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ENGINE

BATED POWER AND SPEED
tr-cylinder Series 1384 and 1381
f-cvlindor Series B23

BORE

STROKE

TOTAL SWEPT VOLUME
freevlinder
Hecvlinder

COMPRESSION RATIO
Superchorged
Unauporchuarged

VALVE TIMING
Iulet valve opens
Inlet valve closes
Exhaustr volve RS

Exhonst velve closes

DATA

180 b.hop. e 1,800 r.pom,
238 b.h.p. at 1,880 r.p.m,

512510, (130,175 mm.)
6,000 in. (152.4 mm.)

264 cu. in, (12,17 litres)
C 99019 e ine (162 litres)

(ERTS
1o oo |

12 deg. before T.ILC,

50 deg, after B.D.C,
60 deg. before B.DLC.
19 dey. alter T.D.C.

VALVE TAPPET CLEARANCE |i|.u:||_:i.|!1' hot ar cold)

Inler ned Exhouar
FLEL INJECTION TIMING

FIRING ORDER
trrevlinder
Heevlinder

DIRECTION OF ROTATION

010 in.

As stamped on engine nameplate

l,4.26.335
1,6,2,58,3,7,4

Clockwise, viewed from from of engine

WEIGHT OF UNIT AS HELD ON MOUNTINGS {dev)

Supercharged
tecylinder with fluid cowpling

Unsupercharged
fcylinder with flaid eoupling
H'-f}'“ﬂdf! with forgue converier

2,930 Ib. approx.

2814 |b, appraox.
4800 b, approx.

FUEL SYSTEM

FUEL
PHESSURE
INJECTION PUMP

See table, page 3
100 12 psa

C.AN. type "N' with two-speed mechanical or
all-speed hydraulic governor



FUEL INJECTOHRS

Opening pressure : . o .o 175 atmospheres
Injectar assembly . . " . : 0D 4752
Nazsile holder . OD4534, C AV, No. BKELY6S 684M
Nozsle - . ; ‘ : OD3045, CAY, No. BDLL. 150561304
FUEL FILTER ELEMENTS : ODL2ETL CAN. puper expendable Mo, 7111744

LUBRICATING OIL SYSTEM

APPROVED OIL .. . - o~ " - . See table, page 3
CAFACITY
ecvlinder ; . - = . 1.5 Imperial gallons approx.
Hecxlinder ¥ a . . 12.5 Imperial gallons approx,
PRESSURE (a1 working conditions)
Maximum ! ' : : 6 pus.i.
Normal . o i " by ' 300 50 psi.
Mininnim - ; i i ; o b : 10 o 15 psai.
FILTERS .. i - . : Full low with expendable elements Mo, AC. 1530942

COOLING SYSTEM

RECOMMENDED COOLANT La o .. Seetable, page 3
CAPACITY

frevlinder | Metro- Cammell Reilears) ! . 14 Imperial gallons approx.

Hucylinder, including torque converter heat

exchanger il 2 ; I8 Imperial gallons approx.

CLEANING AGENT . . . See table, page 3
THERMOSTAT " i A OFE 15981, Smiths™ X 43530/ 10 with restrictor
RADIATOR ; ; Harizontal with separate header tank
FAN

Becxlinder . : e 214 in. dia., & blades, shaft driven

B-evlinder , . 29 in. dia.. 8 blades, shaft driven

ELECTRICAL EQUIPMENT

STARTER MOTOR . o Bimms’ 624 SGRE ST or CAV, Us2,21M

TACHOMETER GENEHATOR
di-cylinder . s . Smiths' ‘M’ type, code No, MDG 125
HBcylinder . . . - Smiths” "M’ type, code Mo, MDG 16/3




AUXILIARY EQUIPMENT

AIR COMPRESSOR
tecylinder ‘ L ‘ : d Clayton-Dewandre type 238/2. Belt-driven
Hecylinder i i s ; i .. Westinghouse type E15. Gear-driven

EMNGINE DATA

T5.D.366/BIEH) ENGINE

COOLANT, FUEL AND LUBRICANTS

MATERIAL

MANUFACTURER

RECOMMENDED BHAND OR

SPECIFICATION
Coolam — B.R. No. 621,
Cat. No. ?."4535]} and clean waler
DT.D.779
Cooling system cleaning agent LC.I Lid Lissapol N
Coolant pump and compressor
drive jockey pulley hearing grease Shell Retinax A or equivalent

Engine lubricating oil

Fuel o

Fluidrive traction coupling
Fluid
Rear bearing grease

Hardy Spicer
Fan drive shaft il
Auxiliary gearbox shaft o1l
Final drive cardan shaft grease

Radiator fan bearing greasc

Starter motor (Simms)
Ball bearing grease
Pinion grease

Starter motor (C.AY.)
Drive end bearing ail
Pinion grease

Tachometer generator ball
bearing grease

Any 5AE LD or 30 oil certificated 1o British Specificarion
DEF.2101B, or U8, Specification MIL-L-2104A. Use 5.4 E 30
if the ambient temperature is above 20 deg.F, (-7 dez.C.}, and
5. AE 10 in lower ambient temperatures. [ the grade of fuel
is below Specification B.5.2869 Class *A', Supplement 2 or 3

oil must be used.

B.S. 3869 Class *A/

Shell
Shell

Shell

Shell

Shell

Esso

Tellus 29 81l or equivalent
Retinax A or equivalent

5.AE250

S.AE.250

Lithium base grease with 3%
E.P. additive

Retinax A or equivalent

Retinax A or eguivalent
. T.D.T83

SAE 20
Retinax A or equivalent

Firmax 1 or equivalent
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6-cylinder railear engine with fluid-drive coupling




CHAP. 1

T.5.D. 803

CHAPTER 1 .. GENERAL DESCRIPTION

INTRODUCTION

The Rolls-Royce high-speed compression ignition
engine operates on the four-stroke cycle with mechanical
fuel injection. The normal direction of rotation is
clockwise viewed from the front of the engine, but may
be anti-clockwise rotation for special requirements,

Although baesically similar, engines are fitted with
wet or dry sump lubrication and are either supercharged
or unsupercharged. Other differences are confined to
the type of accessories fitted and their location on the
engine to suit installation requirements.

The crankcase is 50 designed that the exhaust system,
filters and other externally mounted units can be fitced
on either the left or the right-hand side of the engine.
Looking on the flywheel, the normal lefi-hand engine
has the fuel pump and other accessories on the right-
hand side and with 2 nght-hand engine on the lefi-hand
side,

The coolant pump, the dynamo and the air compressor
are driven by * Vee " belrs from a pulley on the front
of the crankshaft. On supercharged engines the drive
for the air compressor is taken from a pulley on the
supercharger driving shaft. The driving pulleys in-
corporate a means for hand-turning the engine for
mainienance purposes.

ENGINE FEATURES

The vertical in-line cylinders and crankcase form a
single iron casting, fitted with easily replaceable flanged
wet liners. The liner flanges are slightly proud of the
block face, and are nipped by the gasket between the
cylinder head and block to provide a top seal, the lower
end of each liner being sealed by two rubber rings.

The main bearing housings are supported by deep

webs and the more heavily loaded cemtre and end
bearings are additionally supported by transverse bolts.

Fig. 1 Unsupercharged weat sump engine
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The cranksheft is nitride hardened and has at the
front end an externally mounted viscous damper, which
reduces the crankshaft oscilladons at all speeds. A
pinion on the crankshaft doives the timing gears from
wl':}:h are driven the fuel injection pump and the cam-
shaft.

Main and connecting rod bearipgs are of the pre-
finished, steel-backed shell type, with lead-indium
bearing surfaces.

Each of the light alloy pistons is fitted with three
compression and one oil scraper ring and 15 recessed
in the crown to form a combustion chamber. The
variation in compression ratio between the unsuper-
charged and supercharged engines is controlled by the
capacity of the combustion chambers.

The overhead valves have stellited seat faces and
stem tips, and are operated by a single internal camshaft
through tappets, push rods and rocker assemblies. The
two-piece cylinder head is provided with rocker covers
for access to the valve gear.

INDUCTION AND
EXHAUST SYSTEMS

Air is ducted to the engine inlet manifold through
large capacity cil bath cleaners or, on marine engines,
through a combined oil-wetted cleaner and absorption
silencer.

The positive displacement supercharger raises the
pressure in the induction manifold by 8 b, per sq. in.
at an engine speed of 1,800 r.p.m.

The supercharger consists of two coupled lobed
rotors which rotate in opposite directions inside a

Fig. 4 Marine engine

sealed rotor casing. The intedor of the casing is in the
form of two intersecting cvlindrical bores ; air is drawn
into the casing through an inlet port and is carried round
between the rotor lobes and the casing o the outlet
port where the intermeshing acton of the rotors force
the air out to the inlet mamfold for distribution to the
cylinders.

On supercharged marine engines, a charge cooler
interposed between the supercharger outlet and the
engine inlet manifold, .reduces the air temperature
resulting  from  supercharger compression by  heat
extraction from the air to the sca-water circulating
through the cooler tubes.

The exhaust manifold on marine engines is jacketted
and circulated with engine coolant, to assist silencing
and keep the engine-room temperature as low as
possible.

On coupled power units, pyrometers fitted in the
exhaust system provide an indication for engine synchron-
ization by comparing the measurement of the exhaust
£as temperatures.

COOLING SYSTEM

For most applications the cooling system is pressurized
to raise the boiling point of the coolant.

A pressure-vacuum relief valve, located on the header
tank of the coolant heat exchanger, operates as a spring-
loaded safety valve to vent pressure in excess of 10 Ib.
per 5q. in. (0.70 kg. per sq. cm.), and to admit air when
the pressure in the system falls to less than 1 lb. per
5. in. below atmospheric pressure.




The coolant is circulated around the engine by a
belt-driven centrifugal pump, the heat of combusticn
imparted o the coolant being dissipated by the radiator,
or by a sea-water circulated heat exchanger on marine
engines,

Coolant is drawn from the radiator by the pump and
is delivered to the engine either directly into the inlet
gallery or through an oil heat exchanger, which serves
as a heating or cooling medium for the lubricating oil,
thence around the cylinders and cylinder heads, and
back to the header tank of the radiaror,

A thermostat is incorporated in the system to give
rapid * warming up ' and to maintain the coolant at the
correct working temperature under all conditions, This
it does by isolating the radiator as long as the coolant is
below a pre-determined value, and by gradually in-
creasing the flow of coolant through the radiator as the
temperature rises, until, after a given rise of temperature,
the full cooling capacity of the radiator is used.

The heat exchanger of the marine engine is circulated
with sea-water by a centrifugal pump, directly driven
by a friction coupling attached to the crankshaft damper.

The sclf-priming pump draws sea-water through its
injection valve and delivers it through the tubes of the
heat exchanger, thence to the exhaust silencer and is
discharged overboard with the & exhaust gases. A
second delivery from the pump circulates sea-water
through the charge cooler and gearbox il cooler.

Whilst water can be used as the engine coolant, a
correctly inhibited anti-freeze mixture is recommended
for use all the year round, as this not only provides
protection against frost, but prevents corrosion within
the cooling system.

LUBRICATION SYSTEM

Engine lubrication for vertical engines is either by
the dry or wet sump system, but for both systems the
distribution of oil to the moving parts of the engine is
identical.

The normal wet sump system has a gear type pressure
pump, located on the front main bearing cap and
forming part of the gallery pipe assembly. The pump
draws oil from the sump well and delivers it through
full-flow filters to the engine main feed gallery. The
pack type heat exchanger used for this system is inter-
posed between the pump and the filters,

For the dry sump system, one pressure and two
scavenge pumps are used. The scavenge pumps clear
the front and rear sump wells and their operation is
unaffected by inclination of the engine up to 40 deg. in
any direction. Oil is transferred from the sump wells
to a reservoir from which it is circulated by the pressure

&

pump, passing first through an in-built oil heat exchanger
and a bank of full-flow filters and thence to the engine
main feed gallery,

For horizontal engines, a semi-dry sump lubrication
system is used, the pump assembly consisting of one
scavenge and one pressure pump unit.

Oil is drawn from an external drains chamber by the
scavenge unit and discharged into the sump from where
it is drawn by the pressure unit and delivered to the
engine main feed gallery.

The oil is distributed by the main feed gallery to the
main and crankpin bearings and through longitudinal
drillings in the connecting rods to the gudgeon pin
bearings and cylinder walls, A separate feed from the
gallery delivers oil at high pressure to the camshaft
bearings and thence through a restrictor to supply low
pressure oil to the hubs of the timing gears.

Oil to the rocker assemblies is fed through a drilling
in the crankcase, to a pipe assembly in the tappet recess
where the flow divides and is directed to each rocker
shaft through a drilling in one of the holding down studs
of each cylinder head. Spill from the rockers lubricate
the ends of the valve stems, the push rod ball ends and
the tappets.

The relief valve unit contains pressure-relief and
filter by-pass valves which, apart from spring loadings,
arc identical. These loadings are such that the pressure-
rclief valve opens when the oil pressure rises above
60 Ib. per sq. in. (4.2 kg. per sq. cm.) and the filter
by-pass valve opens if the pressure drop across the
bank of filters exceeds 10 Ib. per sq. in. (0.7 kg. per
q. cm.). This obviates oil starvaton of the engine
in the event of the filters becoming choked.

On some wet sump installations, the housing for the
relief valves is cast into the front end of the sump,
the base having a thickened section to provide a front
support for the engine.

The pressure filters are fitted in-line to a header
bracket secured to the side of the crankcase and con-
nected by external pipes to the relief valve unit. Fil-
tration is achieved by forcing the oil through paper
elements within the cylindrical containers, any foreign
matter being trapped by the paper. These elements
cannot be cleaned ; they are renewed at the appropriate
scrvicing period.

The function of the heat exchanger is to bring the oil
rapidly to its most efficient working temperature and to
maintain it at that temperature under all conditions,
thereby reducing wear and obtaining maximum effi-
ciency from the engine,

Engine breathing from the crankcase is through an

elbow fitted to the tappet cover. A gauge filter secured
to the elbow outlet minimizes the ejection of oil.
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Fig. & Lubrication system - dry sump

Warning of low oil pressure is provided by a pressure
sensitive switch which operates on both a rising and
falling pressure, thus an indication of correct functioning
is given each time the engine is started if the switch
is used in conjunction with an audible warning device.

When the switch is used in conjunction with a solenoid
for stopping the engine, the circuit embodies an isolating
switch to break the current to the solenoid when starting
the engine.

On some engines oil is piped from the engine to
lubricate the fuel injection pump and so reduce wear
on the pump camshaft, A restrictor located in the
engine crankcase, meters oil to the pump sump, from
where it overflows into the governor housing and
thence to the engine sump.

FUEL SYSTEM

Fuel supply to the engine is maintained by a piston
type lift pump located on the injection pump casing

and o ed by a cam on the injection pump camshaft,
The fuel is drawn from the supply tank through a

imary filter and is forced through a bank of secondary
gﬂm arranged in-line on a common header bracket
bolted to the engine crankease.

To prevent excessive pressure risc on the inlet side
of the filters, a constant pressure valve is incorporated
which limits the inlet pressurc to 15 Ib. per sq. in.
(1.05 kg. per sq. cm.) ; any fuel overflow from this valve
is carried by a spill line back to the supply tank.

After passing through the external filters the fuel
flows to the injection pump, where it passes through an
internal filter to the pumping element intake gallery.

Where an open fuel drain from the injection pump is
prohibited due to fire risk, the lift pump embodies a
scavenge pump which discharges any surplus fuel oil
into the spill ling, thence to the supply tank.
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The fuel injection pump is driven at half engine speed
and consists of constant-stroke pumping elements in
@ common casing, each element supplying fuel to its
respective engine cylinder. The plungers of the
pumping elements force an accurately measured quan-
tity of fuel into each cylinder and this is atomised in its
passage through the nozzle of the injector.

The quantity of fuel injected into the cylinders and,
therefore, the power of the engine is varied by means of
a control rack which rotates the pump plungers simul-
tancously through the same angle, thus increasing or
decreasing the quantity of fuel delivered to each cylinder
by the same amount.

An adjustable stop, by which movement of the rack
may be restricted, can be set at any desired point to
control the maximum fuel delivery.

]
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To start the engine from cold in low ambient tem-
peraturces, an excess fuel device is fitted to the injection
pump. By operating a push burton, the fuel control
rack is allowed 1o override the maximum fuel stop
setting, thus permitting a greater amount of fuel to be
injected. When the engine runs up to maximum speed,
the device is automatically n:ltasecr by the action of the
governor ; the maximum fuel supply to the engine is
then governed by the maximum fuel stop.

When the engine is running, the fuel delivered to the
engine is determined by a chosen setting of the speed
control lever, and thereafier is varied by the governor
to maintain the desired engine speed. The governor
may be mechanically or h}rdmu.ﬁcc:ﬂ}r operated, and
effects control at all engine speeds.

A lever operated stop control on the pump rotates the
pump plungers to the 'no-delivery’ position, thus
stopping the engine due to fuel starvation. On some

FEED TANK

RETURN SPAINGS
£

STARTING UNIT
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Fig. ¥ Ether carburetter

installations, the pump stop control is operated by a
solenoid which is energised by a push switch for normal
stopping, and automatically in an emergency by oil
pressure, coplant and air temperature switches.

ELECTRICAL UNITS AND STARTING

The 24-volt starter motor and dynamo are standard
equipment. The starter motor is of the *axial * 1ype,
and with normal batteries and S.AE. 30 oil, will start
the engine satisfactorily ar temperatures down to
=8 deg.C.

The dynamo fitted is according to the clectric power
requirements of the installation.

On some installations, where electrical equipment is
undesirable, starting is effected by a Bryce Berger
* Handraulic * starter, and for starting in cxtremely low
ambient remperatures, certain engines have an air
started firred.

The Berger starter consists of four main components,
a piston accumulator and relay valve, an oil reservoir,
a hand pump and the starting unit.

The starting unit is secured to the front end of the
engine and comprises two opposed cylinders, each

containing a piston-rack which engage with a pinion.
The pinion is integral with a toothed dog which engages
with a corresponding dog on the engine crankshaft.

On operating the starting lever, the energy stored in
the high pressure air in the accumulator is rransmitted
through the medium of the hydraulic fluid t the
starting unit.

The starting lever operates a two-stage valve, the first
admitting sufficient pressure to the starting unit to
engage it with the crankshafi. During the second stage,
when the dogs are engaged fully, oil at high pressure is
admirtted to the unit cylinders and the crankshaft is
rotated at high speed.

When the engine starts, the dogs are automatically
disengaged and, on release of the starting lever, the
piston-racks return to their original positions under the
mfluence of return springs; the oil being discharged
into the feed tank for pumping up to the accumulator
for further starts.

Ether starting carburetter

Starting in extremely low ambient temperatures is
assisted by an ether carburetter embodied in the
induction system.



The carburetter consists of a duct which carried a
reservoir containing a cotton wool filling. The duct
is fitted with a butterfly throttle and an air passage in
the side of the duct above the butterfly leads air into
the reservoir.

A& sccond passage is provided from the reservoir
into the duct on the engine side of the burterfly, and
an external pipe to the reservoir allows the cotton
wool to be charged with ether,

When the engine is cranked with the butterfly closed,
the pressure drop across the reservoir causes a mixture
of cther and air to be drawn into the cylinders. On
the engine commencing to fire, the butterfly is slightly
opened and air flow down a passage milled in the duct
beneath the butterfly maintains the depression at the
jet so that ether vapour continues to be drawn from the
reservoir,

When even running is established, the butterfly
throttle is opened fully and the ether carburetter ceases

to operate,

ENGINE INSTRUMENTS

The engine is fitted with a tachometer drive and the
necessary pressure and temperature gauge connections:
The engine service counter provides an accurate means
of determining the correct time for servicing.

AIR. COMPRESSOR
The air compressor is an in-line twin cylinder unit
with either a liquid or air cooled head. Filtered air is
drawn from the engine intake manifold and for a liquid
cooled head, the engine coolant is utilized.

There are no scparate filters to service as the com-
pressor is also lubricated from the engine lubrication
Svstem,
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GENERAL INSTRUCTIONS

The general instructions given below cover
essential common procedure, which should be
kept in mind when dismantling or assembling an
engine.

When an engine component or accessory is
removed precautions must be taken to prevent
dirt entering any exposed apertures. Before
removal operations are commenced, clean the
arca in the vicinity of the component to be
removed and immediately after removal blank off
all pipes and adeguately cover all openings.

Cleanliness cannot be too greatly emphasized
particularly in respect of the fuel system and every
precaution must be taken to keep dirt out of
working parts during assembly. Pipes should be
washed and blown through immediately before
they are fitted.

Clean all parts thoroughly after they have been
removed and inspect them. Be sure that all
lubricating passages and oil holes are clear and
cover all serviceable parts to keep them clean until
they are installed. Special attention should be paid
to ball and roller bearings to keep out dirt. After
washing and inspection they should be dipped in
light oil and wrapped in clean paper,

Special service tools are provided for specific
jobs and they should be used, when recom-
mended, to save time and prevent damage to
parts. The application of these tools is illustrated
throughout the manual,

Never break a hose connection by prizing the
hose off witha screwdriver, as this practice causes
damage to the pipe or adapter and ultimately a
leaking joint. The recommended method is to cut
through the hose with a sharp knife and after-
wards cut the ends from the pipe or adapter.
Whenever a hose connection is broken a new hose
should always be fitted. If any difficulty is en-
countered when fitting a new rubber, it may be
lubricated with water, glycol or French chalk, but
never use oil or grease as this is injurious to the
rubber.

Revised February 1957

It is false economy to use doubtful gaskets or
seals such as rubber rings. Rubber rings should
alwavs be renewed whenever they are disturbed.

Used split-pins, locking plates and tab-washers
must never be refitied, they should be scrapped.
The correct method of fitting split-pins and lock-
ing plates is shown in fig. |; split-pins should be a
good fit in the hole with one leg turned over the

Fig. 1 Right and wrong methods of locking



top of the nut and the other down the flat. Locking
plates should be fitted with one end of the plate
bent sharply around the edge of the part and the
other end sharply against the flat of the nut.

When self-locking nuts are removed they should
be scrapped and new nuts fitted, When a new self-
locking nut is fitted, at least one full thread of the
bolt should protrude through the nut when it is
fully tightened.

When installing oil seals, first pack the seal with
‘Vaseline’ and be careful not to cut the rubber on
shoulders or sharp edges and unless otherwise
specified always fit the seal with the wiping edge
inwards to the bearing.

When refitting the various assemblies, it is im-
portant that nuts are tightened to the correct
torque loadings when these are specified, other-
wise failures of studs, bolts and joints may result
due to uneven tightening of the nuts. For joints
such as the cylinder head, the tightening should
be done evenly, in stages and in the sequence
recommended so that a uniform pressure is main-
tained across the joint. The torque wrench
GA.238 is recommended, having a range of 35 to
225 1b. f1. (4.8 to 31.1 kg.-m.).

Unserviceable units should be returned for re-
conditioning with the same parts attached as the
replacement unit and with all apertures blanked
off and joint faces protected. When necessary,
units should be treated internally against corro-
sion.

Revised February 1957
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SECTION 2

STORAGE AND TRANSIT

STORAGE

Before an engine is placed in storage it must be
adequately protected against internal and external
corrosion. The anti-corrosion treatment neces-
sary will depend on the anticipated length of the
storage period, the climatic conditions in which
storage will take place, and on whether the engine
15 to be stored in a packing case or installed in a
vehicle. Suitable anti-frost precautions will also
be necessary when an installed engine is to be
stored wunder climatic conditions in  which
temperatures below 0 deg.C. (32 deg.F.) are likely
to occur.

Mo internal or external anti-corrosion treatment
is necessary when an engine is to stand for periods
of up to seven days.

When an engine'is placed in temporary storage
for a period of up to one month no external
treatment is necessary, but to prevent internal
deterioration the engine must be either hand
turned at least two revolutions once every seven
days if it is not installed in a vehicle, or run until
normal oil and coolant temperatures are reached
once every seven days if it is installed.

Before being placed in storage for a period
longer than one month, an installed engine must
be internally inhibited and subjected to external
protective treatment. A non-installed engine must
be either internally inhibited and subjected to
external protective treatment, or internally in-
hibited and enclosed in a sealed exhauvsted
polythene bag containing silica gel desiccant. The
latter method is recommended, particularly when
an engine is to be stored under humid climatic
conditions. The external protective treatment
must be repeated after every twelve months of
storage on an installed engine and on a non-
installed engine which is not stored in a polythene
bag.

Yapour phase inhibitor (V.P.1.)

Protection of certain parts of the engine is
simplificd by the use of V.P.1. 260 powder, which
produces a vapour which combines with any
water vapour present to render it non-corrosive,
When used in sealed induction and exhaust mani-
folds the air will remain saturated with this pro-
tective vapour until the powder becomes
dissipated, when a new quantity should be used.
A powder gun similar in type to those used
by haorticulturists should be used for injecting the
powder.

V.P.I. 260 powder is obtainable from Shell
Chemicals Ltd., Distributors, 112, The Strand,
London, W.C.2.

STORAGE PROCEDURE
INSTALLED ENGINES

The following instructions apply to engines
which are to be stored in the vehicles in which
they are installed.

Cooling system

Whenever possible the vehicle should be stored
with the cooling system completely filled, i.e. with
no air space left above the coolant in the radiator
header tank.

If the cooling system is already filled with
a mixture of approved inhibited ethylene glycol
and water when a vehicle is received for storage,
test the specific pravity and the acidity of the
coolant as described in Section 18A. If the tests
are satisfactory, and the strength of the mixture
is adequate for the lowest temperature likely to be
encountered during the storage period, the coolant
should be left in the system. If the tests are un-
satisfactory, drain the system and refill with fresh
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coolant mixture of an adequate strength and to the
same formulation as that drained from the system.

If a vehicle is received for storage with the
cooling system filled with a mixture of approved
inhibitor and water, the existing coolant should be
left in the system provided that temperatures
below 0 deg.C, (32 deg.F.) will not be encountered
during the storage period. If freezing tempera-
tures are likely to occur the inhibited water must
be drained and the system refilled with an
approved inhibited ethylene glycol/water mixture
of adequate strength and to the same formulation
as the drained inhibitor.

If a vehicle is received for storage with the
cooling system filled with untreated water, and if
temperatures below 0 deg.C. (32 deg.F.) will not
be encountered during storage, pour into the
water an approved inhibitor, If freezing tempera-
tures are likely to occur during the storage period
the water must be drained and the system filled with
a mixture of approved inhibited ethylene glycol
and water.

See Section 18A for particulars of inhibited
coolant and filling instructions.

If for any reason a vehicle must be stored with
the cooling system drained, add soluble oil to the
existing coolant before the engine is run for
inhibiting purposes, and drain the system on com-
pletion of the final run. A list of recommended
soluble oils and mixture strengths is given in
*Engine Data’.

Internal inhibiting

Start the engine and run it until normal work-
ing temperatures are reached. Stop the engine and
drain all the lubricating oil from the sump while
the engine is still hot. Refit the sump drain plug
or plugs and fill with clean engine lubricating oil
to the ‘max’ mark on the dipstick. Remove the oil
filters from the filter header bracket, pour off the
oil, renew the elements, refill with clean engine
lubricating oil, and refit the filters to the header
bracket. The lubricating oil to be used should be
that recommended for service operation of the
engine.
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Remove the oil level and filler plugs from the
fuel injection pump and governor casing, syphon
out the oil, refill with clean engine lubricating oil
and refit the plugs.

Connect the fuel lift pump to a supply of
inhibiting fuel oil. A list of recommended
inhibiting fuel oils is given in *Engine Data’.

Start the engine and run at 800 to 1,000 r.p.m.
under no load for 30 minutes to ensure complete
circulation of the clean engine lubricating oil
throughout the engine.

Stop the engine and allow it to cool. Drain the
lubricating oil if necessary to comply with local
storage orders or transportation regulations, other-
wise the oil should be left in the engine sump and
in the fuel pump and governor.

If the engine has been finally run with soluble
oil in the coolant, drain the cooling system. In
all other cases top up the system so as o
completely fill the radiator header tank.

Blank off the radiator pressure-vacuum valve
outlet or radiator overflow pipe, as applicable.

Remove the starter motor and hand turn the
engine through at least eight revolutions to ensure
that an oil film is left on the cylinder bores above
the pistons. At the same time paint the teeth of
the flywheel starter ring with an approved
protective oil through the timing aperture. A list
of approved protective oils is given in *Engine
Data’.

Disconnect the inhibiting fuel oil supply to the
fuel lift pump and reconnect the pump inlet to the
vehicle fuel supply pipe.

Seal the fuel pump governor casing breather
with waterproof adhesive tape and secure the
speed control lever in the ‘no fuel® position. Fit
blanking caps to the fuel pump drains.

On supercharged engines remove the plug from
the centre of the induction manifold, inject one
gramme of V.P.I. 260 powder into the manifold,
and refit the plug. Disconnect the hose at the
supercharger inlet, inject one gramme of V.P.L
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260 powder into the supercharger, and remake the
hose connection,

On unsupercharged engines disconnect the hose
at the inlet branch on the induction manifold,
inject two grammes of V.P.1. 260 powder in the
manifold, and remake the hose connection.

Disconnect the exhaust pipe at the manifold
joint, inject two grammes of V.P.l. 260 powder
into the exhaust manifold, and blank off the outlet
port in the manifold with an end cover OE.4011.
Do not reconnect the exhaust pipe to the
manifold,

External protective treatment

Paint the pinion and splined shaft of the starter
motor with an approved protective oil. Refit the
motor to the engine.

Remove the driving belts from the dynamo
pulley. Wrap the dynamo, starter motor and
tachometer generator ‘in situ’ in moisture-proof
wrapping and seal the wrappings with waterproof
tape.

If the engine is fitted with wet-type air cleaners,
remove the pre-cleaners from the air cleaners and
blank off the exposed air inlets. Seal with
waterproof tape.

If the engine is fitted with dry-type air cleaners,
seal the air inlet holes in the base of the containers
with maoisture-proof adhesive tape.

Remove the crankcase breather filter and blank
off the breather pipe with the plug OE.4150.

Wrap the pre-cleaners and the breather filter in
moisture-proof wrappings and seal the wrappings
with waterproof tape.

Treat all rubber pipes, hose connections and
belts with French chalk.

Clean the engine externally and remove any
signs of corrosion. Liberally coat the control
linkage with low temperature grease and paint all
external machined and unpainted surfaces with a
recommended protective oil.

Labelling of stored engines

Attach labels in prominent positions on the
engine and in the driving cab of the vehicle,
stating:

1. Whether the cooling system is empty or full,
and whether or not soluble oil has been
used in the cooling system. If soluble oil
has been used, stress the need for cleaning
out the system with ‘Lissapol N” or “Texofor
F', as described in Section 184, before
refilling the system with an approved coolant.

2. The brand and formulation of the inhibited
ethylene glycol or water inhibitor which is
in the cooling system if 1t has not been
drained, or which was used in the system
prior to draining if the system is empty.

3. Whether or not the engine oil sump, injec-
tion pump and governor have been drained
of engine lubricating oil.

4. That the exhaust manifold has been blanked
and is disconnected from the exhaust pipe.
The label should alsa indicate that the speed
control lever is secured in the *no fuel’
position.

5. The date (in full) on which the engine was
inhibited. This information is necessary for
re-inhibiting record purposes.

NON-INSTALLED ENGINES

The procedure for inhibiting a non-installed
engine is substantially the same as that for anm
installed engine. The engine running can be
carried out immediately after the acceptance
test, thus dispensing with the initial running before
changing the lubricating oil. Soluble oil in an
approved strength should be used in the coolant
for the inhibiting run.

If the engine is to be stored in a polythene bag,
no external protective treatment is necessary, If
a polythene bag is not being used, paint the
splined bore of the clutch driven plate, the clutch
release lever plate, the engine mounting faces and
the joint face of the clutch housing with an
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approved protective oil. Avoid the use of a spray
gun in the vicinity of the clutch as the protective
oil is detrimental to the clutch linings. When
electrical components such as ammeters, volt-
meters and switches are fitted, all terminals should
be coated with petroleum jelly or lanolin.

Place a label on the engine stating that soluble
oil was used in the cooling system before it was
drained, and indicating whether or not the engine
sump, fuel pump sump and governor casing were
drained prior to storage. The date (in full) on
which the engine was inhibited must be clearly
indicated for re-inhibiting record purposes if the
engine is not to be stored in a polythene bag,

Sealing an engine in a polythene storage bag

Inhibit the engine internally as described in the
storage procedure for installed engines. No
external protective treatment is necessary, but all
hose connections, pipe ends, breathers and other
orifices must be blanked.

Place the base of a suitably sized polythene bag
over the base of the engine crate, taking care not
to tear the plastic on the engine securing bolts,
and roll the slack sides of the bag around the base
of the crate. Cut holes in the base of the bag just
sufficiently large to accommodate the engine
securing bolts, and fit suitable felt pads over the
bolts and bag so that the engine bearers will not
rest on the polythene. Polythene storage bags are
obtainable from W. Griffiths and Son, N.A. Clare
Street, Cardiff.

Lower the engine carefully on to the securing
bolts, and fit and tighten the securing nuts.

Distribute eight one-pound (0.45 kg.) bags of
silica pel basic desiccant in secure positions
around the engine, and hang a safety indicator
colour change humidity card in a prominent
position-on the engine. Suitable bags of desiccant
are obtainable from Joseph Crossfield and Sons
Limited, Warrington, England.

Pack any accompanying parts such as engine
breather and air pre-cleaners and a bag of
desiccant in a suitable moisture-proof container
and place the container on the base of the
polythene bag.

+
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Scatter a liberal quantity of V.P.I. 260 powder
(about seven handfulls) over the base of the bag,
and dust the injection pump with an additional
handful of the powder.

Bring up the sides of the bag around the engine
until the top edges meet, Seal the open top end of
the bag by the simultaneous application of heat
and pressure, leaving a slot about 2 in. long un-
sealed for the insertion of an air exhauster tube.
Suitable *Pyramid’ electrical sealing equipment
can be obtained from A. H. Bland (Engineers)
Lid.,, Hayes, Middlesex.

Insert a tube connected to a suitable air
exhausting pump into the slot in the top of the
bag and slowly exhaust the air until the bag
collapses around the engine. Remove the pipe
and seal the slot without allowing air to re-enter
the bag.

Lower the lid of the crate over the engine and
secure it to the base. The lid of the crate should
be lined with two-ply moisture-proof toughened

paper.

The lid of the crate should be removed and the
safety indicator checked weekly during the first
three weeks of storage and thereafter at three-
monthly intervals. The indicator is easily visible
through the polythene. Should the colour change
from blue (‘safe’) to red (‘unsafe’) the probable
cause will be a split in the polythene bag, in which
case the desiccant should be changed and the bag
repaired, re-exhausted and re-sealed. Should the
indicator then not change to blue the engine must
be removed from the bag, inspected, cleaned,
re-inhibited and re-packed in a new bag.

PREPARING A STORED ENGINE
FOR RUNNING

The following instructions give the procedure
for preparing an installed inhibited engine for
running. Non-installed engines need not be pre-
pared for running until after they have been
installed, after which the procedure prior to
running is the same as that described for an
installed engine.
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Fig. 1

Englne prepared for sealing in polvthene storngg hag

Fig. 2  Sealing the polythene storage bag
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Fig. 3  Storage bag exhavsted and sealed

Remove the blanking cap from the radiator
pressure-vacuum valve or overflow pipe. By
reference to the storage label attached to the
engine, ascertain the contents of the cooling
system and if necessary top up as required with
an approved ethylene glycol solution or inhibited
water to the same formulation as that already in
the system.

If the engine has been stored with the cooling
system drained. thoroughly clean the system as
described in Section [8A to remove all traces of
soluble oil before filling with an approved coolant,

By reference to the storage label, ascertain
whether the engine sump, fuel injection pump
sump and governor casing were drained prior to
storage. If necessary, fill the injection pump sump
and the governor casing, if mechanical type. with
engine lubricating vil. See Operator’s Handbook

]
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for specific instructions. Remaove the sealing tape
from the governor breather and unlock the speed
control lever. Remove the blanking caps from the
fuel pump drains.

Fill the engine sump with the recommended
lubricating oil up to the ‘Max’ mark on the
dipstick.

Remove the blanking plug from the outlet port
of the exhaust manifold and connect up the
manifold to the vehicle exhaust pipe.

If the engine is fitted with wet-type air cleaners
remove the air cleaner oil baths, ensure that they
are filled with clean engine lubricating oil up to
the pressed rib around the bath, and refit the
baths to the cleaners. Remove the sealing tape
from the air inlets, wash the pre-cleaners in
petrol and fit them over the air inlets.
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If the engine is fitted with dry-type air cleaners,
remove the sealing tape from the base of the
containers.

Remove the plug from the end of the crankcase
breather pipe and fit the breather.

Remove the moisture-proof wrappings from
the dynamo, starter motor and tachometer
generator. Refit the dynamo driving belts and
adjust to the correct tension.

Start the engine and run at moderate r.p.m.
under no load for about 20 minutes.

TRANSIT OVERLAND

Before an engine is transported by road it
should be internally inhibited against corrosion,
and all hose connections, pipe ends, breathers
and other orifices on the engine and the open ends
of all accompanying loose parts fitted with
suitable blanks. Crating of the engine is not
necessary for a short journey, but it must be
adequately covered with tarpaulin to exclude dust
and moisture,

TRANSIT OVERSEAS

Installed engine

Before being shipped overseas an engine
installed in a vehicle must be internally inhibited
and externally protected against corrosion, as

Secrion 2

described in the storage procedure for an installed
engine,

When a vehicle is driven to the docks under its
own power the inhibiting must not be carried out
until the services of the engine have been finally
dispensed with.

It is preferable that the inhibited ethylene glycol
mixture or inhibited water be left in the cooling
system, but it may be drained off if necessary to
comply with shipping regulations, in which case
soluble oil in an approved strength must be added
to the coolant prior to the final run before the
system is drained. A label to this effect must be
attached to the engine.

Remove the crankcase breather filter and seal
the end of the breather pipe with the plug OE.4150.

Wrap the crankcase breather and the air pre-
cleaners and pack them with any other loose parts
accompanying the vehicle.

Non-installed engine

Before being shipped overseas an engine which
is not installed in a vehicle must be inhibited
internally as described in the storage procedure
for a non-installed engine. The engine and
accompanying loose parts must then be sealed in
an exhausted polythene bag and crated as
described in ‘Sealing an engine in a polythene
bag'. The crate should be lined with two-ply
moisture proof toughened paper.
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SECTION 3

.. FAULT DIAGNOSIS

The possible causes of a fault which may develop in the engine
are listed in the following chart in order of likelihood and the
operator is advised to work through the items in the sequence

laid down.

SYMPTOM OH CONDITION

FOSSIBLE CAUSE

ACTION

REFER TO

FAILURE TO START
Starter will not turn engine

Engine will not fire (gven
after excess (el deviee has
been oporated)

FAILURE T PICK UP

MISFIRING

01L PRESSURE LOW
{Relatively sudden pressure
drop as opposed 1o progres-
sive drop doe o worn
bearings)

Discharged batiery, foulty
starter circuil, defective
starter motor

Starter pinion will not

engage

Loss of air pressure (air
slarter)

Leaking pipe joints
(handruulic starter)

Mo fuel at injectors

Adr in fuel system

Fuel filiers choked

Water mixed with fuel
Fuel pump timing incorrect
Air cleaners choked
Faulty ift pump

Faulty fuel supply

Faulty fuel lift pump
Adr cleaners choked
Faulty Mgl injectors

Air in fuel system
Fractured injector feed pipe
Faulty injector

Incorrect tappet clearances
Faulty fuel injection pump

Low oil level

Faulty oil pressure gauge
0l filters choked
Faulty relief valve

Oil temperature high

Check voltage at starter motor
terminals, If satisfactory, change
starter motor, I7 no voltage, check
battery, battery connections and
starter switch

Turn engine by hand and try
again. Change siarter motor if
fault persists

Check for loose connections and
faplty non-return valve in air
Syitem

Repair leaks

Check tank level and fuel cock
Prime fuclsystem

Bleed fuel system

Change engine filier elements
Empty fuel filter bowls

Resel iming

Clean air cleaners

Change lift pump

Check pipe unions and bleed luel
system

Change lift pump

Clean air cleaners

Change injectors

Blecd fuel system

Change pipe

Loosen feed pipe to each injector
in turn and note engine response
Check tappet clearances

Change injection pump

Check and fill up

Try another gauge

Change filter elements

Examine and clean pressure rehel
valve

Seeitem 3

Section 2TA or B

Section 27E
Section 27D

Operator’s H/book
Orperator's H/ hook
Operator’s H/book
Operator's H/book
Section 1TA or B
Section 4A or B
Operator's Hibook

Operator's H/book
Operator’s H/book
Section 44 or B
Section 1TA or B

Operator’s H/book
Operator’s H/'book

Crperater’s H/book
Section 5
Section 17 Aor B

Cperator's H/book

Operator’s H/book
Section 194, Bor C

1
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SYMPTOM OR CONDITION

POSSIBELE CALUSE

ACTION

REFER T

Ts

OVERHEATING

FUEL PHESSURE LOW

FOWER LOW

BLACK SMOKE FROM
EXHAUST

Loss of coclant

Choked air passages and
radiator matrix

Fouled coolant system

Incorrect fan belt tension
Faulty thermostat

Fuel injection pump timing
incorrect

Low oil level

Fuel filters choked

Faulty fuel constant pres-
sure valve

Leaks in fuel suction line
Faulty fuel lift pump
Faulty pressure gauge

Low fuel pressure

Fuel injection pump timing
incorrect

Faulty injectors

Adr flters choked
Insufficient tappet clear-
ances

Cylinder head or inlet.

manifold joints leaking
Sheared supercharger drive
or seized rotors

Owver-fuelling

Sheared supercharger drive
or se1zed rotors

Faulty injectors

!:uel. injection pump timing
incorrect

Adr filters choked

Check coolant level and inspect
for leaks

Clean air passages and matrix

Drain, clean and refill system with
correct coolam

Adjust tension
Change thermostat

Beset timing
Check and fill up

Change filter elements

Examine and clean constant pres-
sure valve

Check for loose connections
Change lift pump

Try another gauge

Secitem 6

Resel iming
Change injectors
Clein air filters

Adjust tappets

Renew gaskets or joint packings
a5 NECESSaTy

Remove supercharger air intake
and check drive. If confirmed,
change supercharger

If max. fuel stop seal has been
broken, change pump

Remove supercharger air intake
and check drive

Change injectors

Reset liming
Clean air filters

Section 184

Section 18A
Section 26A
Section 1BA ar C

Section 17A or B
Crperator’s Hihook

Operator’s Hbook

Section 1TAor B

Operator’s He/book

Section 17TA or B
Section 1TAor B
Section 44

Scction 5

Section 5

Section 18

Section |ITA or B

Section |TA or B

Section 1TA or B
SectiondA or B
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SECTION 4A ..

Two types of air cleaners are used, the dry and
the wel.

The dry type has a removable one-piece pleated
paper element in a perforated metal container,

The wet type has a detachable oil bath, a single
or two-picce woven wire clement and a louvred air
intake or, alternatively, a centrifuge pre-cleaner
intake: for certain applications the pre-cleaner is
Atted with & dust jar,

CLEANING

Dry type

Unscrew the captive knurled nut. remove the
lid, lift out the element, and examine it for tears
and deterioration,

If a supply of clean, dry compressed air is
available, apply a low pressure jet to the inside of
the element to blow off the dust in an outward
direction. If there is any doubt as to the cleanli-
ness or dryness of the air supply, or if a
compressed air supply is not available, clean the
clement by lightly tapping it. While the latter
method is not as thorough as cleaning with com-

Fig. 1 Dry type eleaner — exploded

AIR CLEANERS

5350
Flg. 2 Blowiag oul the elemient

pressed air, the element will still operate satisfac-
torily, but more frequent cleaning may be required:
The element must on no account be washed or
immersed in any liguid,

Replace the element, taking care not to damage
the small rubber seal, refit the lid and tighten the
knurled nut.

3349
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ALTERNATIVE BODY
WITH CENTRIFUGE
PRE-CLEAMER

BAFFLE

Fig. 3 Wet type cleaners — exploded

The efficiency of the cleaner is not unduly
affected by the accumulation of dust, but the
resultant restriction of the airflow will eventually
affect engine performance. For this reason regular
cleaning is important.

When cleaning of the element appears to be
ineffective, a new element must be fitted,

Wet type

Release the toggle clips and lower the bath from
the body. Remove the oil baffle plate (if fitted)
and discard the used oil; wash the bath and the
baffle in paraffin or petrol.

If the element is of the two-piece type, withdraw
the removable section and wash it in paraffin or
petrol; blow off with compressed air.

2
Section 44

DETACHABLE
ELEMENT

5351

Wash off any dirt from the fixed element and
from the inside of the centre tube; blow out
thoroughly with compressed air.

Remove the pre-cleaner (if fitted) and clean
likewise,

Replace all parts and fill the bath with clean
engine oil up to the level of the pressed rib, or the
baffle ledge when a baffle is fitted.

Refit the bath to the body and ensure that the
toggle clips are secure.

Note: If the cleaner is not to be put back
into immediate service, the woven wire
element should be immersed or well
sprayed with oil to prevent rusting,
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SECTION 5

SETTING THE TAPPETS

For either a hot or cold engine set the clearance
between the top of the valve stems and the rocker
pads at 0.010 in. (0.254 mm.) for both inlet and
exhausi valves, ensuring that the tappet corres-
ponding to the valve being adjusted is on the base
circle of its cam.

Adjust in firing order and in the sequence shown
in the table below. This ensures that all adjust-
ments can be made with the minlmum amount of
turning, e.g. when adjusting the tappets of the 4-
cylinder engine, turn the engine in the direction of
rotation until Wo. 4 valves are ‘rocking’ i.e. the inlet
valve just commencing to open and the exhaust
valve about to close, then adjust MNo. 1 cylinder
tappets to 0.010 in. (0.234 mm.) using the spanner
OE.3310. Inserta0.010in. feeler gauge between
the rocker padand the top of thevalve stem and

CYLINDER HEAD

turn the adjusting screw until the feeler is just
nipped, then tighten the locknut and check again.
Follow on in the sequence shown in the table.

Fig. 1 = Setting the tappets

TAFPET ADJUSTING SEQUENCE

LCYLINDER ENGINE G-UYLINDER ENGINE B-CYLINDER ENGINE
Tappels Valves rocking | Tappets Valves rocking Tappets Valves rocking

1 4 | 6 | | B

3 2 - 3 fi 3

4 | 2 5 2 7

7S EJ f | 5 4

3 4 & |

5 3 3 &

7 2

4 5

1
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CHANGING VALVE SPRINGS

If necessary, valve springs can be removed with-
out removing the eylinder head, providing that the
appropriate piston is at the top of its stroke,

Turn the engine by hand in the normal direction
of rotation until the INLET valve of the cylinder
concerned is just opening. The piston will then be
approximately at T.D.C,

Remove the rocker mechanism.

Screw the spring compressing tool, GA.23, into
the appropriate rocker bracket bolt hole, compress
the springs and check that the valve head is in con-
tact with the piston crown. If necessary turn the
engine a little more at the same time keeping the
valve springs compressed so that movement of the
valve by the piston can be seen. Remove the collets,
rubber sealing ring and top washer, taking care that
they do not fall down the push rod holes, and with-
draw the outer and inner springs. Examine the wop
washer for wear on the spring land and, if grooved,
fit a new washer.

Fit the new inner and outer springs and top
washer. With the spring compressing tool GA.25,
compress the springs and fit a new rubber sealing
ring to the valve stem,

Fig. 3 Breaking exlinder head joint

2
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Insert the collets in the top plate and release the
springs. Refit the valve rocker mechanism and
check the tappet clearances as described under
‘Setting the Tappets.’

REMOVING THE CYLINDER HEAD

Dirain the coolant system,

Release the securing set-bolts and remove the
two rocker covers.

AUBBER RING
VALVE GUIDE
INJECTOR
el
IMJECTOR SLEEVE 3 |

[
CYLINDER HEAD | |

CRAMNKCASE — |

|
|
[l 1
!l
|
CYLINDER LINER ‘ |
|

Remove the temperature phial from the pocket
in the coolant outlet rail and lift the phial and
capillary clear of the cylinder heads.

Release the set-bolts securing the rocker shaft
brackets a turn at a time until all the rockers are
free, remove the bolts and lift off the valve rocker
mechanism.

Remove the push rods,

Disconnect the exhaust pipe from the manifold,
release the flange nuts at each of the exhaust ports
and remove the manifold.

VALVE ROCKER

TAPPET
ADJLETIMG SCREWY

ROCKER COVER

T pUsHROD

GASKET

COOLANT IMLET

Il TAPPET COVER

RUBBER RIMGS

.I:IJDLAN‘I'

|
I
| = TAPFFET
I

CAMSHAFT

15

Fig. 4 Seetion through eylinder
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Fig. 5 Hemoving the evlinder head

Remove the fuel spill pipes between the
injectors by releasing the unions on the injectors
and on the coolant outlet rail. Release the fuel
supply pipes at the injectors by unscrewing| the
union nuts, and release the pipe between the
coolant putlet rail and the forward fuel filier at ihe
connection on the outlet rail.

Fit blanking caps to the ends of the fuel supply
pipes and to the injectors.

Release the coolant eutlet rail at the hose con-
nection on the coolant pump of a vertical engine
and for a horizontal engine release and remove the
setbolts securing the rail to the thermostat housing,
Release and remove the setbolts securing the rail
to the cylinder heads and withdraw the rail in an
upward direction,

Release the securing nuts and remove the fuel
injectors. Fit dust caps to the nozzles.

Release the setbolts securing the inlet manifold
and remove the manifold.

Unscrew and remove the cylinder head holding
down nuts, fit the tool GA.273 (for 6-cylinder
engines) and GA.330 (for B-cylinder engines) as
illustrated in fig. 3 and break the joint between the
cvlinder head and the crankcase block,

4
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If the cylinder heads are secured by setbolts it
will not be necessary to use the tool to break the
joint between the cylinder head and the crankcase
block.

