clutch incorporated in the drive 
assembly giving over-speed and over-load protection. 

3.	 Self-indexing pinion to ensure smooth engagement 
between the pinion and the flywheel teeth before the 
starting motor begins to rotate. 

4.	 Armature braking system to ensure rapid return to 
rest when the starter button is released. 

On depressing the starter button, a solenoid unit 
mounted on the starting motor yoke is energised and 
actuates a forked lever to engage the drive pinion with 
the engine flywheel. 

On occasions of tooth-to-tooth abutment, axial move­
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ment of the pinion is arrested whilst a helically splined 
sleeve on which the pinion is carried, continues to move 
forward. This causes the pinion to rotate relative to the 
flywheel. When the teeth become aligned, spring pressure 
slides the pinion into mesh with the flywheel. 

When the pinion is properly engaged with the flywheel 
teeth, a pair of contacts are closed in the rear of the unit. 
Closure of the contacts connects the motor to the battery, 
the armature rotates and the starter pinion commences 
to crank the engine. Also, as will be seen in Fig. 115, 
closure at the starter switch contacts shorts out the 
closing coil and the plunger is retained in the fully home 
position by the hold-on coil until the starter push is 
released. 

When the engine fires and the starter push is released, 
the solenoid unit is de-energised and the spring-loaded 
plunger withdraws the starter pinion to its out-of-mesh 
position. The armature is brought rapidly to rest by the 
centrifugal action of a pair of spring-loaded brake shoes 
bearing against a brake drum inside the intermediate 
bracket. 

Provision is made to ensure that in the case of the 
pinion jamming in mesh (this may occur with an engine 
which fails to start), there is sufficient slack in the en­
gagement lever-to-solenoid plunger linkage to permit 
the solenoid switch contacts to open. 

In the event of the drive remaining in mesh with the 
flywheel after the engine has run up to speed, the starting 
motor armature is protected from over-speeding by the 
plate clutch assembly. This clutch allows torque to be 
transmitted from the starting motor to the engine but 
not in the reverse direction which is free-running. 

The clutch is set to slip at between two and three 
times normal starting torque, thus providing overload 
protection for the starting motor. Back firing is a typical 
example of overloading. 

ROUTINE MAINTENANCE 
The starting motor requires no routine maintenance 

beyond the occasional inspection of the electrical con­
nections which which must be clean and tight. 

Two Yearly Examination 
After the starting motor has been in service for two 

years, remove the starting motor from the engine and 
submit it to a thorough bench inspection. This inspection 
should be carried out by a qualified electrician and the 
following points checked: 
1.	 Brush wear. Renew brushes worn to, or approaching 

-&" (8 mm.) in length. 
2.	 Brush spring tension. Correct tension is 30 to 40 oz. 

(850 gm. to 1.13 Kg.). Renew springs if tension has 
dropped below 25 oz. (708 gm.). 

3.	 Skim commutator if it is pitted or badly worn. 

4.	 Check bearings for excessive side play of the armature 
shaft. 

5.	 Check pinion movement. 

6.	 Clean and lubricate the indented bearing inside the 
pinion sleeve using a bentonite based grease, such as 
Ragosine 'Bentone', for this purpose. This should 
be done any time when the drive becomes sluggish 
in operation. 

7.	 Clean and lubricate the indented bronze bearing in 
the intermediate bracket. Use Ragosine 'Molypad' 
Molybdenised non-creep oil for this purpose. 
Ragosine oils and greases are marketed by the Rocol 
organisation. 
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Fig. J15 Internal Circuit of Solenoid 

PERFORMANCE DATA 

Starting Motor 

1.	 Light running current: 90 amp. at 8,000 to 9,000 
r.p.m. 

2.	 Lock torque: 32.5 lb. ft. (4.49 Kg.m.) with 900 amp. 
at 6.4 terminal volts. 

3.	 Torque at 1,000 r.p.m.: 15.5 lb. ft. (2.14 Kg.m.) 
with 570 amp. at 8.8 terminal volts. 

These figures are based on the use of a fully charged 
12-volt battery having a capacity of 115 amp. hr. at the 

10 hour rate. 

Solenoid 
1.	 Closing coil resistance: 0.144 to 0.155 ohm. 

2.	 Hold-on coil resistance: 0.688 to 0.792 ohm. 

3.	 Spring pressure to close switch contacts: 3 to 5 lb. 
(1.36 to 2.27 Kg.) with plunger return spring 
removed. 

4.	 Spring pressure to push plunger home: 9-} to 14-!- lb. 
(4.30 to 6.58 Kg.) with plunger return spring 
removed. 

5.	 Plunger movement to close contacts: 0.116" to 0.189" 
(2.95 to 4.80 mm.). 

6.	 Total plunger movement: 0.263" to 0.273" (6.68 to 
6.93 mm.). 
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Fig. J16 Measuring Light Running Current 

SERVICING	 Check the solenoid unit. 
If the armature rotates, check for a defective drive Testing in Position 
mechanism.

Switch on the headlamps, operate the starter knob or 
push and watch for the following symptoms: Bench Testing 

1.	 The lamps dim and the motor does not crank the 1. Measuring the light running current 
engine. With the starting motor securely clamped in a vice 
Check by hand-cranking that the engine is not and using a 12-volt battery, check the light running 
abnormally stiff. current and compare with the values given under 
Check the battery by substitution. "Performance Data". If there appears to be ex­

2.	 The lamps do not dim and the motor does not crank cessive sparking at the commutator, check that the 
the engine. brushes are clean and free to move in their boxes, 
Check the starter circuit for continuity. and that the spring pressure is correct. 
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Fig. J17 Apparatus for measuring Lock Torque 
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Fig. JI8 Measuring Lock Torque and Lock Current 

See symptoms 7 and 8 under "Bench Test Diagnosis". 

2.	 Measuring lock torque and lock current 
Carry out a torque test and compare with the values 
given. If a constant voltage supply is used, it is im­
portant to adjust this to be 6.4 volts at the starter 
terminal when testing. 

Bench Test Diagnosis 
An indication of the nature of the fault, or faults, may 

be deduced from the results of the no-load and lock 
torque tests. 

Symptom 

1.	 Speed, torque and current 
consumption correct. 

2. Speed, torque and current 
consumption low. 

3. Speed and torque low, 
current consumption high 

Probable Fault 

Assume motor to be in 
normal operating con­
dition. 

High resistance in brush 
gear, e.g. faulty connec­
tions, dirty or burned 
commutator causing 
poor brush contact. 

Tight or worn bearings, 
bent shaft, insufficient 
end play, armature foul­
ing a pole shoe, or 
cracked spigot on drive 
end bracket. Short­
circuited armature, 

4.	 Speed and current con­
sumption high, torque low 

5.	 Armature does not rotate, 
no current consumption. 

6. Armature does	 not rotate, 
high current consumption 

7. Excessive brush movement 
causing arcing at 
commutator 

8. Excessive arcing at the 
commutator. 

earthed armature or 
field coils. 

Short-circuitedwindings 
infield coils. 

Open-circuited arm­
ature, field coils, or 
solenoid unit. If the 
commutator is badly 
burned there may be 
poor contact between 
brushes and commut­
ator. 

Earthed field winding or 
short-circuited solenoid 
unit. Armature physic­
ally prevented from 
rotating. 

Low brush spring ten­
sion, worn or out-of­
round commutator. 
'Thrown' or high seg­
ment on commutator. 

Defective armature 
windings, sticking 
brushes or dirty com­
mutator. 
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DISMANTLING 

1.	 Disconnect the copper link between the lower 
solenoid terminal and the starting motor yoke. 

2.	 Remove the solenoid unit securing nuts. Withdraw 
the solenoid from the drive end bracket casting, 
carefully disengaging the solenoid plunger from the 
starter drive engagement lever. 