Remove the tool, and fit the lifting bar GA.13
{for 6-cylinder engines) and GA.331 (for B-cylinder
engines) as illustrated in fig. 5, securing it to the
head with two bolts. Lift the head from the
engine. The tool GA.13 may also be used for lift-
ing the cylinder heads of 4-cylinder engines, if § in.
dia. bolts are substituted for the f in. dia. ones,
and the bolts are screwed into two convenient
tapped holes in the machined faces for the rocker
shaft brackets.

DISMANTLING THE CYLINDER
HEAD

Remove the coolant rail transfer bobbins from
the cylinder head using the tool GA.9.

Using the spring compressing tool GA.23,
remove all/the valves and springs from the cylinder
head.

Examine the coolant core plugs for signs of
leaking and rectify by tightening or fitting a new
plug.

If coolant has been leaking from the swaged

joint between the injector sleeve and the cylinder
head bore at the top of the sleeve, it may

Fig. 6

Remioving the transfer bobbins
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be stopped by using the expander tool GA.291 for
the screwed-in type sleeve, and GA.305 for the
rolled-in type sleeve.

If these tools are not available, lightly peen the
top of the sleeve into the head, using a ball-pane
hammer directed against the top edge of the sleeve
chamfer and afterwards spreading the metal on
the top face to leave a flat surface,

Check that the joints are satisfactory on the first
run after assembly,

Examine the injector sleeves for carbon deposit
and if necessary, recondition the sleeve bores and
seatings using the reaming kit GA.88.

The reamer GA.304 and holder GA.307 are pro-
vided for cleaning up the small bore of the slecve
and a cutter GA.299 and holder GA.23 for refacing
the injector seating. The amount of metal which
can be removed from the seating is limited and
great care should be taken to remove only
sufficient to provide a true seating; the depth of
the seating,, measured from the, face of the
cylinder head, must not be more than 3.54in.
(90 mm.).

If the injector sleeve is being reconditioned
without removing the cylinder head from the
engine the reamer and cutter should be liberally
smeared with grease to prevent any cuttings falling
into the cylinder.

VALVE SPRINGS

Thoroughly clean and check that the inner edge
of the end coils of the springs are chamfered so
that the edge will not cut into the radius on the
top washer.

Check the springs for free length by comparing
them with a new spring and check the squareness
of the spring ends. Where possible the spring
loadings should be checked using the dead weight
method.

The length of an inner spring should not be less
than 1.500 inches (38 mm.) when subjected to a
load of 53 1b. (24 keg.).

The length of an outer spring should not be less
than 1.6875 inches (43 mm.) when subjected to a
load of 95 Ib. (43 kg.).

VALVES

The valve stems are ‘Stellite’ tipped and the seat
faces coated with “Stellite” to prolong valve life. All
valves are etched with their eylinder number on
the valve stem adjacent to the collet groove.

With the introduction of the sodium filled
exhaust valve, means of identification became
necessary.

This valve can be identified by a small *Vee'
groove round the top of the valve stem.

Clean the heads of the valves by means of a
carbon removing solution or fine emery cloth, until
a bright, smooth surface is obtained. Carefully
examine each valve head for cracks, the faces for
pitting and the stems for scoring.

When examining the valve head for cracks use
a X135 magnifying glass or, if this is not available,
a normal X35 pocket glass.

Cracks originate from the radius between the
outer diameter and the end face of the head
as illustrated.

1451

Fig. 7 Typical erack
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Valves which are found to be cracked must be
scrapped, and those which appear to be satisfactory
under visual examination should be further tested
by the acetone/chalk method to ensure that
no minute cracks exist.

The acetone/chalk test consists of immersing the
valves in a bath containing a mixture of 75
per cent kerosine and 25 per cent lard oil (by
volume}, which has been heated to a temperature
of 185 to 194 degF. (85 to 90 degC.). After
approximately 20 minutes in the bath, remove the
valves and dry them in sawdust. When completely
dry, dip each valve in a solution consisting of 4/5
pint acetone, } pint French chalk and } teaspoon
of ‘Waxalene” red dye O.S. Inspect the valve when
the solution is dry; cracks will be indicated by
white stains.

Any wvalve which shows the slightest sign of
a crack should be scrapped and a new valve fitted.

gl || |[__rl

‘Waxalene' dry is manufactured by LC.I.
Limited.

An alternative method of crack testing is by the
‘Ardrox” 996 dye penetrant process. This is a
simple inexpensive method requiring no special
equipment, and the materials with instructions for
their use can be obtained from Brent Chemical
Products Ltd., Commerce Road, Brentford,
Middlesex, England.

If the exhaust valves are sodium filled, test the
heads for ‘dishing’ with a straightedge and a feeler
gauge. When the gap between the straightedge
and the centre of the valve head exceeds 0.005 in.
the valve must be rejected. Sodium-filled exhaust
valves have a circumferential identification groove
round the top of the stem.

Slight pitting on a valve face can be remedied
by regrinding the face at 45 deg. but if the face is
deeply pitted or the stem scored, the valve is
unserviceable.

;0532 ~ ccnlME. (H57--= MM.)
NEW VALVE.

SCRAF VIEW OF VALVE.

.I.

GAUGE GA.328

%.ﬁ’

| //,EKHFLL.IET VALVE.

| USE OTHER END OF
GAUGE WHEN CHECKING
IMLET VALVES.

Fig. 8 Testing gouge for inlet and exhaust valves
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When regrinding the inlet and exhaust valve
faces, the testing gauge GA.328 (fig. 8) should be

used to assess the amount of Stellite which may
safely be removed.

If the head of the valve is below the top of the
gauge when checked, this indicates that the valve
has been ground bevond the permissible limits and
should be discarded,

Check the valves for seating, keeping each valve
to its correct position, and, if necessary, lap them
in. When lapping, do not rotate the valve but turn
it in a small arc, then lift and repeat in another
position.

If after reconditioning a valve face, the head of
the valve is more than 0.025 in. (0.635 mm.) below

the face of the cvlinder head, a new valve should
be fitted.

For reconditioning of the valve seatings refer to
“Valve Seat Inserts’,

VALVE GUIDES

Clean the bores of the valve guides and check
the clearance between the valve stem and its guide
bore. Check the lower ends of the valve guides for
belling. Belling must not exceed 0.006 in.
(0.152 mm.) for the inlet valve guide, and 0.008 in.
(0.203 mm.) for the exhaust valve guide.

The stem clearance for an inlet valve should not
be more than 0.0061in. (0.152 mm.) and for an
exhaust valve net more than 0.008 in. (0.203 mm.).
If the clearance is more check with a new valve and
if still excessive, fit new valve guides.

Replacement of valve guides

To remove a guide, press or drive the guide from
the cylinder head, using a suitable drift on the
inner face of the guide.

A new guide has an interference of 0.0015 to
0.0025 in. (0.039 1o 0.063 mm.) between the outside
diameter of the guide and the cylinder head bore,
and the bore of the guide is 0,006 in. (0.152 mm.)
undersize to allow for final reaming in position.

1075 £ 0005 in.
T30 2012 mm.

B—

INLET EXHAUST

1452
Fig. ¢ Position of valve guides

Although it is strongly recommended to fit new
valve guides by shrinking them with liquid air, the
following alternative method can be employed
when liquid air is not available.

Lightly tap a new guide into the cylinder head
bore, chamfered cnd first, and drive it into posi-
tion, using a hardwood drift. The guide should
protrude 1,075 in. (27.3 mm.) above the roof of the
cylinder head as illustrated, and the spacing collar
GA.203 should be used to ensure that the guide is
driven into its correct position. After fitling a
guide, machine ream the bore to a finished size of
0.5000 to 0.5005 in. (12.700 to 12.713 mm.). Use
the special reamer GA.122 driven at a chuck speed
of between 80 and 110 r.p.m. and keep it well fed
with cutting lubricant. After reaming check the
guide bore with the plug gauge GG.1; the *GO’
part of the gauge is extra long for checking
the straightness of the bore.

After replacement of valve guides, the valve
seatings must be refaced.

It will be found that some cylinder heads
are stamped with OER.37 adjacent to the part
number; this indicates that valve guides of a larger
outside diameter have been fitted. The part num-
ber of the valve guide is OE.5585, and that of the
bottom washer OE.5556. No special instructions,
over and above those already given, are necessary
for removing and replacing these valve guides,

T
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VALVE SEAT INSERTS

Ensure that the cylinder head has been
thoroughly cleaned and examine the valve seatings
for pitting, cracks and valve bedding. If necessary,
reface the wvalve seatings as described under
‘Refacing the valve seats’ and relap the valves as
instructed under “Valves”.

Fitting new inseris

Unserviceable valve seat inserts can be removed
with the tool GA.128. The tool is provided with
two expanding spigots GA.255 for use when
removing an exhaust insert and GA.254 for an in-
let insert. For early engines fitted with smaller
diameter valves the valve inserts can be removed
with the tool GA.128 usingthe expanding spigots
GA.129 for exhaust, and GA.130 for inlet inserts.

Alternatively, inserts can be removed by cutting
through the insert with an end milling cutter. A
f in. (9.525 mm.) cutter is suitable for this opera-
tion and care should be taken when nearing the
outside diameter of the insert nol to completely
break through and cut the cylinder head bore.
Just before breaking through, the insert will
collapse and can be removed easily.

A new insert has an interference of 0.002 1o
0.0035 in. (0.0508 to 0.0889 mm.) between the out-
side diameter of the insert and the cylinder head
counterbore and it is recommended they should be
fitted by shrinking them in liquid air if this is
available. Alternatively the following procedure
can be adopted.

First heat the cylinder head either in boiling
water for at least half-an-hour, or in a temperature
controlled oven to 200 deg.F. (93 deg.C.) then as
quickly as possible draw in the insert with the tool
GA.263 for an exhaust valve insert and GA.262
for an inlet valve insert. If the insert is being fitted
without the valve guide in position, use the sleeve
GA,142 1o hold the tool concentric in the cylinder
head bore.

Section §
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FITTING INSERT WITH
VALVE GUIDE IN POSITION

1453

FTTING INSERT WITHOUT
VALVE GUIDE 1N POSITION

Fig, 10 Valve seat replacement

Care must be taken to keep the insert square to
the cylinder head bore. A tilted insert must not be
corrected; it should be removed and a new one
fitted, after cleaning any proud metal from the
cylinder head counterbore,

At the final stage of drawing in, tap the centre
bolt of the tool as the nut is tightened and, afier
removing the tool, check with a feeler gauge that
the insert is fully home.

When a number of inserts are being fitted,
it will normally be necessary to reheat the head after
fitting two inserts.

It will be found that some cylinder heads are
stamped with OER.50 adjacent to the part num-
ber, this indicates that valve seat inserts of a
larger outside diameter have been fitted. The part
numbers of the inserts are OE.7854 inlet and
OE.7853 exhaust. No special instructions, over and
above those already given, are necessary for
removing and replacing these inserts,
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Refacing the valve seats

When refacing the valve seats a Hall's portable
valve seat grinding machine and a 2} in. (53.975
mm.) dia. 45 deg. stone, grade ABO-L35-V30, are
recommended. A pilot GA.127 is available for use
with this machine.

When refacing, the stone should only be allowed
to touch the surface of the valve seat and as the
stone cuts, sparks will be seen issuing from the
point of contact, and the wheel should not be
lowered further until these disappear. The seat
must be continually inspected and as soon as a
complete ring of bright metal is obtained, grinding
must cease. Test the seat by blueing or pencil
marks across the face of a new valve.and check

QIL HOLE

ROCKER SHAFT

BLANKING FLUG

CIRCLIP

LOCATING HOLE

that the head of the valve does not stand proud of
the face of the cylinder head. When a new insert
and valve are fitted, the depth of the valve head
below the face of the cylinder head should not be
more than 0.010in. (0.254 mm.). The permissible
worn depth is 0.025 in. (0.635 mm.).

VALVE ROCKER MECHANISM

Release and remove the rocker shaft locating
screws from their brackets. Spring the circlipoff
the rear end of the rocker shaft and remove the
washer. Slide the brackets, valve rockers, springs
and front retaining washer off the shaft. Remove
the front spring circlip from the shaft. Unscrew
and remove the rocker shaft blanking plugs.

QIL HOLE

LOCATIMG SET SCREW

TAPPET ADIUSTIMG SCREW

Fig. 11 Explnded view of rocker mechanism 1538
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Thoroughly clean all components and visually
inspect them for wear. Stone down any ridges on
the rocker pads. Examine the bushes for scoring
and replace any that are scored or if the clearance
between the shaft and the bush exceeds 0.005 in,
{0.127 mm.). When fitting new bushes to the
rockers, ensure that the il holes line up. The split
in the bush should be on the horizontal centre line
of the rocker arm towards the pad end of the arm.

Rocker shafts for vertical and horizontal engines
are not interchangeable due to the difference in
location of the rocker oil feed holes in the two
shafts.

To prevenl incorrect assembly, all horizontal
engine rocker shafts can be identified by a Vee-
section groove cut across the face at each end of
the shaft.

To reassemble the rocker mechanism, screw in
the shaft blanking plugs and fit a new spring
circlip to the groove at the front end of the shaft.
Slide on the front retaining washer followed by a
rocker, bracket, rocker and spring in that order.
Fit the rear retaining washer and a new cirelip to
the rear end of the shaft,

Hold the rocker shaft bracket which locates the
rocker shaft and rotate the shaft until the locating
hole in the shaft is in line with the hole in
the bracket, then screw in the locating screw. Turn
up the tabwasher,

The rocker shaft locating screw for a 4-cylinder
engine is in the rear bracket, and for a 6-cylinder
engine in the centre bracket. The 8-cylinder engine
has two locating screws, one in the front bracket
and the other in the rear bracket,

Check the push rods for loose end pieces by
‘ringing’ them. Rods with one or both end pieces
loose are unservicable and should be replaced.

ASSEMBLING THE CYLINDER HEAD

Smear a valve stem with clean engine oil
and insert it in its valve guide, fit the bottom
spring washer, inner and outer valve spring and

Ly
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top spring washer. Screw the spring compressing
tool, GA.25, into the appropriate rocker bracket
bolt hole, compress the springs, fit 2 new rubber
sealing ring to the valve stem and insert the split
collets in the top spring washer, ensuring that the
collets are in the valve stem groove as the spring
is released.

Carry out this procedure until all valves and
springs are fitted.

Fit new sealing rings o the coolant rail transfer
bobbins and fit the bobbins,

REFITTING THE CYLINDER HEAD

Ensure that the mating surfaces between the
cylinder head and the crankcase are perfectly
clean. It is most important to clean all carbon
from the top faces of the liner flanges, and this
should be carried out until bright metal is
obtained over the whole of the top faces of each
liner flange and spigot. Any carbon deposit on the
liner bores should not be removed.

Refit the coolint bobhins with new ribber seal-
ings rings on the bobbins.

Fit the corrugated steel gaskets to the crankcase
face with the corrugations uppermost to the
cylinder heads and ensure that they are correctly
located by the dowels.

If a copper/asbestos gasket is being replaced by
a corrugated steel one, particular care must be
taken to locate the new gasket correctly, as no
dowels will exist for this purpose. In these circum-
stances, the spigot diameters of the liner flanges
are used for locating the gasket, and the important
point to note is that the edges of the liner bores in
the gasket are not trapped between the top face of
the liner spigots and the cylinder head.

Lift the cylinder heads and lower into position.

Fit the cylinder head holding down nuts and
tighten in the sequence shown in fiz. 12 to a
torque loading of 80 Ib. ft. (11.06 kg.-m.) for the
oilway studs and 130 Ib. ft. (17.973 kg.-m.) for the
remaining studs,
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l-evlinder

G-eylinder

B-cvlinder

Fig, 12 Cylinder heml tightening sequenee 13



If the setbolts are fitted, reference should be
made to fig. 12 for their correct position as
follows:

4-eylinder engines
Fit the short setbolts OE.10488 in positions
numbered 10, 4, 5 and 7.

Fit the long setbolts OE.10487 in positions
numbered 14, 1, 11, 12, 2, 13, 8, 6, 3, 9 and 16.

Gecylinder engines
Fit the short setbolts OE.10488 in positions
numbered 19, 13. 8, 6, 10 and 16.

Fit the long setbolts OE.10487 in positions
numbered 15, 14, 17, 11, 5, 7, 12, 18, 23, 1, 2, 20,
21,3, 4 and 22.

B-cylinder engines
Fit the short setbolts OE.10488 in positions
numbered 19, 18, 10, 3, 6, 7, 23 and 24,

Fit the long setbolts OE.10487 in positions
numbered 12, 9, 20,/117,:11, 4, 5, 8, 22, 25, 29, 13,
1, 16, 27, 30, 14, 2, 15 and 28,

Where a lifting eve or oil filter bracket is fitted
on the cylinder head, the extra long setbolts
OE.10486 should be fitted.

Using the sequence shown in fig. 12, torque load
the oilway stud capnuts to 801b. ft. (11.06 kg.-m.)
and all setbolts to 130 1b. ft. (17.973 kg.-m.).

Place new joint washers on the faces of the inlet
ports and secure the inlet manifold with the
setbolts.

Fit the coolant rail and connect it to the coolant
pump,using a new rubber hose. For the horizontal
engine connect the rail to the thermostat housing.
Fit and tighten the setbolts securing the rail to the
cylinder heads.

Fit the fuel injectors into the sleeves in the
cyvlinder head (no joint washers are required) and
tighten the securing nuts evenly, half-a-turn at a
time, using the special spanner Part No. OE. 3311,
until the injectors are firmly secured. [t is most
important to use this spanner, as overtightening of
the nuts will cause damage to the cylinder head.
If a torque spanner is used, the loading of the nuts
must not exceed 8.5 1b. ft. (1.175 kg.-m.).

When fitting the fuel supply pipes to the
injectors, ensure that the pipe nipple fits squarely
into the union connection on the injector, before
screwing on the union nut. Do not overtighten the
nuts,

Fit the pipe between the connections on the
coolant outlet rail and the fuel filter bracket and
tighten the securing nuts,

Fit the fuel spill pipes between the injectors as
shown in fig. 13 and tighten the banjo bolis,
replacing unserviceable copper washers.

1453

Fig- 13 Location of spill pipes
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Fit new joint washers to the exhaust ports of
normally aspirated and supercharged engines. Do
NOT fit joint washers on turbocharged engines. Fit
the exhaust manifold

Fit the push rods and position the two rocker
shaft assemblies on the cylinder heads. Fit the
double locking washers to the pedestals; fit the
setbolts and tighten them a tirn at a time to draw
the assemblies down evenly.

Set the tappet clearances as previously described
in this section.

Before fitting the rocker covers, pour a pint of
clean engine lubricating oil evenly over each set of
rockers.

Place the rocker covers in position, using new
jointing washers,and tighten the securing setbolts
after fitting the temperature phial capillary tube
clips under the appropriate bolt heads.

Refill the engine with coolant and examine all
connections for leaks.

SPECIAL TOOLS

PART NO. DESCRIPTION
OE.3310 Spanner, tappet

GA.25 Compressor, valve spring

AD.30O Socket spanner, cylinder head nuts and setbolts

GA.238 Torque wrench, 35 to 225 lb. ft. for use with AD.30
GA.273 Toal for breaking cylinder head joint — 6-cylinder engine
(GA.330 Tool for breaking cylinder head joint — 8-cylinder engine

GA.13 Lifting beam, cylinder head — 6-cylinder engine

GA33 Lifting beam, cylinder head — 8-cylinder engine

GA9 Withdrawing tool, coolant transfer bobbin

1.53366 Assembling stand, cylinder head (drawings available)
GA.128 Extractor, valve seat insert

GA.254 Expanding spigot, valve seat insert — large inlet valve
GA.255 Expanding spigot, valve seat insert — large exhaust valve
GA.130 Expanding spigot, valve seat insert — small inlet valve
GA.129 Expanding spigot, valve seat insert — small exhaust valve
GA.263 Inserting tool, valve seat insert — large inlet valve
GA.262 Inserting tool, valve seat insert — large exhaust valve
GA.141 Inserting tool, valve seat insert — small inlet valve
GA.140 Inserting tool, valve seat insert — small exhaust valve

GA.142 Sleeve for use with GA.140, 141, 262 and 263 when valve guide is not

fitted in cylinder head

K.53372  Valve seat insert grinder (proprietary)

GA.127 Pilot, valve seat insert grinding stone
GA.328 Gauge, inlet and exhaust valve face

GG.1 Plug gauge, valve guide

13
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GA.122
GA.203
OE.3311
GA305
GA.29]
GAES
GA.299
GA.23
GA.304
GA3DT
J.53371

Reamer, valve guide

Spacing collar, valve guide

Spanner, injector securing nuts

Expanding tool, rolled-in injector sleeve

Expanding tool, screwed-in injector sleeve

Kit, injector sleeve reaming and cutting tools and holders
Cutter for refacing seating in injector sleeve

Holder for GA.299

Reamer for cleaning up small bore of injector sleeve
Holder for GA.304

Assembling jig, valve rocker shaft (drawings available)
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1.5 03

ISSIBLE | PERMISSIELE
bos S DESCRIFTION DHIEN. | CLEIRANCE Elwﬂm WORH REMARKS
DIAGRAM HEW HEW DIMEMSIONS | CLEARAMCE
VALVE HEAD IN SEATING
¥ Clearance of valve head below
face of cylinder head Zero o 0.025
0.010
VALVE INSERTS
2 Angle of valve seat 45 deg.
3 Inlet valve inserts in
cvlinder head
Cylinder head - bore 2437 w | Interfer.
2.348 0.002 1o Interfer.
Valve insert - dia. 2.440 to | 0.004 0.001 min.,
2,441
i Exhaust valve inserts in
cylinder head
Cylinder head - bore 2437 w | Interfer.
2.348 0.002 to Interfer.
Valve inscrt - dia, 2440 to | 0.004 0,001 min.
2.441
ROCKER ARMS
5 Bushes in rocker arms
Rocker arms — bore 1.03125 to | Inmterfer.
1.03175 0.00375 1o
Bushes - din. 1.034 o 0.00225
1.085
4] Rocker arms on shaft
Bushes - bore LBT425 to
D.8T575 0.00075 to
Shaft - din, 0.873 to 0.00275 0,005
0.8735
VALVE SPRINGS
7 Quter springs
Load when compressed
to 1.688 100 1b, to 45 b, min.
114 lb.
Free length 3.425
8 Inner springs
Load when compressed
o 1.500 56 Ib. o 53 1b. min.
o 1b.
Free length 3.000
VALVE GUIDES
g Valve guides in cylinder head
Cylinder head - bore 0.750 1o Interfer.
0.7505 0,0025 1o Interfer.
Valve guides - dia, 0.752 1o 0.0015 0,001 min.
0.7525

VALVES AND FITTINGS




VALVES AND FITTINGS

PERMISSIDLE | PERMISSIBLE
N ON DESCRIFTION DAFEIEIUMG || CLEANANCE WORN WORN REMARKS
REAGRAM NEW WEW DIHENSIONS | CLEARANGE
YALVES IN VALVE GUIDES
10 Inler valves in guides
Valve guide - bore 0.500 10 Belling at lower end of
0.5005 0.0015 1o guide bore must not ex-
WValve stem — dia, 0.498 to 00025 ceed 0,014 on dismeter,
0.4985
11 Exhaust valves in guides
Valve guide — bore 0.500 to Belling at lower end of
0.5005 0.003 w guide bore must not ex-
Solid valve stem-dia. 04965 to | 0.004 ceed 0,010 on diameter.
0.497
Hollow valve stem-dia. 0.4945to | .05 to
0.495 006 Sodium filled valve
4
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SECTION 6

The pistons are of light alloy, the head of each
being machined out to form an open fuel combus-
tion chamber.

Fully floating gudgeon pins are retained by
circlips sprung into grooves in the piston boss bores
and each piston has three compression rings and a
grooved oil scraper ring fitted above the gudgeon
pin.

A delayed action scraper ring is fitted in the
groove in the piston skirt below the gudgeon pin
on engines for installation in all road vehicles
other than self-propelled track-laying types.

The first noticeable sign of worn piston rings and
cylinder liners is increased oil consumption,

SCRAAFER RING

PISTONS AND RINGS

Extreme wear may result in loss of power and
difficulty in starting, due to poor compression.

Whenever field servicing pistons are fitted they
must be changed at the next complete overhaul of

the engine.

REMOVAL

Drain the coolant and oil systems, and fit the
engine to a turnover stand.

Remove the cylinder heads as described in
Section 5.

Turn the engine upside down and remove the
sump.

GAS RINGS

LRRL]

Fig. 1 Piston and ring=
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For the horizontal engine it will also be necessary
to remove the sump adapter plate from the crank-
case, and to allow this the following components
must first be removed: —

Tachometer generator and adapter,

Lubricating oil pump, see Section 19C.
Lubricating oil filters and header bracket.
Lubricating oil relief valve assembly.

Fuel filters and header bracket.

Fuel injection pump and driving shaft.

Crankcase breather assembly,

Turn the engine crankshaft until the piston to be
removed is at the bottom of its stroke and turn the
engine until the cylinders are horizontal.

Remove the connecting rod big-end bearings as
described in Section 8,

Push the connecting rod and piston assembly
outwards until the complete assembly can be with-
drawn from the top of the engine.

Remove the cirelip from each end of the gudgeon
pin bore using ‘Seeger’ pliers. To remove the
gudgeon pin from the piston first heat the piston in
oil or water and lightly tap out the gudgeon
pin using a soft metal drift. It is most important to
keep a gudgeon pin to its respective piston and to
ensure this, the gudgeon pin should be located in
the piston immediately after the connecting rod is
removed.

Remove the piston rings, using the pliers GA.78,

INSPECTION

Two types of pistons are used; the toroidal cavity
and the straight walled cavity.

Inspect the combustion chamber of the piston for
cracks, particularly round the edge of the toroidal
cavity and in the piston boss bore. Cracks from the
edge of the toroidal cavity are permissible if they
are not more than$ in. (19 mm.) long.

F
Seciion 6

Ensure that the piston ring grooves are square
and smooth, and check that the groove widths con-
form to the following dimensions completely round
each groove.

a E NEW PERMISSIBLE
RINGGCROOVE| 1 MENSION | WORN DIMENSION
im. mm. in._ mm.

15t gas ring 0.1295 31289 0.1 360 3454
2nd & 3rd
£as rings (1290 3275 01350 3429
Top scraper
ring 0.2540 G452 0.2600 6604
Bottom
SCTAper fing 0.2340 5.944 02400 6,006

Test the gudgeon pin for cracks by electro-
magnetic detection. The gudgeon pin should be a
hard push fit in the piston when both the pision
and pin are at a temperature of 68 deg.F. (20
deg.C.). Pistons and gudgeon pins are selectively
assembled by the manufaciurers to pbiain the cor-
rect fit, therefore, if 'a pinlis found to be loose
a new piston assembly should be fitted.

Inspect the piston rings for signs of wear and
scoring, and with the rings fitted to the piston,
check that the side clearance between each ring
and its groove is not more than 0.012 in,
(0.3048 mm.).

The clearances when new are:—

15t gas rings 0.0045 to 0.006531n (0.114 1o
0.165 mm.)

Remaining rings 0.004 to 0.006 in. (0.102 o
0.152 mm.).

Check each ring separately in a new liner and
ensure that the ring gap is not greater than 0.060 in,
(1.52 mm.). Gap clearances outside these dimen-
sions entail the fitting of new rings. New standard
rings are correctly gapped before despatch and are
as follows: —

Top chrome ring  0.028 to 0.032 in. (0.8112 to
1.014 mm.).

0.022 10 0.026 in.(0.5588 1o
0.6604 mm.).

Remaining rings
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All piston rings are etched with their Part No,
thus:—
Top chrome ring

‘Welchrome' OE.8310-1
OE372°TOP

Top scraper ring OE.373

Bottom scraper ring OE.21229

2nd & 3rd gasning

Where new rings are necessary the cylinder
liners should be examined for wear and if they are
within the worn limits given in Section 7. remove
any ridge at the top of the ring travel.

ASSEMBLING AND REFITTING

Fit the rings to the piston using the special pliers
G ALTE to expand the rings. One face of the second
and third gas ring is marked ‘TOP" adjacent to the
gap and it is most important that these rings
are fitted with the correct face uppermost, If a used
second or third ring is being refitted the identifica-
tion mark may be worn off and in these
circumstances the ring should be fitted according
to the bedding on the outér face. This face is
tapered towdrds the top and will show a bright
band on the bottom half. ' The remaining rings can
be fitted witl either fuce uppermost,

To assemble the piston to the connecting rod,
first warm the piston in hot water then insert the
gudgeon pin, retaining it in position with a circlip
at each end of the piston boss bore. The piston
number is stamped on the gudgeon pin boss and the
piston should be fitted to its rod as follows: —

Lefi-hand and horizontal engines

Valve recesses on piston same side as correlation
number on rod.

Right-hand engine
Valve recesses on piston opposite correlation
number on rod.

Turn the engine so that the cylinders lie
horizontal and smear the bore of each cylinder
with clean engine oil.

Ensure that each piston and connecting rod
assembly is fitted in its correct position; pistons and
connecting rods are numbered to correspond with
the cylinders.

Ensure also that each assembly is fitted to the
crankshaft the correct way round.

Left-hand, right-hand and horizontal engines
WValve recesses on piston towards the camshafi.

Stagger the ring gaps and, using the sleeve
GA.12, asillustrated, push the piston and connect-
ing rod assembly into the liner. The connecting rod
should be held clear of the side of the liner while
the piston is being inserted. Refit the connecting
rod bearing,

If a new piston i$ to be fitted, special attention
must be paid to the clearance between the piston
crown and the joint face of the cylinder block, This
clearance is controlled by the height of the top face
of the piston from the centre of the gudgeon pin
bore; the nominal dimension is 3.900 in. (99.06
mm.} with a limit of minus 0,003 in. (0,127 mm.).
The actual amount (in 1/1000 in.) that the dimen-
sion varies from the nominal, is stamped on the top
face of the piston, opposite the valve recesses and
also on the underside of the gudgeon pin boss. A
piston marked *Nis exactly 3,900 in. (99.06 mm.).

Seleet a piston with the same marking as the old
one, or if necessary machine the top face of a
piston to give the correct height and, after fitting it
to the engine, check the clearance with the piston
on T.D.C. Obtain the correct T.D.C. position by
means of a dial test indicator gauge registering
from the cylinder block face, then check the
clearance with a suitable inspection block
positioned in line with the gudgeon pin and the dial

Fig. 2 Finting a piston and connecting rod assembly

a
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test gmauge fixture GAL65, as illustrated. The
clearance must not be less than 0.005 in. (0,127
mm.) and not more than 0.010 in. (0.254 mm.)
below the joint face.

When a new connecting rod is fitted, the
clearance may not be within the above limits, in
which case a piston as near the nominal length as
possible should be selected and. if necessary, the
top face of it machined to give the required
clearance. Itis not necessary to deepen the valve
TECesses.

When satisfactory refit all parts removed for
access. Fill up with lubricating oil and coolant.

RUNNING IN

Whenever new piston assemblies, rings or
cylinder liners are fitied the engine must be run-in
as follows: —

I. Run the engine at idling speed for | hour.

2. Runthe engine at half speed with noload
for 1 hour.

3, Runthe engine at approximately § speed
on light load for 2 hours.

Fig. 3 Checking the piston crown clearance

4. Run the engine at full engine speed on
light load for2 hours.

These periods may be impractical 1o maintain in
all cases, but at least 3 hours running should be
accumulated before operating at full speed.

SPECIAL TOOLS

PART NO.,

DESCRIPTION

- Circlip pliers, internal (proprietary)

GA.12
GA.63
GA.T8
GA.269

Compressing sleeve, piston rings
Bridge and block, piston clearance
Pliers, piston ring

Facing fixture, piston

4
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No. ON DiMENsions | cueapance | PERMISSIBLE | PERMISSIBLE
Pl DESCRIPTION s . m:::rnns u;ﬁ::ﬂ AEMARKS
1 GUDGEON PIN IM PISTON
Piston — hore 2,000 to Interfer,
2.00025 0.00025 to
Gudgeon pin - dia. 2.000 to 0.00023
2.00025 Clearance
2 PISTON CROWN
CLEARANCE AT T.D.C.
Crown of piston below
crankcase face 0.005 min.
0.010 max.
PISTON RIMNGS
3 Side clearance between
rings and grooves
Top dng 0.0045 o 0.012
0.0065
Remaining rings 0.004 1o 0.010
0.006
4 Ring gaps mecasured with
rings in position in new liner
Taop ring 0,028 to 0,060
0.032
Remaining rings 0,022 1o 0.060
0.026
5 CONNECTING ROD IN
PISTON
Side clearance 0.075 o
0.082

PISTONS
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SECTION 7 . . CYLINDER LINERS

The liner flanges are slightly proud of the block
Jjoint face and are nipped by the cylinder head
gasket to form the top seal. The lower end of each
liner is sealed by two rubber rings.

Fig. 1 Hemoving a eylinder liner

REMOVAL

Fit the engine to a turnover stand and drain the
oil.

Remove the cylinder heads. Invert the engine
and remove the sump. Turn the engine on its side
and turn the crankshaft until the piston of the liner
to be removed isat B.D.C. Remove the piston and
connecting rod assembly.

The method of removing the above items is given
in the relevant Sections,

Turn the engine to its normal position and cover
the crankshafi and bearings so that sediment from
the coolant passages does not enter the oilways.

Remove the cylinder liner using the withdrawal
tool GA4A as illustrated in fig. |,

The liners should at all times be handled with
extreme care as even a small impact such as a liner
falling over will cause a crack.

INSPECTION

Thoroughly clean the liners. Remove all traces
of carbon from the top face and all traces of
‘Wellseal' jointing compound from the underside
of the flanges.

Examine the top face of the flanges for signs of
fretting. Reject all liners on which fretting has
taken place.

1
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Measure the liner bores. Reject all liners that
are worn by more than 0.006 in. (0.147 mm.) on
diameter at the top of the ring travel.

Test the liners for cracks, preferably by the
electro-magnetic method. If the necessary equip-
ment for this test is not available, the *Ardrox’ 996
dye penetrant process is recommended in
preference to chalk testing.

Clean the cylinder head joint faces and examine
them for signs of fretting,

Clean all traces of deposit from the upper and
lower bores in the crankcase, taking care 1o remove
deposit only, and not metal. Ensure that the lead-
in chamfer at the top of each lower bore is clean.
Clean the crankcase top joint face and the seats
for the liner flanges. Examine the top joint face
for signs of fretting.

Measure the distance from the crankcase top
Joint face to the liner seat at four diametrically

Opposite points around each liner hore, usi ng.a Fig. 2 Measoring distance from erankease foee o

§ ! 2 i E
g g < g s
0-005 0004 | | 0004 0-003] (0003 0:003 0003 0-0a3 0-00%
["a ) (Tl
™ ™ (")
2 : g g g
= o
ACCEPTABLE
i o] A -]
g 8 8 3
o = = &
0-008 0:003 0Dod 0003 | | 606s 0005 ) | 0-005 0003
E = § &

UNACCEPTABLE
5908

Fig. 3 Aceeptable and unaeceptable protrusioms
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micrometer depth gauge as illustrated in fig. 2. Tt
should be between 0.495 and 0.496 in. (12.573 and
12.598 mm.),

If fretting has taken place on the cylinder head
or crankcase joint faces, or if the depth of the liner
seats from the crankcase joint face is not within
the limits stated, the cylinder heads and/or crank-
case must be reclaimed. When this is necessary
operators are advised to consult their local Rolls-
Royce dealer, who has full particulars of the
procedure and the necessary equipment for
carrying out this work,

Test the liners for freedom in the crankcase
bores. Each liner should fit into position quite
freely without sealing rings. If tightness is
encountered it may be caused by corrosion or
distortion of the crankcase bores, and should be
corrected by careful scraping,

REFITTING

Fit the liners in the crankcase without sealing
rings.

Measure the protrusion of each liner with a
clock -gauge (dial test indicator) based on the
crankcase top joint face, at four points around the
flange of each liner. Tabulate the readings as
illustrated in fig. 3. The protrusion of each liner
must be between 0.003 and 0.005 in. (0.0762 and
0.127 mm.), and must not vary by more than
0.001 in. (0.0254 mm.) around each flange. Varia-
tions in protrusion at the adjacent points of any
two liners under any one cylinder head must not
exceed 0.001 in. (0.0254 mm.),

Lightly etch the appropriate cylinder number on
each liner flange at a point adjacent to the relative
coolant transfer port in the crankcase joint face.

(R

Fig. 4 Heplacing a evlinder liner

Remove each liner in turn and fit rubber sealing
rings in the grooves at the base, lightly smear the
rings with clean engine oil, apply a thin coating of
*Wellseéal® compound to) the underside of the
flange: and lower the liner carefully into the
crankcase. Ensure by reference to the position of
the etched mark on the flange that the liner has
been refitted in the same position relative to the
crankcase. and press it home with the tool GA 3,
as illustrated in fig. 4.

Refit all parts removed for access, Examine the
pistons for serviceability when rebuilding the
engine. New compression and scraper rings must
always be fitted.

Whenever new liners have been fitted the
engine should be run in as instructed for pistons
and rings in Section 6.

SPECIAL TOOLS

PART NO.

GA3
GA4dA

DESCRIPTION

Cylinder liner inserting tool

Cylinder liner withdrawing tool

Section
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Mo, OM DIMENSIONS | CcLEARENCE | PERMISSIBLE | PERMISSIBLE
DIAGRAM DESCRIPTIOMN NEW e m;:-::;m :L:::::u REMARKS
CYLINDER LINERS IN
CRANKCASE
1 Liner skirt in crankcase
Crankcase — lower hore 5.676 to
5.677 0,003 to
Liner skirt — dia, 3.672 o 0,005
5.673
2 Projection of liners above
crankease face
Crankease counterbore -
depth 0.495 (o Proud
0,496 0,003 to
Liner flange - depth 0:499 1o 0.005
0.500 Proud
3 Liners in crankcase
Crankcase - upper bore | 5.778 to
5.779 0,002 to
Liners - dia, 5775 o 0,004
3,776
CYLINDER LINERS OUT OF
CRANEKECASE
4 Liners — bore 5.125 w 3.131 max. Wear on cylinder bore
5.126 must not exceed 0,006
ion diamerer,
TAPPETS IN CRANEKCASE
5 Crankcase - bore 1.625 o
1,426 0.001 to |
Tappets + din) 1.6235 10 | w0625 0.003
1.624
CAMSHAFT BEARINGS IN
CRANKCASE
& Crankease — bore 25005 to Tnterfer.
2.6005 0.0055 1o
Camshaft bushes - dia, 2.603 o 0.0025
2.605
MAIN BEARING HOUSING
IN CRANK.CASE
ki Bearing houwsing bore &.100 o Reclaim damaged bores as
4.101 instructed in Service
Bulletin Mo, OER.149.
BEARING BLOCES IN
CRANKCASE
B Front; rear; intermediate
and centre
Bearing block location -
width 6.625 o Interfer.
6.626 (L0005 to
Bearing block - width 6.625 to 0.001
66255 Clearance

CRANKCASE AND CYLINDERS
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SECTION 8 .. CONNECTING RODS AND BEARINGS

The connecting rods are ‘forged-to-size’ and the
big ends are fitted with bearings of the pre-finished
steel back shell type with lead-bronze bearing
surfaces. The rods are drilled longitudinally for
pressure lubrication to the gudgeon pin bearings
with small cross drillings for cylinder wall lubrica-
tion. The rods are numbered from the front of the
engine and correspond to the cylinder numbers.

REMOVAL

The connecting rods can only be removed with
the pistons from the top of the cylinders, as

described in Section 6. This is not necessary for
inspection or replacement of the bearings, which
can be removed in the following manner;

Mount the engine in a turnover stand, and
mvert the engine.

Remove all parts necessary for access as des-
cribed in Section 6 and turn the crankshaft
until the bearing to be dismantled is at B.D.C.

Turn the engine until the cylinders are
horizontal. Bend down the locking plate tabs,

iy

Fig. 1 Connecting rod and bearings
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Fig. 2 Hemoving a connecting rod bearing

remove the nuts from the bearing bolts 4nd
withdraw the capl half togéther with the lower
half bearing shell, as illustrated in fig. 2.

Push the rod up slightly to free the upper half
bearing from the crankpin, release the shell
from the rod and turn it round the crankpin
until it can be withdrawn.

INSPECTION

As the bearing halves are interchangeable it is
not necessary (o reject the complete bearing when
one half only is unserviceable.

Examine the bearing surface of the shell halves
for cracked plating, scores and embedded foreign
matier.

Bearings should be rejected if the lead-indium is
cracked or if there are more than three deep scores
in the bearing surface. They should also be rejected
il there is a heavy impregnation with foreign matter
even if the lead plating is unbroken.

Any shells with the lead-indium plating worn off,
exposing the lead-bronze intermediate layer. for
more than one fifth of the bearing area should be
changed.

2
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Check the connecting rods for alignment of the
big and small ends. The error of parallelism should
not be more than 0.001in. per inch of mandrel
(0.025 mm. per 25.4 mm. of mandrel).

Under no circumstances should mal-alignment
be corrected by bending a connecting rod.

If a new connecting rod is to be fitted. a rod of
the same weight group as that of the old one
should be selected. Where a rod of the same weight
group is not available, a rod from the nearest
available weight group should be fitted,

Rods are arranged in weight groups, each being
identified by a letter stamped on the lobe of the
bolt trap on the same side of the rod as the
correlation marks.

The weight groups are as follows:
Group A T7lh. 100z to 71b. 14 0z, (3.4587 kg.

t0 3.5722 kg.)

GroupB 71b. 14 0z, to 8 1b. 2 0z. (3.5722 kg.
t0 3.6857 kg.)

Group G 81b.2 oz to/8 1b; 6 oz. (3.6857 kg.
to 3.7992 kg.)

Group D B1h.6 ozl to B1b. 1000z, (3.7992 kg,
103.9127 kg

GroupE  81b, 10 0z. to 81b. 14 0z, (3.9127 kg,
to 4.0262 kg.)

GroupF  81b. 14 oz. to 91b. 2 0z. (4.0262 kg.

to 4.1387 kg.)

Fig. 3  Toaaol assembly :A.285
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Check the bore of the gudgeon pin bushes, The
bore of a bush when new is 2.0015 to 2.002 in. (50.83
to 50.85 mm.) dia., and the clearance between pin
and bush is 0.00125 1o 0.002 in, (0,03 to 0.05 mm.).
The worn clearance should not be more than
0.0025 in. (0.063 mm.).

Very little wear will normally be found in the
bush bores and only if they are scored should it be
necessary Lo fit new bushes.

Replacement of gudgeon pin bushes

A gudgeon pin bush can be replaced with the
tool assembly (GA.285 which consists of an extrac-
tion puide, bolt, ball bearing thrust nut, insertion
guide, and locating pot.

The bore of a new bush is machined to the
finished size, therefore no machining operation is
necessary.

Removing the old bush
Grip the locating pot in a bench vice.

Position the extraction guide in the bore of the
gudgeon pin bush, and position the cannecting
rod small end on the locating pot with the guide
uppermost. |

Grease the bolt thread with a heavy-bodied
grease, then take the bolt with the thrust nut on
the screw and insert it through the guide and con-
necting rod small-end bore, and into the slot in the
bottom of the locating pot. A half turn locks the
bolt in the slot.

Fig. 4 Hemuoving ihe old bosh

Fig. 5 |:'11.Ih‘IF o new bush

Tighten the thrust nut down to nip the assembly.

With a long ring spanner, continue tightening
the thrust nut, at the same time supporting the
connecting rod until the bush is pressed from the
rod small end into the bore of the locating pot.

Unlock the bolt and withdraw the extraction

assembly and connecting rod from the locating
pot, and remove the unserviceable bush.

Any signs of pick-up on the unserviceable bush
will indicate the possibility of small metal shavings
being left in the crescent of the small-end bore,
these should be cleared away and the bore blown
out with compressed air,

Fitting a new bush

Place the insertion guide in the small-end bore
of the connecting rod.

Position the new bush on the upper end of the
insertion guide so that the large chamfer on the
bush is to the rod; at the same time ensure that
the bush joint is facing the same direction as the
tenon slots on the joint line in the big-end bore of
the connecting rod, with the centre hole of the
three holes in the bush at the bottom of the small-
end bore and on the vertical centre line of the rod.

Screw the thrust nut back to the end of the bolt
thread and grease the thread.

Position the connecting rod small-end bore over
the locating pot with the guide and bush
assembled, and insert the bolt through the guide
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and connecting rod small-end bore, and into the
slot in the bottom of the locating pot. A half-turn
locks the bolt in the slot.

Tighten the thrust nut down to nip the assembly,
and check that the positioning of the gudgeon pin
bush has not been altered.

It is important that before inserting the new
bush, the connecting rod small-end bore, the inser-
tion guide, and the new bush are greased with
‘Keenol” (a zinc-based Lanolin). If oil is used,
scoring of the bush will result.

With a long ring spanner, tighten the thrust nut,
at the same time supporting the connecting rod,
until the bush has been inserted into the small-end
bore. This will be indicated by a sharp click as the
guide drops into the locating pot,

Slack back the thrust nut, unlock the bolt and
withdraw the insertion assembly and connecting
rod from the locating pot.

Finally check that all oilways and passages in
the connecting rod are clear.

REFITTING

Piston and connecting rods are numbered from
front to rear of the engine to correspond with the
cylinders. Ensure that the piston is fitted the cor-
rect way round; the valve recesses on the piston
and the correlation marks on the connecting rod
must be on the right-hand side when viewed from
the front of the engine.

]'“IE.. i H#nuring a bIF end halt for streteh

For the horizontal engine the valve recesses and
correlation marks should be on the underside of
the rod when the engine is in the installed
position.

When refitting a bearing ensure that the tang on
each shell half is located in the rod or cap slot.

For each bearing in turn, finger-tighten the nuts
and measure the length of the bolts with a
micrometer, then gradually tighten the two bolts
alternately until they are stretched 0.009 to 0.010 in.
(0.228 to 0.254 mm.), and lock the nuts,

Refit all parts removed for access.

SPECIAL TOOLS

PART NO.

GARS

+
Section &

DESCRIPTION

Standard 4 to 5 in. micrometer (proprietary)
Extracting and inserting tool, gudgeon pin bushes
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PENMISSIBLE | PERMISSIBLE
n':l:ann:‘ﬂ DESCRIFTION nm:::nus “'E::::":E WORN WORN REMARKS
DIMENSIONS | CLEARANCE
SMALL END
1 Gudgeon pin in bush
Bush - bore 2.0015 o
2.002 0L00125 1o
Gudgeon pin - dia, 2.000 1o 0.002 0.0025
2.00025
2 Bush in small end
Small end - bore 2.250 to Interfer,
2.2505 0.0035 w
Bush — dia, 2,252 o 00015
2.2535
ERRORS IN ALIGHNMENT
3 Errors in alignment between
big and small ends per inch
of mandrel
Parallelism 0.001
BIG END
4 End float 0.003 to 0.012
0.008
5 Running clearance 0.0025 o 0008
0,004

CONNECTING RODS
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SECTION 9

CRANKSHAFT FRONT END ASSEMBLY

The crankshaft front end assembly consists of a
hub, front and rear cones and a crankshaft nut.
Secured to the hub flange by setbolts is the fan or
compressor pulley. This arrangement, as shown in
fig. 1, is fitted to the 4-cylinder engine.

For the 6 and 8-cylinder vertical and horizontal
engines the assembly is similar, but with the addi-
tion of a crankshaft damper of the silicone viscous
type, see fig. 2.

Plg. 1 Crankshoft front end assembly

{4-eylinder engines)

CRANKSHAFT AND BEARINGS

The function of the damper is to reduce the
oscillations and vibrations of the crankshaft over
the full running range.

The common arrangement is with the pulley
positioned behind the damper as shown in fig. 2,
but to cater for installation requirements the
alternative arrangement shown is employed, which
in addition to the pulley drive, provides a power
take-off.

OIL PUMP DRIVING GEAR
REAHICDNE

CRANKSHAFT
FIMION

m

1
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ALTERMATIVE
ARRANGEMENT

POWER TAEE OFF

EMD NUT
VISCOLUS DAMPER =y

RUBBER RING

REAR COMNE

FAM PULLEY RUBBER RIMG

QIL PUMP DRIVIMNG GEAR

DOWEL

CRAMKSHAFT PINION
HUB

1118

Fig. 2 Crankehaft fromt end assembly (6 and S-eylinder engines)

REMOYAL

Release and remove the setbolts securing the
damper and pulley to the hub. Detach the plate
locking the crankshaft end nut and withdraw the
damper and pulley. The damper is a heavy unit
and should be removed with care, as any damage
to the outer casing will destroy the function of the
damper. It is advisable to support the damper
before removing the setbaolts, especially when the
common arrangement is being dealt with.

To remove the hub which supports the damper,
slacken the crankshaft end nut, using the spanner
GALE; remove the nut and withdraw the front
hub cone, hub and rear cone.

REFITTING

Fit the hub and cones to the front end of the
crankshaft and fit and tighten the crankshaft end

2

Section 9

nut, using the spanmer GA.18 and a heavy
hammer. Ascertain a corréct position for the
locking plate before the pulley and damper is re-
placed by moving the plate from flat to flat around
the nut until the holes in the plate and hub are in
line; it may be necessary to turn the plate over to
find a true position, but on no account must the
nut be slackened so that the plate will fit.

Position the pulley and damper on the hub, fit
the locking plate in the position already determined
and secure with the setbolts. Turn up the locking
tabs.

CRANKSHAFT
REMOVAL
Fit the engine to a turnover stand.

Remove the transmission unit, torsion damper,
wheelcase and cylinder heads,
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Fig. it | Cheeking the erankshaft end foal

For marine engines remove the sea-water pump,
coolant heat exchanger and pedestal.

Turn the engine upside down and remove the
sump and the lower half of the flyvwheel housing.
If a single-piece flywheel housing is fitted, remove
the fiywheel and the housing.

For the horizontal engine remove the lubricating
oil pump, crankcase adapter plate and the main
oil gallery pipe.

For the vertical engine remove the oil pump
gallery pipe assembly.