3.	 Remove the cover band and lift the brushes from 
their holders. 

4.	 Unscrew and withdraw the two through bolts from 
the commutator end bracket. The commutator end 
bracket and yoke can now be removed from the 
intermediate and drive end brackets. 

5. Extract the rubber seal from the drive end bracket. 
6.	 Remove the nut securing the eccentric pin (Fig. Jl9) 

on which the starter drive engagement lever pivots, 
and withdraw the pin. 

7.	 Separate the drive end bracket from the armature 
and intermediate bracket assembly. 

8.	 Remove the washer from the end of the armature 
shaft extension and slide the drive assembly and 
engagement lever off the shaft. 

9.	 If it is necessary to dismantle the drive assembly 
proceed as described under "Dismantling Starter 
Drive". 

10.	 Remove the intermediate bracket retaining ring from 
the armature shaft extension and slide the bracket 
and brake assembly off the shaft. 

BENCH INSPECTION 

After dismantling the motor, examine individual items. 

Solenoid-Electrical Testing 

The solenoid unit contains two coils; a closing coil 
which is by-passed when the plunger is drawn fully home, 
and a hold-on coil to retain the plunger in the fully home 
position. To check individual coils, remove the existing 
connections and using a constant voltage 4-volt D.C. 
supply with cables of adequate size, proceed as follows: 

Closing Coil: Connect the supply between the solenoid 
terminal marked 'STA' and the small centre terminal. 
This should cause a current of 24 to 28 amperes to pass. 

Hold-on Coil: Connect a supply between the solenoid 
body and the small centre terminal. This should cause 
a current of 5.1 to 5.8 amperes to pass. 

N.B.	 Do not carry out these tests while the solenoid 

unit is hot. -, 
If a constant voltage supply is not available check the 

coil resistances, using an accurate method of measuring 
low resistance values, such as the Wheatstone Bridge. 
Connect the measuring instrument as for measuring the 
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Fig.	 J19 Starter Motor exploded 
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Fig. J20 Solenoid exploded
 

current and compare the resistances with those given.
 

Solenoid Mechanical Testing 

Check the spring pressure and plunger travel. 

N.B.	 Carry out these tests with the solenoid unit cold 
and with the plunger return spring removed. 

If, after testing, the solenoid is found to be faulty, 
replace it by a serviceable unit. Do not attempt to repair 
a faulty solenoid. 

Solenoid Contact Replacement 

Replace the contacts as a complete set. This comprises 
two fixed contact studs for fitting in the end cover and a 
moving contact disc for fitting on the push rod. 

To remove the fixed contact studs, unscrew the two 
smaller nuts on the moulded cover and unsolder the wires 
attached to the terminal strips. Liftoff the cover. Un­
screw the nuts from the two large terminals studs on the 
cover and remove the studs. Fit the replacement studs. 

To remove the moving contact disc from the push rod, 
lift the rod from the solenoid unit. Take off the plain 
washer, the slotted cup washer, the fibre washer and the 
moving contact disc. Fit the replacement disc. 

Finally, reassemble the unit, reversing the procedure 
used for dismantling. 

Replacement of Brushes 

The flexible connectors are soldered to terminal tags; 
two are connected to brush boxes, and two are connected 
to free ends of the field coils. Unsolder these flexible 
connectors and solder the connectors'of the new brush 
set in their place. 

The brushes are pre-formed so that 'bedding' to the 
commutator is unnecessary. 

Check that the new brushes can move freely in their 
boxes. 

Commutator 

A commutator in good condition will be burnished 
and free from pits or burned spots. Clean the commutator 
with a petrol-moistened cloth. Should this be ineffective 
spin the armature and polish the commutator with fine 
glass paper; remove all abrasive dust with a dry air 
blast. 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 
remove more metal than is necessary. Finally polish with 
very fine glass paper. The INSULATORS between the 
commutator segments MUST NOT BE UNDERCUT. 

Armature 

Lifted conductors: If the armature conductors are 
found to be lifted from the commutator risers, over­
speeding is indicated. In this event, check that the clutch 
assembly is disengaging correctly when the engine fires. 

Fouling of armature core against the pole faces: This 
indicates worn bearings or a distorted shaft. A damaged 
armature must in all cases be replaced and no attempt 
be made to machine the armature core or to true a 
distorted armature shaft. 

Insulation Test: To check armature insulation, use a 
IIO-volt AiC. test lamp. The test lamp must not light 
when connected between anyone commutator segment 
and the armature shaft. • 

If a short circuit is suspected check the armature on 
a 'growler'. Overheating can cause blobs of solder to 
short circuit the commutator segments. 

If the cause of an armature fault cannot be located or 
remedied, fit a replacement armature. 

20. 38. A. 
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Fig. J21 Brush Connections to Field Coils 
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Field Coils 

Continuity Test: Connect a 12-volt test lamp and 
battery between the insulated terminal on the yoke and 
each individual brush (with the armature removed from 
the yoke). Ensure that both brushes and their flexible 
connectors are clear of the yoke. If the lamp does not 
light, an open circuit in the field coils is indicated. 
Replace the defective coils. 

Insulation Test: Connect a llO-volt A.C. test lamp 
between the terminal post and a clean part of the yoke. 
The test lamp lighting, indicates that the field coils are 
earthed to the yoke and must be replaced. 

When carrying out this test, check also the insulated 
pair of brush boxes on the commutator end bracket. 
Clean off all traces of brush deposit before testing. 
Connect the 100-volt test lamp between each insulated 
brush box and the bracket. If the lamp lights this indic­
ates faulty insulation and the end bracket must be 
replaced. 

Replacing the field coils: Unscrew the four pole-shoe 
retaining screws using a wheel-operated screwdriver. 

Remove the insulation piece which is fitted to prevent 
the inter-coil connectors from contacting with the yoke. 

Draw the pole shoes and coils out of the yoke and lift 
off the coils. 

Fit the new field coils over the pole shoes and place 
them in position inside the yoke. Ensure that the taping 
of the field coils is not trapped between the pole shoes 
and the yoke. 

Locate the pole shoes and field coils by lightly 
tightening the retaining screws. 

Replace the insulation piece between the field coil 
connections and the yoke. 

Finally, tighten the screws by means of the wheel­
operated screwdriver while the pole pieces are held in 
position by a pole shoe expander (Fig. 122) or a mandrel 
of suitable size. 

Bearings and Bearing Replacement 

The commutator and drive end brackets are each 
fitted with a porous bronze bush and the intermediate 
bracket is fitted with an indented bronze bearing. 

Replace bearings which are worn to such an extent 
that they will allow excessive side play of the armature 
shaft. 

The bushes in the intermediate and drive end brackets 
can be pressed out, whilst that in the commutator end 
bracket is best removed by inserting a */1 (17.5 mm.) tap 
squarely into the bearing and withdrawing the bush with 
the tap. 

Before fitting a new porous bronze bearing bush, 
immerse it for 24 hours in clean engine oil (SAE 30/40). 
In cases of extreme urgency, this period may be shortened 
by heating the oil to 100°C. for 2 hours and then allowing 
the oil to cool before removing the bush. 

Fit new bushes by using a shouldered, highly polished 
mandrel approximately 0.0005/1 (.013 mm.) greater in 
diameter than the shaft which is to fit in the bearing. 
Porous bronze bushes must not be reamered out after 
fitting, as the porosity of the bush will be impaired. 

After fitting a new intermediate bearing bush, lubricate 
the bearing surface with Ragosine Molybdenised Non­
creep oil. 

REASSEMBLY 

After cleaning all parts, re-assembly of the starting 
motor is a reversal of the dismantling procedure, but the 
following special points should be noted: 

1.	 To facilitate fitting the solenoid unit to the drive end 
bracket, ease the drive assembly forward along the 
armature shaft. 