Turn the engine until the cylinders are horizontal
and remove the piston and connecting rod
assemblies.

The method of removing the above assemblies
is given in the relevant sections

Turn the engine again into the inverted position
and check the end float of the crankshaft by
barring the shaft and measuring the movement by
means of a dial indicator, as illustrated. Record
the figure obtained.

Remove the two setbolts securing together the
halves of the oil seal cover at the rear of the
crankcase; it is not necessary to remove the bolts
securing the bottom half of the cover to the
bearing cap.

Remove the six lateral bolts which screw into
the cap halves of the front, centre and rear bearing
caps. Bend down the tabs of the locking washers
and remove the nuts and washers from the main
bearing studs.

Withdraw the main bearing caps, using the
extractor GA.2, as illusirated, and detach the
lower half bearing shells and the thrust washers
from the centre bearing cap.

7
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Fig. 4 Removing main bearing cap
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Fig. 5

Lift the crankshaft, using the slinging beam
GA.261, as illustrated, and lower the assembly
into a suitable support fixture,

Collect the upper half thrust washers and
bearing shells.

DISMANTLING

If a elutch shaft bearing is fitted, unscrew the
setbolts securing the retaining plate, remove the
plate and withdraw the bearing, using the tool
GA.11, as illustrated.

Withdraw the driving pinion from the front end
of the shaft using the tool GA.17, extract the two
keys and remove the oil pump driving gear by
tapping it off the dowels. Collect the dowels.

For the 8-cylinder engine, and engines having
the crankshaft pinien and oil pump driving gear
shrunk-on, no attempt should be made to remove
it, except when the crankshafl requires re-nitriding.

+
Section 9

Lifting the erankshaft {4-evlinder engine)

Withdraw the plugs from| the crankwebs in the
following manner:

Drive the plug into the recess sufficient to
release the spring ring, and extract the ring.

Pour a small quantity of light oil into the recess
behind the plug, through the journal oilway,
Screw the tool GA.171 into the tapped hole in
the end of the plug and rotate the plug, at the
same time withdrawing it,

INSPECTION

Thoroughly clean all parts, particularly the oil-
ways and the bores of the crankpin and journals.

Check the crankshaft journals and crankpins for
diameter and ovality. When new, the journals are
3.8995 1o 3.900in. diameter and the crankpins
3.2490 to 3.2495in. with running clearances of
0.0035 to 0.0055 in. (0.089 to 0,140 mm.) and 0.0025
to 0.004in. (0.063 to 0.102 mm.) respectively.
For the 8-cylinder cngine crankshaft with 5in.
journals, the journals when new are 4.9995 to
5.000 in. diameter.
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Fig. 6 HRemoviong the elutch shafl bearing

If the ovality on either journals or crankpin
exceeds 0,003 in. (0.0762 mm.), or if they are
scored, a new or reconditioned crankshaft should
be fitted,

Examine the bearing surfaces of the shell bear-
ings for cracked or worn plating, scored and
embedded foreign matter. Bearings should be
rejected if the lead-indium is cracked or if there
are more than three deep scores in the bearing
surface. They should also be rejected if there is a
heavy impregnation with foreign matter, even if
the plating is unbroken.

Examine the lead plating on the bearing shells:
any shells which have the plating worn off,
exposing the lead-bronze surface for more than }
of the bearing arca should be changed.

For highly stressed parts, such as the crankshaft
and driving gears, electro-magnetic crack detection
is recommended.

Examine the teeth of the oil pump driving gear

and the driving pinion for the timing gears. Loss

of tooth profile is not in itself serious, and only if
this is combined with an extensive area of break-
up on the teeth need the gear be rejected.

Check the crankshaft for *bow’ by supporting it
in *Vee’ blocks at the front and rear journals, and
using a dial indicator, check the amount of "how’
at the centre journal. The ‘bow "must be progres-
sive over the length of the crankshaft, and not
between adjacent journals.

ASSEMBLING

With the crankshaft in the support stand, fit the
sealing plugs, first ensuring that the bores and oil-
ways are perfectly clean.

Fit new rubber rings to the sealing plugs and
smear the rings with engine oil to facilitate
assembly. Press each plug into the crankweb bore
as far as it will go, insert the spring ring and pull
the, plug back against the ring with the tool
GA.1T71.

Fit the oil pump driving gear with the chamfered
side of the bore towards the shoulder on the shaft,
ensuring that the dowels are fitted.  Fit the keys
for the driving pinion. and fit the pinion on the
shaft with the centre punch mark on the face of
the pinion in line with the punch mark on the end
of the shaft.

Fig.7T Withdrawing the crankshaft pinion

Secrion 9




If provision is made for a clutch shaft ball
bearing, fit it in the counterbore at the rear end of
the crankshaft and secure it with the retaining
plate, interposing a new gasket between the plate
and ‘the shaft. Pack the bearing with Shell
‘Retinax A’ grease.

REFITTING

If a reground crankshafl is o be fitted, carefully
check the journals and crankpins for size. The
Journal size will be found eiched on the periphery
of the crankshaft Aange, e.g. the marking — 10J
will indicate that the journals have been reground
0.010 in. {0.254 mm.) undersize on the diameter.
The crankpin size will be found etiched on the
adjacent crankwebs, e.g. the marking — 0P will
indicate that the crankpins have been reground
0.010 in. {0.254 mm.) undersize on the diameter.

If the crankcase is of the non-standard type it
can be identified by the marking OER.111 and/or
OER. 105 stamped in the following posilions:

(a) On the centre bearing cap web at the cam-
shaft side of the crankcase, and also adjacent
to the crankcase serial number on the
opposite side of the crankcase.

(b) On the engine modification plate.

Oversize main bearings with standard bores,
and oversize bearings with undersize bores are
available and are identified by their numbers
etched on the back of the shell,

Fit the upper half bearing shells into the crank-
case, smear the bearing surfaces with clean engine
oil and carefully lower the crankshaft into position.

The end float of the crankshaft on a new
assembly is between 0.005 and 0.013 in. (0.127 and
0.330 mm.). Fit new thrust washers if the figure
recorded during dismantling was maore than
0.020 in. (0.508 mm.).

If the crankcase main bearing housings have
been rebored, new thrust washers 0.013 in. (0.3202
mm.) oversize should be fitted.

&

Section ¥

Fig. & Fitting the upper hall thrust washer

Feed the upper half thrust washers into the
recess at each side of the centre bearing housing
wilh the bronze face towards the crankweb.

Assemble the lower half bearing shells in the
bearing caps, ensure that the cap dowels are fitted
to the centre bearing cap, and press the caps into
position with the tool GA.2, The caps are num-
bered from the front of the engine and these
numbers must ceincide with the corresponding
numbers on the crankcase.| Before fitting the
centre cap, place the lower hall” thrust washers
against each side of the cap with a little grease
smeared on the face to retain them in position.

For the 6-cylinder engine, fit new wooden seal-
ing dowels in the holes between the crankcase and
the rear bearing cap. After first fitting the dowels,
leave them for a few minuies 1o allow any air
trapped in the bottom of the holes to escape, then
drive them fully home and saw off the surplus
wood.

Fit new locking plates and tighten the nuts to
the following torque loadings:

With the exception of engines whose crankcases
are stamped for 200 Ib. ft. (27.6510 kg.-m.) and
160 1b. ft. (22,1208 kg.-m.) torque loadings, the
loadings are 150 1b. fi, (20,7383 kg.-m.) for the
intermediate bearings and 120 Ib. ft. (16.5906
kg.-m.) for the front, centre and rear bearings.

A 3in. (76.2 mm.) extension spanner GA.21 is
supplied for torque tightening the outer nuts of
the front and rear bearings of the 6-cylinder
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engines. The effect of adding this extension is to
increase the leverage of the torque spanner by
approximately one-seventh and this must be
allowed for on the spanner setting. When using
this spanner, tighten to 105 Ib. ft. (14.5168 kg.-m.)
to give an actual loading of 120 1b. ft. (16.5906
kg.-m.) and to 140 Ib. ft. (19.3557 kg.-m.) to give
an actual loading of 160 Ib. ft. (22.1208 kg.-m.).

When fitting the front and rear journal bearing
caps nip the nuts evenly. Then torgue load the
two outer muts of the front and rear bearing studs
first before loading the inner studs. This must be
done to prevent oil leaks at the front and rear
bearings.

For the 8-cvlinder engine crankshaft with 5in.
journals, the torque loading for the front, centre
and rear bearings is 200 b, fi. (27.651 kg.-m.), and
for the intermediate bearings 320 1b. ft. (44.2416
kg.-m.}.

Fit the lateral bolts and tighten the nuts to
a torque loading of 45 1b. ft. {6.22 kg.-m.).

Before locking the eapauts, turn the' crankshaft

to ensure that it is free, and recheck the end float
of the shaft.

Fit the connecting rod bearings and the two set-
bolts to the crankshaft rear oil seal housing.

Fit the main oil gallery pipe to the lower halves
of the crankshaft journal caps. Prime the
lubricating oil system.

Refit all parts removed for access.

Whenever new bearings are fitted, operate the
engine at half-speed on light load for at least 30
minutes.

Points to note

The nuts of the front, centre and rear bearing
caps should be tightened evenly to prevent tilting
the caps. Special atiention must be paid to
tightening down the front and rear caps of the
6-cylinder engine, as previously described in this
Section.

The lateral bolts must be tightened after the
main bearing caps.

Reclamation of worn crankshafis

Operators who wish to reclaim a worn crank-
shaft are advised to consult their local Rolls-
Royee dealer, who has full particulars of the pro-
cedure and the necessary equipment for carrying
out this work.

SPECIAL TOOLS

PART NO. DESCRIPTION
GA.17 Extractor, crankshaft pinion
GA1B Slogging spanner, crankshaft nut

GA.2/MI1  Inserting and extracting tool, main bearing caps

GA.261 Slinging beam, crankshaft

GA.11 ‘
Extractors, clutch shaft spigot bearings

GA.245

GA.171 Extractor, crankshaft oil plug

1.47789 Lifting beam, crankshaft and flywheel (drawings available)

J.53367 Assembling stand, crankshafi (drawings available)

7
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Mo ON oimensions | cuearance | PEMSSIILE | PERMISHALE 3
DIAEMHL DESCRIPTION il i m:::smns cmw:::ﬁ REMARKS
1 CRANKSHAFT PINION ON
CRANKSHAFT
Pinion - bore 2.500 o
2.5005 0.0005 to
Crankshaft - dia. 2499 to 0.0015
24995
2 OIL PUMP DRIVE GEAR ON
CRANKSHAFT
Gear - bore 2,625 to
26233 0.0003 to
Crankshaft - dia, 2624 o 0.0015
26245
3 CRANKSHAFT END FLOAT
Centre journals — length 3175 10
3177 0.005
Centre bearing - width over ] 0020
thrust washers 3164 0 0.013
3,170
CRANEKESHAFT JOURNALS
4 Swndard size - dia, 3.8995 o
3,900
5 in. journals - dia. 5£.000 to
4.9995
5 Ovality 0,003
G Journals in main bearings
Running clearance 0.0035 1o Lead surface must not be
0.0055 worn off more than 1/5 of
bearing surface area.
7 CRANEPINS
Standard size - dia. 3,249 to
3.24935
B Orvality 0,003
o CRANKSHAFT BOW
Bow at centre journal when
supported by end journals
in Vee blocks
4-cylinder engine 0,008
Toral indicaror reading
G-cylinder engine 0.010 0.016, 0.020 and 0.030
respectively.
B-cylinder engine 0.015
10 VISCOUS DAMPER HUB
Hub on crankshaft
Backlash between 0.0003 10 0.006
splines 0,003

CRANKSHAFT
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SECTION 11 .. FLYWHEEL

The flywheel is spigot-mounted on the crankshaft
and is secured by dowels and set-bolis, as illustrared.
An offset dowel hole ensures thar the flywheel can be
fitted in only onc position on the crankshaft, thus
maintaining the correct position of the timing marks.

On earlier engines, the flywheel is secured by 12
fitting bolts as shown on the alternative arrangement.

The flywheel may have to be changed due to a badly
scored driving face, or the starter ring gear teeth may be
badly worn, in which case a new gear ring can be fitted,

STARTER GEAR RING

SET BOLT

LABYRINTH ¢
OIL SEAL

REMOVAL

Set-bolt and dowel fixing

Remove the engine from the vehicle, fit it to a tum-
over stand and detach the lower half of the flywheel
housing.

Remove the clutch as described in Section 12,

Attach the lifting plate GA.16 to the flywheel and
support it with a suitable hoist,

LOCKING PLATE

FITTING BOLT

S ALTERNATIVE METHOD

OF SECURING FLYWHEEL

s

Fig. 1 Flywheel assembly

Section 11



Fig. 2 Removing the flywheel

Turn back the locking tabs and remove the set-bolis
and locking plates,and extract the dowels, using the tool
GAB7. Insert the two guide bars GA.256 into the
two horizontal set-bolt holes, ease the flywheel off its
spigot, and withdraw it from the flywheel housing along
the guide bars.

Fitting-bolt fixing

Remove the engine from the vehicle and fit it to a
turnover stand. Remove the crankshaft and flywheel
assembly from the engine as described in Section 9.

It is not mecessary to remove the flywheel from the
crankshaft to fit 8 new starter ring,

FITTING A NEW STARTER RING

If a new gear ring is to be fitted, machine or cut the
old ring off the flywheel, Carefully clean and remove
all burrs from the Aywheel and the new gear ring.

Heat the ring to a temperature of 175 deg.C. (347
deg.IE) and place it in position on the flywheel, With
a feeler gaupe, check that the ring is seating correctly
all round the Aywheel.

2
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RECLAIMING THE FRICTION FACE

After prolenged service, the severity of scoring on the
clutch friction face of the flywheel may be such that
reclaiming of the face is necessary.

It is recommended that only when the depth of the
scoring exceeds 0.025 in, (0,635 mm.) below the general
level of the face should it be reclaimed.

As the friction face will be work hardened, it will be
necessary to reclaim the face by grinding, and the
metal removed should only be sufficient to restore a
smooth surface,

Having completed this operation, check the depth
of the reground friction face from the outer face of the
fivwheel, and machine the outer face to restore this

14
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dimension to 1430 in. (36.8% mm.). Also restore the
0.050 in. (0.127 mm.) 45 deg. chamfer at the outer
edge of the clutch spigot bore.

After machining, the overall width should not be
less than 3,175 in. (80.64 mm.) except for early fAywheel
assemblics OE.2157 and OE.4147, which should only
be reduced to a width of 3.200 in. (81.28 mm.).

No further reclamation should be carried out which
reduces the overall width of the flywheel to less than
these dimensions.

A further machining operation will be necessary
when the width of the land on the inner diameter of the
friction face to the commencement of the undercur is
less than 0.030 in. (0.0762 mm.). If necessary, this
lapd should be restored to a width of 0.100 in. (2.540
mm.) by re-machining the undercut,

REFITTING
Insert the guide bars GA.256 in the two horizontal
set-bolt holes in the crankshaft flange.  Lift the flywhee]

using the lifting plate GA.16, and locate it on the guide
bars, ensuring that the off-set dowel holes are in line,
and press the flywheel on to its spigot

Fit the dowels, withdraw the guide bars and fit
the locking plates. Tighten the setholts to a torque

loading of 65 to 70 Ib. fi. (8.9866 to 9.6776 kg.m.).

and turn up the locking tabs.

When refiting a flywheel secured by fitting-bolts,
position the flywheel on the crankshaft flange spigot,
ensuring that the off-sct bolt holes in the flywheel and
the crankshaft flange are in line. Insert the fitting-bolts,
fit new nuts and lock them by centre punching the ends
of the bolts in four places. The bolt heads are cham-
fered on one edge and they must be fitted with this edge
to the radius on the crankshaft flange.

If the flywheel friction face has been reclaimed, the
flywheel must be secured to the crankshaft with bols
OE.4770 and lock-nuts UF.4556, in order to maintain
clearance for the clutch friction plate rivets when the
clutch lining is worn.

SPECIAL TOOLS

PART NO. DESCRIPTION
GALl6 Lifting plate, lywheel
GART Extractor, Aywheel dowels
GA.256 Guide bars, flywheel

3

Section |1






Printed in England

T.5.0. 803 SEC. 13A

SECTION 13A ..

WHEELCASE AND TIMING GEARS

VERTICAL ENGINES

The wheelcase provides mountings for the
auxiliary drive, supercharger drive and service
counter and a means of distributing to them the
drive from the engine crankshaft.

The timing gears consist of a crankshaft pinion
driving an idler gear, from which is driven the

TACHOMETER CAMSHAFT
AMD SERVICE 050
COUMTER /035 )

I
AUXILIARY
DFliWE 0-50

|
OIL PUMP 1450

GEAR RATIOS RELATIVE
TO CRANKSHAFT

camshaft and the fuel injection pump. The super-
charger, when fitted, is driven by a small idler gear
through a spring drive.

The camshaft and auxiliary gears are timed to
the crankshaft by mating the marked teeth as
described in Section 13C.

- COMPRESSOR DRIVE IN PLACE
OF SUPERCHARGER DRIVE ON
Jj SERIES 104 AND 105 ENGINES

=]

Fig. 1 Gear train dingram—supercharged engines

1
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SUPERCHARGER IDLER GEAR

MAIM IDLER GEAR ANMD FROMNT OIL SEAL

1331
Fig. 2 Wheelease details—supercharged engines
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The coolant pump and dynamo are belt driven
from a pulley on the supercharger driving shaft, or
directly from a pulley on the crankshaft. On
normally aspirated engines the coolant pump,
dynamo and the air compressor are usually belt
driven from a pulley on the front end of the
crankshaft.

REMOVAL

Remove the cooling fan.

Release and remove the driving belts, and
remove the torsion damper, crankshaft pulley,
dynamo and service counter complete with its
driving shaft. Remove the torsion damper and
crankshaft pulley as described in Section 9.

-] 8 X
SLPERCHARGER

SPRING DRIVE

CAMSHAFT DRIVE
I

]

“

1162

SUPERCHARGER
IDLER. GEAR

MAIN (CLER GEAR -

ALTKILIARYT
DRIVE o,

1553
Fig. 4 Wheelease gears—high mounted supercharger
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On supercharged engines, release and remove
the nut securing the barring pulley to the super-
charger drive shaft and withdraw the pulley using
the tool GA.7. Extract the key from the shaft to
prevent damage to the oil seal when the casing is
withdrawn. Remove the supercharger driving gear
end cover from the face of the wheelcase.

On normally aspirated engines that have a low
mounted belt-driven air compressor, remove the
driving pulley from the compressor drive shaft.

The idler gear end covers are jointed with
‘Heldite’ compound and should not be disturbed.

Remove the set-bolts securing the sump to the
wheelcase and slacken off the remaining set-bolts
sufficiently to free the sump and joint gasket from
1854 the wheelcase flange.

Fig. 5 Hemoving the harring pulley—
supercharged engines

TACHOMETER AMD
SERVICE COUNTER

CRAMKSHAFT
100

GEAR RATIOS RELATIVE
TO CRANKSHAFT

ol eumr =
1457
1652
Fig. & Gear train diagram—oormally aspirated engines
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THALIAT BUTTOM

Fig- 7

MAIN IDLER GEAR AND FROMNT OIL SEAL

SERVICE COUNTER DRIVE
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Remove the bolts securing the wheelcase to the
backplate and the nuts from the close-fitting bolis,
and carefully withdraw the casing until it is free
from the close-fitting bolts and the engine bearer
studs.

Withdraw the main idler gear from its hub. If a
supercharger is fitted withdraw the small idler
gear,

INSPECTION

Examine the teeth of the timing gears for wear.
Loss of tooth profile is not in itself serious and
only if this is combined with an exiensive area of
break-up on the teeth, should a gear be rejected.

Where the necessary equipment is available the
gears should be electro-magnetically crack tested.

Examine the bushes of the main idler and
secondary idler gears. If the clearance between the

(1]
Section 13A

bushes and their hubs is more than 0.005 in.
{0,127 mm.), the bushes should be drifted from the
gears, and new bushes fitted.

Renewing idler gear bushes

To fit new bushes it is strongly recommended
that they be shrunk with liquid air. After fitting a
bush it must be machined so that the bore is con-
centric with the gear teeth.

The recommended procedure is as follows:—

Set up the gear on the faceplate of a lathe
with a temporary fixing.

3365 — 0002 in. (60°D& — 005 mm, )

-—

l-I et |63 + 0005 im,
| (414 4 0402 mm.|

|
| 1 |
| 535 400005 .

! #IH"I? + 001 mm.) DA,

MAIN IDLER GEAR

1250 + 00005 In, 'i
3175 + 001 mm,) DHA.

0400 + 0-005 in,
11016 + 0-12 mm.

SECONDARY
IDLER GEAR |
—
- -
1365 — 0002 in. (60:08 — 0'05 mm.)

Fig. 9 Idler gear hushes
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Using a clock indicator and with a 0.31235 in.
(7.9 mm.) diameter roller positioned between
.the gear teeth at four equally spaced positions
around the gear, set the gear so that the clock
reading over the roller is the same in all four
positions.

Secure the gear to the faceplate with clamping
plates and remove the centre fixing.

Diamond bore the bushes and face the bush
flanges to the dimensions given in fig. 9,

After machining the bushes, thoroughly clean
out the bore and ensure that no loose metal is
lodged in the space between the bushes.

Fit new oil seals, pre-packed with Vaseline, to
the front end of the crankshaft and the super-
charger spring driveshaft. The crankshaft oil seal
i5 an interference fit in the housing and the tool
G A.264 is supplied for pressing in a new seal.

After prolonged running it may be found that
the wiping edge of the crankshaft front end
oil seal has worn a groove in, the surface of
the pulley hub, and consequently the fitting of a
new seal to locate in its original position will not
be effective.

In these circumstances the new seal should be
positioned in its housing at a distance of 0.110in.
(2.8 mm.) from the front end face of the housing,
ensuring that the seal is kept square to the housing
bore whilst being pressed in.

Fig. 10 Typical timing marks

When a second groove has been worn in the hub,
a new seal should be pressed in to the full depth
of the housing,

Check the tachometer drive thrust button for
wear. If the face of the button is worn flat a new
button should be fitted. The button has a shank
diameter of 0.375 in, (9.525 mm.) and is a press fit
in the wheelcase.

To remove a worn button, drive it from the
housing with a suitable drift located in the hole in
the underside of the casing.

REFITTING

The timing marks for both left and night-hand
build engines are described in Section 13C.

Position the crankshaft pinion and the auxiliary
drive and camshaft gears, so that the timing marks
are coincident when the main idler gear is fitted.

Check the backlash of ¢ach gear at not less than
four equally spaced positions around the gear.

If new gears are fitted, the backlash should be
between 0.004 and 0.010 in. (0:101 and 0.254 mm.)
for all gears.

If the backlash is not within these limits, the
main idler gear hub should be repositioned and
oversize dowels fitted.

To reposition the main idler gear hub:—

Detach the gear hub from the crankcase and
extract the dowels. Refit the hub, leaving out
the dowels. Position it to give the required
backlash and tighten the set-bolts. Recheck
the backlash and open out the dowel holes to
0.343 in. (8.73 mm.), using the special kit of
tools GA.102. The tool kit contains a ream-
ing jig GA.103, a roughing reamer GA.104, a
finishing reamer GA.105, and a recessing tool
GA.106.

After reaming the holes, remove the hub from
the crankcase and open out the counterbore
at the hub dowel holes with the recessing tool
GALL06,

Fit oversize dowels OE. 4692 and locking rings
OE.2296 and refit the hub to the crankcase.

r
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FITTING BOLT

UNSUPERCHARGED ENGINES
Fig. 11

On supercharged engines fit a close-fitting bolt
in the bottom hele of the backplate on the same
side of the engine as the fuel injection pump, with
the bolt head to the backplate. On normally
aspirated engines fit the two close-fitting bolts, one
each side, in the bottom holes of the backplate as
illustrated in fig. 11. Fit a new gaskel at the joint
between the wheelcasé and the backplatel

Refit the wheelcase in the reverse order to dis-
mantling, ensuring that the supercharger bearings,
if fitted, are correctly located before tightening the
flange bolts.

FITTING BOLT

SUPERCHARGED EMGINES

]

Position of elose-fitting bolis

When fitting the supercharger driving gear
cover, do not omit the disiance piece behind the
COVer.

Fit the crankshaft front end assembly as des-
cribed in Section 9, and refit the service counter
andjts drive shaft to“the wheelcase.

AUXTLIARY DRIVE

The auxiliary drive is driven from the crank-
shaft through a train of gears in the wheelcase and
drives the fuel injection pump at half engine speed.
Details of the drive are shown in fig, 12.

Fig. 12 Exploded view of auxiliary drive

i
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REMOVAL

Driven end assembly

Turn the engine in the direction of rotation until
the timing marks on the engine flywheel and the
fuel injection pump flywheel are in line with their
pointers; avoid turning the engine or injection
pump until the drive is refitted.

Detach the injection pump drive shaft or yoke
by removing the bolts securing the drive shaft or
yoke flanges to the front and rear spring plate
assemblies and withdraw the drive shafl or yoke,

Driving end assemhly
Remove the wheelcase.

Detach the spring plate from the driving
coupling and remove the nut from the rear end of
the driving shaft.

Withdraw the coupling, using the withdrawing
tool GA.7, and extract the key from the shafi.

Remove the four set-bolts securing the oil seal
housing and the driving gear assembly to the
wheelcase | backplate. | Withdraw the! oil seal
housing from the driving shaft. takiag care not to
damage the seal, and tap the gear assembly
forward out of the backplate.

To dismantle the gear assembly, release and
remove the nut locking the gear shaft in the bear-
ing housing and withdraw the gear and shaft from
the housing. If the inner race and rollers of the
front bearing are not withdrawn with the shaft,
they should be taken out so that the space between
the bearings can be washed out. It is not necessary
to remove the rear bearing or outer race of the front
bearing unless new bearings are to be fitted.

REFITTING

When refitting the gear assembly care should be
taken to ensure that the gear is timed with the
crankshaft gear by mating the marked teeth.

Fit a new seal and a new gasket at the joint
between the oil seal housing and the backplate,
and always fit new self-locking nuts to the bolts
securing the driving shaft or yoke.

The bolts securing the driving shaft or yoke to
the auxiliary drive coupling should be fitted with
their heads to the wheelcase backplate, and should
be inserted in the coupling holes before the
coupling is assembled on the gear drive shaft.

To ensure positive locking, at least one full
thread of the bolis should protrude through the
self-locking nuts.

After assembly, check the fuel pump timing.

SERVICE COUNTER AND TACHOMETER
DRIVE

The service counter is located on the right-hand
side of the wheelcase and usually registers one unit
for every 90,000 revolutions of the crankshaft,
which is equivalent to one hour’s running at
1,500 r.p.m,

For some installations the counter is adjusted to
register one unit for every 75,000 revolutions of
the cngine crankshaft, which is equivalent to one
houriat 1,250 r.p.m.

Fig. 13  Removing the service counier

g9
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A vertical shaft driven from the auxiliary drive
gear turns the counter and in addition provides a
tachometer drive at quarter engine speed.

To remove the service counter, remove the set-
bolts securing the counter to its mounting face on
the wheelcase and detach the counter. The driving
shaft assembly can then be withdrawn from the
wheelcase, as illustrated in fig. 14.

When reassembling the drive, pack the space
between the shafi and housing and smear the
driving gear with low melting point grease (Wake-
Fig. 14 Removing the serviee counter drive field's ‘Castrolease Heavy' is recommended).

SPECIAL TOOLS

PART NO. ) DESCRIPTION
GA.7 - ' Extractor, mzemhmg‘ erdriveshaft barring puliey and aux.Fi :
GA.102 Reaming and recessing kit, main idler gear hub dowel holes

GA,264 Inserting tool, crankshaft oil seal

i1 ]
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PERMISS]
o CU DESCRIPFTION il | R ol = - REMARKS
DIAGRAM REW HEW DHMEHSIONS | CLEARAMCE
IDLER GEAR BACKLASH
1 Backlash between idler gear
and crankshaft pinion, idler
gear and auxiliary drive
gear, and idler gear and
camshaft drive gear (LOD5 1o 0.012
0.010
IDLER GEAR AMD SHAFT
2 Idler gear end float 0,005 10 0.045
0,030
3 Bushes in idler gear
Gear - bore 1.8125 10 | Interfer.
LE13 0,0035 to See Service Bulletin
Bushes - dia. 1.8155 to | D.0025 O.E.B, 195,
1.B16
4 Idler gear on shaft
Bushes — bore 1.625 o
1.6255 0,001 o
Shaft - dia, 1.6235 1o | 0002 0,004
1.624

MAIN IDLER GEAR
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SECTION 13B

WHEELCASE AND TIMING GEARS

HORIZONTAL ENGINES

The wheelcase of the horizontal engine is similar
to that of the vertical engine, but with an additional
idler gear,

The timing gears consist of a crankshaft pinion
driving a main and a secondary idler gear. From
the main idler gear is driven the camshaft, coolant

CRAMKSHAFT
PIMION |00

SECOMDARY
IDLER GEAR

AUXILIARY
DRIVE GEAR Q.30

QIL PUMP DRIVE GEAR |-750

pump and, if fitted, the supercharger. From the
secondary idler gear is driven the lubricating oil
pump, tachometer generator, fuel injection pump
and service counter.

The camshaft and auxiliary gears are timed to
the crankshaft by mating the marked teeth.

MAIN IDLER GEAR

I SMALL IDLER GEAR
/ COQLANT FUMP
DRIVE GEAR  1-71

CAMSHAFT

DRIVE GEAR 0.30

SUPERCHARGER
DRIVE GEAR 1172 f

SUPERCHARGER
DRIVEN GEAR 126

GEAR RATIOS RELATIVE TO CRAMKSHAFT

Fig. 1  Gear teain dingram

1
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TACHOMETER GENERATOR AND
OIL PUMP DRIVE

2
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Fig. 2 Wheelease details
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REMOVAL

Support the engine in a turnover stand,

For normally aspirated engines release and
remove the compressor driving belts, fixed belt
pulley, crankshaft pulley and air compressor.

Remove the engine front suspension brackets,
torsion damper, service counter, tachometer
generator and coolant pump. For normally
aspirated engines remove the compressor mount-
ing bracket.

Release and remove the crankshaft front end nut
and withdraw the split cone and torsion damper

hub.

Release and remove the suction pipe from the
wheelcase drain chamber and then release and
remove the drain chamber.

Release and remove the nuts and bolts securing
the wheelcase to the backplate and the nuis of the
close fitting bolis. Carefully withdraw the wheel-
case upntl ‘it is free from [the close fitting| bolts.
Remove the idler géar éndicovers fram the wheel-
case,

Turn back the locking tab and release and
remove the nut securing the tachometer generator
drive to the drive end of the lubricating oil pump
shaft. Withdraw the tachometer drive from the
shaft and collect the dowel.

Withdraw the main, secondary and small idler
gears from their hubs.

INSPECTION

Inspection of the wheelcase details is identical
with that detailed in Section 13 A, and the instruc-
tions given for renewing the idler gear bushes, and
repositioning the crankshaft o1l seal, should be
followed,

REFITTING

The timing marks are described in Section 13C.
Position the crankshaft pinion and the auxiliary
drive and camshaft gears so that the timing marks
are coincident when the main and secondary idler
gears are fitted. Fit the small idler gear.

Check the backlash of ¢ach gear at not less than
tour equally spaced positions around the gear. The

1351

Fig. 3 Wheelease gnru'.uml timing marks
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Position of clese fitting bolis

backlash should be between 0.004 and 0.010 in.
(0,101 and 0.254 mm.) for all gears.

If the backlash is not within these limits, the
main and secondary gear hubs should be re-
positioned and oversize dowels fitted. as described
in Section |3A,

Fit the dowel to the lubricating oil pump drive
gear, and fit and secure the tachometer drive to the
drive end of the oil pump shaft, Turn up the
locking tab.

Fit the close fitting bolts to the wheelcase back-
plate in the position shown in fig. 4 , with the bolt
heads to the backplate.

Fit a new gasket at the joint between the wheel-
case and the backplate, refit the wheelcase in the
reverse order to dismantling and tighten the bolts.

Fit the wheelcase drain chamber to the wheel-
case, interposing a new gasket between the joint
faces. and tighten the securing set-bolts.

Fit the suction pipe between the engine sump
and the drain chamber and secure the supporting
clip. If a supercharger is fitted, connect the super-
charger drain adapter to the wheelcase drain
chamber.

Pack the crankshaft front oil seal with Vaseline
and fit the oil seal and housing assembly to the
wheelcase,

Fit the cone, torsion damper hub and split cone
to the front end of the crankshaft, and fit and
tighten the crankshaft end nut using the spanner
GA. 18 and a heavy hammer.

I new idler gear bushes have been fitted it is
advisable to check the end float of the gears.

Interpose a piece of lead wire 0.0625 in, (1.5875
mm.) diameter between the flange of the idler gear
bush and the face of the end cover. Tighten the set-
bolts securing the end cover, then release and
remove the set-bolis and cover, and carefully
remiwve the lead wire. With the aid of a micrometer
measure the thickness of the wire, the measurement
obtained will be the end float of the gear being
checked.

The end float of the idler gears should be:—

Main idler 0.017 100041 in. (0.4318 10
1.0414 mm.)

Secondary idler 0,022 19 0.036 in. (0.5588 to
09144 mm.) |

Smiall idler 0.017 1o 0.038 in, (04318 1o

0.9652 mm.)

Smear the idler gear end covers and wheelcase
joint faces with *Heldite’, fit the end covers to the
wheelcase and tighten the securing set-bolts, Turn
up the locking tabs,

Before fitting the torsion damper and pulley,
ascertain the correct position of the locking plate as
described in Section 13A.

Refit all parts removed for access and adjust the
tension of the compressor belts to give a total
deflection of one inch at a position equidistant
between the driving pulley and the compressor
pulley.

4
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SECTION 13C

The timing of all engines is by marked teeth on
the timing gears.

Three types of timing marks are provided:
single centre-punch marks for use when timing
left-hand build wvertical engines (fig. 1) twin
centre-punch marks for use when timing right-
hand build vertical engines (fig. 2); and a com-
bination of single centre-punch marks and single
‘X" stampings for timing horizontal engines (fig. 3).

Timing left-hand build vertical engines

Position the crankshaft pinion, auxiliary drive
gear and camshaft gear so that the tooth on each
of these gears which is marked with a single
centre-punch mark will mesh with the similarly
marked teeth on the idler gear when that
component is fitted.

Timing right-hand build vertical engines
Position the crankshaft pinion, auxiliary drive
gear and camshaft gear jo that the'toothion gach

IDLER GEAR

AUXILIARY DRIVE GEAR

CRANKSHAFT PIMICM

TIMING PROCEDURE — ALL ENGINES

of these gears which is marked with twin centre-
purch marks will mesh with the similarly marked
teeth on the idler gear when that component
15 fitted.

Timing horizontal engines

Position the crankshaft pinion so that the tooth
which bears an *X’ stamping will mesh up with
the similarly stamped teeth on the secondary idler
gear, then fit the auxiliary drive gear so that the
tooth bearing a single centre-punch mark will
mesh with the similarly marked teeth on the
secondary idler gear when that component is
fitted.

Paosition the crankshafl pinion and the camshafi
gear so that the tooth on each gear which is
marked with a single centrg-punch mark will mesh
with the similarly marked jteeth on the main idler
gear when fhat l:r-mpnd[iunl isfitted.

|

CAMSHAFT GEAR

BoE3

Fig. 1  Timing marks — lefi-hand boild vertical engine
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IDLER GEAR

ALXILIARY DRIVE GEAR

CAMSHAFT GEAR

CRAMKSHAFT PIMIDN

Fig. 2, Timing murks — right-hand build vertical engines ko
MAIN 10,67 GEAR Wﬁ' .

CRAMKSHAFT PINION

ALIXILIARY DRIVE GEAR

SECOMNDARY IDLER GEAR

CAMSHAFT GEAR

Fig. 3 'nl'llll'lg mirks — horizontal engines GERT
2
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SECTION 14

The camshaft is driven at half engine speed by the
crankshaft pinion, through the main idler gear
which is mounted in the wheelcase. The driving
gear is secured to the camshaft by five setbolts,
one of which is offset to ensure that the gear can
be fitted to the shaft in one position only. Itis
also dowelled to the shaft to prevent misplacement
due to oscillations of the timing gears. Mating
teeth on the crankshaft pinion, main idler gear
and camshaft driving gear are marked to facilitate
valve timing during assembling.

The cams are forged integrally with the shaft,
and actuate the inlet and exhaust valves through
tappets, push rods ‘and overhead rocker
mechanismi_The large diameter journals are car-
ried in pliin lead-bronze bearings which are
housed in the crankcase webs,

THRUST PLATE

russen | | FRONT BEARINGS
SEALING RING

LOCE PLATE

b - CYLINDER ENGINES

CAMSHAFT

A hollow camshaft is fitted to the 6-cylinder
engine. the bore being sealed at both ends by
plugs. Oil from the main engine lubricating
system flows through a drilling in the crankcase to
lubricate the camshaft centre journal bearings,
and thence via a drilling in the camshaft centre
journal to the hollow shaft bore, from which
further drillings in the journals convey oil to the
remainder of the bearings:

A solid camshaft is fitted to both the 4 and 8-
cylinder engines, each journal bearing being
separately lubricated from the crankshaft main
bearings through drillings in the crankcase webs.

The end float of the camshaft in the crankcase
is governed by a phosphor-bronze thrust plate
which/ is secured 1o the wheelcase backplate by
setholls:

THRUST FLATE

FROMT BEARINGS

p WHEELCASE BACKPLATE
LOCK PLATE AL L #

4 and B = CYLINDER EMGINES

Fig. | Comshaft front end details M

|
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REMOVAL

Bemove the wvalve rocker mechanism (as
described in Section 5), the wheelcase (Section
13A or 13B), and the sump (Section 19A, 19B or
19C). On supercharged engines remove the super-
charger and supercharger drive, as described in
Section 28; on normally aspirated engines remove
the belt-driven air compressor, as described in
Section 25A, and remove the air compressor
mounting bracket.

Remove the cover from the tappet recess and
remove the push rods and tappets.

Measure and record the end float of the cam-
shaft. This information will be required during
inspeciion and reassembling.

Remove the setbolts securing the driving gear to
the camshaft; remove the main idler gear, and
gently prise off the camshaft gear. Remove the
five locating dowels,

Remove the setbolts securing the phosphor-
bronze thrust plate o the wheelcase backplate and
detach the thrust plate.

Withdraw the camshaft from the crankcase.
taking care not to damage the journal bearings
during the cperation,

INSPECTION

Clean the camshaft, camshaft driving gear,
thrust plate, tappets, push rods and all securing
setholts.

6-cylinder engines: Remove the sealing plugs
from both ends of the hollow camshaft, flush out
the bore and oilways with paraffin, and blow
through with compressed air.

Clean the camshaft bearings in the crankcase
and flush out the crankcase oilway drillings with
clean paraffin. Blow through with compressed air.

Carry out an electro-magnetic crack detection
test on the camshaft and the camshaft driving
gear. Demagnetize the shaft and gear on comple-
tion of the test. Examine the teeth of the driving
gear for wear and damage.

2

Section 14

Examine the cams for wear and damage. Blend
out any scores or other slight damage which will
not affect the cam profiles. The maximum cam
lift on a new shaft is 0.390in. (9.906 mm.); the lift
on a4 worn cam must not be less than 0375 in.
(9.525 mm.).

Examine the journals for wear, scores and other
damage, and the bearings for wear, scores and
‘break-up’. Blend out any scores or other slight
damage found on the journals. New camshaft
journals are 24365 to 2.4360 in. diameter, and new
bearings are 2.4395 1o 2.4420 in. diameter, giving a
running clearance of 0L003 to 0.006 in. (0.076 to
0.152 mm.). The clearance on worn assemblies
must not exceed 0.010in. (0.254 mm.).

6-cylinder engines: Fit a new sealing ring to the
camshafl front end plug and a new locking washer
to the rear end plug, and fit the plugs to seal the
camshaft bore. Tighten the rear plug and bend up
the locking tabs.

Examine the thrust plate for wear on the thrust
faces. ;The end float of the camshaft is governed
by the thickness of this plate between the thrust
faces; if the figure recorded during the removal of
the camshaft was more than 0,016 in. (0.406 mm.),
the plate must be remewed, irrespective of its
condition.

Examine all securing setbolts for serviceability.

Examine the tappets for wear and damage, and
blend out any scores found on their walls. Subject
each tappet to an electro-magnetic crack detection
test; demagnetize each tappet on completion of its
test, Clean the bores of the tappet housings in the
crankcase, blend out any scores, and test the
clearance of each tappet in its housing. The
clearance on new components is 0.001 to 0.0025 in.
(0.025 to 0.062 mm.); it must not exceed 0.003 in.
(0,076 mm.)-on worn assemblies,

Examine the push rods for distortion and for
wear and damage of the end pieces. Test for loose
end pieces by ‘ringing” the rods; reject any on
which one or both end pieces are loose.
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REFITTING

Ensure that the camshaft bearings are clean and
that the oilways are free of restrictions. Liberally
smear the bearings and the camshafl journals with
clean engine lubricating oil.

Insert the camshaft into-position in the crank-
case, rotating the shaft as it passes through the
bearings.

Fit the phosphor-bronze thrust plate with the
counterbore towards the inside (plain face outer-
most). Tighten and lock the securing setbolts and
pour an adequate quantity of clean engine
lubricating oil over the thrust surfaces of the plate.

Liberally smear the cams with clean engine
lubricating oil.

Position the driving gear on the shaft and fit the
dowels, locking plate and setbolts. Tighten the set-
bolts and bend up the locking tabs.

Recheck the end float of the camshafll in the
crankcase. The end| float on new assemblies is
0.004 to 0.008 in.((010] to 0,203 mm. ) it must not
exceed 0,016 in. (0,406 mm.) on worn assemblies,

Fit the idler gear to the wheelcase, with the
crankshaft pinion and camshaft dnving gear so
positioned that the timing marks on the gear train
teeth coincide. See Section 134 and 138. Pour an
adeguate quantity of clean engine lubricating oil
over the teeth of the driving gears.

Refit all parts removed for access, and adjust
the valve tappet clearances, as described in
Section 5.

CAMSHAFT BEARINGS

Plain lead-bronze camshaft bearings are fitted,
the front camshaft journal, i.e. the journal imme-
diately behind the camshaft driving gear. and the
centre journal being carried in double bearings
and the remainder in single bearings.

A total of seven bearings are fitted to 4-cylinder
crankcases, two each in the front and centre
housings and one each in the remaining three

housings; nine to 6-cylinder crankecases, two each
in the front and centre housings and one each in
the remaining five housings; eleven to 8-cylinder
crankcases, two each in the front and centre
housings and one each in the remaining seven
housings. The rear end of the rear bearing housing
in each case is sealed by a plug and sealing ring
assembly which is retained in the crankcase by the
flywheel housing.

Special service crankcase assemblies for 4 and
8-cylinder engines are supplied with two bearings
fitted in both end housings; this is to enable the
assemblies to be used on either left-hand or right-
hand engines as required. When such an assembly
15 used for the first time, the surplus end bearing,
i.e. the outer of the two bearings in the housing at
the flywheel end of the crankcase, must be sealed
with the special blanking plug OE.2488. During
subsequent renewal of the camshaft bearings, the
surplus bearing should not be refitted; in its place
the blanking plug OE.3947 should be fitted to seal
the rear end of the beariag housing. Care must
be taken when fitting the plug OE.2483 in the sur-
plus rear bearing of sarvice assemblies to ensure
that the sealing ning is not torn as the plug is
pushed into the bearing. Sealing ring KB.16630
must be used with plug OE.2488, and sealing ring
KB.14533 with plug OE.3947.

The bearings are a press fit in their housings in
the crankcase. They are supplied with their bores
fimished to size and do not therefore require ream-
ing after fitting. They are externally chamfered at
one end to give a ‘lead-in" during the fitting opera-
tion: care must therefore be taken during this
operation to position the chamfered end of each
bearing to its housing.

Camshaft bearings will not normally require
renewal between complete engine overhauls. Since
their renewals during such overhauls will be car-
ried out when the crankcase has been stripped to
the bare state, and as the design of the crankcase
is such that it can be used on either left-hand or
right-hand engines, the front bearing housing, i.e.
the housing behind the camshaft driving pear,
should be suitably marked before the bearings are

3
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removed, This will ensure that two bearings are
fitted to the correct end housing during the refitting
of new bearings,

The following combined extraction and insertion
tool assemblies are available for renewal of the
camshaft bearings:

4-cylinder engines: tool No. GA.260
6-cylinder engines: tool No. GAL/M.1
B-cylinder engines: tool No, GA.329

To ensure that the bearings are correctly located
in their housings relative to their oilway drillings
in the crankcase during their insertion, the plain,
guide, master and thrust bushes of the tool
assemblies used on 4 and 8-cylinder engines are
keyed to their mandrels, the flanges of the thrust
bushes are drilled for positive location on the
crankcase, and a locating pin is incorporated on
cach plain, guide, and master bush to mate with
the slot which is machined in one end of each
camshaft bearing,

Two thrust bushes are included in each of the
three tool assemblies. In both the 4 and &-cylinder
engine tool assemblies the bushes are of different
diameters, one having a diameter of 2.439 in. for
insertion in the camshaft end bearing and the
other a diameter of 2.599 in. for insertion in the
camshaft end bearing housing. In the 8-cylinder
engine tool assembly both bushes are 2.439in
diameter, and a packing bush is included in the
assembly to increase this diameter to 2,5991n.
when required. Two master bushes are also in-
cluded in each kit, one having a spigot diameter of
2.439in. and the other of 2.599 in. diameter.

The flanges of the thrust bushes in the 4 and
8-cylinder engine tool assemblies are drilled to
enable the bushes to be secured to the end faces
of the crankcase by setbolts, the disposition of the
holes on one bush being such that it can be bolted
to the front end of the crankcase only, and on the
other such that it can be bolted to the rear end of
the crankcase only, thus ensuring alignment of the
oil holes in the bearings and housings during
fitting operations. The flanges of the thrust bushes
of the 6-cylinder engine tool assembly are not

4
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drilled for setbolts, as the oil feed to the camshaft
bearings on this engine is such that alignment of
oil holes is not required,

REMOVAL

If the bearings are being removed during a
complete overhaul of the engine, the crankcase
will already have been stripped to the bare state
as described in Section 15. In this case the front
end bearing housing, i.e. the housing in which the
camshaft journal is supported in two bearings,
must be suitably marked for identification during
refitting of the bearings, and the sealing plug must
then be removed from the other end housing. If
the crankcase is a special service type incorporat-
ing a surplus bearing in the rear end housing, the
front bearing housing must be suitably marked
and the sealing plug removed from the surplus
bearing.

If the bearings are to be removed other than
during a complete overhaul, remove the camshaft
45 previously described in this section, and in
addition:

Detach the injection pump drive shaft or yoke,
as described in Section 13A.

Supercharged vertical engines: Remove the

supercharger idler gear.

Horizontal engines: Remove the oil pump
(Section 19C), and the small and secondary idler
gears (Section 13B).

Remove the dynamo adjuster eve bolt fulcrum
bolt from the wheelcase backplate (where
applicable}.

Remove the wheelcase backplate complete with
the auxiliary drive gear.

Remove the flywheel housing from the rear of
the crankcase and extract the sealing plug from
the rear camshaft bearing housing, or from the
surplus bearing if the crankcase is of the special
service [_","pﬁ.

The removal of the camshaft bearings from
their housings is carried out in two operations; in
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REMOVAL: SET-UPF FOR FIRST OPERATION

‘T WASHER

FRONT OF

FITTING: SET-UP FOR FIRST OPERATION

MANDREL

GUIDE BUSH GUIDE BLU5H

PLAIN BUSH

REAR OF

B
MASTER BLIEH

Fig. 2 Hemoving and Giting camshafi bearings =
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dervlinder engine

the first the bearings are removed from the front,
centre and front intermediate housings, and in the
second the bearings are removed from the
remainder of the housings in the rear half of the
crankcase.

Fit the appropriate fanged thrust bush of the
special tool incorporating the large spigot diameter
to the rear camshafi bearing housing. On 8-cylinder
engines use the appropriate thrust bush to suit the
rear end of the crankease, and increase the spigot
diameter by using the packing bush. Four and
8-cylinder engines: Secure the thrust bush 1o the
crankcase with four setbolts,

Insert the plain, unthreaded end of the mandrel
through the thrust bush and pass it through the
rear half camshaft bearings. Place a guide bush
on the mandrel immediately after it emerges from
the centre bearing, with its short spigot towards the
bearing. Place a plain bush on the mandrel after
it has passed through each front intermediate
bearing, with the large spigot diameter towards
cach bearing. Place a second guide bush on the
mandrel after it has passed through the front
bearing, with its short spigot to the bearing. Inserl
‘C" washers in the mandrel grooves behind each
bush, and at the same time locate the guide bushes
in the centre and rear bearings.

Screw the nut assembly on to the threaded end
of the mandrel, and tighten until the bearings are

withdrawn from the crankcase. Remove the tool
and extracted bearings. Remove the thrust bush
from the rear bearing housing.

Extract the rear bearipgs in the same manner,
but with the mandrel in the reverse end-to-end
position, and using the thrust bush with the larger
spigot diameter in the front bearing housing. On
B-cylinder engines use the appropriate thrust bush
to suit the front end of the crankcase, and increase
the spigot diameter by using the packing bush
provided,

FITTING

4 and H-cylinder engines

Ensure that the bearing housings are clean and
free from burrs, and that all oilway drillings are
clear.

Place a new bearing on each of the plain bushes
and the appropriate master bush of the inserting
tool, On 4-cylinder engines locate the bearings on
the bushes by mating the peg on each bush with
the slot in the end of each bearing.

Fit the appropriate thrust bush with the larger
spigot diameter to the rear camshaft bearing
housing. On 4-cylinder engines secure the bush to
the crankcase with setbollts,

Section 14
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Insert the plain, unthreaded end of the mandrel
through the thrust bush, and fit a plain bush and
bearing assembly to the mandrel as it emerges
from the rear bearing housing: Fit a guide bush
before it enters the centre housing and a plain
bush and bearing assembly as it emerges from the
housing. Place a plain bush and bearing assembly
on the mandrel as it emerges from each subsequent
housing except the front. Before it enters the last
(front) bearing housing fit a guide bush to the
mandrel, and as 1t emerges fit a master bush and
bearing assembly.