2.	 Set the pinion movement before tightening the 
eccentric pivot pin securing nut. 

SETTING PINION MOVEMENT 

After complete assembly of the starting motor connect 
the small centre terminal on the solenoid unit by way of 
a switch to a 6-volt supply. Connect the other side of 
the battery to one of the solenoid fixing studs. 

Close the switch (this throws the drive assembly for­
ward into the engaged position) and measure the distance 
between the pinion and the washer on the armature shaft 
extension. Make this measurement with the pinion pressed 
lightly towards the armature to take up any slack in the 
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Fig. J23 Setting pinion movement 

engagement linkage. For correct setting this distance 
should be 0.020" to 0.030" (.508 to .760 mm.). 

To adjust the setting, slacken the eccentric pivot pin 
securing nut and turn the pin until the correct setting is 
obtained. Note that the arc of the adjustment is 1800 and 
the head of the arrow marked on the pivot pin should be 
set only between the arrows on the arc described on the 
drive end bracket casting. 

After setting, tighten the securing nut to retain the pin 
in position. 

NOTE.	 In the event of a replacement motor or drive 
end bracket being fitted, check the out-of-mesh 
clearance when assembling the starting motor 
to the engine. This should be t" (3.2 mrn.) 
between the leading edge of the pinion and the 
engine flywheel with a tolerance each way of 
l2-" (2.4 mm.). 

" 
SELF-INDEXING PLATE CLUTCH DRIVE 

Description 

-,.:. The drive assembly is mounted on the armature shaft 
extension with the clutch driving sleeve splined to the 
shaft. When the starter switch is operated the engage­
ment lever pushes the drive assembly along the shaft to 
engage the pinion with the flywheel. 

The pinion is carried on a helically splined sleeve 
which is cleated to the barrel unit containing the plate 
clutch assembly. In the event of tooth-to-tooth engage­
ment the forward movement of the pinion ceases while 
the helical splined sleeve continues to be pushed forward. 
This rotates the pinion relative to the flywheel gear ring. 

When the teeth become aligned for meshing the com­
pressed cushion spring slides the pinion into mesh with 
the flywheel. 

When the armature shaft rotates the drive, torque is 
transmitted from the shaft through the clutch driving 
sleeve, plate clutch assembly and barrel unit, to the 
driving pinion. The clutch is engaged by pressure from 
the moving member which rides up the helical splines on 
the driving sleeve when the armature shaft rotates. 

This movement clamps the clutch plates together and 
torque is transmitted to the barrel unit. 

If, after the engine fires, the torque reverses direction, 
the moving member releases its pressure on the clutch 
plates and the clutch automatically disengages and 
releases the armature shaft-only the pinion and barrel 
unit are driven by the engine. 

If the clutch is overloaded it slips at a torque two or 
three times greater than the maximum developed by the 
motor. This overload protection feature is effected by 
shim-setting the engagement pressure on the clutch 
plates. When the moving member exerts pressure on the 
clutch plates, pressure plates are compressed by backing 
ring. This compression determines the amount of torque 
which can be transmitted by the clutch plates, and is 
pre-set by shims inserted between the backing ring and 
the clutch plates. 

Dismantling 

1.	 Remove the drive assembly from the armature shaft. 
2.	 Remove the lock ring from the driving sleeve. 

3.	 Lift two halves of the engagement bush off the 
driving sleeve, 
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Fig.	 J24 Starter 

4.	 Using a suitable circlip extracting tool, extract the 
clutch retaining circlip from the barrel unit and with­
draw the driving sleeve and clutch unit. 

5.	 The clutch assembly can now be dismantled by 
removing all the parts from the driving sleeve-with 
the exception of the two pressure plates which are 
held in position by the ring nut. To remove the ring 
nut, slide the driving sleeve on to the splined armature 
shaft and, using soft metal jaw plates, clamp the 

,	 armature in a vice. File away the peened rim and use 
a spanner measuring If«" (33.3 mm.) across the flats 
to remove the ring nut. 

When re-assembling, fit a new ring nut and peen the 
rim over the notch in the driving sleeve to lock the 
nut in position. 

6.	 To remove the pinion from the helically splined 
sleeve, knock out the rivet which secures the pinion 
retaining ring. The retaining ring, pinion, cushion 
spring with cup washers and the sleeve can now be 
separated. 

Re-assembly 

Reverse the dismantling procedure noting the following 
important points: 

1.	 The correct cushion spring tension is 11 lb. (4.99 
Kg.) measured with the spring compressed to r 
(22.2 mm.) in length and 16 lb. (7.26 Kg.) with the 
spring compressed to -!-" (12.7 mm.) in length. 

Drive exploded 

2.	 Check the slipping torque of the clutch as follows: 
Fit the drive assembly on the splined armature shaft 
and clamp the armature between soft metal jaw plates 
in a vice. 

Apply an anti-clockwise torque to the pinion with a 
suitable "torque wrench" fastened to the pinion teeth.
 

The clutch should slip between 800 to 950 lb. in. (9.21
 
to 10.95 Kg.m.).
 

If the clutch slips at too Iowa torque figure, dismantle
 
again and add shims one at a time until the correct
 
figure is obtained.
 

If the clutch does not slip between the torque limits
 
given, again remove the circlip-dismantle and re­

move shims one at a time until the torque test gives
 
corect figures.
 

The correct adjusting shim thicknesses are: 0.006" 
(0.152 mm.), 0.005" (0.127 mm.), 0.004" (0.102 mm.), 

3.	 The assembled clutch unit and lever mechanism must 
be capable of being pushed to the full extent of the 
set travel. The assembly must move along the arm­
ature shaft extension smoothly and freely, but with­
out slackness. 

4.	 Before fitting the drive assembly to the armature 
shaft lightly smear the shaft and pack the space 
between the indented bearings inside the pinion .;' 

sleeve, with a bentonite based grease such as 
Ragosine 'Bentone'. 
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FAULT DIAGNOSIS
 

COOLING SYSTEM 

Fault and possible cause 

Overheating­
1.	 Insufficient water in the cooling system 
2.	 Thermostat sticking in the closed portion ... 
3.	 Injection timing incorrect 
4.	 Fan belt loose or slipping 
5.	 Water pump inoperative 
6.	 Radiator core clogged internally 

7.	 Radiator core clogged externally ... 

Overcooling­
1.	 Thermostat remaining open 

Loss of water­
1.	 Hose connection loose 
2.	 Hose deteriorated 
3.	 Radiator core leakage 
4.	 Leakage at the pump 
5.	 Cylinder head gasket defective 
6.	 Leakage at water covers, screw plugs, or ex­

pansion plugs ... 

Possible remedy 

Top up the system and check for leakage.
 
Renew the thermostat.
 
Adjust the injection timing.
 
Adjust the tension or renew the belt.
 
Overhaul the pump. 
Clean and flush the 
system. 
Clean the core with 

radiator 

water or 

core 

air. 

and cooling 

Renew the thermostat. 

Tighten the hose clips. 
Renew the hose. 
Test and repair the radiator core.
 
Overhaul the pump.
 
Renew the cylinder head gasket.
 

Renew the joint washers at the covers or plugs 
responsible. Renew expansion plugs. 

FUEL INJECTION SYSTEM
 

Fault and possible cause 

Loss of Power:­
1.	 Pump injects too little fuel. (Internal com­

ponents of the pump worn or incorrectly 
adjusted) 

2.	 Pump injects too early (engine noisy) 
3.	 Pump injects too late (engine smokes) 
4.	 Injector nozzles give too much leak-off due 

to wear 
5.	 Injector nozzles clogged ... 
6.	 Fuel pipes partially blocked 

7.	 Air in fuel system 

Possible remedy 

Overhaul the injection pump, renewing worn 
components. 