Position the guide bushes in the centre and front
bearing housings. Ensure that all bearings are
fitted with the chamfer to the bearing housing and
insert the *C" washers in the mandrel slots behind
the bushes.

Screw the nut assembly on to the threaded end
of the mandrel and continue tightening until the
flange of the master bush abuts the crankcase end
face, when the bearings will be fully inserted in
their housings.

Ease off the nut assembly on the threaded end
of the mandrel, remove the *C" washers, withdraw
the mandrel from the crankcase and collect the
bushes. Remove the thrust bush from the rear end
of the crankcase.

L]
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Fit the appropriate thrust bush with the smaller
spigot diameter to the front camshafi bearing. On
4-cylinder engines secure the bush to the crankcase
withy setbolis, |

Insert the plain; unthreaded end of the.mandrel
through the thrust bush and fit a plain bush and
bearing assembly as it emerges from the bearing
housing. Fit a guide bush to the mandrel before it
enters the centre bearing, with its smaller diameter
to the bearing. Place a plain bush and bearing
assembly on the mandrel as it emerges from the
centre and each rear bearing housing except the
last. Before the mandrel enters the last bearing, fit
a guide bush with the smaller diameter to the
bearing; after it has passed through fit the master
flanged bush with the larger spigot diameter.

Position the guide bushes in the centre and rear
bearings. Ensure that all the bearings are fitted
with the chamfer to the bearing housing and insert
the *C’ washers in the mandrel slots behind each
bush and bearing assembly,

Screw the nut assembly on to the threaded end
of the mandrel and continue tightening until the
flange of the master bush abuts the crankcase end
face, when the bearings will be fully inserted.
Ease off the nut assembly on the threaded end of



Printed in Tngland

SEC. 14

T5.D, 803

the mandrel, remove the *C" washers, withdraw the
mandrel and collect the bushes. Remove the
thrust bush from the front bearing.

On 4-cylinder engines examine each bearing to
ensure that its oil hole is accurately lined up with
its oil feed drilling in the crankcase web.

Fit a new sealing ring to the rear bearing
housing sealing plug and fit the plug in the
housing. Ensure that the rear face of the plug does
not stand proud of the rear face of the crankcase.

If the engine is not undergoing complete over-
haul, reassemble to the engine all parts removed
for access, and adjust the tappet clearances as
described in Section 5.

8-cylinder engines

Ensure that the bearing housings are clean and
free from burrs, and that all oilway drillings are
clear,

Place a new bearing on each of the plain bushes
and the appropriate master bush of the inserting
tool, and locate each bearinz on its bush by
mating the peg on the bush with the slot in the
end of the bearing.

Fit the appropriate flanged thrust bush and
packing bush to the rear camshaft bearing housing.

GUIDE BUSH

MNUT  ASSEMBLY ! MAMDREL

M
THRUST BUSH

MASTER BLSH

GUIDE BIUSH Fig. 4+

FITTING: SET-UP FOR FIRST OPERATION

Removing and fitting enmshafll bearings —

and secure the bush to the rear crankcase face
with setbolts.

Insert the plain, unthreaded end of the mandrel
through the thrust bush, and fit a plain bush and
bearing assembly to the mandrel as it emerges
from the rear bearing housing and the three rear
intermediate housings, Fit a guide bush before it
enters the centre housing and a plain bush and
bearing assembly as it emerges from the centre
housing and the three front intermediate housings.
Before it enters the last (front) bearing housing fit
a guide bush to the mandrel, and as it emerges fit
a master bush and bearing assembly.

Position the guide bushes in the centre and
front bearing housings, and insert the *C’ washers
in the mandrel slots behind the bushes.

Screw the nut assembly on to the threaded end
of the mandrel and continue tightening until the
flange of the master bush, abuts the front face of
the crankcase, when the|bearings will be fully
mserted in their housings

Ease off the nut assembly on the threaded end
of the mandrel, remove the ‘C" washers, withdraw
the mandrel from the crankcase and collect the
bushes. Remove the thrust bush from the rear
bearing housing.

FRONT OF
CRAMKCASE

GUIDE BUSH

REAR OF
CRANKCASE

HUT
ALSEMBLY
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Fit the appropriate thrust bush to the front
camshaft bearing and secure the bush to the front
face of the crankcase with setbolts.

Insert the plain, unthreaded end of the mandrel
through the thrust bush and fit a plain bush and
bearing asembly as it emerges from the bearing
housing. Fit a guide bush to the mandrel before it
enters the centre bearing, with its smaller diameter
to the bearing. Place a plain bush and bearing
assembly on the mandrel as it emerges from the
centre bearing housing.  Before it enters the last
(rear) bearing fit a goide bush with the smaller
diameter to the bearing; after it has passed
through fit the master flanged bush with the larger
spigot diameter.

Position the guide bushes in the centre and rear
bearings and insert *C" washers in the mandrel
slots behind each bush and bearing assembly.

Screw the nut assembly on to the threaded end
of the mandrel and continue tightening until the
flange of the master bush abuts the crankcase end
face, when the bearings will be fully inserted.
Ease off the nut assembly on the threaded end of
the mandrel, remove the *C’ washers, withdraw the
mandrel and collect the bushes. Remove the
thrust bush from the front bearing.

Examine each bearing to ensure that itz oil hole
15 accurately lined up with its oil feed drilling in the
crankcase web.

Fit a new sealing ring to the rear bearing
housing sealing plug and fit the plug in the
housing. Ensure that the rear face of the plug does
not stand proud of the rear face of the crankcase.

If the engine is not undergoing complete over-
haul, reassemble to the engine all parts removed
for access, and adjust the tappet clearances as
described in Section 5.

SPECIAL TOOLS

PART NO.
GA.260

DESCRIPTION
Extracting and inserting tool assembly, camshaft

bearings — 4-cylinder engine

GA.1/M.1

Extracting and inserting tool assembly, camshaft

bearings — 6-cylinder engine

GA.329

Extracting and inserting tool assembly, camshaft

bearings — B-cylinder engine

8
Section I4
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DIHMEMSIONS

CLEARANCL

FERMISSIELE

PERMISSIHLE

Mo, DM
DESCRIPTION WORN WaRN REMARKS
DIAGRAM HEW HEW DIMEMSIONS | CLEARANCE
CAMSHAFT AND BEARINGS
1 Camshaft end floar 0,004 1o 0.016
0.008
2 Camshaft in bearings
Bearings — bore 2.4305 o
2442 0.003 o
Camshaft - dia. 2.436 10 0.006 0.010
24365
CAMS
3 Cam lift 0,390 max. 1,375 min.
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SECTION 15A

TACHOMETER GENERATOR

Smiths Series M

DESCRIPTION

The Smiths Series "M’ generator is spigot-mounted
on the wheelcase of each six and eight-cylinder
horizontal railcar engine, and is driven from the
wheelcase auxiliary drive gear to provide the
operating current for the engine speed indicator
which is mounted on the instrument panel in the
railcar driving cab.

This generator is of the single phase, variable
frequency. A.C. type. in which the stationary
windings are carried on a laminated stator sur-
rounding the twelve-pole permanent magnet rotor,
which is mounted on the driving shaft. This
arrangement eliminates the use of brushes. slip-
rings and all moving contacts and, in conjunction
with grease-packed, heavy, deep-tracked ball
bearings, ensures satisfactory functioning over
long periods with the minimum of maintenance.

Provision has been made by the manufacturers
for the attachment, when required, of an engine
service counter to the generator end cover, so that
both the generator and the service counter can be
driven from the same take-off point on the engine.
On engines which do not incorporate this type of
service counter mounting, the counter is fitted to
the wheelcase as a separate attachment. On eight-
cylinder railcar engines the counter is mounted on
the generator, and both are driven by the auxiliary
drive gear. On some early six-cylinder railcar
engines the generator is driven by the oil pump
and the service counter by the auxiliary drive
gear; on others the service counter is driven
by the camshaft. On later six-cylinder engines the
generator is driven by the auxiliary drive gear,
and the service counter, if separately fitted, is
driven by the camshaft. The service counter
registers one unit for every 90,000 revolutions of
the engine crankshafi, which is equivalent to one
hour’s running of the engine at 1,500 r.p.m.

The engine speed indicating instruments in the
driving cabs are of the moving coil type with
built-in rectifiers. and are calibrated to suit the
particular application. The number of instruments
operated frem any one generator must therefore
never be altered unless suitably calibrated instru-

ments are substituted throughout, otherwise
inaccurate indications of engine speeds will result
from the alteration of the load on the generator.

MAINTENANCE

The only attention normally required is periodic
examination for damage and contamination.

During their initial assembly the bearings of the
generator are packed with a suitable grease, and
the pivots of the instruments are adequately
lubricated; this supply should last for many years
of running at moderate ambient temperatures, and
no additional lubrication is therefore required in
normal service.

Checking the complete equipment

Remove the generator from its mounting on the
engine wheelcase and set it up on a variable-speed
drive fitted with a timg-controlled stroboscope,
accurate to within £0.1%. Remove the engine
specd indicator instruments from the driving cabs
and ‘conngct them to the generator so that the
loading of the generator during testing is identical
Lo that existing in normal service.

Run the generator at the speed indicated on the
instrument label for full scale and check the
instrument readings. If the readings are inaccurate,
or if they vary between instruments, substitute an
instrument of known accuracy, and having the
same code, for one of the original instruments,
and repeat the test. If the reading on the new
instrument is similar to one or both of the original
instruments and still records inaccurately, it can
be assumed that the fault is in the generator. If
a variation exists between the readings of the
original instruments, the inaccurate gauge can be
detected by comparison of readings with the
accurate substitution gauge.

Repair of faulty equipment must only be under-
taken by experienced instrument mechanics with
the necessary special equipment for accurate
mechanical and magnetic adjustment,

Test the wiring to the instruments in the railcar
for insulation. This value must exceed 20 megohms

at 500 volis D.C.
1
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SECTION 15B

DOUBLE STARTER PROTECTION UNIT

Smiths TRB.5/2

The Smiths double starter protection unit is
incorporated to prevent damage to the starter
pinion and gear ring by rendering the starter
inoperative when the engine has fired. This is
achieved by a system of relays energized by the
tacho-generator to break the circuit to the starter
maoltor.

Note: Throughout these instructions the
complete assembly is referred to as the
‘relay unit’ and the actual relay, identi-
fiable by the transparent cover, is referred
to as the ‘calibrated relay’.

Insulation test precautions

The generator, indicator, relay unit and asso-
ciated equipment must be disconnected when the
main insulation test of the railcar wiring is carried
out unless a low oulput tester, such as 4 ‘D.C.
Megger' (manufactured by Evershed and Vignoles
Lid.) is used.

Check the insulation between the cable con-
ductors and to earth at 500 volts D.C, when the
insulation resistance must not be less than 20
megohms.  1s 15 advisable to mark terminals in
any junction boxes and jumper connections to
distinguish the measuring circuit from control
circuits and thus avoid accidental damage to the
equipment by routine insulation tests using high
power testers. The maximum loop resistance
between the generator and the relay unit must not
exceed 3 ohms.

SERVICE MAINTENANCE

This equipment should require no attention in
service other than a weekly check on the correct
functioning of the relay unit.

Hr.lu:r unit test
Disconnect the leads from the relay unit
terminals and connect a 60 volt battery, a variable

resistance and a milliammeter to the relay unit as
shown in the following diagram, also connect a
24 volt D.C. supply to the positive and negative
terminals.

RELAY LINIT

Y. D.C

MILLIAMMETER

12,0000
VARIABLE
RESISTAMCE

.

&0 VOLTS D.C. DRY BATTERY

OM-OFF SWITCH

5302

Switch on and increase the voltage until the
calibrated relay trips, and note the reading on the
milliammeter. It should trip al approximately
10 M.A. Tt should be noted that this is a D.C, test
and does not ensure the accuracy of the unit
which normally works from a varying frequency
A.C voltage. Once the relay has operated it is
inadvisable to take the current any higher as
damage may be caused to the rectifier or condenser.
The relay will not be de-energized until the
current has fallen by about 50% of the tripping
value,
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Calibrated relay test

If the functioning of the calibrated relay is sus-
pected, this item can be checked by disconnecting
the plug from the socket and connecting the
battery and variable resistance to the plug, as
shown in the diagram below. When the calibrated
relay is fitted with the rectangular type of plug
with locking clips, the moving coil leads are con-
nected to pins 1 and 2, and the contacis are
connected to pins 5 and 6.

__PLUG
CALUBRATED 1 ol
RELAY
SMITHS EL 1+ 3
- I
]| e &
E 2
vl |
12,000 0
. i VARIABLE €0 VOLTE DC
RESISTAMCE | | by /BATTERY
CONNECT TO |
PINS | AND 2 L
O
W OM.OFF SWITCH
MILLIAMMETER 2403

2
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Switch on the battery at the minimum voltage.
Increase the voltage by adjusting the varniable
resistance. The current required to close the con-
tacts (in milliamps) can be obtained from the
suffix to the code number on the top plate of the
relay, e.g. TRB.622/10 has a setting of 10 M.A.

A faulty calibrated relay can be removed from
the mounting board by removing the plug from
the socket and turning each of the four screw
fasteners a quarter turn to the left. The calibrated
relay can then be pulled off the board and a
replacement fitted, ensuring that the name *sMITHS
on the cover is the right way up. Turn the screw
fasteners a quarter turn to the right, and connect
the plug and socket.

Check the complete equipment as detailed
previously.

Defective calibrated relays should be returned
to the manufacturers for overhaul | or repair.
Under no circumstances should the transparent
cover be removed while the relay 14 in position as
it pontains & powerful magnetic system which is
capable of attracting ferrous particles from the
surroundings which would seriously impair the
correct functioning of the unit.
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SECTION 16 .. TESTING THE ENGINE AFTER REBUILD

Test bed

A suitable test bed layout is shown in fig. 1. The
main features are a dynamometer for applying
varying loads to the engine, a control panel, and
fuel, coolant and electrical services.

Preparing the engine for test

When an engine is received from the assembly
shop all pipe ends will be blanked off. The blanks
should not be removed until immediately before
making each joint. When making a hose connec-
tion, remove the new hose and blank from the
pipe and fit a slave hose. The new hoses and
blanks should be refitted to the engine on
completion of the test running.

Remove the clutch, ififitted, from the engine fly -
wheel, and fit in its| place a saitable self-aligning
coupling to conneet the engine to the dynamometer.

Fit the front and rear bearer brackets to the
engine facings.

Lift the engine, using the universal slinging beam
OR.1466, and lower it into position on the test
bed. Some form of anti-vibration mounting is
essential; at the least, rubber pads should be inter-
posed between the bearer brackets and the
bearers.

Fit the engine air cleaners and connect up the
exhaust manifold to the test bed exhaust system.
Connect up the dynamometer to the self-aligning
coupling.

When all installation connections have been
made, carry out a final inspection to ensure that
tools and other loose articles have not been left on
the engine, and prepare the engine for starting as
follows:

If the engine is to be put into immediate
use after testing, or if it is to be stored in a vehicle

with the cooling system filled. fill the cooling sys-
tem with a mixture of clean water and recom-
mended inhibitor. If the engine is to be stored
with the cooling system empty, fill the system with
a mixture of clean water and soluble oil. A list of
recommended inhibitors and soluble oils, with
proportions, is given in Section 18A and ‘Engine
Data’ respectively.

Fill the lubricating oil system up to the ‘max’
mark on the dipstick. See ‘Engine Data' for
recommended oil and approximate engine
capacities. Remove the oil filter canisters, fill them
with clean engine oil, and refit them to the filter
header bracket.

CoL Y, fuel injectdon pump

Remove ' the filler plug from the side of the
pump and pour | pint (142 c.c.), | pint (189 cc.)
or & pint (284 c.c.) of clean engine lubricating oil
into the cambox of the 4, 6 or 8-cylinder pump
respectively, and refit the plug. Surplus oil will
run from the vent pipe or pipes when the cambox
is full. If the fuel pump has a mechanical
governor, fill the governor casing with clean
engine lubricating oil; approximately } pint
{142 c.c.) of oil will fill the casing. Early pumps
have a level plug at the rear of the governor
casing which must be slackened off to prevent
over-filling; later pumps have a coiled pipe which
automatically drains any surplus oil from the
casing.

Simms fuel infection pump (engine oil lubricated)

Disconnect the oil feed pipe at the union on the
pump casing, and disconnect and blank off the oil
drain at the governor casing. Remove the filler
plug from the governor casing and pour in clean
engine lubricating oil until it runs from the dis -
connected feed union on the pump casing.
Reconnect the oil feed and drain pipes and
the filler plug.

1
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Turn on the fuel supply cock and prime the
fuel system by means of the hand priming lever on
the fuel lift pump. Open the vent valves on top
of the injection pump casing and the fuel filters,
and operate the priming lever until the flow of
fuel through the vents is continuous and free of
bubbles. Open and close the vents several times
to ensure that all air is bled from the system.
Tighten the vents securely on completion of the
operation.

Running-in

Start the engine and allow it to run at set slow-
running. Ensure that a steady oil pressure 15
registering on the oil pressure gauge, and examine
the engine for fuel, lubricating oil and coolant
leaks. Stop the engine and top up the oil and
coolant systems.

Proceed with a two-hour running-in period as
detailed in the following tables:

Engines up to 1,500 r.p.m.

R.P.M. Dynamometer Daration
braka load minutes
1,000 Minimum 10
1,200 Minimum 10
1,400 Minimum 10
1.500 Minimum 15
1,500 50% full load 30
1.500 75% full load 30
1,500 Full load 15
-Engines over L5 r.p.m. and up to
1.800 r.p.m.
R.P.M. Dynamometer Duration
brake load minuntes
1.000 Minimum 10
1,200 Minimum 5
1,400 Minimum 10
1,600 Minimum 10
1,800 Minimuom 10
1,800 50% full load 30
1.800 75% full load 30
1,800 Full load 15

2
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Engines over 1,800 r.p.m. and up to

2,100 r.p.m.
R.P.M. Dynamometer Duration
brake load minutes
1,000 Minimum 10
1,200 Minimum 5
1.400 Minimum ]
1.600 Minimum 5
1,800 Minimum 10
2,100 Minimum 10
2,100 50% full load an
2,100 75% full load 30
2,100 Full load 15

il pressure

The minimum acceptable oil pressure at
maximum governed rp.m. and 60 deg.C,
(140 deg.F.) oil temperature is as follows:

45 pisii.
(3.2 kg. per sq. cm,)

d-eylinder engines

f-cylinder engines
Gauge connected to oil
distributor block on
crankcase
Normally aspirated 45 p.s.i.
(3.2 kg. per sq. cm.)

Supercharged and
turbocharged 35 p.s.i.

(2.5 kg. per sq. cm.)
Gauge connected to
filter header bracket 35 psi.

(3.9 kg, per sq. cm.)

55 p.si
(3.9 kg. per sq. cm.)

d-cylinder engines

Fuel pressure
The fuel pressure at engine idling should be as
follows:

Engines fitted with
C.AV. pumps Not less than 10 to 12 p.s.i.
(0.703 to 0.843 kg. per

5g. cm.)
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Engines fitted with
Simms pumps Not less than 5 to 8 p.s.i.
{(0.351 to 0.562 kg. per
5q. cm.)

Boost pressure (supercharged engines)

Although a boost pressure of at least 14 in. Hg.
at maximum governed r.p.m. is desired, this
pressure may not be obtained during the first few
hours running after a new or reconditioned super-
charger has been fitted to an engine. The output
of the supercharger improves with running, and
for this reason acceptance of the engine should be
governed by the power check rather than by the
boost pressure.

0il consumption cheek

Record the oil temperature with the engine
running at maximum governed r.p.m., then reduce
the engine speed to 1,000 rp.m. for 2 minutes.
Run for a further 2 minutes at idling speed, then
stop the engine. Adherence to these speeds and
times is important.

Remove the oil drain plug or/pldgs from - the
sump, drain the engine oilinlo clean containgrs
for exactly 15 minutes, then refit the drain plug or
plugs.

Weigh the oil and containers, pour the oil back
into the engine, then weigh the empty containers.
Subtract the empty weight from the gross weight
and record the net weight of the oil put into the
engine.

Start the engine and run for exactly two hours
at ¢ither the speed and power given in the table
below or the rated speed and power of the engine
under test, sehichever is the lower. Do not exceed
the figures given when testing higher rated engines,
as the oil consumption is calculated ar B.S.649
ratings.

Speed Power
F.p.m. b.h.p.
4-cylinder engines
Normally aspirated 1.800 113
Supercharged 1.800 140
6-cylinder engines
Normally aspirated 1,800 170
Supercharged 1,800 210
Turbocharged 1800 235
3
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8-cylinder engines

Normally aspirated 1,800 225
Supercharged 1,800 280
Turbocharged 1,800 315

Reduce the engine speed to 1,000 r.p.m. for two
minutes. Run for a further two minutes at idling
speed, then stop the engine.

Weigh the empty clean containers, drain the oil
for exactly 15 minutes, then weigh the oil and con -
tainers. Subtract the empty weight from the gross
weight and record the net weight of the oil. The
difference in the two net weights will indicate the
oil consumed during the two-hour test period.
Pour the oil back into the engine.

The oil consumed by both vertical and horizontal
engines during the 2-hour test run should not be
in excess of the following approximate figures:

4-cylinder, normally aspirated 1 Ib. (0.4536 kg.)
4-cylinder, supercharged 14 Th. (0.6804 kg.)
f-cylinder, pormally aspirated 11 Ib. (1.6804 kg.)
' 6-cylinder, supercharged and '

turbocharped 24 16:(1.02 kg.)

B-cylinder, normally aspirated 2 1b. (0.907 kg.)

8-cylinder, supercharged and

turbocharged 3lb, (1.361 kg.)

Valve tappet clearance check

Remaove the rocker covers and test the clearances
between the rocker pads and the valve stem tips.
If necessary, adjust the clearances to 0.0101n.
(0.254 mm.) for both inlet and exhaust tappets.

Idling check

Close the rack control until the lever on the fuel
pump abuts the idling stop, and check the engine
r.p.m. with no load on the brake. Adjust the
idling stop as necessary to give the correct injec -
tion pump idling r.p.m. as stamped on the data
plate attached to the pump. Lock and seal the
stop.

On mechanical governors screw in the buffer
stop until the slow-running speed starts to increase,
then screw back the buffer stop until the engine
slows down to normal idling. Lock the buffer stop.
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Test the slow-running setting by accelerating the
engine and shutting down quickly, when the
engine should recover and idle steadily. If the
engine stops, or the idling speed is too fast,
readjust the idling stop on hvdraulic governors, or
the idling and buffer stops on mechanical
governors, until recovery and idling are satisfactory.

Fower cheek

Run the engine at 1,000 r.p.m. until normal oil
and coolant temperatures are attained.

Open up to full rack. i.e. until the control lever
abuts the maximum speed stop, and check the
b.h.p. This should be within the minimum and
maximum power rating figures for the particular
engine under test. If necessary, screw the fuel
stop outwards (anti-clockwise) to increase the
power or inwards (clockwise) to decrease it

Alteration of the fuel stop setting may affect the
speed of the engine. I, as a result of the last
adjustment, a reduction of engine speed becomes
necessary, ¢are must be taken not to alter the
maximum speed” stop tosuch angexlent that
governor interference at maximum governed
speed occurs. When the maximum speed stop is
correctly set the governor should start to operate
at approximately 20 r.p.m. above the maximum
governed speed at maximum power.

When satisfactory stop settings have been
obtained, seal the fuel stop.

Maximum speed check

Open up to full rack with no load on the brake,
and check the governor cut-out. The speed must
not be pgreater than the figures given for the
particular engine under test.

Power rating, torque, maximum governed speed
and specific fuel consumption

Detailed information on the power rating,
torque, maximum governed speed and specific fuel
consumption for any particular engine or engine
series can be obtained from the Service Depart-
ment, Rolls-Royee Limited, Oil Engine Division,
Shrewsbury, England.

Final inspection
Run the engine at approximately 500 r.p.m. and
check for fuel, oil and coolant leaks.

Stop the engine, allow it to cool and carry out a
physical check on e¢xternal nuts and setbolts for
signs.of lodseness. |

Inhibiting

If the engine is not to be put into use within one
month of the test it should be inhibited against
corrosion as described in Section 2.

5
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SECTION 17A .

FUEL INJECTION PUMP

The servicing instructions for the C.A.V. fuel
pump and governors which are included in this
Section should be used for general guidance only.
Detailed instructions applicable to the fuel injec-
tion pump fitted to any particular engine can be
obtained from the Service Department of
Rolls-Royce Oil Engine Division.

CORRIGENDA

FUEL PRESSURE

The constant pressure valve is now set to
maintain a fuel lift pump delivery pressure of 10
to 12 p.s.i. (0.7 to 0.85 kg. per sq. cm.). Page |,
column |, paragraph 1, and page 3, column 1,
paragraph 2, should be amended accordingly.

. FUEL SYSTEM — C.A.V.

INJECTOR HOLDING PLATE

The diameter of the two pins on the fuel
injector holding plate illustrated in fig. 21, page 16,
should be altered to read 0.300in. instead of
0.500 in.

INJECTOR SLEEVE TOOLS

The injector sleeve cutter and reamer described
on page 20 and illustrated in fig. 27 now carry the
following Part No.:

Injector sleeve cutter .. g GA.299
Injector sleeve reamer .. 4 GA304
Holder for cutter GA.299 o GA.23

Holder for reamer GA304 . GA.307

Secrionl T4
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SECTION I7A ..

Fuel is delivered by the lift pump through three en-
gine mounted filters to the injection pump., A constant
pressure valve incorporated in the triple filter assembly
maintains an inlet pressure of 15 b, per sg. in. (1-0546
kg. per sq. cm.) and a pressure gauge connected to the
filter outlet serves to indicate the condition of the filter
elements and the lift pump.

On the injection side of the system, the fuel injection
pump delivers the fuel to the injectors, which control the
injection pressure and atomize the fuel delivered to the
cylinders. Overflow from the injectors and the constant
pressure valve is carried by a spill line back to the fuel
supply tank.

UPPER SEALIMNG RIMNG

ELEMENT

SEALING RING CLIP

HOUSING

LOWER SEALING nmﬂ/'

_.—'-'/'—FFFH-'

FUEL SYSTEM—C.A.V.

FUEL FILTERS

The triple fuel filters are arranged in-line on a com-
mon header, which is secured to the engine crankease by
four set-bolts.

At overhaul of the engine, remove the complete
assembly from the crankcase so that the fuel passages in
the header can be thoroughly washed out. Renew all
rubber sealing rings and the filter elements. Ar the
joint between the filter body and the header, the scaling
rubber should be fixed in the header with a suitable
adhesive such as * Hermatite ' and this must be applied
to the bortom of the recess only.

Fig. I. Fuel filter details

I
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STOP LEVER
PRIMING VENT

CONTROL LEVER

OIL LEVEL PLUG

PRIMING LEVER

GIL FLLER FLUG

:Flg.. 1. | Fuel injection pump with mechanical gevernor |

Unscrew the constant pressure valve from the header,
dismantle the unit and examine and clean the parts.

After the filter assembly has been rebuilt, carry out
an sir under water pressure test at 15 Ib. per sq. in.
(1-0546 kg. per sq. cm.) and check for leaks. The con-
stant ure valve should open just above this pressure
but will invariably leak at a much lower pressure, The
spring loading on the valve can be adjusted by changing
the shim behind the spring seat.

FUEL INJECTION PUMP

The C.A.V. injection pump is basically the same for
all engines but variations do occur which affect the over-
haul procedure.  In particular the * ND ’ type pump has
a different calibration control mechanism from the * NE*
type pump as shown in fig. 10. Other differences are
confined to the location of external features for mechani-
cal or hydraulic governor application.

REMOVAL

Turn the engine until the timing mark on the fuel
pump flywheel 15 in line with the pointer on the pump
casing and the engine flywheel timing mark INJ.1 is in

DELIVERY WALVE HOLDER

FRIMING WENT

EXCESS FUEL
DEVICE

| FLYWHEEL

line with its pointer then remove the two bolts securing
the driving shaft flange to the pump flange. Avoid
turning the engine until the fuel pump is refitted.

Detach the control rod or rods and tie them up clear
of the pump.

Disconnect the injector pipes and the feed and spill
E;Ef from their unions on the pump. Remove the

pipe between the lift pump and the filters and fit
dust caps to all unions.

Remove the air vent and sump drain pipes from their
banjo connections on the pump and replace the vent
valves to prevent ingress of dirt.

Remove the bols securing the pump to its platform
on the engine, and withdraw the pump.

DISMANTLING

Preliminary information

When dismantling or rebuilding the pump absolute
cleanliness is essential. The work bench should be
covered with zinc or some other material that can be I:x;pt
free from dust,and clean paraffin should be available for
washing parts as they are removed.

3
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Fig. 4.

Parts such as the clement barrel and plunger, and
delivery valve and seating, have been carefully paired
together with very fine clearances and must not be inter-
changed. Furthermore, the parts should be arranged in
order so that they can be reassembled in the same posi-
tion as before. To facilitate this, a tray with six num-
bered compartments should be available,

Lift pump

Remove the nuts securing the lift pump to the casing
and remove the pump. If a lift and scavenge pump
assembly is fitted, unscrew the scavenge pump suction
pipe from the joint face of the injection pump. Owver-
haul instructions for the lift pump are given later in this
Section.

Governor—mechanical

Remove the two screws securing the comtrol lever
assembly to the governor casing and withdraw the
assembly. Detach the cap nut at each_end of the link
swivel pin and push out the pin. The casing cover is
now free from the linkage and can be detached after re-
moving the securing screws,

Remove the clevis pin securing the control rod link to
the control rod. .

4
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SCAVENGE PUMP \
|

OUTLET TO INJECTOR
\ VEMT WALVE

SPILL LIMNE
COMMECTION

QIL FILLER PLUG

OUTLET
TO SFILL LIME

QUTLET
TQ FILTERS

INLET FROM FUEL TANK

LIFT PUMP

Fael injection pump with hydraulic governor

Remove'the twoset-bolts secuning the governor guide
bush and plate, see fig. 6; it will be necessary to restrict
the camshaft at the coupling end, to prevent it from wirn-
ing, while the bolis are lposened. Remove the swivel
pin reraining the link pin to the governor links and with-
draw the linkage.

Fig. 5.

Removing the fuel pump
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CONTROL ROD | ™
CLEWIS PN

COVER PLATE

SECURING NUT

Fig. . Disconnection points (mechanical governor)

Remove the slotted nut from the governor end of the
camshaft using the key Part No. ET.112, fit the with-
drawal toel Part Mo, ET.008, withdraw the governor
assembly from the shaft and remove the key.

Governor—hydraulic

Remove the six nuts securing the governor end cover
and detach the cover,

Remove the three top and three bottom domed nuts
gecuring the gear pump to the lower part of the governor
casing and withdraw the pump. The two central hori-
zontally opposed nuots should not be removed as they
secure together the pump components, Detach the
gasket and remove the two hollow dowels.

Remove the nut and locking plate from the spindle
block (fig. 7), push the spindle through the block and
allow the connecting link to swing clear. Push the
spindle in the opposite direction unril the governor lever
is free o swing clear,

Unscrew the internal retaining nut (fig. 7) using the
key spanner Part No. ET.730 and remove the nut,
Remove the external retaining nues, carefully withdraw
the governor assembly and lay it on its back so that
the operating pistons will not fall out.

Remove the muff coupling from the camshaft using
the special spanner Part No. ET.693 and the extractor
Part No. ET.695.

Derach the control link from the control rod, first
withdrawing the stud in the pump casing adjacent to the
link so that the clevis pin can be withdrawn.

Section |7A
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Fig. 8. Removing the governor
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INTERMAL RETAINING NUT

Fig. 7. Disconnection points (Aydraulle governor)

Camshaft

Remove the inspection cover from the front of the
pump.

Turn the camshaft by hand to raise each cam in wrn
to top dead centre and insert a tappet lifter Part No.
ET.648-9 under each spring plate.

Remove the coupling from the camshaft using the
extractor Part No. GA.7 and extract the key.

Check and record the end float of the camshaft using
the C.A.V. ool Part No. ET.634.  Release the bearing
end plate at the coupling end of the pump casing and
remove the plate by gently tapping the opposite end of
the camshaft, keeping the plate square and avoiding
damage to the joint face.

The camshaft can now be withdrawn from the open
end of the cambox. Note the positon of the notch on
the end of the camshaft before withdrawing; this marks
the end to end position of the camshaft to give the correct
firing order.
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COMTROL
QUADRANT

PLUNGER SPRING

‘ND' TYPE

TAPPET LIFTERS

PLUNGER

TAFPET
ADJUSTING SCREW

The inner races of the bearings are pressed on to the
shaft and they can be removed with the extractor Part
No, ET.026A. The outer race is pressed into the bear-
ing cnd plate and can be removed with the extractor Part
No. ET.026B. The oil seal is a push fit in its location
and, 1f serviceable, should not be removed.

Remove the screws securing the baseplate to the body
of the pump and remove the plate,

Pumping assemblies

Release the plates locking the delivery valve holders.
Remove each holder in twrn, using the serrated box
spanner Part No. ET.661. The valve spring, spring
guide and delivery valve should be placed in their separ-
ate compartments in the tray and the valve seatings added
as they are lifted out.

“ND’ type pumps. Release the calibrating bar by
removing the three securing nuts and lift the bar off the
studs,

*NE ' iype pumps. The clamping screws locking
the control quadrants should not be disturbed unless
new parts are to be fitted.

‘NE* TYPE

Fig. 10. Pumping assemblies

T
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Slacken off the rappet locaring screws sufficient to
release the tappets.  Force up each tappet in wrn with
the forceps Part No, ET.428A, withdraw the tappet lifter
and allow the tappet to come away slowly under control.
The wpper, phasing washer, lower spring plate and
the plunger can now be removed. Take particular care
to avoid any damage to the plunger. The plunger
spring, upper spring plate and the contrel quadrant
should next be removed and the parts of each assembly
placed in their compartment in the tray.

Slacken off the barrel locking screws sufhcient to re-
lease the barrels and push out each barrel from the bot-
tom, using a fibre or copper rod. Immediately each
barrel is taken out fit the plunger in the barrel 1o protect
it from damage.

Control rod—mechanical governor

Remove the control red stop block from the governor
end of the pump casing, remove the maximum fuel stop
and withdraw the rod endwise.

Control rod—hydraulic governor

Remove the control rod stop from the drive end of the
pump and withdraw the rod endwise.

To remove the control rod bushes, unscrew the lock-
ing collars using the special key Part No. ET.638; the
bushes are a press fit in the pump hpusing and should be
removed with the extrdctor Part No. ET.668,

Pump filter

Remove the bolts and nuts securing the filter cover to
the pump housing and lift off the cover together with
the filter packs. Discard the packs.

The fuel gallery closing plugs should not normally be
removed but if it is required to rejoint these plugs, the
special key Part No. ET.003 should be used for removal
and refirting.

INSPECTION

Check the camshaft bearing rollers and tracks for cor-
rosion pitting. Where the pits are deep or tend to form
a continuous line across the bearing track, or if they are
caused by the break out of slag particles, the bearing
should be rejected.

Visually inspect all pumping line details, parucularly
the delivery walves and seatings and the barrels and
plungers. Mo attempt must be made to correct a faulty
plunger or delivery valve ; they should be replaced with
new pParts.

Check the lobes of the camshaft for wear and fit a new
shaft if wear is noticeable on the leading edge of the
cam lobes,

The end float of the camshaft is adjusted by means of
shims located on the shaft behind the bearing inner

8
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races. This end float should be maintained at 0410 to
015 mm. (0-004 to 0-006 in.) and if the figure recorded
at dismantling is not within these limits, alter the shims
to give the correct end float, equalising the shims at each
end of the shaft,

ASSEMBLING

The greatest cleanliness must be exercised in every
assembly operation. Each part should be thoroughly
washed in clean paraffin, and dipped in clean light oil
immediately before assembling. Cloth should not be
used on working parts.

Pumping assemblies

Secure the pump housing to the assembly base plate
Part No, ET.650.

Insert the element barrels from above, check that the
slot for the locking screw is in line with the screw hole
in the housing and tighten the locking screws ; a sealing
washer is not required behind the screw heads.

Slide in the control rod and fit the control rod stop.

Lay the pump on its back,

*ND' type pumps. Push the control rod to the
left until it abuts the stop and place the quadrants on
the barrels with their teeth towards the front of the pump.
Keeping the control rod hard against the stop, rotate the
quadrants in turn in an anti-clockwise dircetion with a
slight upward pressure untl they find their mating teeth
on the control rod. Check that the full control red
travel can be obtained.

* NE’ type pumps. Set the control rod in mid
position so that the centre punch marks on each end of
the rod are the same distance from each side of the pump
housing. it the control sleeve assemblies, positioning
the quadrants so that the gaps in the clamp jaws are
uppermost.  If a new sleeve or quadrant has been fitted,
position the quadrant so that the gap in the clamp jaws
is in line with the marked slot in the sleeve and tghten
the clamping screw. After fitting cach quadrant, pull
the control rod from end o end to ensure that the tecth
are meshing correctly, and that full travel can be obtained

Insert the upper spring plate and the plunger spring of
each pumping element. Carefully insert the plungers into
their respective barrels with the bottom spring plate
hooked to cach plunger head, and the tappet with the
phasing washer held in position on the plate by a smear
of grease. Locare the plunger toe in the quadrant slot
and push the tappet home with the forceps Part No,
ET.428A. With the tappet still pushed home 1nsert the
tappet lifters, turn the tappet so that its slot is in line
with the locking screw and tighten the screw; a sealing
washer is not required behind the screw head.

The marked toe of an element plunger on the * ND'
pump should be uppermost when the control rod is in
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Fig. 1l. Element timing marks

mid position, and for a “NE" pump the marked toe
silf:uuld be in-line with the mark on the control sleeve
(fig. 11}

Camshaft

Ascertain the correct end to jend position of the cam-
shaft, either by the notched end or by a check of the cam
positions in' relation to the fring order. The cams
should rise in the orderiof 144, 2, 6,3, 5 from the flywheel
to governor end. "Fit the shaft dnd the bearing end
plates using the protection cap Part No. ET.684 to pre-
vent damage to the oil seals.

Turn the shaft in the direction of rotation and check
for freedom and firing order.

Check the end float; this should be 0-10 to 0-15 mm.
(0-004 to 0:006 in.). If necessary, adjust by means of
the shims located behind the bearing inner races,
equalising the shims at each end.

‘ND* type pumps. Fit the calibrating bar and
adjust the position of all quadrants so that their peri-
pheral slots engage the disc heads of the calibrating
SCTCWS.

Remove the tappet lifters and check that the control
rod moves freely, at the same time turning the camshaft
at least one complete revolution.

Move the pump into an uprilght position and place a
delivery valve and seat on top of an element barrel, with
a new steel joint ring above the seat flange. Position the
valve spring on the head of the valve, then insert the
spring guide in the upper end of the spring.  Fit a new
low pressure sealing ring into the pump recess followed
by a steel slip washer above the ring and screw the holder
into place, taking care that the valve spring and guide
are not displaced.

Repeat for each delivery valve and tighten the holders
to a torgue loading of 34 to 37 Ib. ft. (4-7 o 5-1 kg.-m.).

Check the control rod for freedom and travel and, if
satsfactory, refic the baseplate. On pumps with a
mechanical governor, refit the maximum fuel stop.

Pump filter

Fit new filter pads to their support spigots and place
these in position on the filter cover. Place the perfor-
ated plate in the filter recess with the perforations at the
bottom and & gasket interposed between the plate and
the iface of ‘the irecéss. |Check the cover gasket for
serviceability, remew if necessary and fit the cover
assembly, ensuring that the filter pads are located on
their spigots as the cover is placed in positon.

Lift pump

Fit the lift pump using a new jointing washer, If the
assembly has a scavenge pump, first fit the suction pipe
and ensure that the adapter is screwed fully home and is
not proud of the joint face. It is most important that
the correct jointing washer is used with the lift and
scavenge pump assembly otherwise the suction hole will
be blanked off.

Governor—mechanical

Fit the key to the governor end of the camshaft and
assemble the governor on the shaft with a spring washer
behind the securing nut. Tighten the nut to a torgue
loading of 40 1b, fi. (5-533 kg.-m.}.

Offer the linkage up to the governor with the guide
bush and cover plate placed on the link pin. Insert the
link pin in the governor centre piece and fir the swivel
pin through the holes in the governor links and the link
pin. Secure the guide bush and cover plate with two
set-bolts, using new tab washers to lock the bolis.

Connect the control rod link to the conwol rod and
fit a new split-pin.

9
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Secure the cover to the governor casing and fit the
link swivel pin and the control lever assembly,

Governor—hydraulic

Fit the key to the governor end of the camshaft and
assemble the muff coupling on the shaft, with a spring
washer behind the securing nut, and dghten the nut o
a torque leading of 40 Ib. ft. (5-33 kg.-m.). Fit the ring
dowel over the muff coupling and into the counter bore
in the sandwich plate.

Couple the connecting link to the control rod with the
head of the clevis pin on the inside, and fit the split-pin.
Refit the stud for the internal governor retaining nut.

Fit the governor using a new jointing washer and use
the key spanner Part No. ET.730 for tightening the
internal nut,

Connect the control rod link to the governor lever and
fit the tab washer and nut to lock the spindle.

Fit the pump and the governor end cover with new
jointing washers between the mating faces. Ensure thar
the gear pump dog is correctly engaged with the loose
coupling before tightening the securing nuts,

PUMP ADIUSTING

To ensure regular and accurate metering and injection
of the fuel the setting of the pump élements must be done
with care and precision. The adiusuncrrl:s consist of
two operations, phasing and ealibratibn. | Phasing én-
sures that the injections occur at equal angular intervals
of camshaft rotation, and calibration ensures that the
amount of fuel injected into each cylinder will be equal.

Phasing
Mount the pump on a test machine which has a suit-
able angular scale of d marked on the driving mem-

ber, A suitable machine manufactured by L, Hartridge
& Co., Buckingham, is illusirared in fig, 12

Couple the pump to a fuel oil supply with a head of
about 2 feet and vent all air from the pump,

Shur off the il supply.

Move the control lever 1o bring the control rod 1o mid
position and secure the lever,

Remove No, 1 delivery valve holder and delivery valve
complete.

With the plunger at the top of its stroke, check the
amount the top face of the plunger is below the element
barrel. This head clearance should be 0-50 mm. (0-02
in.) and can be measured with the clearance gauge Part
No. ET.715 or a dial gauge.

If the gauge ET.715 is used, screw it into the position
normally occupied by No. 1 delivery valve and holder
until it is hard on the face of the element barrel. With
the centre pin of the gauge resting on the top face of the
plunger, adjust, by means of phasing shims, so that the

1]
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small cross pin is level with the centre land on the top of
the gauge body. The top and bottom lands on the gauge
are intended as a guide and represent plunger head
clearances of 0-35 mm. and 065 mm. (0-013 to 0-025 in.)
respectively.

Phasing washers are supplied in thicknesses from 07
mm. to |4 mm. (0-027 to 0-055 in.), in steps of 0-1 mm,
{0004 in.). To change the washer, urn the camshaft
to top dead centre (T.D.C.). Insert the tappet lifter and
rotate the camshaft 180 deg., then with the extractor
Part No. ET.712 press in the spring catch through the
small hole in the tappet to re the bottom spring
plate from the tappet.

The washer can now be lifted from the tappet recess
with the hook Part No. ET.654 and the new washer
guided into place with the same tool.

Having changed the washer, turn the camshaft back
slowly towards T.D.C. until the top of the tappet
touches the spring catch. Press in the cawch and at the
same time turn the camshaft to T.D.C., when the spring
carch should click into the hole in the tappet. Remove
the tappet lifter,

Replace the delivery valve seat, joint rings and holder,
leaving out the valve, spring and spring guide. Fit a

Fig. 12. Typical test rig
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Fig. 13. Fuel spill pipe

spill pipe 1o the valve holder as illustrated in fig. 13 and
turn on the oil.

Turn the pump by hand in the direction of rotation
until No. 1 plunger is starting to lift and fuel flows from
the spill pipe ; s the'plunger tloses the barrel parts, the
flow of fuel/will gradbally diminish. Turn)the/pump
slowly-in the final stages anul futl ceases to flow from
the pipe and note the angular reading on the scile.” This
is the point of spill cut-off. Turn off the oil supply,

Wash the delivery valve, spring and spring guide in
paraffin and replace them. The camshaft is now set at
the point on No. | to which all adjustments are correlated
and the remaining elements must be set as follows,

¢ tabulues the

For cach element in turn remove the delivery valve,
spring and spring guide, fit the spill pipe and turn on the
oil supply.

Check the angular reading of the spill cut-off and
adjust this point by changing the phasing washer to the
correct relationship with No. 1, i.e, 60 deg. advance in
the order 4, 2, 6, 3, 5, All elements should be within
0-5 deg. overall error.

The cam rate at spill cut-off point is approximately
0-22 mm. (0-009 in.) per degree, Thus 0-1 mm. (0-004
in.) change in washer thickness will move the spill point
by just less than 0-5 degree pump shaft angle.

Remove each delivery valve holder and seat in turn
and check the plunger head clearances as previously de-
scribed. These readings must all be 0-5+0:15 mm.
(0/0204+-006in.). Replace the delivery valve assemblies
after ensuring that they are perfectly clean. Tighten the
holders 1o a torque loading of 40 Ib. ft. (3-53 kg.-m.)
and fir the holder locking plates and dust caps.

Calibration

The instructions for calibration given in the following
paragraphs cover the procedure to be adopted for all
pumps. Speeds and fuelling will vary according to the
power rating of the engine arid reference should be made
to the relevant schedule at the end of this secton, which

speed |and fuel defivery settings for each
engind series. E

Mount the pump on the Jl:st ng and couple the suc-
tion and delivery pipes to the lift pump. Remove the
dust caps from the main feed connection and the delivery
holders and connect their respective pipes.

If the pump has a mechanical governor, remove the
oil filler plug from the governor casing, slacken off the
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Fig. 14. Typical test card
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Fig- 15, Control points (mechanical governor)

level plug, and pour } pint (142 cc.) of clean engine oil
into the casing.

Remove the pump inspection cover, and lubjricate the
exposed parts of the pumping ¢lements, also pour § pint
clean engine oil into the pump sump.

If the pump is * ND ' type and new parts have been
fitted, adjust all calibrating screws to approximately the
middle of their adjustment range.

Partly unscrew the maximum fuel stop.

Check the level of fuel in the tank, turn on the fuel and
prime the filter and the pump.

Fuel setting

Start the rig, run at 300 r.p.m. and vent the system,
then open up to the speed given in the appropriate
schedule with full rack. Check the delivery and adjust
the maximum fuel stop to give an average of the delivery
figure quoted in the schedule.  On the Hartridge rig the
delivery will be for 100 injections e.g., the pump for the
101 Series engine should be set to deliver between 14-5
and 14-7 cc, and corresponds to the schedule figure of
145 1o 147 cu. mm, per injection.

Seremw the fuel stop in (clockuwise) to decrease the fuel and
ont 1o merease it

Balance rthe outpur of the elements by means of the
calibrating screws or quadrant slesves, according to
whether the pump is *ND ' or ' NE ' type.

“ND" Pump with mechamical governor.

Slacken the lock-nut and with the tommy bar
ET.712 turn the calibraring screw clockwise to

Iz
Section 174

MAXIMUM FUEL 5TOP - Y

IDLING 5TOP

MARXIMLUM SPEED STOF

Fig. 16. Control points (hydraulic governor)

increase the amount of fuel or ant-clockwise
to decrease it.

"NE" Punip with mechanical govgrnor
Slacken the control quadmnt clamping screw
and turn the control sleeve anti-clockwise to
increase the amount of fuel or clockwise to
decrease it.

"ND"or* NE' Pumps with hydraulic governor
Turn the calibrating screw or control sleeve in
the opposite direction to that given for the
pumps with a mechanical governor to obtain
the same result, The reason for this is that the
rack of a hydraulically governed pump moves
in the opposite direction to that of the mechani-
cally governed pump.

Take and record delivery readings at the fuel check
speeds given in the schedule,

Maximum speed setting

When a balanced delivery for all elements has been
achieved slowly increase the pump speed to the 15t maxi-
mum speed r.p.m. given in the relevant schedule and
set the maximum speed stop.  The fuel quantities should
show a slight increase over the previous maximum fuel
check, At the 2nd r.p.m. fuclling should have decreased,
indicating that the governor is commencing to cut the
fuel. If necessary, adjust the maximum speed stop to
give these conditions, and when satisfactory increase the
pump speed to the maximum * run-out * r.p.m, at which
injection should cease,
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Idling

To set idling, release the control level w its idling
position, screw out the idling stop and, if the pump has a
mechanical governor, remove the buffer stop. Run the
pump at 225 r.p.m. and adjust the idling stop so that
fuel commences to drip from the nozzle pipes,

Lower the r.p.m. to 180, check the delivery at this
speed and if necessary re-adjust the stop to give a de-
livery of 3+6 to 4-0 cc.  Screw in the stop (clockwise) to
increase the fuel delivery and out to decrease it. A
small amount of idling stop movement will considerably
alter the fuel delivery.

Increase the pump speed to 300 r.p.m.; the governor
should then cut off the injection of fuel. Slowly de-
crease the r.p.m. untl the pump again commences o
deliver fuel; this should occur av approximartely 220
r.p.m. and at 180 r.p.m. there should be full delivery,
i.e 36wd0ce

Refit the buffer stop.

Excess fuel device check
Press in the excess fuel plunger and secure the control
lever ar full rack position.

Run the pump at 100 r,p.m. and check the delivery.
This should be approximartely 5 cc. more than the maxi-
mum fuel figure. Increase the pump speéd 1ol 1,100

FUEL PuMP FLYWHEEL

r.p.m. to trip the excess fuel device and check that fuel is
now being delivered at the maximum fuel figure; this
ensures that the control rod has moved to the normal full
rack position.