Adjust the injection timmg. 
Adjust the injection timing. 

Renew the injectors. 
Fit	 a new nozzle. 
Inspect the pipes for signs of damage, or remove 

any foreign matter which may be in the pipe 
bore. 

Bleed the fuel system. 

.1 
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8.	 Fuel filters clogged Renew the fuel filter elements. 
9.	 Opening pressures of nozzles too low Test the opening pressure and adjust to the correct 

setting, or fit a correctly adjusted nozzle. 
10. Broken injection pipe	 Renew the pipe. 

~":~ 

Engine Smokes or Knocks­

1.	 Pump injects too early ... Adjust the injection timing. 
2.	 Pump injects too late Adjust the injection timing. 
3.	 Opening pressure of nozzles too low Test the opening pressure and adjust to the 

correct setting, or fit a correctly adjusted nozzle. 
4.	 Compression spring in nozzle holder broken Fit a new spring. 
5.	 Nozzle valve sticking or seating incorrectly Dismantle and clean the nozzle, or renew. 
6.	 Broken delivery valve spring or valve sticking Renew the spring or service the injection pump. 

ENGINE 

1; Fault and possible cause	 Possible remedy 

Lack of power­
1.	 Low compression See "Low compression," below. 
2.	 Fuel and/or injection system faulty See Applicable Section 
3.	 Air cleaner restricted Service the air cleaner. 
4.	 Excessive exhaust back pressure Check the silencer for signs of being blocked. 
5.	 Valve springs weak or broken Test, and renew the faulty springs. 

Low compression­
1.	 Valves seating improperly Overhaul the valves and seats. 
2.	 Incorrect valve to rocker clearances Readjust the valve to rocker clearances. 
3.	 Valves or tappets sticking See "Valves sticking", below. 
4.	 Cylinder head gasket leaking Renew the gasket. 
5.	 Cylinder bores worn Renew the cylinder liners and pistons. 
6.	 Incorrect valve timing Check and adjust. 
7.	 Piston rings broken, worn or stuck Renew broken or worn rings; clean ring grooves 

and rings if stuck. 
8.	 pistons or rings improperly fitted Refit correctly. 
9.	 Piston ring grooves worn Renew the faulty parts. 

Crankshaft and connecting rod bearing failures­
1.	 Lack of oil Maintain the oil at the corect level. 
2.	 Low oil pressure See "Low oil pressure," below. 
3.	 Improper grade of oil Drain and refill with the correct grade of oil. 
4.	 Oil passage(s) restricted '" Clean the passage(s). 
5.	 Bearing loose Fit to proper clearance. 
6.	 Crankshaft main bearing journals or crank­ Renew or regrind the crankshaft to the recom­

pins tapered, out-of-round or scored mended undersize and fit new bearings. 

Burned valves and seats­
1.	 Insufficient valve to rocker clearances. Re-adjust the valve to rocker clearances. 
2.	 Valve springs weak or broken Test, and renew the faulty springs. 
3.	 Incorrect valve timing Check and adjust. 
4.	 Valves sticking in the guides See "Valves sticking", (over). 



K/3	 FAULT DIAGNOSIS 

5.	 Overheating 
6.	 Excessive carbon deposits around the valve 

seats and head ... 

Valves sticking­
1.	 Insufficient clearance between valve stem and 

guide ... 
2.	 Valve springs broken 
3.	 Valve stems carboned or scored 
4.	 Valve tappets sticking 

Excessive oil consumption­
1.	 Oil level too high 
2.	 Oil leaks at gaskets and seals 
3.	 Excessive oil pressure 
4.	 Improper grade of oil 
5.	 Excessive cylinder and piston wear 

Low oil pressure 
1.	 Improper grade of oil 
2.	 Main oil pressure relief valve ball not seating 
J.	 Oil pump strainer clogged 
4.	 Excessive crankshaft and connecting rod 

bearing clearances 

5.	 Oil pump components badly worn 

Engine knocks continually-
I.	 Engine main, big-end or little-end bearings 

worn ... 
2.	 Injection equipment faulty 
3.	 Excessive carbon deposits 

See Applicable Section 

Decarbonise. 