Stop control check

With the pump running at 100 r.p.m., operate the stop
control, and check that the pump ceases to deliver fuel,

Internal foul check

Run the pump at 1,400 r.p.m. and check that no in-
ternal foul occurs,

On completion of the test, remove the pump from the
rig and immediately blank all connections with the ap-
proved dust caps.

REFITTING

Refiting the pump to the engine is the reverse of
removal,

Couple the driving shaft to the pump coupling with
the tming mark on the pump flywhee] in line with the
pointer and check that the INJ.1 marking on the engine
fAywheel is directly in line with the pointer on the flywheel
housing. Before finally tightening the coupling bolts,
tura the crimkshaft backwards a little and then bring it

Fig. I7. Timing marks
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forward again to take up the backlash in the timing gears
and recheck the tming.

The injector pipes should be washed through with
paraffin before they are firted. The dust caps should
not be removed from the pump connections until im-
mediately before the pipes are fitted.

FUEL LIFT PUMP

The fuel lift pump is of the piston type and incorpor-
ates 4 hand operating lever for the purpose of priming
the fuel system. The diaphragms incorporated in the
pump assembly prevent fuel oil leaking back into the
injection pump.

Where an open fuel drain from the injection pump is
prohibited due to fire risk, the lift pump assembly in-
corporates a scavenge pump which discharges any sur-
plus fuel oil into the spill line.

DISMANTLING

Remove the nuts securing the cover assembly to the
pump body and withdraw the cover.

LEFT PLUMP BODY

OFERATING LEVER

AN

RETURMN SPRING 5 -

;—rmcnuﬁ SCREW
/g;\pmnwa LEVER SPRING

STOR PLATE
%—Palnmn LEVER

SPIMDILE

e RETLRN SFRING

Cover assembly

Unscrew the delivery valve body from the wp of the
cover and collect the ball valve. The valve seat should
only be removed if a new seat is to be firted,

Unscrew the suction valve body and remove the valve
disc and spring.

Body assembly

Remove the priming and operating lever assemblies
and withdraw the piston and diaphragms, taking care not
to damage the diaphragms as they are withdrawn from
the studs. Withdraw the scavenge pump (if fitted).

Scavenge pump

Unscrew the pipe union from the top of the pump
body and extract the delivery valve spring and ball valve.
Remove the suction ball valve locking screw and extract
the ball from the delivery valve drilling.

Remove the plug from the bottom of the body and
extract the suction plunger, plunger return spring and

spring seaung disc.
DELIVERY KAL f_.,_h_“
DIAPHRAGM 5
2

PIETOMN

SLICTION WALWE

Fig. 18. Exploded view of lift pump (without scavenge pump)
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Fig. 19. Exploded view of lift pump (with scavenge pump)
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ETOP PLATE

INSPECTION

Visually inspect the diaphragms for any break or punc-
ture., A report of excessive spill from the injection
pump drain indicates a puncture of the diaphragms.

Check the delivery ball valve and the suction disc valve
for pitting. Examine the seatings for indentations and
renew any faulty parts. DELIVERY VALVE AND SPRIN

Check the scavenge pump suction pipe bore for ob-

struction.  If necessary, remew the rubber extension
tube and clean out the bore of the adaprer,

Due to a high delivery pressure the * Tufnel " pad on o
the operating lever has been found ro wear badly and a
new lever with a steel pad has been introduced. If the
pump has not already been modified in this respect, the
new lever should be fitted.

INLET YALYE KEEPER

ASSEMBLING

Refit all parts in the order illustrated, with special
attention to cleanliness.  If the assembly incorporates a
scavenge pump, ensure that the small disc filter is in
position in the flange face of the body and fit a new joint
washer between the mating faces. m

When assembled, check the operation of the piston
with the priming lever. Fig. 20. Scaven

-" ?b}

L€
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1

DELIVERY '\!'FL_L'U'E

&

(& INLET VALVE
-
uﬂ
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Il
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\q\l\ PLUMNGER
ge pump details
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DETAILS TO BE
WELDED TO PLATE

ALL DIMEMSIOMNS ARE IM INCHES

Fig. 2l. Injector holding plate

FUEL INJECTORS

The fuel injector consists of a nozzle of the * closed *
type and a nozzle holder,

The nozzle has two parts, the nozzle valve and nozzle
body which are paired to form a replaceable unit. The
valve is accurately lapped intp the uppes bore of the body
to the closest fit within which it will work freely. The
lower end of the valve is reduced in diameter 1o form the
valve face,

The nozzle holder incorporates a spring loaded spindle
to hold the valve on its seat and a compression screw for
adjustment of the spring loading, The lower end face
of the holder forms a face-to-face joint with the nozzle
body.

an

LOCK WUT

; Q WALVE SPINDLE
GQ\ ADUSTING SCREW

EMD CAP NUT

REMOVAL

Before removing an injector, the area of the cylinder
head in the vicinity of the injector sleeve must be cleaned
very carefully with a brush dipped in paraffin.

Disconnect the fuel delivery pipe and the spill pipe
at their connections on the injector and remove the two
flange nuts; the injector can then be withdrawn from
the cylinder head. Dwue to carbon build up it may be
necessary to prise the injector out and in such cases a
small lever should be used under the injector flange, at
the same time tapping the flange with a hide maller.

Immediately after removing an injector fit dust caps
to the inlet and spill connections and the nozzle tip,

DISMANTLING

Support the injector in a holding plate with the nozzle
pointing downwards. A suitable holding plate is shown
in fig. 21.

Unscrew the end cap nut, the adjusting screw locknut
and the adjusting screw, then remove the spring and
nozzle valve spindle.

Reverse the nozzle holder, unscrew the nozzle cap nut
and extract the nozzle.

INSPECTION AND| CLEANING
All tools quoted in the following instructons refer to
the C.A.V. cleaning outfit Part No. ET.141,

Examine the nozzle for carbon deposit and check that
the valve is free in the bore of the nozzle. Immerse the
unit in petrol and allow it to soak to assist cleaning, The
nozzle valve must always be mated to its original nozzle

NOZITLE HOLDER

NOITLE VALVE

NOZZLE CAR WUT

Fig- 1. Exploded view of injector

&
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Fig- 23. Secgion through fuel noxzle

and for this reason it is recommended that injectors
should be dismantled one at a ume.

Examine the nozzle valve face for scratches and dis-
coloration, [If the valve face is ' blued * due w over-
heating, both nozzle body and valve must be rejected and
a new nozzle fitted.

Clean the nozzle body with the brass wire brush Part
No. ET.068 and free all residoe from the il channel
and oilways.

Serape all carbon from the valve seating with the soft
brass scraper Part WNo. ET.070 and, using the body
groove scraper Part No. ET.071, remove any carbon
from the gallery shown in fig. 23.

Prick out the spray holes with a wire needle held in
the probing tool part No, ET.120, making sure that the
end of the needle which has been ground o a * D ' shape
is used,

Examine the pressure surfaces shown in fig. 23.  They
must be without scratches or dull parches and absolutely
clean, as they form a high pressure joint between the
holder and the nozzle.

Assemble the nozzle body into the flushing tool Part
No. ET.137 and attach it to the nozzle serting rig Part
No. ET.122 PA. Flush through in the reverse way to
normal flow, with the jeing fade of the nozzle body facing
downwards 1 avoid dirt or carbon being pocketed in the
body recesses.

ET.048

ET.072

ET.070

Fig. 24. C.A.¥. cleaning outfit ET.14]
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Brush the valve face and stem of the nozzle valve with
the brass wire brush as shown in fig. 26, wash in clean
paraffin and insert the valve in the body immediately
after fAlushing it through.

Remove the nozzle from the flushing ool
Thoroughly wash all parts of the nozzle holder.

ASSEMBLING

Mount the nozzle on the holder pressure face, ensuring
that the joint faces are clean and the dowels engaged.
Screw on the cap nut and tghten it firmly but not
excessively.

Assemble the nozzle valve spindle, spring and adjust-
ing screw in the nozzle holder, in the order shown in fig.
22, The shim and the spring should be inserted in the
bore of the adjusting screw before fitting the screw, and
a joint washer placed on each side of the lock-nut, Screw
in the adjusting screw to approximately the same position
it occupied before dismantling, but do not ughten the
the lock-nut or the end cap at this stage,

If the injector is not to be tested immediately, fit dust
caps to the fuel inlet and spill connections and the nozzle.

TESTING THE NOZZLE

For testing and setting a small number of injectors the
hand machine Part No. ET.122 PA manufactured by

Cleaning the spray holes

Cleaning the seating

Cleaning the gallery

Fig. 25. Cleaning the nozzle

I8
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C.AV. is sausfactory. [If a large quantity of injectors
is to be dealt with, @ motorised tester such as the
STANDARD NOZZLE TESTER manufactured by
L. Hartridge Lid., is recommended. The following in-
structions refer to the hand machine.

Fit the injector to the testing machine and remove the
end cap.

With the gauge check valve closed, smoothly operate
the hand lever several times 1o expel all air from the
SYsTen.

Back leakage check

Open the pressure gauge check valve and pump up a
pressure of 160 to 165 atmospheres, if necessary adjusting
the tension on the valve spring to prevent the valve open-
ing. Allow the pressure to fall naturally and check the
time taken for the pressure to fall from 150 to 100 atmos-
pheres; this must not be less than six seconds.

A more rapid drop indicates leakage between the
lapped portion of the valve and body and, assuming all
connections are tight, renders the nozzle unfit for use.”

When carrying out this test observe that no leakage
occurs between the holder and the nozzle cap nut.  Leak-
age at this point indicates a faulty joint between the pres-
sure faces of the nozzle holder and the nozzle body and
may be due to dirt between the faces or a loose cap nut.
The cap nut/must not|be overtightened in an effort to
cure the leakage, as overtightening will distort the nozzle.

Pressure setting

Slowly move the hand lever downwards and carefully
watch the pressure gauge for the highest recorded pres-
sure before the needle * flicks,” indicating the opening

of the valve. Set this pressure to 175 atmospheres by
turning the adjusting screw clockwise to increase the
pressure or vice versa to decrease the pressure. When
satisfactory, tighten the locknut, refit the end cap and re-
check the pressure.

Wipe the nozzle tip dry, build up the pressure o 165
atmospheres and hold. it for 10 seconds. Carefully
examine the nozzle for any seepage of fuel from the spray
holes; the tip must be perfectly dry at this pressure.
Close the gauge check valve and operate the hand lever
smartly at about 1} strokes per second for a total of 15
to 20 strokes, then examine the nozzle tip.  The tip must
be perfectly dry and there must be no tendency for blobs
of R:r:l to collect or drip.

Atomization check

With the gauge check valve closed, operate the hand
lever smartly at about 1} strokes per second and observe
that there are four equal sprays fully atomized without
any visible core or jets of unvaporized fucl,

WARNING : DO NOT allow the hand to contact the
spray as the pressure will canse fuel ol to
penatrate the shin,

Jets without spray indicate a sticking nozzle valve or
dirt under the valve seat.

On completion of the test, remave the injector from
the rig/and immediately fit allldust covers.

REFITTING

; Before refitring an injector, examine the copper sleeve
in the cylinder head for carbon deposit and check the
seating at the bottom of the sleeve for signs of * blowing.'

Fig. 26. Cleaning the nozzle valve
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SLEEVE REAMER G

SLEEVE CUTTER Ga.Z23

Fig. 27. Reconditioning injector slecve

A reamer Part No. GA.22 is provided for cleaning up
the small bore of the sleeve and a cutter Part No. GA.23
for refacing the injector seating. The amount of metal
which <an be removed from the scating is limited and
great care should be taken to remove only sufficient to
provide a true seating. The depth of the seatng,
measured from the face of the cylinder head, must not
be more tnan 3:54 in. (90 mm.) after refacing.

If the injector sleeve is being reconditioned without
removing the cylinder head from the engine the reamer
and cutter should be liberally smeared with grease o
prevent any cuttings falling into the cylinder.

Place the injector in the sleeve in the cylinder head
{a joint washer is not required) and tighten the securing
nuts evenly, half-a-turn at a time using the special short
spanner Part No, OE.3311, until the injector is firmly
secured. It is most important to use this spanner as
overtightening of the nuts will cause damage to the
cylinder head. The torque loading of the nuts must not
exceed 85 Ib. fi. (1:175 kg.-m.).

10
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Connect the fuel delivery pipe and the spill pipe o the
injector, with a copper jointing washer ecach side of the
spill pipe banjo.

MECHANICAL GOVERNOR
Type LVW (A) 3M

The principle of this governor is that any speed be-
tween idling and maximum can be pre-set by means of an
operating lever and automatically maintained by a fly-
weight governing device,

The governor maintains any pre-set speed irrespective
of load by regulating the quantity of fuel delivered by
the injecuon pump. Its fundamental characteristic is
the subdividing of the governing device into the actual
governor with flyweights and linkage, and an operating
lever with a equalizing spring as a selective medium for
any desired speed,
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Fig. 28. Schematic arrangement of mechanical governar

CONSTRUCTION

The governer comprises two spring-loaded flyweights
operating on a fixing sleeve which is mounted as an ex-
tension to the imjection pump camshaft. Bell-crank
levers connected to each flyweight and pivoted on the
fixing sleeve, engage with a link pin which is supported
at one end in a guide bush secured to the fixing sleeve.
A crosshead anached to the other end of the link pin is
engaged by one end of a floating lever which pivots just
above the crosshead on a cross-pin; a link connects the
other end of the floating lever with the injection pump
control rod.  “The cross-pin is pivoted between two arms
of a saddle lever the axis of which is a cross-shaft secured
in the base of the governor casing. One arm of the
saddle lever is slotted, and a crankpin on the operating
shaft lever engages in the slot. The operating lever is
spring coupled to the operating shaft on the outside of
the governor casing.

The flyweights arc formed with a centre caviry to house
the governor springs and with two opposed extensions o
accommoedate the actuatng pins of the bell-crank levers.
Two springs assembled concentrically in cach flvweight
cavity, retain the flyweights on a pillar.  The springs are
secured, under pressure, at the outer end of the pillar
by a spring plate and adjusting nut. At the other end,

the outer spring bears on a friction washer at the bottom
of the fAyweight cavity, but the inner spring bears on a
spring plate which butts against a shoulder on the spring
pillar. A locking device secures the adjusting nuts at
each half-turn of the nuts.

DISMANTLING

Governor housing

Remove the four serews and the two nuts securing the
governor housing to the injection pump and detach the
housing. An*inertia " type screwdriver will be required
to slacken the screws.

Governor

Unscrew the spring adjusting nut and withdraw the
outer spring plate, springs and inner spring plate from
cach weight cavity. The small locking spring and locat-
ing washer will be withdrawn with the inner plate.

INSPECTION

Wash all parts in clean paraffin and examine the links,
link pins, crosshead and crosshead bearing for wear.
Check for wear on the faces of the spring plates and

]|
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Fig. 29 Reconditioning stop control

friction washers. Renew all parts that are worn ex-
cessively.,

Examine the governor springs for squareness of the
spring ends and check that the coils are not worn.

If a letter “ A* is not included in the type symbol on
the governor name plare, phosphor bronze bearings are
not firted for the stop control shaft, and the holes in the
casing will most likely be worn.  In these circuomstances,
the casing should be machined ro the dimensions shown
in fig. 29 and bushes OD.3694 fitted. Ream the bushes
in line to 8 mm. diameter and when reassembling the
stop shaft in the casing fit * Gaco ' oil seals OD.3532,
The washers and clips removed at dismantling can be
used again for retaining the seals. Stamp a letter A’
over the existing symbol on the governor name plate to
indicate that the modification has been embedied.

Check for wear in the control lever assembly by rotat-
ing the lever whilst restricting the crankpin on the other
end of the shaft. If lost motion is found to be present,
a new assembly should be firted,

2
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ASSEMBLING

Governor element

Place the friction washer and inner spring plate over
the pillar in one of the flyweight recesses, with the longer
boss outermost, then fit the small abutment washer and
nut tension spring over the smaller diameter of the pillar.
Place the inner and outer governor springs in position,
fit the outer spring plate and screw on the adjusting nur,
Repeat for the other flyweight.

As a temporary setting for the adjusting nuts, screw
them on until the outer faces of the nuts are flush with
the ends of the pillars. The nuts must be in identical
positions on their pillars to give the same spring tension
on cach flyweight.

Governor linkage and housing

Refit the governor housing to the injection pump using
a new joint packing and ensure that the packing is cor-
rectly positioned.  Use an * inertia * type screwdriver for
tightening the screws, and lock the screws by peening the
casing metal into the screwdriver slots.

Replace any clevis pins removed from|the linkage and
fit new split-pins,

Refit the governor clement and the | linkage to the
pump @s detailed under ' Injecuon 'Pump,’

ADJUSTMENT

Governor link assembly

Under normal circumstances the governor link
assembly, connecting the floating lever to the fuel injec-
tion pump control rod, should not be dismantled, but if
a new floating lever or clement is fitted, re-adjustment of
the link will be necessary and should be carried out in the
following manner :—

Detach the screwed rod from the floating leverand the
end link, remove and discard the nut locking plates
and reassemble with new plates,

Adjust the length to 76 mm. between centres, fig. 31,
but do not lock the nuts at this stage,

Fit the governor cover and the control Jever assembly,
Detach the excess fuel device from the other end of the
pump, to expose the end of the control rod.  Set the
control lever by adjustment of the idling stop screw
so that the centre of the pick-up hole in the lever is 93
mm. above the base of the pump. This corresponds
to a control lever position of 18 degrees above the
horizontal.
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Fig. 30 Exploded view of governor

Remove the buffer stop, then press the control rod
into the stop position and measure the travel. This
must be between 2.5 and 10,5 mm, and if necessary
corrected by further adjustment of the control rod
link. Yhen a satisfactory adjustment has been estab-
lished bend the lockwasher tabs over the control link
locknuts and refit the excess fuel device. Refit the
buffer stop ; this is adjusted during cngine test run-
ning.

Flyweight springs

If, after very long use, the speed range of the governor
needs adjustment, this can be done within narrow limits
by the spring tension nuts.  Adjustment of the nuts alter
the maximum speed more than idling speed and for this
reazon a limited adjustment of the maximum speed can
be made without affecting the idling speed.

For access to each spring adjusting nut, remove the
plug from the side of the governor casing and turn the
pump camshaft until the nut is opposite the plug
opening.

Using the C.AV. key wrench ET.065, turn the nuts a
half turn clockwise or anti-clockwise, to increase or de-
crease the speed range.  Only at each half turn does the
nut engage in its locking device.

The total nut adjustment is 3 mm., and on no account
must a nut face be more than 0.5 mm. proud of the end
of the pillar.

2 -'/ — &Ut e

END LINK__J

FLOATING LEVER

Fig. 31 Governor link adjustment
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Fig. 31 Section through governor and injection pump

HYDRAULIC GOVERNOR
C.A.V. Type ‘H’

The principle of this governor is that any speed
between idling and maximum can be pre-set by means of
an operating lever and automatically maintained by a
hydraulic governing device. The governor maintains
any pre-set speed irrespective of load by regulating the
quantity of fuel delivered by the injection pump.

DESCRIPTION

The governor comprises & gear pump driven by a
muff coupling on the rear end of the camshaft and an
hydraulic system embodied in the governor casing.

Fuel oil flows to the gear pump from the fuel gallery
of the injection pump and is delivered ar pressure
through a diffuser to the amplifier chamber, from which
the fuel oil escapes through the orifice in the amplifier
piston. The pressure drop through the orifice will
set up an endwise thrust on the amplifier piston, de—
pending upon the amount of fuel oil flowing, i.¢., upon
the gear pump speed which is half engine speed.

24 o
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The fuel oil after passing through the amplifier
piston is led to the servo piston, where it acis on the
servo piston against the servo piston spring. The
servo piston is coupled 1o the governor lever and the
injection pump control rod, therefore, movement of
the piston will in tirn move the injection pump control
rod towards the “open’ position and so increase the
pump delivery. The maximum pressure generated
at this point is controlled by the high pressure relief
valve, and excess of pressure is released to the inlet
connection of the gear pump.

The thrust on the amplifier piston referred 1o pre-
viously, causes the piston to bear against the stem of the
amplifier valve, tending to open this valve, which is
resisted by the load on the accelerator control valve
spring,

The control valve spring loading is varied by a pawl
which is keyed to the control shaft, and operated by the
speed contrel lever.

Depressing the speed control lever forces the outer
plunger towards the inner plunger, thus compressing
egbontrol valve spring to increase the load on the
eg valve. The amplificr valve will then open ata
edependent upon the setting of the speed control

lever,
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The fuel oil which flows through the amplifier valve
is led o the inside of the servo piston, and acts to assist
the servo piston spring in opposing the °opening
pressure * and brings the servo piston to a state of
balance, depending on the difference between the
‘opening pressure ' and ‘ closing pressure.’

CONTROL ROD

The ‘closing pressure’ is controlled by the low
pressure relief valve which returns excess fuel oil to the
inlet side of the gear pump.

In communication with the * closing pressure " system
is the idling valve, This valve can allow fuel oil to

SERVO FISTON [ ]

AMPLIFIER PISTON

AMPLIFIER VALVE ¥
-
ma
o —

DIFFLUSER E
T
o
o
[T

.--"'"'...l

H.P. RELIEF VALVE

| =]

GEAR PUMP

INCREASE FUEL
B e
DECREASE FUEL
SWING LINK
- NIJ IDLING VALVE
".O_/

INTERMAL IDLIMG 5TOP

ACCELERATOR CONTROL

COMNTROL PAWL

GOVERMOR LEVER

MAX. STOP

L.P. RELIEF VALYE

SPEED COMNTROL
LEVER

FUEL OIL AT GOYERNOR
. DELIVERY PRESSURE

[j FUEL QIL AT “CLOSING""
PRESSURE

Fig. 33 Schematic diagram of hydraulic governor
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escape to the gear pump inlet through slots in the idling
valve body which are opened or closed by a collar on the
valve piston, and gives greater sensitivity under idling
conditions than can be given by the amplificr alone,

Idling

The governor lever is pivoted at its lower end on the
control shaft, and coupled at its upper end to the servo
piston and injection pump control rod. At an inter-
mediate point on the governor lever is fitted an adjusting
;crew, against which the idling valve ourer plunger

Cars.,

The two plungers of the idling valve assembly are
held apart by the outer spring, while the inner spring is
placed between the inner plunger and the governor
housing, holding both plungers towards the governor
lever and the adjusting screw,

A small orifice through the inner plunger allows fuel
oil ar ° closing pressure ” o fill the space berween the
plungers, but restrices the passage of fuel oil in or out
of this space, i.c., a dash pot action is obtained,

For rapid movement of the control rod, governor
lever and outer plunger, such as are vsual under * idling
conditions, the resiriction causes the fuel oil to be
trapped berween the two plungers and so they move as
one solid plunger. This gives the idling valve a high
rrda,?mmmr} rate, such a4 is suitable td rnaum:p.n steady
idling | .

For slow movements and permanent changes of
position, the fuel oil pressures on cither side of the
orifice can equalize themselves, due to the steady flow
of fuel oil through the orifice. In this case, there is no
h;l.rdrau]:c unbalance, the minor plunger will take up a
position which depends not only on the position of the
outer plunger but also the rate of the inner and outer
springs, since their loads must be equalized.

The outer spring has one half the ratc of the inner
spring. Thus a permanent change of position of the
outer plunger will cause the inner plunger to change its
position by one third of the movement of the outer
plunger.

This reduces the cffective permanent rate of the
governor, 50 that for any change of Joad or resistance at
idling, the resultant change of idling r.p.m. is small.

Returning to the flow through the idling valve, it will
be seen that a movement of the control rod and idling
valve plunger towards the open position will allow the
idling valve to move outwards, so that the inner plunger
closes off the slors, This restrices the flow of fuel oil
through the valve, raises the °closing pressure’ and
brings the servo piston and control rod back towards
the closed position. Thus the valve tends to hold the
control rod, and also the engine speed, at a steady posi-
tion depending upen the adjustment.

14
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The actual speed of the engine, from idling o top
speed, is selected by the position of the contral pawl,
a5 determined by the speed control lever.

The governor will adjust the fuel supply to bring the
engine speed to the selected value, subject to the limi-
tation imposed by the maximum power available,

The idling valve adjusting screw, referred 1o as being
carried midway on the governor lever, is used to adjust
the sensigvity of the governor at idling. It is adjusted
at the makers factory 1o an optimum position, and
should not be moved except by a properly trained
person,

Excess fuel device

To start the engine from cold, more fuel will be
required than for normal running, and o allow for this,
provision is made for the control rack to over-ride the
maximum fuel stop setting, Before the engine is
started, a plunger situated in the governor housing is
operated ; this moves the stop block, which normally
aburs the fuel stop screw when the control rack 15 in the
maximum fuel position, and permits extended motion
of the rack, thus allowing rotation of the pump plungers
beyond the pre-set maximum position. On starting
the engine, the control rack moves the srop block carrier
against the maximum fuel stop and trips the stop-block
retéining spring.  When the engine runs ap tomaximum
gpeed, the operatigh of the govemor withtdraws the rack,
and the stap-block retums to i nurmq‘i position.

The fuel supply 1o the engine is then governed by the
setting of the maximum fuel stop.

DISMANTLING

Remove the servo piston, sleeve and sealing ring
and the diffuser amplifier, piston and sleeve from the
g;wemur housing. Use the tool ET.713 for extracting the
sleeves.

Compress the servo spring by means of the spring
plate and remove the circlip, spring plate and spring.

Unscrew the amplifier valve seat and withdraw it
together with the amplifier valve.

Slacken off the clamping screw of the speed control
]%w.:l:l; and remove the lever from the end of the control
Shartt,

Slacken off the clamping screw of the stop pawl and
remove the pawl from the end of the control shaft.

Remove the grub screw from the contrel pawl,

unscrew the four serews and remove the control shaft
bearing brackets,

Withdraw the control shaft, which leaves behind the
distance picces, control pawl apds :
the distance pieces and mn 1ty
or casing.
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Remove the governor lever together with the servo
pisten rod, remove the control plungers and spring,

Remove the outer idling valve plunger and spring,
unscrew the gland nor and, using the tool ET.693,
withdraw the idling valve body complete with inner
idling valve, spring and joint washer,

Unscrew the locking screw and, using the extracting
tool ET.692, extract the control plunger sleeve complete
with sealing rings.

Remove the high and low pressure relief valve as-
semblies from the governor housing. It is not advisable
to dismantle these valves, but if it becomes necessary,
they can be dismantled by unscrewing the plugs. Care,
however, should be exercised when taking out these
plugs, as they take the pressure of the springs.

The relief valve assemblies must be kept in their
respective groups, because, although alike in some points
they arc definitely not interchangeable., Any shims
found in these valves must be kept exactly as found for
re-assembly.

REAR COVER

MANIMLIM FUEL STOPR
i
02 =

SERVD PSTON ROD

CONTROL PLUNGERS
COUPLING DOG

GEAR PUMP

TUBULAR DOWEL

SAMDWICH PLATE

&MPLIFIER VALVE SEAT

Should it be necessary to remove the servo piston
spring seat, use the wol ET.707.

Should it be necessary to remove the governor
sandwich plate from the pump, first insert the tappet
holders ET.648 and 649 under the pump tappets,
then release the camshaft nut, and with the extracting
ol ET.695, withdraw the driving dog.

Unscrew the sight nuts securing the sandwich plate,
and with 2 rawhide mallet, tap the sandwich plate
carefully away from the pump beody.

ASSEMBLING THE GOVERNOR

Assemble the sandwich plate to the pump body,
taking care that the gasket is in good condition, and
secure in position with the washers and nuts,

Fit the driving dog and tighten the nut securely.

Connect the contrel link to the injection pump control
rod by means of the screw and fir the retaining collar
and split-pin.

SERVO SPRING

'SE#L!NG RIMNG
SERVO F!STDN SLEEVE
SERVO PISTOMN

Om:r

A FL!FIEH. PISTOMN
SEALIMNG RING

DIFFLISER

135%

Fig. 34 Exploded view of hydraulic governor
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Fig. 35 Governor control details

Fit the control valve sleeve ensuring that three new
scaling rings are fitted correctly in the grooves in the
governor housing, care being taken that the transverse
hole is in line with the locking screw hole in the housing,
Screw in the locking screw and tighten.

Insert the inner idling valve and spring into the valve
body and fit the assembly in the governor housing.
Insert the sealing ring and washer, and screw home the
gland nut securely. Check the idling valve for freedom
after tightening the gland nut,

Insert the amplifier valve into its sear and screw the
assembly into the governor housing.

Fit the servo piston rod with the governor lever
attached. Insert the servo spring into the servo sleeve
from the epposite end and fit the spring plate in the
end of the spring. Compress the spring and fic the
circlip ensuring that it is home in the groove of the servo
piston rod.

Fit the control plungers with the spring interposed
berween the plungers, and fit the outer idling valve
plunger and spring,

Assemble a new sealing ring on the serve piston
sleeve and fit the sleeve inro the governor housing,

Insert the servo piston.

Insert the amplifier piston sleeve into the governor
housing, and fit the amplifier piston and the diffuser,

18
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Locate the governor housing on' the suds of the
sandwich plate, after ensuring thar the gasket is in good
condition and correctly positioned.

Tighten the nuts securing the governor housing to the
sandwich plate, carefully and evenly.

With a small screwdriver, screw the control rod
spindle through the connecting link and when sufficient
thread protrudes, replace the locking tab and nut.

Fit the control shaft bearings to the governor
housing. Fit the control shaft with the distance picces,
governor lever and control pawl, see fig. 35. Centralize
the shaft, and positdon the control pawl on the shaft
splines and lock with the grub screw. Fit new oil seals
to the control shaft bearings and fit the stop paw! and
control lever to the shaft.

Engage the gear pump coupling dog in position on the
camshaft, assemble the spring into the driving spindle
of the gear pump, then place the tubular dowels on the
studs and fit the gear pump to the governor with a gasket
between the joint faces, at the same time turning the
pump camshaft until the coupling dog registers with the
gear pump spindle,

Replace the acorn nuts and tighten down evenly,

Testing and adjustment of the governor should be
carried out before fitting the rear cover.
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TESTING THE HYDRAULIC GOVERNOR

The injection pump must be calibrated and phased
before these tests can be carried out.

Test equipment

For testing the governor, the fuel pump rig should be
equipped with pressure gauges for serting the high and
low pressure relief valves. These gauges should be
situated between 18 and 24 inches (45.72 and 60.96cm.)
above their connections on the governor; any appre-
ciable alteration in this height will affect the pressures
obtained in the governor for given gauge readings. The
pressure gauges should be connected to the governor by
flexible pipes of synthetic rubber, 3 feet long with } inch
gas connections and adapters ET.704.

Restrictor valves should be fitted to the pressure
gauges to prevent violent gauge fluctuations.

A governor test schedule giving the settings for the
governor of each engine Series, will be found immed-
iately after page 30 of this Scction.

Testing

Mount the pump and governor assembly on the
Hartridge test machine firted with standard calibrating
injectors and a pressure filter. Connect the pump
delivery pipes to the standard test injecrors, and con-
nect the suction pipes to the diaphragm feed pump to
draw test oil,

Remove the rear cover from the governor and remove
the guard plates from the external fuel and speed stops.

Remove the vent valves from the top of the governor
casing and fit the adapters ET.704 in their places.

REAR COVER

GEAR HOUSIMG

DRIVING GEAR

Connect a zero to 80 lb. per sq. in. pressure gauge to
the vent valve adapter nearest the pump and a zero to
30 lb. per sg. in. gauge to the vent valve adapter fur-
thest from the pump.

Turn on the test oil and vent the pump gallery, also
thoroughly vent the governor by running the machine
at 100 r.p.m. with the vent valves open and by operating
the control lever sharply several rimes. Close the vent
valves and stop the machine,

Remove the internal and external speed stop screws
and screw back the idling speed stop. Fully unscrew
the idling valve adjusting screw.

Relief valve setting

Run the machine at 100 r.p.m. with the external
control lever at the full rack position. All the gear
pump delivery is now passing through the H.P, relicf
valve,

Observe the pressure on the high pressure gauge and,
if necessary, stop the rig and adjust to the required
pressure, given in column 6 of the governor test schedule,
by altering the shims in the counterbore of the valve
cap. Finally check that the valve has a minimum lift of
1 mm. (0.039 in.)

Run the machine at 100 r.p.m. with the governor
contro) lever in the Jowest speed position and close the
idling \circuis by usng the 1wobl ET.696 to pull open
fully the povernpr lever, All the gear pump delivery
is now passing through the L.P. relief valve.

Observe the pressure on the low pressure gauge and,
if necessary, stop the rig and adjust to the required
pressure given in column 6 of test schedule, by altering

DRIVEN GEAR

PUMP BODY

1361

Fig. 36 Exploded view of governor gear pump
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the shims in the counterbore of the valve cap. Finally
check that the valve has a8 minimum lift of lmm.
(0.039 in.).

Remove the H.P. gauge and replace the vent valve.

Governor link adjustment

Run the machine at 1,000 rpp.m. with the control
lever in the lowest speed positon and check thar the
internal governor lever goes to the fully closed position.
Adjust the control rod link screw to give a trace of fuel
delivery from the injectors, then give the screw 1 1o 1}
turns to cut off the fuel delivery, and tghten the locknut.

Idling setting

Run the pump at the correct speed for 1dling setting,
see column 7 of test schedule,with both the idling and
idling valve stop screws in the fully unscrewed position.

Secrew in the idling stop until the pump commences
to inject fuel, then screw in the idling valve stop screw
and bring the servo closing pressure on the 0 to 30 Ib.
per 5q. in, gauge to the correct setting.

Adjust the idling stop to give the correct idling
delivery, see column 9 in testschedule, this will probably
alter the servo closing pressure and further adjustment
of the idling valve stop screw will be necessary.

By simultaneous adjustment of both stops, the correct
pressure and idling fuelling can be obtained. The
threads on the idling stop screw should now be just
showing through the bracker. Check that the idling
pawl is on the correct serration,

Remove the L.P. gauge and replace the vent.

Maximum speed setting

Run the machine at the r.p.m. given in the relevant
pump test schedule, with the control lever in the maxi-
mum speed position, Set the internal maximum
speed stop so that the governor is just commencing to
cut off fuel, and lock the stop. With the control lever
still in the maximum speed position, sct the external
maxirmum speed stop just in contact with the stop pawl
and lock this stop.

With the control lever in the maximum speed position,
raise and lower the machine speed slowly berween 800
r.p.m, and 1,100 r.p.m. Check that the fuel cur-off
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commences at the 2nd r.p.m. given under Maximum
Speed Setting in the relevant pump schedule and is
completely cur-off at the 3rd speed given.

Run the machine at 500 r.p.m. and set the control
lever so that the pump is delivering 6 cc. of fuel. The
governor is mow set in the ‘load governing® range.
Raise the machine speed slowly and check thar fuel
delivery ceases at 750 r.p.m. This is done to check the
point of change-over from * load governing ' to © speed
governing.'

Run the machine at 180 r.p.m. with the control lever
in the idling position. Raise the speed slowly and
check that, once the pump delivery has been cut-off,
it does not recommence at any point up to 1,200 r.p.m.

Run the machine at various speeds between idling
and maximum specd r.p.m. and check at each speed
that the pump rack responds smoothly to steady move-
ment of the control lever. Stop the machine.

Fit the governor cover and gasket in place on the
governor housing,

Run the machine at 50 r.p.m.

Depress the excess fuel device button, and move the
control lever quickly to the maximum speed position.
Check thar the control rod reaches the excess fuel
position and trips off the excess fael device within 3
turns of the camshaft. | Check!that the excess travel of
the control rod is not dess than 3,35 mm.

Adjust the emergency stopping lever on the governor
casing and check that:—

(z) The control lever will not move off its stop
when the pump control rod is pushed on to the
normal maximum fuel stop,

(b) The control lever will move slightly off its idling
stop when the pump control rod is pushed to
the excess fuel position.

(e} It is possible to push the pump control rod into
contact with its stop plate by pulling back the
control lever and compressing the idling stop
plunger.

Ensure that all covers, nuts and bolts are tight and
secure,
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T.5.D., 803 SEC.ITA

MASTER TEST SCHEDULES

It is not practicable to include in this manual a
separate test schedule for every type of C.AV.
fuel injection pump, governor and lift pump
assembly fitted to the numerous engines which
constitute the Rolls-Royce range, since the com-
ponents in each assembly vary in both design and
application to such an extent that a large number
of combinations exists, and since the fuel delivery
settings of ptherwise similar pumps vary to suit
specific engine power ratings.

For this reason seveén master test schedules only
are given, covering the following groups of
applications:

1. Pumps with mechanical all-speed governors
fitted to vehicle and earth-moving equipment
engines.

2. Pumps with mechanical all-speed governors
with torque control fitted to vehicle and
earth-moving equipment engines.

3. Pumps with mechanical two-speed governors
with rigid drive fitted to vehicle and earth-
moving equipment éngines.

4. Pumps with hydraulic all-speed governors
fitted to vehicle and earth-moving equip-
ment engines,

5. Pumps with hydraulic two-speed governors
fitted to vehicle engines.

6. Pumps with mechanical all-speed governors
fitted to electric generating set engines.

7. Pumps with hydraulic all-speed povernors
fitted to marine engines.

All C.AV. fuel injection pumps fitted to engines
built since September, 1957, carry a Rolls-Royce
data plate. To use the appropriate master test
schedule, refer to this data plate for the normal
fuel delivery and the maximum and idling speed
settings for the pump wnder test.

Befare a master test schedule can be used for
testing a pump which was supplied prior to
September, 1957, it will first be necessary to ohtain
the fuelling and governed speed settings from the
Service Department of Rolls-Royce Limited, Oil
Engine Division.

The ‘Rig Figure’ which will be obtained during
the maximum speed setting will normally be in
excess of the ‘Normal Delivery' figure, except in
the case of pumps fitted to engines with maximum
governed speeds below 1,200 r.p.m.. when the "Rig
Figure’ will be less than the "Normal Delivery”.

The Rolls-Royce part number for the complete
pump assembly, as given on the Rolls-Royee data
plate, or the part numbers given on the individual
plates attached to the injection pump body,
governor casing and lift pump on assemblies not
fitted with a Rolls-Royce data plate, together with
the number of the engine from which the pump
was removed (if known), must always be quoted
in all communications addressed to Rolls-Royce
Limited concerning fuel pump settings and
adjustments.
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MASTER TEST SCHEDULE Na. 1

IHJECTION PUMF: C.A. V., WITH MECHANICAL ALL - SFEED QOVERNOR

ENGINE APPLICATION:

VEHICLE AND EARTH-MOVING EQUIFMENT

Average fock delivery

Puznp r.p.m.

cr. per 100 strokes

Control lever
Tolerapse aeizing

CALIBAATION CHECK

PUMPS WITH 10 MM, THA. ELEMENTS

Set fuel pumip to 10 mm.
L]

s
a0

Zet fuel pamyp 10 T mm. ¢
200

10. 810118
11.2t012. 4

1.7t 133

2.5 3%

PUMPS WITH 0 M. DA, ELEMENTS

Sot funt puenp 1o 13 mm.
300

(e]

e

13080 14.4

130w 151

B4 3 e 15,7

coniral rod opening and calibrate to the following tolerances

Maximam

M ximam

Manamiam

ontrel rod epening and calibrate to the following tolerancea:

Mazimum

control rod opening and calibrate 1o the following tolerances:

Maximum

Ma xbmirmn

Ma ximum

St fuel pump io T mm. cortral rod opening ond ealibeate to thi following tolwrances:

m

FUEL EETTING
[x]
Max. gov. speed

MAXIMUM SPEED SETTING

Max. gov. sped + 20
Max. guv. speed « 40
Maox. gov. speed + 10F5

IDLING SETTIKG
180
a3k

EXCESE FUEL CHECK
100

1o

Max. no load speed
wo

INTERMAL FOUL CHECK
1, 400

STOP CONTROL CHECK
100

Liww21

|
Hiprenal !dﬂll-\'l' Ty
Btig Ngure

Full delivery
Fuel delivery reduced
i

3.6 4.0
wil

Rig Bpere

ia, elem. |

mim.
il
Kormal delivery

Kil

Mil

i re at 100 r.pom, = Bee. (9
s S ey J

Rig l.!a'upu at 100 rop.m. =8Hee.

=G I e
+0.16 ee.

20,50 ce,

{1 Muiximum

Maxlium
Z .10 . Max

Maximam spread between any two elements not to
excoed 0,6 ce, par 100 slrokes.

Maximam spread between any two elements nol o
exceed 0, 6 ce, per 100 glrokes

Maximam spread between any two elements not o
excend 0.7 eo. par 100 miroken

Maximum spread between any (w0 elements not to
eupeed LB ep, pee 100 stenking

Maximum spread bobween any teo elemests sal o
exceed 0.8 co. per 100 sirokes

Maximum spread between any teo elemonts st to
exceed 0.7 e, per 100 s rokes

Maximum spread beltwesn any teo elemests mot to
exceed 0.8 e per 10 st rokes

Maximum spread between any two elements pot o
excedd 0.6 g per 10 & rokes

||
Bed muiximum luut sHop

01 mazimum apsed sTop
Governar commencing to cuf fuel
Compiste el cut-off

Set dling stop
Complety fugl eut-all

After pressing excess fuel planger

T disengage excess fwnl dovicn
o i check

Maximum

Hun wp to tkis speed and check tkat no intereal fool
GCTUTE,

Check that stop controd will eompletely oot fuel

Erarsiial

| featares of tesl rig

Hariridpe BDN 125 D12 nazzles in BK. B50 noczle holders set ot 175 atmospheres.
High pressure pipes must be § mm. ooiside dameter ond have a bore of 3 nem.
system o inearporste 160 pamp of usit o l,u:i!cnuﬂunud through a [iltor to the injestion pt.u“E;’

Fuel
with the reliel valve set to give 13 to 15 p. 5.1, om

i Filtnr oot to axceed 2 pop-ie

inlet side of the filler. Pressure drop ac

KRS

Section I7A4






T.5.0. ED3 SEC.1T7A

MASTER TEST SCHEDULE WO, 2

THJECTION PUMP: C.A.Y. WITH MECHANICAL ALL-EPEEDR GOVERNOR

WITH TORQUE CONTROL

ENGINE APPLICATION: VEHICLE AND EARTH-MOVING EQUIPMENT

Averuge foel delivery Contral lever

Pump r.p.m.

pelling

e, pur 100 strokes Tolerance

Remarks

CALIGHATION CHECK

FUMPS WITH 10 MM, HA, ELEMENTS

Sel fael pump te 10 mo. |ceatral sod opesiag and calibrate o the following tolemnces:

30 105 0 119 Maxtmum
o 1.3 to 12.4 Maximum
e 11.9 60 13.3 Maximam

S fael pump to T mm. comtrol rod opening and calibrate to the following olorances:

200 2. 5t02.7

PUMPE WITH & MM. A [ELEMENTS

Muximum

Sot fenl pump to 13 mm. |control rod opeming and calibrate to the lﬁllnrnna' tolerances:

200 13.0 60 14.4 Maxintum
L 13.0 e 15,1 Maximum
@00 143w 187 Maxzmum

Set fuol pump o T mm. control

upﬂuiw and calibrate to the hllrn-m: Il ErancEE

Immm L atop

Maximun gresd belween i.l'l:r '-"‘H'l wlomants nok 10
excend 0, & ce. per 100 at

Maximum spresd belween any twa olements nol 0
sxcond 0. 8 ce. per 100 atrokes

Maximum spresd bmiseen any two elemenls nol @
exreed 0.7 ce. per 100 strokes

Maximum spresd belween any two slements not bo
axcosd 0.8 ce. per 100 strooes

Moximum spread belwesn amy two elemants ol i
uxceed 0.8 oo, per 100 stroces
Maximum spread belwesn amy w0 elemonts nol 8
excend 0.7 ce. per 100 strakes
Maxtmum sprond Brteeen any 190 elemenis pol o
excedd 0.8 cp. pﬂ 100 stpokes

Ha.x H TEn any W0 elomests Rot 0
u;u- r 1 Fpokes

Adjant this Tuel defivery by meana of ailjustmant on
o rpne Uming lever

Sel maximum speed slop
Governor commencing (o cul foel
Complete fuel cat-all

Set bdling stop
Complate fuel cat-ofl

m |tz 1 § Masimum,
I |I. I i \
(e cll | | Q)

FUEL SETTING R | . | /
Max, gov, speed drhur_r ’ 2845 e, | Mammum

600 m:nrml delivery for max- inrgzo = 0.1 e Maximum
MAXIMUM SPEED SETTIRG
Mux, gove spesd « 20 Fall delivery Maximum
Max. pgov, spesd « 40 Fosl delivery reduced Maximusm
M, gov. spesd = 109 Mil Maximum
IDLING SETTING

1ED A fio 4.0 MEalmums

3 Hil Mink
EXCESS FUEL CHECK

100 Toubees Maximum

] at 100 pop.m. + Oce. (0
100 « ehem. Maximum
| Rig ﬂshqt 100 r.p.m. + 8 ce. (10
. ol ﬂﬂlu

Max. no lod speed Nil Maximam

[511] Kormal delivery for max. lopque 0.1 ec. Maximam
INTERNAL FOUL CHECEK

1, 400 Hil Maximum
STOF CONTROL CHECK

100 Kil Maximum

Ader presaing excess foel plunger

To disengage excess fuel device
Disengagement check

Huan ujh 10 s spesd ond ebeck that mo internal
Toul tecurs.

Check that stop control will completely cug fusl

Essential features of besf rig
Hartridge BON 125 D12 nuzzles in Bk. B50 nezzle holders st ot 176 atmospheren.
Hligh prossace pipes meust be 6 mm. outside diameter and Bave a o of 2 Em.

Fuel system to incorporate |HY pump of unit on to
wl.{hl.bd relief valve et Lo give 1310 15 p. a1 oa

the filter mot to excesd 2 p.s. 0.

conmected through o filter to the isjection pump,
inlet mide of the {ilter. Pressure drop acmoss

31
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MASTER TEST SCHEDULE XO. ¥
THIECTION PUMP: €. A, V. WITH MECHANICAL TWO-SPEED GOVERNOR
EXGINE AFPLICATION: YEHICLE AND EARTH MOVING EQUIFMENT

Average fuel delivery

Pump r.p. m- ce. pur 100 &t

Controd lever
atting

SEC.1TA

T.5.D. 803

CALIBRATION CHECK
PUMPS WITH 10 MM, DIA, ELEMENTS

Sat fuel pamp 15 10 mm. contral rod opening and calthrate to the following tolemnces:

a 10.51a 10,9
800 11,2310 12.4
200 1071 13,3

Maximem
Maxtmem

Mamimes

Set fuel pump to T mm. cosiral rod openlng and calibrate o the following tolerancen:

200 L5 kT

PUMPE WITH 8 MM. DIA. ELEMENTS

Bet foel pump 1o 13 mm. comrol rod cpening and calibrate to e

0% 1301 844
Lo 13.0 o 05,1
nog 14.3 o 36,7

Sed foel pump 10 T mm. cmml'm:hmmmmmmmwm

i A Mamimim H.ﬂmu be1$n nny two elementa nok tn
200 1.2 2 '?'.:m e 3
FUEL SETTIHG |
L] Niormal delivery « 3cc. Maximun Sel oncomtmal Lever slop
fres] Hormal delivary = Mams i Set on mack stop
Max. gov, speed Rig Dgaze t Maximum
MAXIMUM SPEED SETTIRG
3 . mpeed Li Mbaxiisriin Check that governor does not cul fenl belore thls
e o PN speel.  Adbust on governor aprings if necesm ry
Max, gov. speed + 40 Pl delivery retuced Blaximum Gavernor cammaneing to cut fuel
Max. gov. speed + 109 i Maxinum Eomplete (=el cut-off
IDLING SETTING
180 1.8t 4.0 Minimum Set sling sbop
x50 Nl Minimum Complote Tl cut-alf
EXCESS FUEL CHECK
100 Rig figure Mlaximusn
Rig fig. ut 100 r.p.m. + 6 ce. (8
. dia. elem, ) 2 e
Rig fig. ut 100 rop.m. « 8 ce. (10 Mammum Far pressing sooosd Plargir
:& celem, |
Max, mo load spoed il Maximum To dineegapgn excess fuel device
M Naorpal delivery Maximum Dissngagemont check
INTERKAL FOUL CHECE
1, 40 Ril Maximum Rum up to this speed and check thil oo (520 rnal
e Tonil cecurs
STOP CONTROL CHECK
1006 il Waximam Charcic ihat wop control will completely cut heel

Maximum spread betwesn any two eloments nod (0
exceed 0, 6 oo, por 100 stroies

Maximun gprond bobwesn any two elements ot to
exceed 0, 6 oo, per 100 siroken.

Maximum spread between any teo elesnesls pol o
exceed 0. T co. por 1080 strokes

Maximum spredad betwesn any bwo elements sol to uxtadd
exreed 0. aen. por 100 sirokes

Maxtmuns Ly ] two elementn not to
waceed 0. ﬁm: 1o lr::r-@I

Maximum mm‘ﬂﬂmmwmlm“
mﬂﬂﬂ"!n:. per 100 sirckes

um spread between any two elements ot Lo
.m.-ﬂlll B ge. per 100 grokos

Ensertisl featusen of tesl rig

Hartridge BOX 125 D12 nozzles in BE. B30 sozzle bnlders sot at 175 atmospheres.
Migh pressuss plpes must be § mm, oulside diameter and have 3 bore of 3 mm.

Fuel e 1 incomporate 1L pemp of unit on lest, connected thmogh a filter to the injection puma,
wilh ‘E‘Fﬂh‘ valve set 1o give 1386 15 p.a. b on the islet side of the filler.  Pressure drop across

the filies nol o excesd 2 9. 8- 0.

a5
Section 174






803 SEC 17A

T.5.D.

MASTER TEST SCHEDULE Ko.4
IRJECTION PUMP: C.A. V. WITH HYDRAULIC ALL-SPEED GOVERNOE.
ENGINE AFPLICATION: VEMICLE ARD EAHTH-MOVING EQUIPMENXT

Pump ropam.

Avernge fuel Selivery

e, por 100 strokes

Comtrol lever
s tiing

Remarsis

CALIBRATION CHECK
PUMPS WITH 10 MM.
Set foel pump to 10 mm.
300

ELEMENTS

eantenl fod opeaing and calibrate to the following tole Farees:

¥0.5 ke ILD
2 12.4

LR REE

Masximuns
Mlawimam

Mammum

Set fuel pump to T mm. control rod opening and ealibeais 1o the following tolerances

PUMPS WITH ¢ MM. THA.
Bet fuel pump to 13 mm.
300

(eili]
B0

Sol fuml P!fhp M ¥ mm. cond .mdemm n:nd calitrrate to uur r\ﬂil.qlll.“_ bnle s

.58 2.7

ELEMENTS

Maxtmm

cantrid rod apening and callbrate fo the following tolermmces:

10,0 to 144
1.9 16.1

14.3 to 15,7

0 / 14140 =+! ( l
mr..nﬂ!m { | el S by |
i) Marmnd dolivery
Max gov. apeed - 30 Rig Hgure
MAXTMLM EPEED SETTING
Max. pov, spesd Full delivery
Max. gov. spesd+ 20 Fusl delivery reduced
Max. gov. #peed « 150 No delivery
IOLING SEETTING
180 3. 8to 4.0
330 Kil
EXCESS FUEL CHECE
1090 g Fgure
Teig fig. at 100 ropom. = Bce. (W
100 e dia.alem,

Max. no load speed
L

ETOP CONTROL CHECK
10

Alg, at 100 r. . = §oee, (18
:lrg. dl.u:alm.r!pm e

Nil
Koreal dellvery

!
|
018 eo

018 ec.

1% ec

Maximue

Maxinsum

Baxtmum

Maximum sprosd beisven any fwo clements nof to
exceed 0. 6 co. pes 100 ﬂnnrgu

apredd betweeh any Bwo elements nof th
i, l- e, por 100 strokes

Maximuam spredil hetwesrn &ny Ewa olements nof to
oxceed O, 'I oo, per 100 strokes

Maximum
excend

Maximem spread mna.m I;n' elements oot to
excewd 0, & oo, per 100 strmke

Maximum spread bebwess any iwo glaments ool 1o
exceed 0.8 co. por 100 strokes

Maxinzuen spread betwesn any tes elemests sal io
exceed 0. 1:1:. per 100 strokes

Maxtmum spread betwesn aay twe elenests ol (o
exceed 0.8 oc. |mh.' 100 sirokes

nT-u;c . %T"Tﬁ ““F L ey e lement ot b9

Bet internal max. speed flup just contacting slop face
Cove rnar consneecing to e fuel

ot pxlermal max. speed siop fo commence oulting
foiel 30 p, rop.m. onrlier

After prossing excess fuel plunger

Ta digengage orcess fuel device

H.u:lm:llm; S mnaimum fus] siog
Meaxcimum

Maximam

Mamimen

Mammum Complete fuel cut-afl,
Mfimimum et tdling stop
Minimumn Complety fuel eet-all
Maxtmum

Mlaxtmum

Mlnwimiam

Bl i p 4
KLaximim

Chock thai gtop controd will completely et foel

Essential teatares of test rig
Hartridge BDN 128 M2 pozzles in BE. D50 pozzly holders sel ad 175 atmospheros
High pressure pipes must be § mm. outside diameter and have o bore of 2 o,

Fuanl aysiem to Incorparate 10 pumsp of sall on st
wilhl}nmlh!\uln:tln‘lwillniﬁp w1, on

ke filter not {0 exewed T p.w. i

En

the

eted hroagh a (ilier 10 the injection
indet gide of the Tlter.

Prossure drop acroes

i
Seerion 174






SEC. [TA

T.5.D. R0D3

MASTER TEST BCHEDULE MO, 5
IRJECTION PUMP: C.A. V. WITH HYDRAULIC TWO-EFEED GOVERNOR
EXGINE APPLICATION: VEHMICLE

Average leel delivery

Comniral lever

Pump r.p.m. Remarkn
P Fep cc. per 100 strokes Taolerance weitlng
CALIBRATION CHECK
PUMPS WITH 10 MM. DIA. ELEMENTS
Bet fuel pump to 10 mm. control rod opening and calibrate to the todlowing tolerances
Ao 10.3te 11.9 Maximisn Maximum sproad balweoen any Two elements nod o
exceed {. € co. per 1M mlirokes
B4 11.3 to 12.4 Maximuem Maxireum spread betweon any Ten elemosts pat (o
exceed 0. 6 ce. per 100 sirokes
pli] 11,710 13.3 Maximum Moxtmum spread belwenn any two elements pot o
exceed 0.7 oo, per 10 srikes
Sel foel pump 07 mm, contral nod opening aed calihrate o the following inlemances:
FaLt] .53 Maximurs Maximum spread beiweon any two elemonts pol 1o
exceed 0,8 cc. per 100 = rokes
PUMPS WITH § MM. DIA, ELEMENTS

Set fuel pump to 13 mm;

Bl
0

]

Set fuel pimip to T mifts
200

FUEL SETTIRG
)
Max. gov. speed

MAXIMUM SPEED SETTIN
Max, gov. speed

Max. gov. spoed + 20
Maz. gov. speod « B50

IDLING SETTING
182
ax

EXCESS FUEL CHECK
102

e

Max. no koad mpeed « 50
00

STOT CONTROL CHECK
100

coplre]l rod cpening andd caliimate o the
12,010 14.4

14. 31 15.7

control
LEwmia i
| |

Kormal delivery
Hig fgure

G

Fuill dallvery

Fuel delivery reduced
Ril

6w 4.0
Hil

Rig fig. a1 100 r.p.m. & Bcc. (B
man. dia. elem.)

Rig fig. a8 190 r.p.m. « 8 e, (10
. dia. elem. )

kil
Kormal dalivery

Kl

*0.5ex.

Tallewing (olerancos

Mnxmum

Madmam

Maximam

wlm..cl.mrﬂlhm to e I!u!lwhu:wra a1
Maxpmem |

Maximum
Maximim

Maximum
Maximum
Maximum

Minbmums
Mimlamam

Maximum

Mazximum

Maximun

q)l\ﬂlﬂbt‘l‘mnlﬂrlﬂ'ﬂl.‘lﬂ'm.ﬂ.ﬂllmtln
exceed 0.0 co. per 100 stroke

Maximum spread between II'!]' two elemenis not to
exceed 0. 'i e, par 100 stroke

Maximum spread between any two elemenis not to
axcosd 0.9 £2, p{-[ 100 gtreies

lh.l:t:ium 1) wEen two plements not B
wxciid 0B -Hef 1]+1] ﬂrmi
|

St max. [uel sbop ai rear of governor

Set intormal max. speed sop just conlacting stop face
Qovorsar tammanelsg to cut fuel

Complete fuel out-aff
Set external max, perd §top o commence citing ool
20 p. ropam. earlier

Set idling stop

Croanplite fuel cut-afl

Alter pressing excess luel plunger

To disengage excess fuel device
Disengagemant chack

Check thal slop control will completely cul el

Essential features of lest rig-
Hartridge BOR 125 D12 nozzles in Bk, B50 pozzle holders set ar 1TH satmosphorea.
High pressure pipes must be G mm,. outside diameter and have a bore of 1 mm.

Fuel system to incorperale LU pump of unit on tess
with the relied vilve ulmmw 131018 p.R. 1. o

tha [iter ot o excesd 2 pus. L

the ieiet s

rough n filler to the imjection pump,
nide ul the filter.

Pregsure drop acrmgs

37
Section |74
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174

T.5.D. 803 SEC.

MASTER TEET SCHEDULE Ho. &
IRJECTION PUMP: C.A.V. WITH MECHANICAL ALL-EFEED GOVERROR
ENCGINE APPLICATION: ELECTRIC GENERATING 5RT

Prnap £ape .

Averngn fapl deliwery

¢, por 100 strokes

Cantrod lever
metting

Romarks

CALIBRATION CHECE

PUMPS WITH 10 MM. 'DII.L ELEMENTS
St fuel pump to 10 mm. control rod opening asd calibrate to the falowing tolerances:

Foii)

8ot heol pump to T mn

00

10.5tn'11.9
1.2 10 12.4
11.Tte 13.3

. control rod opening and calibrale (o ke
2010 3.7

PUMPE WITH # MM. m:L ELEMENTS
el fwel pump to 13 mm. costrol rod cpening and calibrate to the following tolerances:

=0
&o0

Bog

et fael pump o T mem

13.0to 14.4
13. 810 15.1

14,3 1o 15.7

. contral rod cpening and ealibrate to the

Mzximum

Maximam spread betwesn any two elements nol o
mmdﬂ I-l:r.. por 100 sizakos

neam spread between any two elemenis nol Lo
maﬂln 8 ¢e. per 10D strokes

Muximum spread between any two elements nol 1o
exceed 0.7 co. per §00 sirokos

Ma d et any tua el I8 ol Lo
exceed 0.8 ce. por D00 strokes

Maximmm spread between any two elemesis nol Lo
exceed 0.8 cc. per 100 sirokes

Maximum spread between any two elemenis aot to
exceed 0, T oo. per 100 Atrokes

Maximum spread between any [wo dlemints nok to
exceed 0,8 ¢c. por 100 stroken

3 4 Maximu Maximom spr between any two slements ol o
s i i mﬂdﬂl:t.trlwm oA
FUEL EETTING | | |

B0 Hormal delivery 20.1 k. Maximmum :Eft-nﬂl:l:l'rlhm Iiel stap
Miix. gov. speed Ry ligure fober|  Maximm
MAXIMUM SPEED SETTING
Max. gov. Epeed Full delivery 0.5 ecd Maximim Sot max. speed stop
Max. gov. speed « 10 Fusl dallvery reduced Maximum Governor commencing to cut fel
Max. gov. spred - 45 %o delivery Mixdmiim Camiplete fus] cul-off
IDLING SETTING
Lowest idling spoed g fgure Minimmm Hj}ll:'lul;r:.m to lowiet spdod 5t which springs

=

‘lﬁw:ﬂ idling speed + =i Minkmmim Complete fuel cut-=ofl
1
EXCESS FUEL CHECK

104 Rig Ogare g - TR Maximum

10 m; i!lﬂﬂrnm.-lu.ﬂl

elem.) Masimum After pressing fuand phang
:u;nﬁ allmrum.-“:-{lﬂ|
B, elerm.)

Max. no load speed Maxinsam To disengage sxcisn fwnl device

L] Tﬁlﬁﬂl dalivery Maxinwm Disengmgoment check
INTERNAL FOUL CHECKE

1,400 Nl Maximmm Rus wp to this speed and check thad so inborral

! Toul occurs

STOP CONTHROL CHECE

100 il Mol oy Check that stop controd will completely cut fuel

Essantial feateres of test rig
Martridge BON 126 D12 nozzies in BK.B50 noxzle holders set al 175 almospheres.
High pressure plpes must be § mm. cotside diameter and have 2 bore of 2 me.

coanected threwgh a filter to the infectics pamp,
inlet alde of the filter. Pressuro drop across

Fool system o

Ee 1861 pamp of uslt o fe

Incorpora
with the rellef valve set to give 13 to 15 pas.il. on

the filter not to exceed 3 p.8.1.

an

Sevttom 1 74
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T.5.I3. EDY SEC,

MASTER TEST SCHEDULE Mo, 7
TRIECTION PUMP: C. A, V., WITH AYDRAULIC ALL-SPEED GOVERNOR
ENCINE AFPLICATION: MARINE

Pamg r.p.m.

Average fuel delivesy

e per 1060 girmliey

Talerance

Capirol lover
seltng

Homarks

CALIBRATION CHECKE

PUMPS WITH 10 MM, DA
Bot fun! pump 1o 10 mm.
300

G0

el

ELEMERTS

control rod opening asd calibmate to the following iolerances:

10. 540 11.0

11.210023. 4

1.Tto 13.3

Maximum

Maximum

Mastnzum

Sot forl pump fo T mm. control mod opening snd calibmate to the following tolerances

200

PUMPS WITH I MM, DLA.
Sl foel pump 8o 13 mm.
w0

600

L]

Gt fuel pomp to 7 mim., eontrol fod apening nnd calihraie ip tbe fal

200

FUEL SETTING
GO0

Max. gov, speed

MAXIMLM EPEED EETTING

Max. gov, apoed s 30
Max. gov, speed « 50
Max, gov. speed - 130

IDLING SETTIRG
150
F30

EXCESS FUEL CHECK
100

100
Max. noload speed
600

STOP CONTROL CHECK
100

281037

LEMENTE

AMiximum

pomirnl pod epwning snd calibrats to the following tolerances:

150t 14.4
3.0 w151

4.3 0157

1.2103.2

Normal delivery
Rig figere

Full delivery
Furl dulivery reduced
No delivery

36w 4.0
Hil

Rig Higure

| Rig figure at 100 r.op.m. « O co. (8
T, . elen. )

Rig figure at 100 rop.m. + B oo, (10
mm. dia. elem.)

wil
Mormal delivery

M

T e
016 ve.

T 001 ce.

0.5 et

Maximum

M xtmum

Blaximmm

lowing toberances:

Maxtmum

Maximum

Mintmums

Maximum

Maximuam
Maximam

Maxismis

Moximum spread between any two elemaonts not to
exceed 0.6 co. per 100 strokies

Maximum spread between any two elements not to
exeeed O, 6 e, per 100 strokes

Maxlmum spread between amy e elemants nol o
exceed 0,7 co. per 100 strokes

Maximutn spread belween any twe elements not ko
exceed 0.0 co. per 10 strokes

Maximum spread befween any two elemenis not to
excoed 0.8 ce. per 00 stroios

Maximum spriéad belwesn any two elements oot to
exceed 0.7 e, per 100 strokes

Maximum 4 b anmy twe el not o
oxeeed 0.8 e, per 100 stmans

HNE\L‘ spromd betwesn any two elements not Lo
Rt &nc.;pﬂr ) alrokcs

ot jmaximun fucl atop

Set interral max. speed slop just comtacting stop face
Cowve rmar cammenelag 1o cul fuel

Complete fuel cut-off
Sof axternal max. apedd alop 0 coimmende cuftbng fuel
P Fopom. carlier

Sot jdling stop
Complete fuel cat-off
Alter pressing excess fael plupger

To disenguge excess lusl deviee
Drisengagement check

Check tkat stop contral will complelely eut fusl

Egseniial features of leat rig
Hariridge BON 125 DIZ nozzles in BE. B3 nozzle holders set at 175 almospheres.
High pressare plpes must be B mm. oulside dismeler sl kave § bore of 2 m=.

Fuel gystom to incorporato [t pamyp of unit om tesl, connected throogh a filter to the injection pump,
with the relief valve set to give 13 to 15 p. 5.1, on t5e Inlot side of the filter.  Fressure deop across

the Miter pot o excesd 2 pus. L.

39
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SEC, 17A

T.5.D. 803

ROLLS-ROYCE
PART NO.

GA.7
GA.304
GA.307
GA.299
GA.23
GA.24
OE.3311
0D.5162
0D.5163
0D.5927
0D.5164
0D.5165
0D.5166
0D.7974
0D.5167
0D.5168
0D 5169
OD.5170
0D.5925
OD.s171
0D.5172
0D.5173
0D.5174
0D.5175
0D.5176
0D.5177
0D.5178
0D.5179
0D.5218
0D.5290
0D.5291
0D.5292
0D.5293
0OD.5180
0D.5219
0D.5924
0D.5930
0D.5181
0OD.5182

SPECIAL TOOLS

C.ALY.
PART NO.

ET.003
ET.008
ET.011
ET.026A
ET.026B
ET.028A
ET.065
ET.068
ET.070
ET.071
ET.072
ETIO78
ET.112
ET.116
ET.117
ET: 119
ET.120
ET.121
ET.122PA
ET.137
ET.141
ET.142
ET.41!
ET.412
ET.413
ET.414
ET.426
ET.428A
ET.432
ET.532
ET.537
ET.562

DESCRIPTION

Extractor, injection pump coupling
Reamer, fuel injector sleeve in cylinder head
Holder for GA.304

Cutter. [uel injector sleeve in cylinder head
Holder for GA.299

Box for GA.23, 299, 304 and 307

Spanner, fuel injector securing nuts
Spanner, fuel gallery closing plug
Extractor, mechanical governor assembly
Key. coupling

Extractor, camshaft bearing inner race
Extractor, camshaft bearing outer race
Forceps. tappet

Spanner, mechanical governor spring nuts
Wire brush, injector cleaning

Scraper, injector valve seat

Scraper, injector body |

""Toal, 'tnjerh.:-r dozzle valve [cleaping

Tool; nipple forming

Spanner. mechanical governor nut
Spanner, injector nozzle cap nut
Spanner, injector nozzle spring cap nut
Spanner, compression screw

Probing tool, fuel injector

Spanner, nozzle holder cap nut

Outfit. injector nozzle setting

Tool, injector flushing

Kit, injector cleaning

Container, petrol

Needle for use with OD.51R0

Needle for use with OD.5180

Needle for use with OD.5180

Needle for use with OD.5180
Broaching tool, injector nozzle spray holes
Forceps, tappet (superseded by ET.859)
Seat lap, feed pump

Cleaning kit

Bench plate, injector

Guide, control rod bush reamer

4l
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PART NO.
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OD.5183
OD.5184
OD.7050
OD.5185
OD.5186
0OD.5187

OD.5188
OD.5159
0D.5190
0D.5191
0D.5192
0D.5193
0D.5194
0D, 7975
0OD.5918

0D.5917
0D.7976
OD.5195
0D.5196
0OD.5928

oD.7977

0D.7732
oD.7731

0D.7692
oD.5197
OD.7978
0D.5926
0D.5198
0D.5220
OD.5199
0D.5200
0D.5201

0D.5919
0D.5920
0D.5923
OD.5929
0D.5921
0D.5922

0D.5219

CIAl ‘IIO'
PART NO.

ET.562A
ET.563
ET.634
ET.648
ET.649
ET.650
ET.652
ET.654
ET.6535
ET.658
ET.661
ET.668
ET.684
ET.692
ET.693

ET.695
ET.696
ET.700
ET[J0Z
ET.703
ET.704
ET.707
ET.709
ET.710
ET.712
ET.713
ET.714
ET.715
ET.716
ET.717
ET.718
ET.719
ET.730
ET.731

ET.733

ET.743
ET.B25

ET.832
ET.B59

DESCRIPTION

Guide, control rod bush reamer

Reamer, control rod bush

Gauge, camshaft end float

Holder, tappet, R.H.

Holder, tappet, L.H.

Base plate

Spanner, closing plug

Hook, phasing washer

Spanner, delivery valve holder

Key, hydraulic governor control rod bush locking collar
Spanner, splined socket

Extractor, hydraulic governor control rod bush

Cap. protection

Extractor, hydraulic governor control plunger sleeve

Extractor, hydraulic governor muff coupling nut and
idling valve body

Extractor, hydraulic governor muff coupling
Tool, hydraulic governor lever

Spanner, special

Spanner, special

Base plate, governor

Adapter, hydraulic governor test equipment
Key, servo piston rod bush

Tap, relief valve housing threads

Spanner, governor housing nuts

Bar and extractor

Extractor, hydraulic governor sleeve
Gauge, phasing shims

Gauge, plunger clearance

Extractor, delivery valve seating

Support, pump holding

Cutter, facing

Extractor, plunger

Spanner, hydraulic governor internal retaining nut
Spanner, closing plug

Test ring

Seat lap

Test fixture, amplifier valve

Test fixture, relief valve

Forceps, tappet
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TEST SCHEDULE

C.A.Y. Hydraulie Governor LHF30MC

for Series 823 C8.NFLH Engines
Rated 238 b.h.p. at 1,880 r.p.m.

Relief valve setting at 1,000 p.r.p.m.
H.F. valve
L.P. valve

Idling speed setting

ldling closing pressure

Idling fuel setting .

Maximum fuel semng at 600 pr.p.m. ..

Gaovernor |"cut-in' speed
Complete ‘cul-off” speed ..
Maximum' hysteresis

Feed pump pressure

. 39 to63 psi

33 to 37 psi

180 p.r.p.m.

30 = 4 psi

3 9to 4 I c.c. per 100 strokes
12.5 to 1.7 c.c. per|100 strokes
910 to 930 p.r.p.m.

1,040 p.r.p.m.

20 p.r.p.m.

13 to 15 p.si.
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TEST SCHEDULE

C.A.V. Fuel Pump for Series 138A and 138B Engines

Engine power rating 180 b.h.p. at 1,800 r.p.m.

Pump r.p.m.

Avernge foel delivery

Contral lever

Hemarks

it mm. per siroke selling
Fuel setting
GO0 138 1o 142 Maximum Set on control lever stop
GO0 115 o 117 Maximum Set on rack stop, Spread between
clements ool 1o exceed 6 cus mm.
940 12310 126 Maximum Spread between elements not 1o
exceed T eu. mm.
Maximuwm spesd setting
40 123 10 126 Maximum Check that governor does not out
fuel before this speed. Adjust
governor spring load as necessury
60 Delivery reduced Maximum
1020 Nil Maximum Complete fuel cut off
ldling setting
180 36 to 40 Minimum Set idling stop
330 Mil Mlinimum Complete fuel cut off
Exceoss Tucl cheok
100k 164 approx. Muoximum Obtained by operating excess
device
1,020 il Maximum To disengage excess device
600 115 10 117 Maximuom To check that excess device s
disengaged
Stap eontrel check
1oa il Maximum Check that stop control will com-
pletely cut fuel
Internal foul check
1,400 Wil Maximum Run up to this speed to check that

no infernal foul odcurs

Essential features of test rig
Hartridge BDN 12§ DI2 nozzles in BK B30 nozzle holders set at 175

atmospheres,

High pressure pipes must be 6 mm. outside diameter and have a bore of 2 mm,

Fuel system to incorporate lift pump of unit on test. connected through
a filter to the injection pump, with the relief valve set to give 15 lb. per sq. in. on
the inlet side of the filter. Pressure drop across the filter not to exceed
21b. per sq. in.
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TEST SCHEDULE

C.A.V. Fuel Pump for Series 803 and 823 Engines
Engine power rating 238 b.h.p. at 1,880 r.p.m.

Pusip r.p.m.

Avernge fuel delivery

Control lever

Remarks

i, . per stroke selting
Fuel M'Iling
LK) 133 10 127 Maximum Set muximum fuel stop,  Spread
between any two clements not o
exceed & cu. mm.
a0 129 10 132 Muaximum Spread between any two elements
| nol to exceed 7 cu. mm.
Maximum speed setting
940 130 1o 133 Maximum Set internal maximum speed siop
Just contacting stop face. Set
external maximum speed stop o
commence cutting fuel 30 p.r.pm.
lower
60 less than 130 Maximum
1030 Nil Maximum Complere cut off
Idling speed sctting |
140 36w 40 Minumum Set Jdling «1op
330 Mil Minimum 'Cl'll':ppll."_lt cut off
Exeess fuel check
100 170 approx, Maximum Obtained by operating excess el
device
1,030 Nil Maximum To disengage excess Muel device
600 125 1o 127 Maximum To check that the excess fuel
device is disengaged
Stop control check
[{14] Nil Maximum Check that stop control will

completely cut Teel

Essential features of test rig

Hartridge BDN 125 D12 nozzles in BK B30 nozzle holders set at 175

almospheres.

High pressure pipes must be 6 mm. outside diameter and have a bore of 2 mm.

Fuel system to incorporate lift pump of unit on test. connected through
a filter to the injection pump, with the relief valve set to give 151b. per sq. in.
on the inlet side of the filter. Pressure drop across the filter not to exceed
2 Ib. per sq. in,
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ENGINE CHAP.5

T.5.D. B66/B1E90

TEST SCHEDULE

C.A.V. Fuel Pump NNR8F100/176M for
C8NFLH Series 821 Engines

Engine Power Rating 190 b.h.p. at 1,500 r.p.m.

Governor LVWB24M(228-750)

Pumip r.pim. Average fuel delivery Comntrol lever Remarks
eu. em. per siroke Aelting
Fuel setting
600 125to 127 Maximum Set maximum fuel stop. Spread
between any two elements aol (o
150 12.8 Maximum exceed 0L6 cu. cm.
Maximum speed setting
750 12,610 12.9 Maximum Set maximum speed stop
T60 Less than 12.6 Maximum Governor commencing o cut fuel
7B Mil Maximum Complete fuel cut off
Idling setting
Set a1 lowest
speed that
will govern —_ Minimum Set idling stop
Set speed
plus 150 Nil Minimum Complete fuel cut off
Exeess fuel check
{H1] 18.2 Maximum After operating excess fuel plunger
830 Wil Maximum To disengape excess fuel device
600 12.6 Maximum Disengagement check
Internal foul check
1400 — Maximum Run up to this speed and check
that no internal foul occurs
Stop control check
100 _— Maximum Check stop control will completely
eut fuel

Essential features of test rig
Hartridge BDNI2SDI2 nozzles in BKB50 nozzle holders set at 175
atmospheres.

High pressure pipes must be 6 mm. outside diameter and have a bore of 2 mm.

Fuel pump to incorporate lift pump of unit on test, connected through a
filter to the injection pump, with the relief valve set to give 15 p.s.i. on the inlet
side of the filter. Pressure drop across the filter not to exceed 2 p.s.i.
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T.5.D.

SECTION 18A .. COOLING SYSTEM

VERTICAL ENGINE

DESCRIPTION

Coolant is drawn from the bottom of the radiato
by a belt-driven centrifugal pump and is delivered
to the engine coolant inlet gallery either directly or
via a heat exchanger which serves as 2 heating or
cooling medium for the engine lubricating oil.
After circulating around the liners in the crank-
case and through the coolant passages in the
cylinder head, the coolant is returned to the
radiator header tank.

A thermostat is fitted in the cooling system to
give rapid initial warming-up and thereafter to
assist in maintaining the coolant at iis correct
working temperature under all conditions. It is
located in the top of the coolant pump casing, and
operates by blocking the flow of coolant from the
cylinder heads to the radiator as long as the
temperature is below a predetermined minimum,
and then permitting the flow to gradually increase
as the temperature of the coolant rises until, after
a predetermined maximum temperature is reached,
the full cooling capacity of the radiator is used.

Two types of blocking thermostats are available:
one type incorporates temperature-sensitive
bellows, and the other temperature-sensitive wax-
filled capsules.

The wax-type thermostat fig. 3, consists of
three valves which are individually operated by

three wax-filled capsules. Coil compression springs
are incorporated to ensure positive closing action
of the valves when the coolant falls below a pre-
determined temperature. It should be noted that
when a wax thermostat is/used a sleeve is fitted in
the thermastat housing.

Bellows-type thermostats are available as
‘summer’ units which begin to open at 72 deg.C.
(161.6 deg.F.) and are open fully at 85 deg.C.
(185 deg.F.), and as ‘winter’ units with correspond-
ing temperatures of 80 deg.C. (176 deg.F.) and
95 dep.C. (203 deg.F.).

The wax-type thermostat is designed for all the
year round use. Of the three valves one begins to
open at a temperature of 77 deg.C. (171 deg.F.)
and the other two at 82 deg.C. (180 deg.F.). All
valves are fully open at between 93 and 96 deg.C.
(200 and 205 deg.F.).

For many applications the cooling system is
pressurized to raise the boiling point of the coolant
and a pressure-vacuum relief valve is located on
the radiator header tank. The valve operates as
a spring-loaded safety valve to vent pressure in
excess of 10 psi. (0.70 kg. per sg. em.) and
to admit air when the pressure in the system falls
to less than 1 p.s.i. (0.07 kg. per 5¢. cm.) below
atmospheric pressure.

1
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COOLANT

Neglect of the cooling system will lead to serious
damage due to ‘sludging’, corrosion and acidic atrack.
To prevent this it is essential that the following
instructions are strictly complied with.

The use of plain uninhibited water as a coolant is
not recommended, as it may promote rusting
within the cooling system. If at any time its
temporary use is unavoidable, 2 per cent Shell
Dromus B soluble oil or 0.5 per cent Regent
Caltex soluble oil C should be added.

When operating conditions are such that protec-
tion against freezing of the coolant is not required,
the use of an approved inhibitor in clean water
will provide protection against corrosion of the
cooling system.

When protection against moderate frost is
required a coolant mixture consisting of 30 per

G613

Fig. 2 Hellows Lype thermostal

FIXED PISTOM
RCD

VALVE
SEATIMNG

Fig. 3 Wax thermostat L

cent approved inhibited ethylene glycol and 70
per cent clean water should be used. In addition
to providing protection against corrosion, this
mixture prevents ‘mushing’ and allows full pump
circulation down to 4 deg F. (-16 deg.C.) and does
not freeze solid until 128 deg F. (-33 deg.C.).

In temperatures between 4 and 15 deg.F. (-16
and -27 deg.C.), a coolant mixture consisting of
55 per cent approved inhibited ethylene glycol and
45 per cent clean water must be used, and in
temperatures between -15 and -40 degF. (-27
and -40 deg.C.) the strength must be increased to
60 per cent approved inhibited ethylene glycol and
40 per cent clean water. These concentrations are
required to ensure complete fluidity of the coolant
which is necessary for the satisfactory operation
of the coolant heaters at these temperatures.

In temperatures between -40 and -65 degF.
(-40 and -54 deg.C.). a coolant mixture consisting
of 20 per cent ﬁ Methoxy — Methoxy Ethanol,
45 per cent approved inhibited ethylene glycol and
33 per cent clean water is recommended.

Before inhibited ethylene glycol solution or
inhibited water is used in a cooling system in
which either plain water or water and soluble oil
has previously been uvsed, the system must be
thoroughly cleaned with *Lissapol N” or ‘*Texofor
F' as described under ‘Cleaning the coclant
system’.

3
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The level of coolant in the radiator should be
checked frequently, and all hose connections and
joints examined for leaks.

Except for making up losses due to evaporation
in unpressurized systems, cooling systems contain-
ing either ethylene glycol solution or inhibited
water must not be ‘topped up’ with plain water,
as the mixture in the system will thereby be
weakened. A mixture of either ethylene glycol and
clean water or inhibitor and clean water, as
appropriate, to the same formulation and of the
same proportions as the coolant already in the
system, must always be used. Ethylene glycol
preparations or inhibitors to different formulations
must never be mixed.

When an inhibited ethylene glycol solution is
used as a coolant it is most important that it is
kept at the recommended strength; for this reason

frequent specific gravity tests should be made. To
carry out the test, draw approximately one pint
(368 c.c.) of coolant from the system immediately
after the engine has been stopped, while the
coolant is still at a normal operating temperature
and before any solids in the coolant have settled.
Measure the specific gravity and temperature with
a suitable hydrometer and thermometer. The
correct specific gravity at various temperatures,
with limits of mixture strength, is given in fig. 4.

The coolant must be changed every six months.
This is necessary because anti-corrosion inhibitors
dissipate gradually during service. Periodical
changing of the coolant also ensures that the pH
value, which is a measure of the acidity or
alkalinity of the coolant, will be automatically
maintained at a neutral value, except in a few
isolated places where the water is particularly un-
suitable for use in cooling systems, in which case
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the acidity of the coolant should be frequently
tested by the use of indicator papers, or the ser-
vices of a public analyst called upon for a more
detailed periodical analysis.

Whenever the coolant is changed the system
must always be flushed through with clean water
before refilling. If a change is made from
inhibited ethylene glycol solution to inhibited

Trade Mame

water, the same inhibitor formulation must be
used.

RECOMMENDED ANTI-FREEZE
PREPARATIONS

The following proprietary brands of inhibited
ethylene glycol anti-freeze are approved for use in
the cooling systems of Rolls-Royce diesel engines:

Manufacturer

SPECIFICATION D.T.D. 779

‘Boots Anti-Freeze’  Boots Limited, Nottingham

‘Silkolene 779"

Daltons Limited, Belper. Derby

‘Dragonfly’ R. D. Nicholls Limited, Sheffield

*Vitafreeze' Vigzol Oil Company Limited, 10 Eastney Street, Greenwich,
London, S.E. 10

*Snowdrift’ Snowdrift Lubricants Limited FEecleston Street, London, 5.W.1

*Lautol’ James Light 4nd Son Limited, 20 Hermitage Wall,.London, E.1

‘Antifreeze’

London, E. 15
‘SBS/TTY

*Femol Blue”®

Midland Paint and Oil Company Limited, 126 Marshgate Lane,

Smith Bros. and Co. (Chemicals) Limited Marshgate Lane,
Stratford, London, E.15
Fletcher Miller Limited, Alma Mills, Hyde, Cheshire

‘Polar Blue' Germ Lubricants Limited, Bloom Street, Salford, Manchester 3

‘Syncol’ Synthite Limited, West Bromwich

‘Thermidor® Petrofina (G.B.) Limited, 25 Victoria Street (South Block),
London, S.W.1

‘Petromor’ Manchester Oil Refinery Limited, 76 Jermyn Street, London, S.W.1

SODIUM BENZOATE/SODIUM NITRITE

"Esso Antifreeze’
‘Golden Film'

‘Speedwell *
London, 5.W.5

‘SBS/BN"

Esso Petroleum Limited, 36 Queen Anne's Gate, London, S.W.1
Morris and Co. (Shrewsbury) Limited, Welsh Bridge, Shrewsbury
Speedwell Lubricants Limited, Speedwell House, Earls Court Road,

Smith Brothers and Company (Chemicals) Limited, Marshgate Lane,
Stratford, London, E.15

‘Chemico Formula 79° County Chemicals Limited, Chemico Works, Shirley, Solihull,

Warwickshire

¥
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Trode Mame Manufsctiurer

‘Femol W’ Fletcher Miller Limited, Alma Mills, Hyde, Cheshire
‘Sternol’ Sternol Limited, Royal London House, Finsbury Square, London,
EC2

SODIUM TETRABORATE

‘SBS/DLX Smith Brothers and Co. (Chemicals) Ltd., Marshgate Lane, Stratford,
London, E.15

‘Petromor’ Manchester Oil Refinery Limited, 76 Jermyn Street, London, 5.W.1

‘Femol Red’ Fletcher Miller Limited, Alma Mills, Hyde, Cheshire

‘Permazone ’ Mobil 0il Company Limited, Caxton House, Westminster,
London, S.W.1

‘Polar Green' Germ Lubricants Limited, Bloom Street. Salford, Manchester 3

‘Kilfrost® Kilfrost Limited, Drayton House, Gordon Street, London, W.C.1

‘Foyl I’ Falcon Qil Company, Praed Road, Trafford Park, Manchester 17

*Zerocol’ Libertv Oils Limited, | York Street, Twickenham, Middlesex

RECOMMENDED INHIBITORS

The following proprietary brands of inhibitor are approved for use when water is used in the
cooling system of Rolls-Royee diesel engines:

Trade Name Manufscturer Recommendod
proportions

SPECIFICATION D.T.D. 779

*§0Q.36° Marston Lubricants Limited, Rockferry. 3 fluid oz. per Imp. gallon
Birkenhead of water (19 c.c. per litre)

SODIUM BENZOATE/SODIUM NITRITE

‘Gaolden Film Morris and Co. (Shrewsbury) Limited, 4 pint to each 74 pints of

Rust-Gard’ Welsh Bridge, Shrewsbury water (67 c.c. to each litre)
‘Sobenite 107 W. J. Bush Company Limited, Ash Grove, 2 to 24 oz. per Imp. gallon
Hackney, London, E.8 of water (13 to 16 gr. per

litre)
‘Silkolene 829"  Dalton and Co. Limited, Belper, Derby 2 oz. per Imp. gallon of

water (13 gr. per litre)

L
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Trade Name

Manufacturer

Recommended
proporiiens

SODIUM TETRABORATE

‘Inhibitabs’

London, E. 15

Smith Bros. and Company (Chemicals)
Limited, Marshgate Lane, Stratford,

1} to 14 oz. per Imp. gallon
of water (8 to 10 gr. per
litre). Tablets to be pre-
dissolved

Note: When ordering anti-freeze preparations or corrosion inhibitors it is advisable to
stipulate the formulation as well as the trade name, e.g. ** ‘Petromor ' D.T.D. 779" or
“‘Petromor’, Sodium Tetraborate”. This will avoid any possibility of inadvertently
mixing formulations in a cooling system when two or more formulations are obtainable

under any particular trade name.

FILLING THE COOLING SYSTEM

It is essential {that the | ingredients ‘which
constitute ' the coolant are thoroughly mixed
before being introduced into the system. To do
this, ascertain the capacity of the particular system
to be filled, pour into a suitable clean mixing tank
sufficient clean water and approved inhibited
ethylene glycol or inhibitor to obtain the required
quantity in the recommended proportions, and
stir until the coolant is thoroughly mixed. When
bulk quantities of pre-mixed coolant are held
against future requirements, always stir the coolant
thoroughly immediately before drawing off the
amount required for any particular filling or
topping-up operation.

Close the drain cocks on the radiator and on
the crankcase or oil-to-coolant heat exchanger.

Open the radiator filler cap and pour in coolant
through a fine mesh filter until it is approximately
3in. below the filler neck. Close the filler cap.

After filling it is advisable to run the engine for
a short period at between 800 and 1000 r.p.m.
to circulate the coolant quickly and sweep out any

air pockets in the system! Stop the engine before
the coolant temperature exceeds 104 degF.
(40 deg.C.),

Open the radiator filler cap and check the
coolant level, If necessary, add coolant to restore
the level, and close the filler cap.

At temperatures in excess of 149 degF.
(65 deg.C.) a pressure exists in the system, and it
is unsafe to open the filler cap.

DRAINING THE COOLING SYSTEM

Before draining the system, start the engine and
warm up to a coolant temperature of not more
than 122 deg F. (50 deg.C.). Stop the engine, open
the radiator filler cap and the drain cocks, and
drain as quickly as possible while the sediment is
still in suspension.

If a liquid-cooled air compressor is fitted,
remove the drain plug from the compressor head.

If in cold weather the system is drained instead
of an anti-freeze mixture being used, a notice
stating that the cooling system is empty must be
placed in a prominent position, to prevent the
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engine being started before filling the system. The
head of the air compressor must be drained if an
anti-freeze mixture is not used.

CLEANING THE COOLING SYSTEM

For periodic cleaning of the cooling system,
flush through with copious guantities of clean
water until it runs clean from the drain cocks,

If the system is badly contaminated, ‘Lissapol N'
or ‘Texofor F' are recommended as the most
satisfactory cleaning agents. A solution strength
of 1 per cent or 45 c.c, uf‘Lissapul N, or 0.25 per
cent or 12 c.c. of *Texofor F', to every gallon of
coolant in the system has been found the most
effective and should be applied in the following
manner;

Open the radiator filler cap, check that the
coolant level is low enough for the purpose
and pour into the existing coolant in the
system sufficient ‘Lissapol N ‘or 'Texofor F'
to obtain the recommended | conceniration.
Close the filler cap.

Start the engine and warm up to a coolant
temperature of 140 deg.F. (60 deg.C.). Open
up to 1,800 r.p.m. and run for 10 minutes,
then stop the engine and drain the system as
soon as the coolant temperature falls to
122 deg.F. (50 deg.C.).

Refill the system with clean water, allowing a
gallon or more to run to waste before closing
the drain cocks. Start the engine and run at
1,800 r.p.m. for 5 minutes, then stop the
engine and drain the system.

COOLANT PUMP

Two types of pumps are fitted to vertical engines
to suit varying installation requirements. Both
pumps are basically similar, the differences being
confined to the length of the rotor shafts, the shape
of the bearing housings, the disposition of the ball
and roller bearings in the bearing housing, and the
type of oil seal fitted in the front of the bearing
housings.

b
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Fig.5

Removing the coolant pump

Where the dismantling and assembling of the
two types of pumps varies slightly, they-are dealt
with separately’ under ‘Dismantling’ and
‘Assembling’.

REMOVAL

Drain the system down to an adequate level.

Release the tension in the pump driving belts by
slackening off the adjusting screw on the dynamo
mounting and remove the belts.

Remove the cooling fan.

Slacken off, but do not remove, the bolt secuning
the dynamo to the mounting plate and release the
hose connection between the coolant outlet rail and
the pump.

Remove the setbolts securing the pump outlet
branch pipe and break the joint.

Release the top hose connection on the pipe
between the pump and the radiator.

Remove the setbolts securing the pump assembly
to the cylinder block, and withdraw the assembly.
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DISMANTLING

Release the securing nuts and bolts and remove
the backplate from the pump assembly.

Remove the setbolts and washers or nuts and
washers securing the driving pulley to the pump,
and withdraw the pulley.

Unscrew the nut securing the rotor to the shaft,
withdraw the locking washer and keywasher, and
extract the rotor assembly, using the tool GA.T.
Remove the circlip from the forward end of the

DISTAMCE WASHER TO

GIVE CLEARANCE OF 0050 IN.
BETWEEN ROTOR AND CASING

OIL SEAL

FACKING PIECE

o

7 N S N

SN

OIL SEAL FITTED

WITH LIP FACING

TOWARDS BALL
ROTOR SHAFT BEARING

DISTAMCE FROM REAR FACE
OF CASING TO CARBOMN GLAMD
SEALIMG FACE 2°145 IN.

rotor assemoly and withdraw the carbon gland ring,
rubber seal and housing, spring and rubber seal
retaining ring, in that order, from the rotor.

Remove the six setbolts securing the bearing
housing to the pump casing and withdraw the
bearing housing, adjusting washer and the dynamo
mounting plate. Withdraw the oil seal.

Unscrew the locknut from the rotor shaft and
remove the tabwasher and keywasher. Extract the
bearing retaining circlip from the rear of the
bearing housing.
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Withdraw the rotor shaft through the front of the
bearing housing.

Long rotor shaft pump, fig. 6

Extract the circlip from the front of the beanng
housing and withdraw the front oil seal, oil seal
packing piece, roller bearing and distance piece
through the front of the housing. Withdraw the
ball bearing through the rear of the housing.

Short rotor shaft pump, fig. 7

Withdraw the front oil seal through the front of
the bearing housing, and the roller bearing, inner
and outer distance pieces and ball bearing through
the rear of the housing.

INSPECTION

Thoroughly clean all the pump components and
inspect all items for serviceability.

Test the rotor shaft ball and roller bearings for
freedom and smooth action; if any rough spots are
detected the bearings should be renewed.
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Fig. 7 Bearing housing — short rotor shall pump
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SEAL HOUSING SPRING RETAIMER

ROTOR

GLAMD RING RUBBER SEAL

Fig.- 8 Rotor assembly exploded 132

Examine the carbon ring driving slots on the
pump rotor for wear on the driving edges; if neces-
sary, file the edges to remove any shoulders which
might prevent the carbon ring from seating on the
sealing face in the pump body. The carbon gland
ring and the rubber seals in the rotor assembly
should be renewed at each pump overhaul.

-
e

\
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A+ 00N,
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Fig. @ Detail of machining when fitting insery
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Examine the gland sealing face in the pump body
for scoring and uneven wear. If either or both of
these defects are found, a phosphor-bronze insert
OE.18393 must be fitted to the pump body, as
described in °Fitting the sealing face insert’. If,
during subsequent overhauls, the face of the insert
is found to be worn or scored, the defective insert
should be removed and a new insert fitted. When-
ever an insert is renewed the face of the new insert
must always be finish machined in position to
obtain a dimension of 2.145 in. (54.49 mm.) between
the joint face of the pump casing and the face of the
insert.

Fitting the scaling face insert

Machine the pump casing to the dimensions
shown in fig. 9, ensuring that the face is square with
the newly machined thread. Screw in the insert
OE.18393, using a length of hexagon bar in the hole
in the insert. Machine the face of the insert to give
a dimension of 2.145 in. (54.49 mm.) between the
joint face of the casing and the face of the insert,
taking care that the face 15 square to the bore.

For subsequent reclamation of the gland sealing
face, fit a new insert in place of the old
one and machine to the dimensions given in the
preceding paragraph.

ASSEMBLING

Long rotor shaft pump

Fit the roller bearing, packing piece and oil seal,
in that order, to the front of the bearing housing,
and secure with the circlip in the groove in the front
of the housing. The oil seal must be fitted with the
lip facing eusrwards. Pack the bearing housing half
full with Shell Retinax ‘A’ grease and fit the distance
piece and ball bearing through the rear of the
housing, and secure the bearing in position with the
circlip in the groove in the rear of the housing.

Short rotor shaft pump

Fit the ball bearing and the inner and outer
distance pieces through the rear of the bearing
housing and ensure that the outer race of the ball
bearing abuts the shoulder in the front of the
housing. Pack the bearing housing half full with

Shell Retinax ‘A’ grease, and fit the roller bearing
and retaining circlip. Fit the oil seal in the front of
the housing with the lip facing owtwards.

Note: On ne account should a grease nipple
be fitted in place of the bearing housing
sealing plug. Greasing between overhauls is
unnecessary and can cause damage to the
oil seals.

Assemble the rotor shaft to the bearing housing
and fit the keywasher, tabwasher and retaining nut.
Tighten and lock the nut.

Fit the oil seal in the front of the pump casing,
with the lip facing ourwards, i.e. towards the ball
bearing when the bearing housing is fitted.

Fit the dynamo mounting plate, adjusting washer
and bearing housing to the pump casing and secure
with the setbolts and spring washers. Ensure that
the chamfer of the dynamo mounting plate is to the
housing radius.

Assgmble the rdtor in the order shown in fig, 8,
and fit the rotor, kéywasher, tabwasher and retain-
ing nut to the shafl, Tighten the nut, but do not
lock it at this stage.

Measure the clearance between the front of the
rotor blades and the pump casing; it must be
0.050in. (1.27 mm.). If necessary, re-adjust by
varying the thickness of the adjusting washer fitted
between the bearing housing and the dynamo plate.
Adjusting washers are supplied 0.060, 0.065, 0.070
and 0.075in. (1.524, 1.651, 1.778 and 1.905 mm.)
thick. Lock the rotor retaining nut when the correct
clearance has been obtained,

Fit the backplate to the pump casing, using a new
joint washer, and secure with the retaining bolts,
nuts and spring washers. :

Fit the driving pulley to the front of the pump
shaft.

REFITTING

Fit the pump assembly to the cylinder block,
using a new joint washer, and secure with the
setbolts and spring washers.

11
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Refit all parts removed during the removal of the
pump, using new joint washers and rubber hose
connections throughout. Adjust the driving belts
to give a total deflection of | in. at a central point
on the longest length of belt.

COOLANT THERMOSTAT

REMOVAL
Drain the coolant down to an adequate level.

For access, remove the coolant outlet branch pipe
from the top of the coolant pump by removing the
four setbolts at the flange joint on the top of
the pump casing and the hose connection at the
inlet to the radiator.

Withdraw the thermostat from the casing, using
the extractor GA.15 if the thermostat is of the
bellows type. Withdraw the sleeve which is fitted
in the coolant pump body when a wax-type
thermostat is fitted.

MNeither the bellaws type nor the wax type
thermostat can be dismantled or adjusted.

INSPECTION

Thoroughly clean the thermostat, using a solu-
tion of | per cent ‘Lissapol N', i.e. 45 c.c. *Lissapol
N' per gallon of water, or 0.25 per cent ‘Texofor F'
i.e. 12 c.c. of ‘Texofor F' per gallon of water.

Carry out a visual examination, ensuring that the
valve faces and either the bellows or capsules and
springs are in good condition. If the blocking valve
or valves are in the open position the unit is
unserviceable and must be renewed.

Suspend the assembly and a thermometer of
known accuracy in water and gradually heat the
water, stirring it to maintain a uniform temperature
throughout, Check that the blocking valve or valves
operate at the following temperatures:

12
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deg C. deg.F.
Bellows thermostat (*Summer "type)
Opening temperature T2 161.6 = 34
Fully open temperature 85 %12 185 =34
Bellows thermostat (*Winter” type)
Opening temperature 80+2 176 +=34
Fully open temperature 95 +2 203 =34

Wax thermostat
Opening temperature
Leading valve
Trailing valves

Tl 171 =2
B2+1 180 *2

Fully open temperature

All valves 94514 2W025=%3

If a thermostat fails to function correctly a new
unit must be fitted.

Ensure that the bleed hole in the thermostat, and
in the sleeve which is fitted with the wax type
thermostat, is unobstructed.

REFITTING

Refitting is the revarse of rempval. .Ensure that
the locating screw in the coolanlt pomp body
registers with the locating slot in the bellows type
thermostat or with the slot in the sleeve which is
fitted underneath the wax type.

SPECIAL TOOLS

PART No. DESCRIPTION
GAT Extractor, rotor assembly
GA.15 Extractor, thermostat
GA3SR ., D.E. box spanner, coolant

pump rotor shaft
— Hydrometer (proprietary)
- Thermometer (proprietary)
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FITS AND CLEARANCES

COOLANT PUMP - Vertical engines
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and casing

Mo, ON & DIMENSIONS | cuEamamce | PERMISSIBLE | PERHISSIBLE
[o1acRam| el HEw HEW m:::;n: ne‘:aﬁﬁﬁ PR
ROTOR SHAFT BALL
BEARING
1 Bearing in housing
Housing — bore 2.44075 1o | Interfer.
244125 000025 to
Bearing - dia. 2.4405 o | 0.00075
2441 Clearance
2 Bearing on shaft
Bearing - bore 11806 to | Imterfer.
1.1811 0.0005 to
Shaft — dia. 118085 o | 0.00025
1.1811 Clearance
ROTOR SHAFT ROLLER
BEARING
3 Bearing in housing
Housing — bore 2.44075 o | Interfer.
24125 0.00025 1o
Bearing — din. 2305 w | 0.00075
2441 Clearance
4 Bearing on shaft
Bearing - bore L1806 to | Interfer.
1.1811 00005 to
Shaft - dia, 118085 to | 0.00025
11811 Clegrance
5 DEPTH OF GLAND FACE
FROM CASING FACE
2145w 2.225 w0 Fit insert to reclaim face ;
2155 2,235 Sec. 18A.
6 ROTOR AND CASING
Clearance between rotor 0.050 Adjust by shims to give

this clearange.

COOLANT PUMP
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SECTION 18C ..