Fit to proper clearance.
 
Renew broken springs.
 
Clean or renew as necessary.
 
Clean or renew as necessary.
 

Maintain the oil at the proper level.
 
Renew the gaskets and seals.
 
Overhaul the relief valves.
 
Drain and refill with the correct grade of oil.
 
Renew the cylinder liners and pistons.
 

Drain and refill with the correct grade of oil.
 
Overhaul the relief valve.
 
Clean the floating strainer.
 

Fit to the proper clearances or renew the faulty 
parts. 

Renew the faulty components. 

Renew the worn components. 
See Applicable Section 
Decarbonise. 

ELECTRICAL SYSTEM
 

Fault and possible cause 

Dynamo not charging properly or inoperative­
1.	 Driving belt slipping 
2.	 Ammeter registers incorrectly or no charging 

rate 
3.	 Ammeter open (low or zero charging rate) 
4.	 Ammeter earthed 
5.	 Regulator unit not operating properly 
6.	 Badly worn bearings or pole pieces loose ... 
7.	 Short between commutator bars 
8.	 Armature worn or shaft bent 
9.	 Commutator out of round 

10. Insulation high between commutator bars 

Possible remedy 

Adjust the belt tension. 

tCheck, and renew ammeter if required. 
tCheck, and renew ammeter if required. 
tCheck, and renew ammeter if required. 
tCheck andadjust the regulator unit. 
Renew the bearings or repair.
 
Inspect and repair or renew the armature.
 
Renew the armature.
 
Turn down the commutator.
 
U~dercut the insulation.
 

.. 
,I 
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11. Commutator greasy, glazed or burned 

12.	 Brush springs weak or broken 

13.	 Brushes sticking 
14.	 Field coils shorted, on open circuit or burned 

Sand or turn down commutator and undercut 
insulation as required. 

Check the spring tension and renew springs as 
required. 

Ease brushes or renew. 
Renew field coils or dynamo. 

t See the vehicle manual concerned for details of the ammeter and voltage regulator. 

Starter motor lacks power or fails to turn the 
engine­

1. Battery in need of attention 
2. Loose or broken connections in starter circuit 
3. Starter clutch slipping 
4. Tension spring weak or broken ... 
5. Starter main or pilot switch faulty 
6. Brushes worn, sticking or not bedding 
7. Engine abnormally stiff ... 
8. Commutator dirty or worn 
9. Starter shaft bent 

Starter motor operates but does not turn the
 
engine­

10.	 Starter clutch slipping 

II.	 Stripped pinion teeth 

Noise from the starter pinion when the engine is 
running­

12.	 Return spring weak or broken 

Starter motor inoperative­
13.	 Master switch 
14.	 Battery in need of attention 
15.	 Loose or broken connection in starter circuit 

switch .. , 
16.	 Armature faulty 
17.	 Field coils in open circuit or earthed 

Rough Of noisy engagement­
18.	 Starter motor loose on mounting bolts 
19.	 Damaged pinion and/or flywheel gear teeth 
20.	 Cushion spring or compression spring broken 

See the vehicle or tractor manual concerned.
 
Trace and rectify.
 
Dismantle and correctly re-shim the clutch.
 
Renew the tension spring.
 
Renew the faulty switch.
 
Ease or renew brushes.
 
Examine the engine for mechanical defects.
 
Clean or skim the commutator.
 
Renew the armature.
 

Dismantle, re-shim, or renew the crutch plates 
and then re-shim. 

Renew the pinion assembly. 

Renew the return spring.
 

Check connections and contacts
 
See the vehicle manual concerned.
 

Trace and rectify.
 
Renew parts as necessary.
 
Renew parts as necessary.
 

Tighten the mounting bolts.
 
Renew parts as necessary.
 
Renew the faulty spring.
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