COOLING SYSTEM

HORIZONTAL ENGINES

COOLANT

With the exception of the gear driven coolant
pump and the thermostat location, the cooling
system of the six or eight-cylinder horizontal
engines is the same as for the vertical engines, and
the instructions given in Section 18A for coolant,
the filling, cleaning and draining of the sysiem,
should be followed.

COOLANT PUMP
REMOVAL

Drain the coolant system

On normally aspirated lngjnes wheré a com-
pressor is fitted and is belt c]rnan froma pu]]e}’ on

the crankshaft front end, slacken the driving belt
adjuster and remove the belts. Release and remove
the fixed belt pulley from the air compressor
mounting bracket.

Release the hose connection on the branch pipe
between the coolant thermostat and the pump, and
release and remove the pipe.

Release and remove the hose connection
between the radiator outlet and the pump,and the
connection between the pump and the heat
exchanger.

Release and remuvk 1IL: set-bolts securing the

* coolant pump front cover and remove the cover.

OUTLET RAIL THERMOQSTAT RADIATOR

i

HEAT EXCHAMGER

Fig. 1

COOLANT PUMP

Cooling system 1475
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Turn back the locking tab and unscrew the nut
securing the rotor to the shaft. With the tool GA.T
withdraw the rotor from the shafi and extract the
Woodruff' key. Withdraw the front coolant seal
from the rotor.

Withdraw the adjusting washer and carbon ring
from, the shaf,

Release and remove the four nuts and washers
securing the coolant pump, and withdraw the
pump casing from the wheelcase.

Withdraw the rear oil seal from the pump casing,

INSPECTION

Thoroughly clean all the pump components and
inspect all items. Examine the rotor shaft roller
bearing for freedom and smooth action, if any
rough spots are present after being thoroughly
washed out the bearing should be changed.

COOLANT SEAL

TO HEAT EXCHAMGER
AND ENGIME

Examine the gland sealing face in the pump

body for uneven wear and scoring, and if necess
ary reclaim the face.

Reclaiming gland sealing face

For the first reconditioning, machining of the
ariginal face will normally restore the sealing face,
but if the face is badly worn or has been previously
machined an insert should be fitted.

Reclaiming the original sealing foce

Open out the pump casing bore to the dimension
given in Part | of the illustration and machine the
sealing face until a smooth flat surface is obtained.
Check the dimensions between the joint face of the
casing and the newly machined sealing face; if this
is more than 1.970 in. (30.038 mm.) an insert must
be fitted as described in the following paragraphs.

Fitting the insert

Machine the pump casing to the dimensions
shown in Part 2 of the illustration, ensuring that the

: FROM [ENGINE
(RADIATOR BY-PASSED)

|\ FROM RADIATOR

Fig. 2 Section through pump showing coolant flow 1387
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face is square with the newly machined thread.
Screw in the insert OE.22854 using a length of
hexagon bar in the insert hole.

Machine the face of the insert to give a dimen-
sion of 1.900 in. (48.26 mm.) between the joint face
of the casing and the insert face, taking particular
care that the sealing face is square to the bore.

Reclaiming of sealing face wchen insert is fitted

Machine the sealing face until a smooth, flat
surface is obtained. Check the dimensions
between the joint face of the casing and the
newly machined sealing face; if this is more than
1.970 in. (50.038 mm.) the insert must be renewed,

Before assembling the pump, check the carbon
ring driving slots in the pump rotor for wear on the
driving edges, if present, file the edges to remove
any shoulder which may prevent the carbon ring
from seating on the sealing face.

Always fit a new carhon ring.

PART 1

CHAMFER 031+010 |,
(:78+ 25 MM.) AT 45°22°

P

\

1031003 IN
(26:18+-07 MM.] DIA.

ASSEMBLING AND REFITTING

Press a new rear oil seal into its housing in the
rear of the pump casing.

Smear the joint face of the wheelcase and the
rear of the pump casing with “Heldite’ and fit and
secure the pump casing to the wheelcase.

Fit a new front coolant scal and carbon ring
assembly to the rotor shaft. Smear the mating
faces of the rotor and seal housing with “Wellseal’
or similar sealing compound.

Position the rotor clearance adjusting washer on
the rotor shaft and fit the Woodruff key to the
shaft. Fit the rotor to the shaft and fit and tighten
the retaining nut. Check the clearance between the
rotor and the pump casing which should be from
0.040 to 0.060 in. (1.016 to 1.524 mm.). Adjusting
washers are available from 0.070 to 0.100 in. (0.762
to 2.540 mm.) in steps of 0,003 in. (0,127 mm.}.

After adjusting the rotor clearance, remove the
rotor nut and fit the locking washer, refit and
tighten the nut and turn up the locking tab.

s

OE. 22854 INSERT.
L MACHINE FACE

IN_FOSITION
\, TO DIMENSION
SHOWN

£

hod CHAMFER 031 +.010 IN.
d & {78+ 25 MM) AT 4528
P

B

\ \
2584+ 006 1M, DIA

2
L

e 2800 1M, +- D081 1+ 9000+ 010 N,
A ‘ (48-26+.25 MM
| 170000 1IN 2-050+.010 M.
L LR
(50038415 MM} (52.070+ 25 MM
Fig. 3 Reclaiming the coolant ppmp gland face 1471
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Fit the front cover to the pump casing inter-
posing a new ‘Klingerit' joint between the joint
faces, and tighten the securing set-bolts,

Fit and secure 4 new hose rubber at the connec-
tions between the radiator outlet and the pump,
and the pump outlet and the heat exchanger.

Fit the branch pipe connecting the pump to the
thermostat, to the pump,and fit and secure a new
hose at the thermostat connection.

Refit all parts removed for access.
Ensure that all coolant drain cocks are in the “ofl”
position and refill the system with coolant.
COOLANT THERMOSTAT

The coolant thermostat is a separate unit located
at the outlet end of the coolant rail and consists of
a blocking valve operated by temperature sensitive
bellows.

REMOVAL

Drain the coolant down to an adequate level.

For access,remove the coolant outlet branch pipe
from the thermostat casing by removing the four
set-bolts at the flange joint of the thermostat casing,
and the hose connection at the inlet to the radiator.

Fit the extractor GA.l15 and withdraw the
thermosiat.

The thermostat assembly cannot be dismantled
or adjusted.

INSPECTION

Clean, inspect and test the thermostat as
described in Section 18A.

If a thermostat fails to function correctly a new
unit must be fitted. )

REFITTING
Refitting is the reverse of removal. Ensure that

the locating screw in the thermostat casing registers
with the slot in the thermostat,

SPECIAL TOOLS

PART NO. DESCRIPTION

GA.7 Extractor, rotor assembly

GA.15 Extractor, thermostat

GA.38 D.E. box spanner, coolant pump rotor shaft

— Hydrometer (proprietary)
— Thermometer (proprietary)

+
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SECTION 18D .. RADIATOR AND FAN

The interior condition of the radiator should not
deteriorate if the specified coolant is used.

If, however, contamination is suspected. the
radiator and cooling system should be cleaned by
the method given under ‘Cleaning the Cooling
System’, Section 18A.

|l
1:

1 £ ;
LAH:I'I’P.INTHI RING -
REAR AXLE MU

Fan

The two ball races in the fan hub are lubricated
from a single grease nipple situated underneath
the fan cowling. Use Shell Retinax A grease or its
equivalent.

The mounting of the fan hub differs slightly on
the 6 and 8-cylinder power units; in other respects
the fans are the same except for the size of
the blades.

d-eylinder power units
To remove the fan, disconnect the Hardy-Spicer
driveshaft from the fan hub, and tie the shaft clear.

Remove the fan guard.

Disconnect the grease pipe at its union on the
fan axle.

Remove the bolts securing the fan axle housing
to the vertical support, and withdraw the fan
assembly.

Unscrew the grease pipe adapter from the fan
axle to prevent the adapter being damaged.
Remove the rear (large) axle nut, then carefully
tap the fan axle out of its housing.

| _FRONT AXLE MUT

—GREASE RETAINER

Fig. 1 Section through radistor and fan showing
fan hub details for B-cvlinder engine

21

Secrion 180



fi-cylinder power units Remove the rear (large) nut from the fan axle.

To remove the fan, first disconnect and remove The fan assembly may then be detached from its
the Hardy-Spicer driveshaft, then detach the fan housing by carefully tapping the axle through the
and cowl assembly from the radiator block. housing while supporting the weight of the fan.

Remove the fan guard from the cowl. After removal of the fan assembly from the

2 radiator the procedure given in the following para-

Rt:nm‘lve the grease pipe, and then unscrew the graphs for dismantling the fan hub is the same for

grease pipe adapter from the fan axle to prevent both the 6 and 8-cylinder power units.

the adapter being damaged.
Remove the fan blade assembly.

Using a suitable peg spanner, unscrew and
remove the ringnut from the rear of the hub, then
remove the labyrinth ring.

Remove the front nut from the axle, and also
the grease seal distance piece. The axle, together
with the rear bearing, can then be tapped out of
the hub. Remove the rear bearing from the axle.

Withdraw the front bearing, together with the
grease retainer, from the hub; this completes the
dismantling,

" When reassembling, fit 4 new grease retainer,
and also ‘gxamine the outer surface of the distance
piece as this forms a land for the seal; renew
if grooved, .

RING MUT

LABYRINTH RING .

il

REAR AXLE MUT| |

GREASE PIPE \ BALL RACES

O
= ry |
=

Section 180

Fig. 2 Seetion through radiator and fan showing
fan hubs detnils for 6-cylinder engine
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PUBLICATION No. P697 (Issue II)

Section 1 General Description, Operation, Individual Components.

Section 2 Installation.

Section 3 Commissioning.

Section 4 Servicing—Leakage Tests, Service Check, Removal and
Replacement of Thermostat Element, Flexible Hoses.

SERCK TECHNICAL ADVISORY SERVICE

A record is kept of évery unit and when informstion or spares spe required, it is only necessary
to quoic the serinl number on the nameplate. A service and repair organisation is avadilabie for
maintenance, cleaning and overhaul of Serck equipment at short notice.

The Serck policy is one of continuous improvement and the Company reserve the right to modify the
equipment described in this manual without prior notice.

Telephone : VICroria 4353  Telex 33-141 Telegrams : SERCERAD




I GENERAL DESCRIPTION, OPERATION,

seclion INDIVIDUAL COMPONENTS

GENERAL DESCRIPTION

The drive consists of a fixed displocement hydraulic pump driven from a suitable power take-off
and coupled hydranlically to a fixed displacement hydraulic motor on which the fan is mounted. A
controller, sensitive to the coolant temperature, governs the speed of the hydraulic motor through by-
pass regulation of the hydraulic fluid. The fourth component is an oil tank conaining the hydraulic
fluid and housing magnetic filoers.

“This is the basic system. There are severnl variants available, These may include radiaror shumers
operated by hydraulic rams which are connected w the hydroulic circuit {(Fig. 1), or a twin controller
actunted by two cooling fluids (Fig. 1A). Various sizes of controllers are available to suit the particular

application.
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Fig. 14 Fig. 1
OPERATION
Baslc System

On starting, the hydraulic pump begins to rotate and the hydravlic fluid is wholly by-passed
through the controller so that the fan motor does not rorate, When the coolant approaches the pre-
selected temperature a thermostatic element in the controller actuates the hydmulic by-pass valve,
allowing some of the fluid to pass to the fan motor, which starts to rotate, The speed of the fan
increases until there is sufficient cooling to maintain the coolant ot the pre-selected temperature, As
the load on the engine is increased, 5o the fan runs at a correspondingly greater speed, always controlling
the coolant at the desired value,

System with Shutter Ram

Shurrers fitted to the radiators can easily be operated from the hydraulic system. The pressure
from the hydraulic circuit is led 1o a hydraulic ram which operates the shutters. These are arranged
to open at the botrom end of the fan speed curve just as the fan stares to rotate. Coreespondingly, they
are closed again just a5 the fan stops rotating. The redistor shuirers close when no cooling is required
and help 1o maintain temperature stability in the system.

=g




Swstem with Twin Controller

When there are two fluids ro be cooled in the radiator equipment and only one fan 1o provide the
cooling air, a twin controller can be incorporated,

In a twin controller the position of the valve is controlled simultaneowsly by the temperature of two
separate fluids (e.g., engine jacket water and lubricating oil). The position of the valve and hence the
gpecd of the fan depends upon which thecmostatic element is extended farthest and thus the air flow
is controlled by whichever fiuid is nearest to its maximum design temperature at any particular
instant. This system can be fitted with shutter ram control.

INDIVIDUAL COMPONENTS
(1} Axial Plunger Pumps and Motors
A standard range of these units is available, Fig. 2 shows a cross-section through & typical unit.
In general it is preferable for the pump and motor units to run in opposite directions, The standard
direction of rotation is MR,/PL (motor right, pump left).  The direction of rotation can be reversed ;
however, this involves ap adjustment in the position of the valve plate while the unit iz running and
should only be carried our by a Serck Service Engineer,

On all installations where the pump is direct driven, & flexibie coupling should be fitted, “When
the drive is by V-belt no other flexible member is required. To damp out vibration and noise,
flexible rubber hoses are usually fitted to pump connections.

The axial piston pump/motor units have parallel shafts with fitted key. A collar on the inner
end of the driving shaft locates the axial position of the driving or driven members and it is important
thar the coupling, pulley or fan should abur against this collar, On the 5/12 unit which has a taper
shaft this does not apply. Fans, pulleys, couplings etc., are secured by means of a set bolt which
screws into a tapped hole in the end of cach shafr.  Pulleys, fans or couplings should be pressed and
not driven onto the shaft.
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The table and sketch below illustrate the permissible forces on these shafts (—

Radial Forces
Twpe TImgards Forces Outeoards Forees Dhstance x at Disrance x
‘ilb  Fikg Fo Ib  Folkg ifi. mim, Frlb Frks
12 & 3712 175 79.38 8BS 38.55 075 19.05 185 g3.91
16 350 158.76 175 79.38 1.0 25.40 415 188.24
20 505 22006 260  117.99 125 3.7 630  2BA.56
25 780 353.80 395 179.18 1.50 3810 935 424,11
32 1280  580.60 640 29010 200 50.80 1580  711.22
For a radial force acting ar a distance greater than x, the permissible force is
reduced in the proportion 212’: - where 5 is the increase in distance.

]
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The axial piston units have a leakage connection. This connection is waken to the appropriate
fittings on the fluid tank.

(2) Gear Pumps

In certain cases gear pumps are used. The bearings of the gear pumps are self-adjusting for
wear and self-lubricating. Any side thrust rransmitted through the drive will affect the balance of
the bearings and the dicect drive either through a chain or “oldham " type coupling, is therefore most
suitable. I a belt drive must be wsed, the belt pull should oppose the hydraulic bearings loads to
prevent undue wear of the bearings.

Bowtion of the geat pump is not reversible and must be specifidd when ordering.

The pump may be mounted directly to an engine.

Fig. 3 shows a cross-section through a typical unir.

O RING LOW PRESSURE

CIL SEALS Ducr
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BEARING
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HIGH PRESSURE
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Fig. 3 Gear Pump




(3) Controllers

These are available in various types and sizes to suit the application as shown in Figs. 4, 5, 6,
7 and 8. The control temperature stated on the nameplate is the one ar which the by-pass is
fully shut, the fan thus running at maximum specd.

The controllers are set at our works and no adjustments should be necessary, However, the
controllers are usually provided with a number of spacing washers 1 mm, thick. Removal of one

washer will lower the control temperature by approximately 2 deg. F.  Insertion of an extra washer
will have the opposite effect.

Alternatively, a similar adjustment of the conrrol remperarure can be carried out by shortening the
pin in the element if it is desived to raise the control tempeeatuere, To lower the control temperarure,
use 4 longer pin.

We strongly advise, however, thar any adjustments which may be required be carried our by our
own Service Enginecrs.
The coolant, the temperature of which is sensed by the controllers; must wash the thermal element

and, depending on the type of fitting of the conteoller, it can either be put in a by-pass or on the main
pipe, whichever is most convenient.
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Twin Controller (Screwed for Piping)
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Twin Contraller (Flanged)

Fig. 9

(4} Ol Tanks

The tank should be a lirtde above the pump inlet
with a smooth pipe connection between. It is not
essential that the wnk should be high in the circuit
but if it is very low all the hydraolic fluid will drain %_r,_ ;
into itlon dose down and :_’uﬂicicut capacity st i Lty _,.@:" r_ f i :{
be allowed tu_p.:u'%:nt RO (q.r:r-ﬁcrw. | | | ﬁ‘a_r- &“ s }

A name piste on the tank will specify the
recommended grade of oil for use in the system.
Mormally Shell Tellus 33, Esso Teresso 52 (British Frit
Railways Specification R.14) or any of the other ¢ RS
hydraulic oils of similar viscosiry, such as BP i s i
Energol Hydraulic 100 may be used. Heavy duty i o
mineral, acid free lukricating oils of SAE.20-30
viscosity can also be employed.

ELLI S
PRy -

A typical oil tank is shown in Fig. 9.

General

If the installarion is subject to vibration, it is
desiruble that flexible rubber hoses be put into the
hydraulic circuit at appropriate ploces.

Before despatch each hydmulic drive is run
under working conditions, the procedure being
as follows :

The temperature at which the fan starts to
rotate is noted and the unit is then run at full

speed. During the runs all components and joints
are checked,




seel i on 2 INSTALLATION

Important

It is essential that care be taken to maintain all items scrupulously clean throughout. The ingress
of any foreign matter will impair the efficiency and life of the equipment.  All units are despatched
in sealed condition and these seals should only be removed immedintely prior o installation.

Ermeto Couplings
Ermeto couplings are fitted to ends of pipes by the following process :—

(1) Cut end of tube square to its axis, file cur face flac and remove burrs inside and outside Mbe,

(2) Lubricate all parts with oil.

(3) Slide nur and Ermetic ring over end of mbe with the collar end of the ring facing towards the
nut and the thin end of the ring towards the cone of the coupling body.

(4) Grip the coupling bedy in a wice and insert the tube into the body, ensuring that the tube end
butes firmly on the step at the base of the cone.

(5) Position the ring in the cone, engage the nut and screw up till pipe is just gripped by the ring.

(6) Screw up strongly with a spanner : the nut should be given 11-11 full mrns after the ring has
gripped the pipe.

(7} Dismantle the coupling and clean tube as below.

{8) Remake the joint on site by inserting the tube into the body, engaging the nut and tightening
strongly, using two spanners, one on the body and the other on the nut.

BEFORE ASSEMBLY

SEE “ERMETO COUPLINGS™ SEE “ERMETC COUPLINGS"
PARA 3. FARA 4.

AFTER ASSEMBLY
FIG. 10 ERMETOC COUPLINGS

—f—




Cleaning of Steel Pipes

After all cutting, bending, fitting of couplings, etc., has been completed :

(1) Remove all burrs and swarl,
(2] Degrease.
{3} Rinse in water.
(4) Pickie in 15% hydrochloric acid solurion.
{5) Meurralize in sodium carbonate solution,
(6) Rinse in warter.
(7} Bonderize or equivalent,
(8) Rinse in wager.
(97 Dry with warm air.

(100  Flush with hydraulic oil.

(11} 1If not fitted into circuit immediately, scal ends with adhesive tape.

When the system is finally erecred, cleanliness must be observed and if there is any doubt as to

whether dirt may have got into any of the pipes, or if they have been stored, the following simplified
cleaning process may be used, provided no further cutting or heating of the pipe has taken place ;

(1) Flush with clean paraffin,

(2) Dry with warm air,

(3) Flush with hydraulic oil.

(4] If not firted inro circuir immediately, seal ends.

seclion 51 COMMISSIONING

After complete nssembly of the fan control system, the following operations must be carried out when

commissioning the set :

L.
2.

3.

=

~

Remove the oil tank filler cap and open the high level cock.

Fill the rank with clean, filtered oil of the grade indicated on the tank to the level of the high

level eock.  Closa the high level cock and seplace the filler cap)

Ean the pump at its normal working spead,  Certain tvpes of controllers ars not firred with a

manual control scréw ; in that case the will have 1o be rotated by heating of the thermostatic

element near to its control remperature.  Otherwise carry out the procedure as below ;

Release the locking nut on the contraller over-ride screw and, using a screw driver, screw this

until the fan is rotating slowly, There is some lost motion on the screw and this must be taken

up before rotation of the fan will commence.

Fully retract the manual over-ride screw and top up the wtnk with oil a5 in (1) and (2).

Screw in the over-ride screw to its normal limit. This will cause the fan to rotate at full speed,

Leave in this state for thirty minutes. Meanwhile, examine the system for leaks and, if necessary,

tighten joints,

Fully retract the manual over-ride screw and lock by means of the locking nut in this position.

Shut down the pump,

Remove, clean and refit the magnetic filter in the oil tank as follows *

(@) According to the type of filter fitred, either unscrew by central hexagon boss or remove nurs
holding the filter flange.

(6) Remove filter and clamp fixing fange lightly in vice.

{¢) Remove filter cage either by unscrewing hexagon nut at base or by undoing knurled nur,
if necessary inserting a 5/16in. (7.93 mm.) tommy-bar in the holes provided in the nut for
that purpose.

() Withdraw the cage from the central bar magnet.

() Wash the cage in clean paraffin and wipe the bar magnet with a clean cloth to reomve any
particles adhering to it.

(f) Re-assemble the cage onto the bar magnet and screw down.,

(g) Refit the filter into the mnk.

NOTE.—Care must be taken that the bar magnet is not accidentally dropped, nor should it come into

contact with either steel or iron objects, as this would reduce its effectivencss.

Before despatch each hydraulic drive is run under working conditions according 1o the following

procedure

The temperature at which the fan starts 1o rotate is noted, and the unit is then run ae full speed

for a period. During the run, all components and joints are
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SERVICING
LEAKAGE TESTS, SERVICE CHECK

4 BREMOVAL AND REPLACEMENT OF THERMOSTAT
ELEMENT

FLEXIBLE HOSES

SERVICING

It is essential that care be taken to mainmin all items scrupulously clean throughout. The ingress

of any foreign matter will impair the efficiency and life of the equipment.

(1)

(2}

(3]

(4

(5)

Inspect the oil level in the tank weekly and op up to the level of high level cock if necessary.
IF the ofl level is appreciably down, inspect the system for leaks and tighten couplings, etc., il
required,

Bemove, clean and refit the magnetic filver two weeks after commissioning and thereafier quarterly
or at every change of oil. ‘This must be done with the ser shut down,

Drnin the hydraulic system through the drain holes at the bowom of the tank and refill with
clean filtered oil of the specified type after the following periods :

Locomotives and milcars—Every 30,000 miles.
Shunting locomotives and smationery sets—Every 2,000 running howrs,

(a) Remowve the oil tank filler cap and open the high level cock.

(b1 Fill the tank with clean, filtered oil of the grade indicared on the wnk o the level of the
high level cock.  Close the high level cock and replace the filler cap.

(¢} Run the Ipu.mp ar its normal working speed.  Certain types of controllers are not firred with
o manual control screw ; in that case the fan will have to be rotated by heating of the
thermostat near to its control temperature. Otherwise carry oot procedure as below :
Release the locking nut on the controller over-ride screw and using o screwdriver screw
until the fan is romting slowly. There is some lost motion on the screw and this must be
taken up before rotation of the fan will commence,

{d) Fully retract the over-ride screw and top up in the tank with oil as in (2) and (5.
Replace all flexible hoses and thermostatic elements every two years ; ensure replacements are
of the right type and size.

replacing hoses, cut Ermeto ring on standpipe end of old flexible hose, remove not so that
it may be re-used with the new fexible hose if desired,
After/a_considerable time in service replacement of oil seils on puinps and motor bnits may be
required. ()il seals can be replaced by rerfoving the gover plafe.  Replace sealing bush i worn,

Leakage Tests

Every twelve months during the course of the life of the equipment a leakage test should be applied

to measure possible wear of the pump and motor units, th: procedure being as follows :—

(1}
(2}

Frg.']_a.__
Hotor Pump

Mate position
of engraving
on oack spindle

(3)
(4)
(3}

()

Fit pressure gauge in the pump outlet pipe at the appropriate fitting provided for rhat purpose.

Run the set under manual control until the oil reaches normal working temperature of 122 deg. E.
(30 deg. C.) and adjust pressure in the system to 1425 p.sd. (100 atm.) approximately, or run the
set at maximum pressure if this is below 1425 pas.i.

i 11
] 1!

l_
iﬁ'

!.ux:ae
Cock in *Mormsl® Position Ceeck In "Test” Position
Fig. 11

Tum tap in leakage line into appropriate position and messure leakage fow for one minute.
If no leakage cocks are fitted, disconnect leakage pipe at convenient point and proceed o2 above.

Check oil level in tank and repeat test for motor at the same temperature and pressure as in
(2} above.

To obtain the maximum leakage allowed, multiply figure shown in Table 1 below by factor F
for the oil being wsed, obained from Table 2,

Ensure that leakage cock is returned to normal after testing.




TABLE 1 TABLE 2

Max. Leakage Factor F hl Grade
Size of Llwmr
Litres Galls. 1.0 Teressa 52
1.76 SAE 10W

i2 1.0 22 1.01 SAE 20W
16 1.8 A0 0.61 SAE 30%
20 24 53 0.61 Shell Talpa 30
25 4.5 09 1.35 Turbo 29
32 6.5 1.43 1.5 Tellus 26
40 12.5 75 1.0 Tellus 33
50 18.0 3.96 1.0 R.l14

After several years the leakage on the pump will exceed that on the motor, 1f it is sill below the
pern:j.'issib]c maximum, the units can be interchanged. This will give several years more satisfactory
service,

If leakage exceeds the permitted maximum value, the unit must be retumed o Serck Radiators
Limired or an accredited agent.

s

Fig. 12

o i =




Service Check
If the drive appears to be operating incorrectly the following procedure must be adopted ;
(1} Check oil level in tank ; if down, check for leaks,

(2) (a) Run pump at correct running speed.
(b} Screw down manual over-ride screw on controller to its full extent.
(e} Fan should now run at its rated speed.
(d} If shutters are fitted check they are open.
(¢) If fan does not rotate check that pump spindle is murning.
{f) Check for rotation, if incorrecr check pipework ; reversal of motor connections reverses
rotation.
(3} If the mechanical side of the drive is satisfactory then check thermostat element :
{a) Run prime mover at normal running speed.
(b) Allow temperature of controlling fluid to increase to that rated on controller.
() The fan should now rotate.

Hemoval and Replacement of Thermostat Element in Standard Controllers

Wherever possible operators are strongly advised to return the controller to Serck Radiators
Limited for replacement of the thermostar element. The following procedure is included for the
guidance of operators outside the United Kingdom.

To Remove Element (see Fig. 12)

{1} Screw over-ride screw fully in.

(2} Detach thermostat carrier A from controller by removing four set screws B,
(3) Unlock and remove cap G.

{4) Hold thermostat element D and remove lock nut E.
(NoTe.—In some models there may be two lock nurs.)

(5) Dnthcmkufrh:dﬂncn[mamppﬂsﬂiiﬂswahﬂrﬁIﬂﬂ]larﬁ,mdmurmﬂrcmdng
rings H. These rings can be used to adjust the operating temperature by 2 small amount. The
rings are 1 mm. thick, rcemoval of one ring lowering the operating temperature by 1 deg, C., and
™™HOg ThTSd.

To assemble
{6) Replace spacing rings, collar and sealing washer on the element and fit into carrier.

Remowval of Element in Twin Controllers

To remove element T2 on twin controller (Fig. &) proceed as described above for single controller,
after removal of the carrier.

To remove element T1 it is only necessary to remove the lock nuts,

Removal of Element on Large Controller

To remove elements on large controller (Fig. 7) remove controller from pipe line and undo carrier
rcmmlnlgnnuu to detach carrier. The element can be changed as described above for standard
contro 4

Flexible Hoses—Storage Conditions

The following arc the recommended conditdons under which rubber and synthetic rubber hases
should be stored :

(1 Smm flat and relieved of unnarural stress, e.g., not tightly coiled, and no weight should rest
on them.

(2) Correct sealing caps should always be fitred.

(3) fsr'f:ilu in a cool atmosphere, not exceeding 80 deg. F. (27 deg. C.), in which air should be circulated
¥

(4) Prorect from direct sunlight and store away from electric motors,
(5} Prevent contact with oils, solvents or any substance likely to be harmful to the hose material.

Under these conditions, flexible pipes can be stored for periods up 1o four years, but if the period of
storage has exceeded two years they should be pressure-tested before installation,
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DESCRIPTION

The heat transfer surface comprises a pumber of standard interchangeable and easily
removable sections made from brass or copper tubes threaded through and bonded to brass
or copper fin plates.

The section headers are of two types ;
{1} B type in which the attachment to the manifolds is by means of two bolts,

{2) C type where the sections are clamped in pairs to the manifolds.

In the larger units the sections are arranged in two banks and/or two ters.
An inspection panel is provided in the fan cowl of double bank radiators to facilitate
inspection and removal of the inner bank of sections.

The steel manifolds have welded-in divisions to ensure that the oil and water flow
through the sections at the eorrect yelocities. Inlet and outlet connections are arranged
to suit engine makers' requirements.

Steel side plates support the radiator pancl,

The axial flow type fan impeller may be mounted in a bearing held by four
tubular arms artached to the steel fan plate. The fan may be driven by means of a
chain drive, or through V belts from the engine or from a separate motor. A jockey
pulley may be fitted for adjustment of fan belt tension. Alternatively a direct motor
drive or the Serck-Behr hydrostatic fan drive may be used. In the case of locomotive
radiators the fan may be mounted on the engine bulkhead or in the roof of the locomotive
with air ducting to the radiator panel or panels,

Combined filler plug/air cocks are fitted in both the oil and the water compartments
of the top manifold, whilst in the water compartment is fitted a double-acting spring-loaded
pressure release valve, This prevents the building up of excessive pressure due to
overheating and also reduces any depression which may form when the engine is shut
down, thus protecting the radiator against abnormal stresses. Drain plugs are provided
in the bottom manifold.

Manupally, mechanically or thermostatically operated shutters may be fitted to control
gir flow through the radiator.




OPERATING NOTES

Aerated water promotes corrosion and may eventually lead tw tube failure by
impingement attack. Keep air from the systems by maintaining pump glands and pipe
connections quite leakproof and by bleeding air from the top manifolds at regular
intervals,

Drain the water side in extremely cold weather when the radiator is to be left
inoperative, particularly in exposed locations, otherwise keep both oil and water sides
completely full at all times. Leaving a radistor partly filled with water encourages
COTTOSION.

In closed circuit water systems of this type, water losses, if any, should be very small
and the formation of hardness scale easy to avoid. Use of suitable chemical or oil emulsion
inhibitors provides full insurance against corrosion and scale if the manufacturer's
instructions are closely followed. Distilled or naturally soft water should be wsed
wherever possible.

Oil and water temperatures and the pressure loss across the radiator indicates the
condition of the cooling surfaces. Thus a gradual rise in the radiator outlet temperature
under normal operating conditions may indicate that the surfaces are becoming progressively
fouled by deposits of insulative dirt or scale. If the temperatore rise is accompanied
by increasing pressure loss, then fouling will be on the insides of the tubes and headers ;
if not, then the fins and tubes on the outside may be obstructed. In both cases, cleaning
15 indicated,

CLEANING
Air Side

In dusty sitwations, particularly where oil fumes or spilling are encountered, it
is possible for the radiator sections to become very dirty. A low pressure steam jet
will remove most deposits, but in very stubborn cases it i3 advisable to wash or
hose down the sections using a reliable detergent, such as Shell's Teepol in hot
water.

Water Side

Little guidance is necessary, since this side should not normally become fouled.
If, due to leaky joints for instance, indiscriminate topping-up with hard water has been
carricd out for some time, the system may become restricted by hardness scale. This will
cause higher running temperatures which, in turn, accelerate scale deposition. In such a
case it is advisable to descale the entire cooling system,

To descale the radiator alone, suitable acid solvents should be used such as
Houseman & Thompson’s H.T.L. “A" solution " or inhibited hydrochlotic (muriatic)
acid.  Whatever solvent is used, the manufacturer’s instructions should be closely
followed.




The procedure is as follows :

1. Drain the water system and disconnect and blank off the pipe connections t
the engine,

2, Preparc a 4% solution of inhibited acid solvent and fresh water, more than
sufficient to fill the sections to be descaled. Add the aad fo the water, never
vice Tersa.

3,  Allow several minutes for mixing, then heat the solution to 120 deg. F. (maximum}.

4, Run the solution slowly into the radiator via the filler cap or a branch in the top
manifold. Effervescence will pecur ; when it ceases, fill the radiator completely with
the heated solvent.

5. Allow to stand for several minutes, then drain the solvent back into the original
container through a branch in the bottom manifold, or the drain plug.

6. [Examine the interior of the headers on the sections, IFf scale remains repeat the
process outlined above with the solvent strength increased to 8%. Finally drain
1o wasle.

NOTE : “Where facilitics are not good it may be more convenient to remove the individual
sections and descale each separately, following the general procedure outlined above.
If this is done steps should be taken to remove any scale from the relevant compartments
of the manifolds also.

7. Fill the mixing container with fresh water, heat to/boiling/point then add common washing
soda crystals at the following atrength @ 1 Ib, soda 1o 5 gallons water. Fill the radiator
with this solution, then drain it back into the container.

8. Flush the radiator in this manner several times, finally leaving the radiator quite full
for at least an hour. Drain to waste and wash out the radiator with hot, fresh

water.

9. Before putting the radiator into service again, fill with water and apply a test pressure
of 40 Ib. per square inch. Examine carefully for any leaks which may have been revealed
by descaling. If possible the rubber joint rings for each water section should be
renewed after descaling.

il Side

A number of suitable degreasants exist and while some entail the use of special
equipment, there are now available efficient solvents in concentrated liquid, crystal
or powder form, ready for mixing with water. These are non-toxic and free from fire
risk, besides being easy to handle, transport and store. Houseman & Thompson’s
H.D. Degreasant has been tested and found entirely satisfactory, it may be obtained easily
through a world wide distributive organisation. Whatever solvent is used the makers’
instructions should be closely followed.

R



Methods of degreasing include :

I. Filling the radiator with solution of the correct strength then injecting steam at
pressures not exceeding 10 1b. per square inch through a connection on the bottom
manifold.

2. Circulating the solution (preferably heated) through the radiator using a portable
pump and tank.

3. Removing individual sections and immersing them in a separate tank of solvent.
Agitation by air or steam injection will speed up the cleaning process. It is important
that the solvent should flow through the tubes. Remember also to wash out the
relevant compartments in the manifolds.

REPAIRS

In the event of damape causing leakage from a section, the section should be removed
and suitable blanking plates and packing fitted as a temporary measure.

It is always advisable to carry sections as spares, particularly in not readily accessible
regions where operating conditions are arduous.

When calling for spares, please quote the serial number on the radiator name plate.
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SECTION 19A .. LUBRICATION SYSTEM

DRY AND SEMI-DRY SUMP ENGINES

DESCRIPTION
The dry sump system e¢mploys one pressure and
two scavenge oil pumps. The scavenge pumps
return the oil from the front and rear sump wells
into a separate oil reservoir in the sump casting,
from which it is drawn by the pressure pump and
circulated round the engine.

The semi-dry sump system employs one pressure
and one scavenge pump, the scavenge pump
emptying the rear sump well into the front well,
from which it is drawn by the pressure pump and
circulated round the engine.

Scavenging in the dry sump system is unaffected
by inclinations of the engine up to 40 degrees in a
fore and aft direction and up to 20 degrees side-
ways, and in the semi-dry system up to 35 degrees
in a fore and aft direction and 15 degrees sideways.
Gear-type scavenge and pressure pumps are used
throughout.

0il is pumped by the pressure pump through an
in-built oil-to-coolant heat exchanger on dry sump
engines, or a pack-type oil-to-coolant heat ex-
changer (if fitted) on semi-dry sump engines, and
thence through a bank of full-flow filters to the
engine main oil feed gallery.

The function of the oil-to-coolant heat exchanger
iz to bring the oil 1o its working temperature as
rapidly as possible, and o, /maintain it at that
temperature under all working conditions, the
necessity for a heat exchanger depending on
climatic conditions, engine rating and arrangement
of installation.

The externally-mounted in-line filters are fitted
to a header bracket secured to the side of the
crankcase, and are connected by external pipes to
the relief valve uvnit. Filtration is achieved by
forcing the oil through expendable paper elements
housed in cylindrical containers. These elements
cannol be cleaned; they must be renewed at the
appropriate servicing period.

The relief valve unit contains a pressure relief
valve and a filter by-pass valve which, apart from
their spring loadings, are identical. The spring
loading of the pressure relief valve is such that the
valve opens when the oil pressure rises above the
maximum recommended for any particular engine,
as stated in *Engine Data’. The spring loading of
the filter by-pass valve is such that the valve opens
if the pressure drop across the filters exceeds
15 psi. (1054 kp. per sq. cm.), thereby preventing

1
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oil starvation in the event of the full-Aow filters
becoming choked.

The oil which is delivered under pressure to the
crankshaft from the main cil feed gallery lubricates
the main and big-end bearings, and is conveyed
along drillings in the connecting rods to lubricate
the gudgeon pin bearings and the cylinder walls.

On 6-cylinder engines the camshaft bearings are
fed through the hollow camshaft by a direct
supply from the main oil feed gallery to the cam-
shafl centre journal, and a restricted low pressure

PRESSUIRE
RELIEF VALVE

FILTER EY.-FASS VALVE

P HiGH PrEssuRE
[ ] Low eressume
] ScAVENGE AND RETURM

Fig. 1
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feed is taken from this supply to lubricate the
valve rocker shafts. On 4 and 8-cylinder engines,
in which a solid camshaft is employed. each cam-
shaft bearing is fed from the adjacent main bearing
journal via drillings in the crankcase, the end
bearing feeds providing the low pressure supply to
the valve rocker shafts. A drilling in one of the
holding-down studs of each cylinder head is used
in all engines to convey the rocker shaft oil from
the crankcase to the cylinder head. Spill oil from
the rocker shaft bearings lubricates the ends of
the valve stems, the push rod ball ends, and the

LP. RESTRICTOR

FRONT MAIN
BEARING FEED

PRESSLIRE PUMP
a7

Lubrication system — drey sump engine
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tappets. Additional bleeds from- the camshafl
tapping lubricate the air compressor, supercharger
and supercharger driving gears, when fitted.

When an engine-ocil lubricated fuel injection
pump is fitted to an engine the feed tapping is
taken through a restrictor from the main idler gear
supply at the front of the crankcase.

CHANGING THE OIL

Drain the oil system immediately after stopping
the engine while the oil is still warm.

Remove the drain plug or plugs from the
bottom of the sump and after all oil has drained
from the engine'refit the drain plugs.

Use the oil recommended, see *Engine Data’; fill
through the stand pipe until the oil level in the
sump 1s up to the "MAX" mark on the dipstick.

Remove the oil filters, pour out the oil, and fir
new elements, see ‘Filters',

. HIGH PRESSURE
ﬂ LOW PRESSURE
I spiLe anp reTusn

FULL FLOWY FILTERS

SCAVENGE PUMP S =
SUCTION FILTER : c'

PRESSURE RELIEF VALVE =
FILTER BY-PASS VALVYE

FROM HEAT EXCHAMGER

CRANKSHAFT OILWAYS

:-.I:X |IIII | - 2
\

TO MAIN
GALLERY

Fill the filter canisters with lubricating oil and
refit them to the header bracket.

Run the engine for | minute to circulate the oil
and re-check the level.

FILTERS

To renew the filter elements, unscrew the cap-
nut securing e¢ach filter to the header bracket and

remove the filters.

Withdraw the filter elements, clean out the
canisters and fit new elements and sealing rings,
and ensure that the bottom sealing ring, spring,
and washer are correcily fitted. The elements
removed cannot be cleaned and should be dis-
carded with the old sealing rings,

Fill the filter canisters with clean lubricating oil
immediately before refitting them to the header
bracket. Always fit a new sealing ring in each
header bracket recess and ensure that a new seal-
ing ring is in position on the top of each filter
element.

FRESSLRE GAUGE COMMECTION

%

/
" SCAVENGE PUMP

/ DISCHARGE

PRESSURE PLMP
SUCTION FILTER

TO HEAT EXCHAMNGER m\\

Fig. 2 Lubrication system — semi-dey sump engine
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Note: Two types of oil filter assemblies
are in service: the earlier long-bowl
assembly with corrugated paper elements
fitted to engines manufactured before
Aungust 1958, and the short-bow] assembly
with multiple-disc paper elements fitted
to all engines manufactured after August
1958, and to engines manufactured before
August 1958 which have been modified
to incorporate the improved type filter
assembly. On no account should com-
ponents from one type of filter assembly be

Fig. 3 (4l filter detnils  { short howl)

Secrion 194
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used with the other, as unfiltered oil will be
circulared throush rhe sysiem if shori-bow!
elemenis are fitted in long-bowl filters.

The change period for the oil filter elements has
been arranged to ceincide with that for the oil, If
for any reason the oil cannot be changed at the
period recommended, the filter elements should be
renewed at that period and again when the oil is
changed.

When first running the engine after filter servic-
ing inspect the filter canister joints for leaks.

At overhaul of the engine remove the header
bracket from the engine so that the oil passages in
the bracket can be effectively cleaned out.

Examine the inlet and outlet pipes for damage.
Where rigid metal pipes are fitted small smooth
dents may be ignored but where the surface of the
metal has been cut the pipe should be replaced. If
flexible pipes are fitted check for deterioration of
the rubber outer cover and visually examine the
bore of the pipes for restriction by directing a light
down the pipe bore,

Rigid pipes should be washed and blown
through immediately before they are refitted to the
engine,
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RELIEF VALVES

Twin relief valves are contained in a common
casing. The valves and springs are identical, the
difference in loading being obtained by varying the
depth of the valve seatings from the end faces of
the casing.

One valve maintains the oil pressure at 40
to 60 Ib. per sq. in. (2.8 to 4.2 kg. per sq. ¢m.), and
the other provides a safety by-pass at 15 1b. per sq.
in, (1.054 kg. per sq. cm.) in event of the filters
becoming choked. The unit is mounted on the rear
of the oil reservoir cover for the dry sump engine,
and for the semi-dry sump engine on the engine
sump below the oil filters, the valve at the rear of
the unit being the pressure relief valve and that at
the front the filter by-pass.

FILTER BY-PASS VALVE

SPRIMG

PRESSURE
RELEASE VALVE

Har

Fig. 5 Exploded view of relicl valve = dry sump enging

Fig. fi (8] pressure relicl valve = semi-dry sump enging

If a valve is believed to be faulty, remove the
end cap and spring from the relief valve unit, and
extract the valve using the special tool GA.14 or a
2 B.A. screw of sufficient length to reach the tapped
hole in the valve head. Examine the valve and
seating {or dirt or foreign matter. In the unlikely
even! of the valve seating being badly indented,
the complete wnit should be changed; in most
cases, however. any trouble can be rectified by
cleaning.

At overhaul dismantle the unit and examine the
valves and seats for indentations, Check the free
length of the valve springs by comparing them
with a new spring or preferably check the spring
loadings at their compressed length to the figures
given in the following table: —

ENGINE VALVE  |COMPRESSED LOAD
LENGTH
in,  mm. Ik, ox. kg
; li 0,972 24688 |24 14 11283
DRY SUMP Pressure reliel

Filter by-pass | 1.286 32664 | 8 135 4012

Pressure reliel | 1650 4191 (26 & 12.02

SEMI-DRY |Filter by-pass. | 2320 58928 6 10 3.007

SUMP
Heat exchanger
b= puaiss 2320 58928 | 6 10 3.007

3
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Fig. 7 Hl flow through relief valves — semi-drey sump engine

Before re-assembling the unit thoroughly clean
all parts. Fit new sealing washers under the valve
retaining caps. After assembly, check the opening
pressure of the valves in the following manner: —

Seal off the inlet and outlet ports of the unit
and by means of a 3-way connection and a
hand pressure pump, apply an oil pressure
through the filter delivery and return unions
of the unit. The pressure relief valve should
lift at 60 1b. per sq. in. (4.2 kg. per sq. cm.) and
allow oil to flow from the by-pass port,

Uncover the outlet port and seal off the inlet
and by-pass ports. Remove the 3-way connec-
tion and apply an oil pressure through the
filter delivery connection. The by-pass valve
should lift at 15 b, per sq. in. (1.054 kg. per
sq. cm.) and allow oil to flow through the out-
let port.

If a valve leaks before the lift pressure is reached,
examine the valve and seating, and if these are
satisfactory, fit a new spring.

f
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When refitting the unit to the engine, use a new
Jointing washer for the semi-dry sump engine and
ensure that new rubber sealing rings are fitted to
the inlet and outlet pipes at their connections to
the relief valve unit.

SUMP
REMOVAL AND REFITTING
Drain the engine cooling system.

Remove the drain plugs from the sump and
drain the oil from the engine. Refit the drain plugs.

If the installation does not allow access to the
sump, remove the engine and fit it to a turnover
stand,

For the dry-sump engine release the coolant
inlet and outlet pipes to the heat exchanger at the
hose connections on the coolant adapters. Release
the oil inlet and outlet pipes to the relief valves at
the unions on the valve assembly. Release the front
and rear air balance pipes at the unions on the oil
TESETVOIT,
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Withdraw the dipstick from its holder.

For the semi-dry sump engine remove the oil
filters from the header bracket, disconnect the
inlet and outlet pipes between the header bracket
and the relief valve assembly, and withdraw
the pipes from the relief valve casing.

Turn the engine upside down.

For the semi-dry sump engine remove the base
plate from the sump fronat oil well,

Remove the set-bolts securing the sump to the
crankcase and break the joint using § in. dia. UNF
set-bolis in the starting holes at each corner of the
sump flange, and withdraw the sump evenly.

- Remove the oil transfer bobbins.

For the dry sump engine remove the nuts
securing the heat exchanger coolant jacket and

withdraw the jacket from the studs. Remove the

COOLANT JACKET

"_h—"ﬂ‘—ﬁﬁ—'l'—g'l“—-

six nuts securing the two oil transter brackets to
the sump, and withdraw the heat exchanger oil
pipes and bracket assembly from the studs, With-
draw the brackets from the ends of the pipes.

Remove the oil filler pipe assembly and unscrew
the dipstick holder.

For the semi-dry sump engine release and
remove the oil reliel valve assembly, the heat
exchanger oil transfer bend, and withdraw the
transverse oil pipes from the sump.

Inspect all parts for-corrosion and wear and
renew the rubber sealing rings on the ends of the
heat exchanger oil pipes, swrp transverse pipes
and on the oil transfer bobbins,

Clean all items thoroughly and ensure that the
oil passages in the sump are clear.

Assembling is the reversal of dismaniling. Use
new joint washers on all the mating surfaces,

l

‘H"‘"- STRAINER

SUMP

HEAT EXCHAMGER
TLIRES

Fig. i Sump and heat exchanger — dey sump engine
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When. refitting the sump, position the transfer
bobbins in the holes in the main gallery pipe
bracket, and for the semi-dry sump ensure that the
transfer bobbins are positioned in the heat ex-
changer oil transfer bracket.

Fit a new joint washer and offer the sump up to
the crankcase, locating it with the 4 sump guide
bars GA.257 before pressing into position.

Remove the 4 guide bars and secure the sump
with the set-bolts.

For the semi-dry sump fit and secure the base
plate to the sump front oil well.

Refit all parts removed for access.

OIL PUMP AND FITTINGS

The il pump, gallery and suction pipe assembly
are bolted to the cap halves of the main bearings.
The pipes are sealed at their connections by rubber
sealing rings located in grooves in the pump and
bracket bores.

i
Section 194

REMOVAL
Drain the oil and remove the sump.

Remove the bolts securing the pump assembly
and the pump inlet and outlet pipes to the engine
main bearing caps.

For the dry sump engine release the front main
bearing feed pipe at the union on the pipe between
the rear oil intake and the pump.

The complete assembly can then be lifted off the
engine,

DISMANTLING

Withdraw the oil inlet, outlet and main oil
gallery pipes from the pump. At complete overhaul
of the engine, the piping assembly should be dis-
mantled so that the rubber sealing rings can
be renewed.

Unscrew the nut securing the oil pump driving
gear to the pump shaft, withdraw the gear, and
extract the key.
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Dry sump pump
Release the four retaining bolts and withdraw the
front intake and strainer assembly from the pump.

Release the four bolts on the opposite side of the
pump to the strainer assembly and withdraw the
oil outlet branch,

Mark the pump casing to ensure correct assembly
on rebuild.

Unscrew and remove the pump assembly retain-
ing bolts and withdraw the pump gears and
dividing plates, marking the two scavenge pump
driven gears so that they can be replaced in the
same order in which they were removed,

Semi-dry sump pump

Release and remove the forward suction strainer
from the rear of the pump, and the rear suction
elbow from the left hand side of the pump.

Mark the pump casing to ensure correct assembly
on rebuild.

DRIVING GEAR

DIVIDING PLATE

EMD COVER

FROMT SCAVEMGE
PUMP CASING

FROMT SCAVENGE PUMP GEARS

REAMR SCAVENGE PUMP GEARS

REAR SCAVEMGE
PLIFIP CASIMG
o /

DIVIDIMG PL”E PRESSURE PUMP GEARS
REAR j:meﬂ.

Unscrew and remove the set-bolts securing the
pump casings together, then carefully split the
assembly and withdraw the drive shafl, gears,
floating bushes and dividing plate. Care must be
taken to keep the loose gears and bushes to their

respective pumps.
INSPECTION

Clean all the components thoroughly, ensuring
that the gauze strainers are free from sludge.

Check the teeth of all gears for wear and damage.
Loss of tooth profile is not in itself serious and
only if this is combined with an extensive area of
break-up on the teeth, should a gear be rejected.

Where the necessary equipment is available the
gears should be electro-magnetically crack tested.

Check the end float and diametral clearance of
cach pair of gears in the casing and check the
backlash of the gears.

If the wear on either pair of gears increases the
backlash to more than 0.015 in. (0.38]1 mm.) new
gears should be fitted.

PRESSURE PLIMP CASING

o

Fig., 100 Exploded view of ail ppmp = drey sump engine
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DRIVING GEAR

SCAVEMNGE PUMP GEARS \

DIVIDING PLATE

CDRIVING SHAFT

PRESSURE PUMP GEARS
1741

Fig. 11 Section through ail pump — semi-dey sump engine

The diametral clearance of the driving and
driven gears in the casing when new is 0.0075 to
0.0086 in. (0.1905 to 0.2184 mm.) and should not
be more than 0.015 in. (0.38] mm.).

The axial clearance of the gears when new
is 0.0055 to 0.006 in. (0.1397 to 0.1524 mm.).
Scoring on the dividing plates can be lapped out
providing the thickness of a plate after lapping is
not less than 0.248 in. (6.3 mm.) for the dry sump
pump, and 0.240 in. (6.096 mm.) for the semi-dry
pump. Wear on the face of the plate is permissible
to a depth of 0.005 in. (0.127 mm.) providing any
sclc:iﬁng present is not more than 0.010in.{2.54 mm.)
wide.

10
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The faces of the plate must be kept parallel to
within a total indicator reading of 0.001 in.
(0.0254 mm.).

Bushes and gearshafis

Check the driving shaft bushes in the end covers
for wear and scoring.

If the bushes in the end covers of the dry sump
pump are scored or the bores exceed 0.7335 in.
(19.14 mm.) new end cover assemblies should be
fitted.

For the semi-dry sump pump, fit new end cover
assemblies if the bore of the front bush exceeds
0.7535in. (19.14 mm.) and the rear bush 0.878 in.
{22.3 mm.).
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Check the floating bushes and the bores of the
driven gears,

If the gear bores are badly scored the gears
should be renewed.

If the outside diameter of the floating bushes is
less than 0.90125 in. (22.8971 mm.) or if the bores
are worn so that the clearance between the gear-
shaft and the bush exceeds 0.0025 in. {(0.0635 mm.),
or if the bushes are badly scored they should be
renewed.

Check the splines on the driving gearshaft and
in the driving gears for wear, by trying each gear
into its correct position on the shaft. IT any
appreciable slackness exists, try the gear on a new
shaft and also a new gear on the old shafi, to
determine the serviceability of each component.
The backlash of either component tried in this
manner should not be more than 0.005 in.
(0.127 mm,) measured on a P.C.D. of 0.80 in,
(20.32 mm.).

Alternatively the shaft splines can be checked
over 0.046 in. (1.1684 mm,) wires, | The diameter
over the wires should not be less than 0.8570 in.
(21.77 mm.).

PRESSURE PUMP
CASING

DRIVEM GEAR
SHAFT

PRESSURE PUMP GEAR
AND DRIVE SHAFT

SCAVENGE
GEARS

Check the diameter of the plain portions of the
gearshaft which locate in the bushes of the end
COVETS,

If the diameter of the dry sump pump gearshaflt
has worn to less than 0.745 in, (18.92 mm.) a new
gearshaft should be fitted.

For the semi-dry sump pump, if the diameter of
the front bush location has worn to less than
0.745in. (18.92 mm.), or 0.870 in. (22.1 mm.) for
the rear bush location, a new gearshaft should be
fitted.

MNew end cover assemblies should be fitted if the
bores locating the driven gear shafl are worn, If
the driven gear shaft is worn so that its diameter
is less than 0.65425 in. (16.61795 mm.), fit a new
cover assembly,

Check the internal machined surfaces of the
pump casings for scoring and, if badly scored the
casings should be renewed. Light scoring not ex-
ceeding a depth of 0.005 in. (0.127 mm.) is
permissible,

DIVIDING PLATE

PUMHP

SCAVEMNGE PUMP

CASIMNG
DRIVIMNG GEAR

Fig. 12 Exploded view of pump — semi-dey sump engine
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ASSEMBLING

Assembling is the reverse of the dismantling
procedure. Ensure that the gears are replaced in
the same order in which they were removed and
in the same end to end position.

Check that all bolts are correctly locked and
that the pump gears will rotate freely by hand.

RIG TESTING

The assembled pump should be tested on a rig
lo prove its correct working after overhaul.

Rig
A suitable test rig is illustrated diagrammatically
in fig. 13,

The open topped oil supply tank has a capacity
of 15 gallons and is fitted with a steam heating
coil; an alternative method of heating can be used

12
Section [9A
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k356

Magrammatic arrangement of test rig

where necessary. The pump on test is fitted to an
adapter plate mounted over the supply tank and
the pump is driven through a flexible coupling by
a variable speed motor capable of producing pump
shaft speeds of 1,010 and 2,790 r.p.m.

All suction and delivery pipes are | inch bore
with 3-way cocks in the delivery circuits so that
each pumping unit can be tested independently.
For adjustment of pressures, restricting valves are
fitted.

The instrument panel has gauges for registering
delivery and suction pressures and oil temperature.
To ensure true readings, the tapping for each
delivery pressure gauge is taken from a position
between 2 and 6 inches from the pump. The pump
shaft speed is set with a tachometer.

The weighing tank which has a capacity of
8 pallons is fitted with an outlet sluice valve. A
special inlet valve is fitted for quick action,
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Test procedure
Fill the supply tank approximately § full with coupling between the pump shaft and the rig
S.A.E30 engine lubricating oil, specific gravity driving shaft.

0.8B45.

pipes to the branch connections, and fit the flexible

Check that the delivery cocks and the weighing
tank inlet cock are open to the supply tank and

Mount the pump to be tested on the adapter that the delivery restricting valve is fully open.
plate, secure the suction and delivery branch con-

nections, and fit the assembly into position over

Open fully the suction valves, then slowly open

the supply tank. Couple the suction and delivery the steam to the heating coil in the supply tank.
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Start the rigand run at a pproximately 1,000 r.p.m.
until a steady oil temperature of 90 deg. C.
(194 deg.F.) is attained, then set the pump shafi
speed to exactly 1,010 r.p.m. or 2,790 r.p.m. and
check the delivery at each speed in the following
manner;—

1. Turn the 3-way cock in the delivery line
50 that the cock is closed to the supply tank
and open to the delivery header.

2. Adjust the suction restricting valve to give
a suction pressure of -5 lb. per sq. Im
(-0.3515 kg. per sq. cm.), and adjust the
delivery restricting valve to give a pressure of
60 Ib. per sq. in. (4.2184 kg. per sq. cm.).

3. Recheck the pump shaft speed, reset if
necessary and again check the pressures.

4. Turn the weighing tank inlet cock to
admit ail to the weighing tank and, with a stop
waltch, check the time it takes to add 401b,
(18.144 kg.) to the spring balance reading.
Switch the weighing tank inlet cock to its
original position immediately after the check,
and open the outlet cock to drain the oil back
into the supply taak.

5. Turn the 3-way cock in the delivery line
so that the cock is closed to the delivery
header and open to the supply tank, and close

SPECIAL

PART NO.
J.53365
GA.14
GA 257
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the weighing tank outlet cock when all oil has
drained from the tank.

6. Record the stop watch reading for each
weighing on a suitable test card.

After checking the pump at each speed, care-
fully examine the pump for leaks before stopping
the rig.

The delivery in gallons per minute from the stop
walch readings, can be obtained from the graph in
fig. 14.

The minimum delivery at 1,010 r.p.m. should not
be less than 5.4 galls, for the pressure pump and
7.6 galls. for the scavenge pump.

The minimum delivery at 2,790 r.p.m. should not
be less than 12.7 galls. for the pressure pump and
16.4 galls. for the scavenge pump.

REFITTING

Refitting is the reverse of the removal procedure.

Test the backlash hetween the crankshaft gear
and the oil pump driving gear with the crankcase in
its normal rmnning position and ner inverted. The
minimum backlash is 0.002 in. (0.0508 mm.) and
the maximum worn backlash is 0.013 in,
(0381 mm.).

TOOLS

DESCRIPTION

Stand, sump assembly (drawings available)
Extractor, oil relief valves

Guide bars, sump assembly
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FITS AND CLEARANCES

OIL PUMP — Dry sump
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PERMISSH
Bbenl 08 DESCRIPTION e s w:::u m&"a’;.rf“ REMARKS
DIAGRAM HEW HEW DIHENSIONS | CLEARANCE
DRIVING GEARSHAFT IMN
FRONT AND REAR COVERS
1 Bushes in end covers
End covers - bore 0.875 o Interfer. Interfer.
08755 0.0015 to 0.0005
Bushes - dia, 0.876 to 00005
0.8765
2 Gearshaft in bushes
Bushes - bore 0.750 to 0.7535
0,7505 00015 1o
Shafr - dia, 0.748 o (L0025 (0.745 0,005
0.7485
DRIVING GEARS ON
DRIVING GEARSHAFT
3 Cicars on gearshaft serrations
Backlash measured on
pitch circle of gear teeth 0.015
4 Grears on plain portion of
gearshaft
Gear - plain bore 0.843 10
0.8435 00005 o
Gearshaft - plain dia. 0.84225 1o | 0.00125
0.8425
CRANKSHAFT GEAR AND
OIL PUMP DRIVE GEAR
5 Backlash 0.015
DRIVEN GEARSHAFT IN
FRONT COVER
6 Front cover - bore 0.636 to
0.6565 00005 1o
Gearshaft - dia. 0.65525 10 | 0.00125 0.0025
0.6555
DRIVEN GEARS ON DRIVEN
GEARSHAFT
7 Gearshaft in gear bushes
Bushes - bore 0.65625 1o
0,65675 0,00075 10
Gearshaft - dia, 0,65525 to| 0.0013 0.0025
0.6555
8 Bushes in driven gears
Gears - bore 0.90625 1o 0.01025
090675 0.001 1o
Bushes - dia, 0,905 to 000175 0.90125 | D005
0.90325
DIAMETRAL CLEARANCE OF
DRIVING AND DRIVEN
GEARS IN CASING
Q Caging — bore 20545 w 20625
2.0555 0.0075 ta
Gears — dia. 2.046 10 0.0095 2,039 0.015
2.047

OIL PUMP — Dry sump




OIL PUMP — Dry sump

PERMISSIBLE | PEMMISSIBLE
e S DESCRIFTION il oy e WORN WORN REMARKS
DIAGRAM HEW HEW DIMENSIONS | CLEARANCE
ANIAL CLEARANCE OF
DRIVING AND DRIVEN
GEARS IN CASING
10 Front scivenge geats axial
clearance
Casing ~ width 1.0495 1o Maximum permissible
L050 0.0045 10 depth of wear on sand-
Gears — widih L0445 to | 0.0055 wich plates 0,005,
1045
11 Rear scavenge gears mxiol
clearance
Casing — width 1.0495 ta Maoximum  permissible
1050 0.0045 to depth of wear on sand-
Gears — width 10445 o | DLODS5 wich plates 0.005.
1.045
12 Pressure gears axial cleamnce
Casing - width 0,8495 to Madmum  permissible
0.850 0.0045 o depth of weir on sand-
Gears — width 0.8445 o | 0.0055 wich plates 0,005,
0.845
13 BACKLASH BETWEEN
PUMP GEARS 0.004 1o 0015
0.010
4
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SECTION 19C . .

LUBRICATION SYSTEM

HORIZONTAL ENGINES

Lubrication of the horizontal engine is by the wet
sump system, The engine sump and wheelcase
drain chamber having a capacity of approximately
1.5 |Inpcrlﬂl pallons (32,0 litres) for the six-cvlinder
engine and 12.5 Imperial gallons (56.8 litres) for the
mght -cylinder engine.

The pump assembly is of the twin-gear type, in-
corporating @ pressure and scavenge pump. The
pump is mounted on the rear of the wheelcase
backplate apd js driven from the wheelcase, gear
1r¢|in A tragsfer pipg and bracket conveys oil from

0. 2 main bearing oil gallery pipe bracket to the
rear ends ol 'the hollow driving and driven oil pump
shafts and thence by drillings to the pump bearings.

Oil is drawn by the pressure pump. through
a4 submerged suction filter in the centre of the
engine sump and is delivered at high pressure
through the heat exchanger via an oil transfer
bobbin and inlet duct cast integral with the sump.
Alter circulating the heat exchanger the oil flows
along the outlet duct in the sump and through
a transfer pipe to the oil relief valve housing.

From the oil reliel valve housing the oil flows up
the oil delivery pipe to the header bracket of the
full-low filters mounted on the upper face of
the engine crankcase, oil in excess of the maximum
working pressure of 60 Ib. per sq. in. (4.2 kg. per sqg.
cm. ) will pass through the oil pressure relief valve
and return to the sump. [{"there is a pressure dif-
ference in excess of 15 b, per sq. in. across the full-
flow filters then the by-pass valve will open and
allow the oil 1o travel up the by-pass tube to the oil
outlet side of the filter header bracket and so by-
pass the filters. From the outlet side of the filter
header bracket the oil lows down the delivery pipe
to an elbow fitted to the crankcase adapter plate,

and via an oil transfer bohbin through the adapter
plate to the main oil gallery pipe assembly, fitted to
the cap halves of the main bearings. Oil from the
crankpins flows through longitudinal drillings in
the connecting rods to the gudgeon pins. Cross
drillings in the connecting rods lubricate the
cylinder walls,

A transfer pipe and bracket delivers oil from No.
4 main bearing oil gallery pipe bracket to a drilling
in the crankcase the extremity of which divides into
three separite feeds, one to the hollow camshaift,
one to'the oil distributor block and the other to the
tappet chest where the flow divides and is directed
to each rocker shaft, through a drilling in one of the
holding down studs of each cylinder head.

The tappets and cams are lubricated by spill oil
draining from the rocker mechanism.

The oil distributor block mounted on the under-
side of the engine crankcase provides an attach-
ment for a pressure gauge, a supply to the wheel-
case and the supercharger or compressor if fitted.
Provision is made for the fitting of an oil pressure
warning switch if required.

In the event of the heat exchanger becoming
blocked, a by-pass valve built into the oil feed and
delivery passages for the heat exchanger in the
engine sump is set to operate at 20 lb. per sq. in.
allowing the vil to pass direct to the relief valve
housing.

Spill oil draining from the engine returns to the
sump, whilst the spill oil from the wheelease drains
into the wheelcase drain chamber from which it is
drawn by the scavenge pump and delivered into the
engine sump.

1
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FILTERS

The servicing of the full-flow oil filters is the
same as described for the vertical engines in
Section 19A,

RELIEF VALVES

The housing for the reliel valves is secured to
crankcase adapter plate and connected by a drillin
and internal pipe to the delivery side of the oil
pressure pump.

Dietail parts of each valve assembly are identical
and differ only in the loading which 1s obtained by
varying the depth of the valve seating from the
machined locating faces for the retaining caps.

The relief valve stems are drilled and tapped
2 BA. to facilitate the removal of the valves.

T PUMP BEARIMNGS
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FROM WHEELCAZE
DHAIN CHAMBER

QUTLET TO HEAT
EXCHAMNGER

When the valves are removed for servicing,
inspect the faces of the valves and seats for indenta-
tions. Light scoring and indentation of the valve
seatings may be faced out by lapping: valves that
are deeply grooved must be renewed,

Indented valve seatings may be restored by
lightly cutting the seating with a suitable flat faced
cutter to restore the knife edge seating, which
should be smoothed off by inserting a J in (22.225
mm. ) dia. steel ball bearing and tapping it with a
light hammer,

The dimensions from the valve seat faces to the
machined locating faces of the valve retaining caps
are:—

High pressure valve 1.462 in. (37.089 mm.).
Filter by-pass valve 2.132 in. (53.42 mm.).

When refacing a reliel valve seating, only the
minimum amount of metal should be removed, and

g CUTLET TO HEAT
EXCHANGER

TO SUMP

FROM WHEELCALE
DHAIN CHAMBER

HalM PRESSURE CHIL .
SCAYEMGE OIL

1388

Fig. 1 (Ml low through lubrication oil pump
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MAIMN GALLERY

FULL FLOWY FILTERS

SCAVEMGE PLIMP
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FILTER BY-PASS VALVWE
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shim adjusting washers equal in thickness to the
metal removed from the seating must be inserted in
the recess of the valve retaining cap, between the
spring and the cap, to maintain the correct loading
on the valve spring,

Check the springs for wear, squareness. and for
free length, and loading to the figures given in the
following table.

SETTING COMPRESSED LENGTH LOAD l
60 1h. sg. in. L6350 in 26.5 th, r
(4.2 kp./sg. cm.) (41.91 mm.) (1202 k) |
15 1b./5q. in. 2320 in. 6,63 b,
(L0546 kg /sq. cm.) (38928 mm.) (30078 kg.)
| | |
REFITTING

Ensure that the joint faces of the crankcase
adapter plate and the relief valve housing are
perfectly clean and free from burrs. Fit new sealing
rings to the ends ol the vil inlet and by-pass pipes,
and fit the pipes to the relief valve housing. Insert
the free ends of the inlet and by-pdss pipés into the
oil filter header bracket and secure the reliefwalve
assembly to the crankcase adapter plate with
the four set-bolts and spring washers, having first
interposed a new joint washer between the joint
faces,

SUMP AND WHEELCASE DRAIN
CHAMBER

WHEELCASE DRAIN CHAMBER

The wheelcase drain chamber is secured to the
bottom of the wheelcase by set-bolts and is further
supported by a bracket. The chamber forms a
reservoir for spill oil draining from the wheelcase
and also for spill oil draining from the supercharger
and compressor when fitted.

Removal and rEHII.iJIg

Remaove the drain plug and drain the oil from the
drain chamber, preferably when the engine is hot,
then refit the plug.

Release and remove the scavenge oil pipe from
between the drain chamber and the engine sump.

€
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Fig. 3 il flow through fillers

Release and remove the nuts and spring washers
securing the drain chamber to the supporting
bracket. If the supercharger is fitted release and
remove the two set-bolts securing the oil transfer
adapter to the drain chamber and ease the adapter
off its joint face.

Release and remove the eight set-bolts securing
the drain chamber to the wheelease, and withdraw
the chamber.

Remove the set-bolts securing the drain cham-
ber inspection plates and remove the plates.
Thoroughly clean out the drain chamber with
paraffin and examine for cracks or other damage.

Refit the inspection plates interposing new
gaskets between the joint faces.

Refitting of the wheelcase drain chamber is the
reversal of removal. Always ensure that new sealing
rings and joint washers are fitted,
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ENGINE SUMP

The sump has internal duetings for conveying oil
to the scavenge pump and from the pressure pump
to the heat exchanger, and has a machined face for
the fitting of the pack-type heat exchanger at the
front end, the whole forming a single casting
secured to the crankcase by set-bolts. The capacity
of the 6-cylinder sump is approximately 7.3
Imperial gallons (32.095 litres) and 12.5 Imperial
gallons (56.825 litres) for the 8-cylinder engine
sump.

Removal and refitting
Drain the oil from the sump by removing the

three drain plugs.

Disconnect the scavenge oil pipe between the
sump and the wheelcase drain chamber and remove
the pipe.

TO SCAVENGE
FUMP

TO RELIEF WALVE
AMD FILTERS

FROM PRESSURE
T DUMP =

FROM WHEELCASE
DRAIN CHAMBER

Release the coolant hose clips on the coolant
connection between the coolant pump outlet elbow
and the heat-exchanger and break the joint
Release and remove the setbolis securing the
coolant outlet elbow, and remove the elbow and
connection. Release the rear coolant connection
hose clips and rubber connections and remove the
pipe between the coolant delivery rail and the
cylinder block.

Remove the set-bolts securing the sump to the
crankcase adapter plate and break the joint using
§ in. UNF. set-bolts in the starting holes at each
corner of the sump. Withdraw the sump evenly
until the transfer bobbins connecting the oil pump
to the sump oil ducts are free.

Release and remove the heat exchanger coolant
autlet hose connection.

Remove the six set-bolts securing the heat
exchanger to the sump and detach the heat
exchanger.

e i
"""\-\.\_\_\__\_\_\_:;% [
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.

HEAT EXCHAMNGER

HEAT EXCHAMGER
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Fig. 4 il flow through sump
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Inspection

Thoroughly clean all parts in paraffin and ensure
that all sump internal passages are clear.

Inspect all pans for corrosion.

Refitting

When refitting the sump, fit new sealing rubbers
to all transfer bobbins and position them in the
holes in the sump.

Fit the four sump guide bars GA.257, one at each
corner of the crankcase adapter flange and fit a new
joint gasket. Offer the sump up to the adapter plate
flange and locate it with the guide bars before
pressing the sump into position. Secure the sump
with the set-bolts, then replace the guide bars with
the remaining set-bolts and finally tighten all the
set-bolts,

Fit the heat exchanger to the sump and secure it
with the six set-bolts,

Refit the coolant elbow to the coolant pump and
remake and secure all coolant connections between
the coolant sump and the coolant inlet branch on
the engine crankcase.

PRESSURE PLIMP
GEARS

FLOATIMG BLISH

SUCTION ELBOW

FUMF DRIVE GEAR

TACHOMETER
GEMERATOR

DRIVE \ 4
r‘g‘@ &) DOWEL

OIL PUMP

Remaoval

Drain the oil from the engine sump and remove
the sump.

Release and remove the two set-bolts securing
the suction strainer bracket to the crankcase
adapter plate, and withdraw the strainer, bracket
and pipe assembly from the oil pump.

Release and remove the two set-holts securing
the transfer bracket to the pump and withdraw the
transfer pipe and bracket from No. 2 main bearing
gallery pipe bracket.

Release and remove the tachometer generator
and adapter from the wheelcase.

Release and remove the locknut and tabwasher
from the end of the pump drive shaft and withdraw
the tachometer drive plate assembly and dowel.
With the aid of tool GA.279 withdraw the gear
from the taper on the pump drive shaft, and extract
the Woodrufl key.

SCAVENGE PLMP
CASING

/

DIVIDING PLATE

DRIVE SHAFT

PRESSURE PUMP
CASING

1154

Fig-5  Exploded view of lubrication oil pump
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Turn the engine until one of the set-bolts
securing the vil pump to the wheelcase backplate is
visible through one of the lightening holes in the
idler gear flange. Turn back the locking tabs,
release and remove the set-bolts at the same time
supporting the oil pump.

Withdraw the oil pump assembly from the
wheelease backplate, and extract the dowel.

Di.ﬁnlu:ltlinlg

Before dismantling the pump. suitably mark the
pump casings and the dividing plate to ensure cor-
rect positioning of the dividing plate when
re-assembling.

Turn back the tabs of the locking washers and
release and remove the four set-bolts which secure
the pump casings together.

Suitably support the pump assembly in a soft
Jawed vice with the rear pump uppermaost.

Carefully withdraw the pump casing, exposing
the scavenge pump geafs. Withdraw the drving
pump gear from the splined pump drive shaft, and
the driven gear and bush from the fixed driven
shaft,

Withdraw the dowels and the centre dividing
plate from the pressure pump casing,

Withdraw the pressure pump driven gear and
bush, and then withdraw the pump drive shaft
which is machined integral with the pump driving
gear.

The driven gear shaft is secured into the pressure
pump casing by means of a locking peg and should
not be removed.

Inspection

Thoroughly clean all the components, taking
care 1o keep the loose gears and bushes to
their respective pumps.

Goars, bushes and gearshafis

Check the teeth of all gears for wear and damage.
Loss of woth profile is not in itself” serious and
only if this is combined with an extensive area of
break-up on the teeth.should a gear be rejected.

Where the necessary equipment is available the
gears should be electro-magnetically crack tested.

If the wear on the teeth of either pair of
gears increases the backlash to more than 0.015 in.
(0.3710 mm.) new pears should be fitted.

Check the fit of the scavenge pump driving gear
on the splines of the pump driving shaft for wear. If
any appreciable slackness exists, try the gear on a
new shaft and also a new gear on the old shaft, to
determine the serviceability of each component.
The backlash of either component tried in this
manner should not be more than 0.005 in.
(0,127 mm.).

The diametral clearance of the driving and
driven gears in their casings when new is 0.0075 to
0.0086 in. (0.1905 to 0.2135 mm.) and should not be
more than 0.015in. (0.3810 mm.).

The axial clearance of the gears when new is
0.005 1o 0,0065 in, (01270 to 01651 mm.). Wear on
the dividing plate is permissible up to a depth
of 0.005 in. (0.127 mm.) and the permissible worn
thickness of the plate is'0.235 in. (6.029 mm.).
Check the driving shaft bush in the scavenge pump
casing, if the bush is scored or the internal diameter
exceeds 0.7555 in, (19,1897 mm.) then a new pump
casing should be fitted.

Check the driving shaft bushes in the pressure
pump casing, il the brushes are scored or the
internal diameters exceed 0.8805 in. (22,3647 mm.)
a new pressure pump casing should be fitted.

If the pump drive shaft is worn to a diameter of
less than 0.868 in. (22.0472 mm.} at the drive end or
less than 0.743 in. (18.8722 mm.) at the rear end, a
new shafl should be fitted.

Check the floating bushes and the bores of the
driven gears. If the gear bores are badly scored the
gears should be renewed. If the outside diameter of
the bushes is less than 0.900 in. (22.860 mm.) or if
the inside diameter is worn 5o that the clearance of
the bushes on the driven gear shaft exceeds
0.0025 in. (0.0635 mm.), or if the bushes are badly
scored they should be changed.

If the driven gear shall is worn to a diameter of
less than 0.65175 in. (16.5544 mm.) the shaft and
pressure pump casing assembly should be changed.

Sechion 19C



Check the internal machined surfaces of the two
pump casings for scoring and if badly scored the
casings should be renewed. Light scoring not
exceeding a depth of 0.005 in. (0.127 mm.) is
permissible.

Scoring on the dividing plate can be lapped out
Ermfiding the thickness of the plate is not reduced
clow 0.235 in. (6.029 mm.).

The faces of the plate after lapping must be
parallel to within a total indicator reading of
0.001 in. (0.0254 mm.).

Assembling

Assembling and refitting are the reverse of the
removal procedure, Ensure that the pump driven
gears are replaced in the same order in which they
were removed and in the same end to end position.
Ensure that the correlation marks are in-line thus
ensuring that the dividing plate has been fitted the
correct way round.

Check that all bolts are correctly locked and that
the pump gears will rotate freely by hand.

SPRIMG BALAMCE
0. 100 LB.

Rig testing

The pump assembly should be tested on a
suitable rig to prove its correct working after
overhaul.

Test rig

A suitable test rig is illustrated diagrammatically
in fig.6

The open topped oil supply tank has a capacity
of 15 gallons and s fitted with a steam heating coil:
an alternative method of heating can be used where
necessary. The pump on test is fitted to an adapter
plate mounted over the supply tank and the pump
is driven through a flexible coupling by a variable
speed motor, capable of producing pump shaft
speed of 1.010 and 2.790 r.p.m.

All suction and delivery pipes are | inch bore
with 3-way cocks in the delivery circuits so that
each pumping unit can be tested independenty.
For adjusiment of pressures, restricting valves are
fitted.

———
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Fig. 6 DNagrommatic arrangement of test rig
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The instrument panel has gauges for registering
delivery and suction pressures and oil temperature,
To ensure true readings, the tapping for cach
delivery pressure gauge is taken from a position
between 2 and 6 inches from the pump. The pump
shaft speed is set with a hand tachometer.

The weighing tank has a capacity of 8 gallons. A
special inlet cock is fitted for quick action, and an
outlet sluice valve.

Test procedure
Fill the supply tank approximately § full with

S.AE. 30 engine lubricating oil specific gravity
0.890 at 60 deg.F.

Mount the pump to be tested on the adapter
plate, and then fit the oil transfer bracket to the rear
end of the pump. Fit the assembly into position on
the rig. Couple up the suction and delivery pipes to
the branch connections on the pump and the rig,
and also the oil feed branch pipe from the pressure
delivery pipe to the oil transfer bracket. Fit the
flexible coupling between the pump shalt and the
rig driving shaft.
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Check that the delivery cocks and the weighing
tank inlet cock are open to the supply tank,
and that the delivery restricting valve is fully open.

Open fully the suction valves, then slowly open
the steam to the heating coil in the supply tank.

Start the rig and run at approximately 1,000
r.p.m. until a steady oil temperature of 90 deg.C.
(194 deg F.) is attained, then set the pump shaft
speed to exactly 1,000 or 2,700 r.p.m. and check the
delivery of the pressure pump at each speed in the
following manner: —

Turn the 3-way cock in the delivery line so
that the cock is closed to the supply tank and
open to the delivery header.

Adjust the suction restricting valve to give a
suction pressure of -5 b, per sq. in. (-0.3515
kg. per sg. cm.) and the delivery restricting
valve to give a pressure of 60 |b, per sq. in.
(4.2184 kg. per sq. cm.).

Recheck the pump shafl specd, reset if neces
sary and again check the pressures. Turn the
weighing tank inlet cock to admit il to the

14
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weighing tank and, with a stop watch. check
the time it takes to add 40 1b. (18,144 kg.) o
the spring balance reading. Switch the weigh-
ing tank inlet cock to its original position
immediately after the cheek, and open the out-
let cock to drain the oil back into the supply
tank.

Turn the 3-way cock in the delivery line so that
the cock is closed to the delivery header and
open to the supply tank, and close the weigh-
ing tank outlet cock when all has drained
from the tank.

Record the stop watch reading for each weigh-
ing on a suitable test card.

After checking the pressure pump at each speed.
observe that the delivery of oil by the scavenge
pump is satisfactory and carefully examine the
pump for leaks before stopping the rig.

The delivery in gallons per minute from the stop
walch readings can be obtained from the graph in
fig. 7. The minimum delivery at 1.000 r.p.m. must
not be less than 6 galls. per min. and at 2,700 r.p.m.
not less than 17 galls. per min.
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SECTION 23B . . AUXILIARY GEARBOX

The auxiliary gearbox is mounted independently
of the engine in certain railcar installations to pro-
vide the drives for a radiator fan, an air compressor,
an exhauster, and an elecirical generator. It is
positioned in front of the engine and is driven by
the crankshaft hub through a disc-type flexible
coupling and a Hardy-Spicer coupling. Flexibility
of mounting is achieved by the use of Metalastik
bushes on the gearbox bearer plates,

The main drive shaft is carried in the two-piece
cast-iron gearbox casing by a ball bearing at its
driven end and a roller bearing at the opposite
{belt driving pulley) end. A coupling flange is
keyed to a taper at the driven end of the shafi to
receive the drive from the Hardy-Spicer coupling,
and a double belt pulley is keyed to a taper at the

FAM DRIVE
COUPLING FLANGE

BEARER PLATE

EXHALISTER
DRIVING RULLEY

METALASTIK
BUSH

END CASING

opposite end to drive the exhauster at 0.625 times
engine speed. A four-belt pulley is bolted to the
double belt pulley to drive a generator pulley at
2.8 times engine speed. An oil seal is fitied at each
end of the shaft to retain the gearbox lubricating
oil. A spiral bevel gearwheel which is bolted and
dowelled to the shaft inboard of the ball bearing,
meshes with and drives a spiral bevel pinion
keyed to a taper on the fan drive shaft.

The fan drive shaft is carried by a roller bearing
at its driven end and a ball bearing at its driving
end. A coupling flange is keyed to a taper on the
shaft at its driving end to accommodate a Hardy-
Spicer coupling, which in turn drives the hub of
the separately mounted radiator fan. An oil seal is
fitted at the driving end of the shafl to retain the

GEMERATOR
DRIVING PULLEY

BEARER
PLATE

BREATHER

/ ‘ e~ COVER PLATE
t_‘j’rf <
(ﬂh# oIL FILLER PLUG

)

POWER INPLUT
COUPLING FLANGE

%

MAIM CASING
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Fig. 1 Auxiliary gearbox with air compressor attached

1
Section 218



gearbox lubricating oil. A spiral bevel pinion
keyed to a taper at the driven end of the shaft
meshes with and is driven by the bevel gearwhesl
bolted to the main drive shaft. The fan is driven
at 1.075 times engine speed. A helical pinion
integral with the shaft meshes with and drives a
helical gear which is integral with the compressor
drive shaft.

The compressor drive shaft is carried by a roller
bearing at its driven end and a ball bearing at its
driving end, and is driven at 0.533 times engine
speed through the reduction gear, as described in
the preceding paragraph. An internally splined
coupling keyed to a taper at the driving end of the
shaft transmits the drive to the air compressor
through an externally splined coupling keyed to a
taper on the air compressor crankshaft. A
machined face is provided on the gearbox casing
to permit direct mounting of the air compressor,

The spiral bevel gears are supplied in matched
pairs, with marked locating teeth 1o ensure correct
meshing during the assembling of the gearbox.
Their backlash is governed by the thickness of two
packing pieces, one of which is fitted between the
gearbox casing and the housing for the main drive
shaft ball bearing, and the other between the gear-
box casing and the housing for the fan drive
shaft ball bearing. A detachable cover plate on
the gearbox casing provides access for examination
of the gears in sifu,

The bearings and gears are splash lubricated by
oil which is contained in the base of the casing,
the level of which is governed during filling by the
position of the filling plug on the casing. A drain
plug is fitted to the base of the casing. The
approximate oil capacity is 13 pints; it is essential
that only Castrol ‘Hi-Press’ oil (or an approved
equivalent) is used.

A breather is fitted to the top of the casing to
maintain atmospheric pressure in the gearbox.

REMOVAL

Clean the exterior of the gearbox casing,
Remove the drain plug from the base of the
casing, drain and refit the drain plug.

=
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Manipulate the belt adjusting devices on the
separately mounted generator and exhauster until
maximum slackness of the driving belts is achieved.
Remove the belts.

Support the weight of the Hardy-Spicer main
drive coupling and remove the setbolts securing it
to the flange on the gearbox main drive shaft and
the setbolt securing it to the adapters on the
flexible coupling on the engine crankshaft hub.
Remove the Hardy-Spicer coupling.

Support the weight of the Hardy-Spicer fan
drive coupling and remove the setbolts securing it
to the flange on the fan drive shaft and the setbolts
securing it to the hub of the radiator fan. Remove
the Hardy-Spicer coupling.

Remove the split-pins from the slotted nuts on
the bolts securing the bearer plate to the railcar
frame member at the main drive shaft end of the
gearbox, and remove the locking wire from the
drilled heads of the setbolts securing the bearer
plate to the railcar frame member at the com-
pressor end of the gearbox. Support the weight of
the gearbox and air compressor assembly on a
suitable jack, and remove the bolts and setbolts
from the bearer plates and frame member. Lower
the assembly clear of the railcar and transport it
to a suitable workbench.

Discard all locking plates, split-pins and locking
wire removed during the above operation.

DISMANTLING

Remove the two bearer plates and their
Metalastik bushes, and clean the exterior of the
gearbox with paraffin.

Remove the setbolts and bolts securing the air
compressor to the gearbox, and remove the air
compressor, complete with male splined coupling.

Remove the setbolts securing the generator
driving belt pulley to the exhauster driving belt
pulley and remove the pulley. Remove the nut
securing the exhauster driving belt pulley to the
keved taper on the main drive shafl; remove the
pulley and collect the key.
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Remove the setbolts securing the oil seal
housing to the casing (exposed by the removal of
the belt driving pulley assembly), and remove the
oil seal housing complete with il seal.

Remove the nut securing the coupling flange to
the keyed taper at the driven end of the main
drive shaft; remove the coupling flange and collect
the key. Remove the setbolts securing the oil seal
housing to the bearing housing and remove the oil
seal housing complete with oil seal.

Remove the nut securing the coupling flange to
the keyed taper at the driving end of the fan drive-
shaft; remove the coupling flange and collect the
key. Remove the setbolts securing the oil seal
housing and bearing housing to the end casing,
and remove the oil seal housing complete with oil
seal. Temporarily refit the setbolts, suitably
washered to compensate for the thickness of the
oil seal housing flange, to retain the bearing
housing in position on the end casing,

Remove the nut securing the female splined
coupling to the keyed taper on the driving end of
the compressor drive shaft; remove the coupling
and collect the key.

Remove the setbolts securing the cover plate to
the end of the main casing and remove the cover
plate. Clean the joint face on the main casing, and
on it mount a dial test indicator so positioned
that the button of the instrument contacts the
teeth of the main drive shaft spiral bevel gear-
wheel. Gag the fan drive shaft and test the back-
lash of the spiral bevel gears by rocking the main
drive shaft gear (fig. 2). Take backlash readings
through at least four revolutions of the main
drive shaft, at 90 deg. intervals; record the read-
ings for reference during inspection and
reassembling,

Remove the nut securing the inner race of the
ball bearing to the driven end of the main drive
shaft. To gag the shafis against rotation during
this operation and other similar operations during
dismantling, insert a §in. diameter steel rod
through the hole in the end casing and into one of
the holes in the compressor drive shaft helical
gearwheel (fig. 3).

Remaove the setholts securing the bearing housing
to the main casing and remove the housing and

5330

Fig. 3 Method of gagging shafis agninst rotation
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bearing assembly; collect the packing piece inter-
posed between the bearing housing and the main
casing. Withdraw the main drive shaft, complete
with spiral bevel gearwheel and the inner race and
rollers of the bearing, from the main casing.

Remove the nut securing the spiral bevel pinion
to the keyed taper at the driven end of the
fan drive shaft; remove the pinion and collect the
key., Two tapped holes are provided on the bevel
pinion for extraction purposes.

Remove the nut securing the inner race of the
ball bearing to the driving end of the fan drive
shaft. Remove the setbolts and withdraw the
bearing housing, complete with ball bearing, from
the end casing. Two § in. tappings are provided
for withdrawal purposes. Collect the packing piece
interposed between the bearing housing and the
eénd casing. Remove the ball bearing from the
bearing housing.

Remove the nut securing the inner race of the
ball bearing to the driving end of the compressor
drive shafl.

Remove the setbolts securing the end casing ‘to
the main casing, and remove the end casing com-
plete with the compressor drive shaft, its ball
bearing, and the inner race and rollers of its roller
bearing. Remove the compressor drive shaft from
the end casing. Extract from their grooves the
spring rings retaining the outer race of the ball
bearing in the end casing, the outer race of
the roller bearing in the main casing, and the inner
race and rollers of the roller bearing on the shaft.
Extract the ball bearing, the outer race of the
roller bearing, and the inner race and rollers.
Assemble the roller bearing.

Withdraw the fan drive shaft, complete with the
inner race and rollers of its bearing, from the main
casing. Extract from their grooves the spring
rings retaining the inner race of the roller bearing
on the shaft and the outer race in the main casing;
remove the inner race and rollers from the shaft
and the outer race from the main casing, and
assemble the bearing.

From its groove in the driving end of the main
drive shaft extract the spring ring securing the
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inner race of the roller bearing, and remove the
inner race and rollers from the shaft. Remove the
outer race from the main casing and assemble the
bearing. Remove the ball bearing from the bearing
housing.

Remove the setbolts securing the spiral bevel
gearwheel to the main drive shaft; remove the
gearwheel and extract the dowels.

Discard all keywashers, tabwashers and locking
plates removed during dismantling.

INSPECTION

Clean all parts in paraffin and dry off with
compressed air,

Ensure that all joint faces are undamaged and
perfectly clean. Examine all securing setholts for
serviceability.

Examine the casing for external damage and
test for cracks by either a chalk test or the “Ardrox’
996 dye penetration process. The *Ardrox’ pro-
vess is a simple, inexpensive method requiring no
special equipment, and the materials, with instruc-
tions for their use, can be obtained from Brent
Chemical Products Ltd., Commerce Road, Brent-
ford, Middlesex.

Carry out an electro-mugnetic crack detection
test on all shafts and gearwheels; demagnetize
each component on completion of its test.
Examine all shaft tapers and gear and coupling
flange bores for signs of fretting, and all shafi
threads for signs of damage.

Examine the teeth of all gears for wear and
damage. Loss of tooth profile is not in itself
serious, and only if this is combined with an exten-
sive area of break-up on the teeth or accompanied
by excessive backlash should a gear be rejected.

Examine all keys and keyways for wear and
damage. Blend out any withdrawal marks on the
keys and check the fit of each key in its keyway.

Examine all ball and roller bearings for cracks
|and for pitting of the races, balls or rollers, and test
for excessive end float and radial play. Spin each
bearing and check for freedom and smooth action;
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reject any bearings having rough spots. Examine
the races for signs of spinning on their shaft or in
their housings,

Examine all spring rings for damage and
distortion.

Examine the oil seals for serviceability; ensure
that there are no signs of the seals seizing on the
coupling flanges or on the main drive shaft. Do
not remove the seals from their housings unless
they show obvious signs of unserviceability.
Ensure that the coupling flanges and the main
drive shaft are not grooved where they contact the
oil seals.

Test the fit of the male and female splines of the
air compressor couplings for excessive clearance,

Examine the belt driving pulleys for damage, and
the belts for damage, wear and deterioration.

Examine the Metalastik mounting bushes for
bonding and deterioration, the bearer plates for
damage, and the bearer bolts for signs of fretting.

Examine the Hardy-5picer couplings and their
coupling flanges for damage and wear, and the
flexible coupling on the engine crankshaft hub for
damage and deterioration.

SPIRAL BEVEL PIMICN

KEY WASHER

ROLLER BEARING

SHAFT & INTEGRAL HELICAL PIMIOM

ASSEMBLING

Ensure that the housings in the main casing for
the outer races of the fan drive shaft and com-
pressor drive shaft roller bearings are clean and
free from burrs. Fit the races in the housings;
ensure that they are driven fully home, and secure
them in position by fitting a spring ring in the
groove in each housing, Fit the inner races and
rollers of the bearings to the driven ends of the
shafis, i.e. the unthreaded end of the compressor
drive shaft and the single threaded end of the fan
drive shaft; ensure that the races abut the shaft
flanges, and secure each assembly by fitting a
spring ring in the groove in each shaft.

Support the main casing on the workbench so
that the joint face is uppermost and truly horizontal.
Smear the outer race of the fan drive shaft roller
bearing with Castrol *Hi-Press’ oil (or an approved
equivalent) and offer up the fan drive shaft (fig. 4)
to the casing, ensuring that the rollers of the bear-
ing enter the outer race squarely. Do not use force
during this operation.

Ensure that the compressor drive shaft ball
bearing housing in the end casing is clean and free
from burrs. Fit the bearing in the housing; ensure
that it is driven fully home and secure it in

OIL SEAL

COUPLING FLANGE
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KEY WASHER

BALL BEARING
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Fig. 4 Fan drive shalt exploded
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position by fitting a spring ring in the groove in
the housing. Pour a small quantity of oil over the
balls and spin the bearing to distribute the oil.

Support the end casing on the workbench so
that the joint face is uppermost and truly
horizontal, and offer up the compressor drive shaft
(fig. 5) to the end casing, ensuring that the shaft
enters the inner race of the bearing squarely,
Drive the shaft fully home in the bearing.

New main casing only. Ream the three dowel
holes and fit the dowels as follows:

Temporarily assemble the end casing to the
main casing without a joint washer. Spin the
compressor drive shaft to test for freedom of
rotation, tighten the casing joint securing set-
bolts and retest for freedom. Ream the three
dowel holes in the main casing, locating a & in.
reamer through the finished dowel holes in the
end casing. Remove the end casing together
with the compressor drive shafl from the main
casing, and extract the swarf from the reamed
holes by means of 4 magnetic rod. Dy not use
compressed air for this operation, or swarf may
be blown into the bearings or on to the internal

ROLLEFR BEARIMNG

0

SHAFT AND INTEGRAL HELICAL GEAR

Fig. 5
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surfaces of the casing. Fit a spring ring in the
groove of each of the three dowels required, and
fit the dowels in the reamed holes in the main
casing.

With the main casing still supported on the
workbench with the joint face horizontal and
uppermost, lightly smear the joint face with grease
and position a joint washer on the face so that its
holes coincide accurately with the setbolt holes.
Smear the outer race of the compressor drive shaft
roller bearing with oil and fit the end casing, with
the compressor drive shaft, to the main casing. Fit
the securing setbolts and spring washers, and
tighten firmly. Test the compressor drive shafl for
free rotation.

Mount the assembly in a build stand capable of
permitting the gearbox to be positioned at any
required angle. A suitable build stand is a modified
‘Hydraclamp’, manufactured by All Precision
Engineering Co. Limited, Horsham, Sussex.

Ensure that the fan drive shaft ball bearing
housing is clean-and free from burrs, and fit the
bearing in the housing. Pour a small quantity of
oil into the bearing and spin it to distribute the oil.

KEY WASHER

FEMALE COUPLING

384
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If the backlash of the spiral bevel gears recorded
during dismantling was between 0.010 and
0.012 in., and no new parts have been fitted during
the overhaul of the gearbox, refit the original fan
drive shaft packing piece, the bearing housing and
bearing assembly, and the oil seal housing, to the
end casing. Secure them with setbolts and spring
washers, interposing a joint washer between each
unit. If the backlash recorded during dismantling
exceeded 0.012 in., or if new parts have been fitted
during the overhaul of the gearbox, fit a trial
packing piece ground to a thickness of 0.148 in.,
and temporarily assemble the packing piece,
bearing housing and oil seal housing to the end
casing without joint washers. In place of the two
joint washers normally fitted on either side of the
packing piece, temporarily insert three equispaced
0.008 in. feeler gauges between the packing piece
and the end casing before tightening the setbolts.

Fit the keywasher, tabwasher and ball bearing
retaining nut to the fan drive shaft. Tighten the
nut but leave it unlocked at this stage. To gag the
main, compressor, and fan drive shafts during this
and other similar operations, insert a § in. diameter
steel rod through ‘the hole in the end ‘casing and
into one of the holes in the compressor drive shaft
helical gearwheel (see fig. 3).

COUPLING FLAMGE

QIL SEAL

SPIRAL BEVEL GEARWHEEL

Fit the key in the keyway in the taper at
the driven end of the fan drive shaft, and fit the
bevel pinion to the shaft. Fit the keywasher, tab-
washer and retaining nut; tighten and lock the
nut.

Ensure that the main drive shaft roller bearing
housing in the main casing is clean and free from
burrs, and fit the race 1n the housing. Ensure that
it 15 driven fully home and smear its bearing sur-
face with oil. Fit the oil seal housing to the main
casing, with a joint washer interposed between the
casing and the housing, and secure with setbolts
and spring washers.

Fit the three spiral bevel gear locating dowels to
the main drive shaft and fit the spiral bevel gear to
the shaft. Fit the locking plates and bevel gear
retaining setbolts; tighten and lock the setbolts,
Fit the inner race and rollers to the driving end of
the shaft, Ensure that the inner race abuts the
flange on the shaft and secure it in position
by fitting a spring ring in the groove in the shaft.

Offer up the main drive shaft (fig. 6) to the main
casing, ensuring that the rollers enter the outer
race of the roller bearing squarely and that the
marked locating teeth of the spiral bevel gears are
correctly meshed.

EXHAUSTER DRIVING BELT PULLEY

MOUNTING FOR
GEMNERATOR DRIVING
BELT PLILLEY

KEY WASHER

BALL BEARING

ROLLER BEARING

QIL SEAL
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Ensure that the housing for the main drive shalt
ball bearing is clean and free from burrs, and fit
the bearing in the housing; ensure that it is driven
fully home. Pour a small quantity of oil over the
cage of balls and spin the bearing to distribute the
oil.

If the backlash of the spiral bevel gears recorded
durning dismantling was between 0.010 and
0.012 in., and no new parts have been fitted during
the overhaul of the gearbox, refit the original main
drive shaft packing piece and the bearing housing
(with ball bearing) to the main casing, interposing
joint washers between the units, and secure with
setbolts and spring washers. If the backlash
recorded during dismantling exceeded 0.012in., or
if new parts have béen fitted during the overhaul
of the gearbox, fit a trial packing piece ground to a
thickness of 0.148 in., and temporarily assemble
the bearing housing assembly to the main casing
without joint washers, allowing for their combined
thickness by inserting three equispaced 0.008 in.
feeler gauges between the packing piece and the
main casing before tightening the setholts.

Examine the spiral bevel gears to ensure that the
meshing of the marked locating teeth has not been
disturbed during the last operation,

Fit the keywasher, tabwasher and bearing
retaining nut to the driven end of the main drive
shaft. Tighten the nut, but leave it unlocked at
this stage.

Examine the spiral bevel gears to ensure that the
teeth of the wheel and pinion are meshing over
their complete sections. Mount a dial test indicator
rigidly on the gearbox casing so that the button of
the instrument contacts the teeth of the main drive
shaft gear. Gag the fan drive shafl and test the
backlash by rocking the main drive shaft gear. It
must be between 0.010 and 0.012in. This test
must be carried out through at least four revolu-
tions of the main drive shaft, at 90 deg. intervals
(see fig. 2).

If the backlash is not within the stated limits,
slacken the setbolts and re-tighten and test with
varying thickness of feeler gauges inserted in place
of the 0.008 in. feelers at each housing until the

]
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correct backlash is obtained. Then remove the
packing pieces and feeler gauges and fit standard
packing pieces ground to a thickness determined
by subtracting 0.008 in. from the combined thick-
ness of the trial packing piece and the feeler
gauges,

Joint washers must be interposed between the
units on final assembly.

Carry out a final backlash test through four
revolutions of the main drive shaft. Remove the
dial test indicator and lock the nuts on the driven
end of-the main drive shafl and the driving end of
the fan drive shafi. Fit the oil seal housing to the
main drive shaft ball bearing housing, with a joint
washer interposed, and secure with setbolts and
spring washers.

Fit the key to the keyway in the taper at the
driven end of the main drive shaft, and the oil
seals in the oil seal housings at both ends of the
shaft. Fit the coupling flange to the keyed taper
at the driven end of the shaft. taking care not to
damage the oil seal during the operation. Fit the
tabwasher and securing nut; tighten and lock the
nut.

Fit the key to the keyway in the taper at
the driving end of the fan drive shaft and the oil
seal in its housing. Fit the coupling flange to the
keyed taper, taking care not to damage the oil seal
in the operation. Fit the tabwasher and securing
nut; tighten and lock the nut.

Fit the key to the keyway in the taper at
the pulley end of the main drive shaft, and fit the
belt driving pulley assembly to the keyed taper.
Fit the tabwasher and securing nut; tighten and
lock the nut.

Fit the key to the keyway in the taper at
the driving end of the compressor drive shalt. Fit
the male splined coupling to the keved taper, Fit
the tabwasher and securing nut; tighten and lock
the nut,

Remove the assembly from the build stand and
support it on the workbench with the joint face for
the cover plate uppermost, Lightly smear the joint
face with grease and position the joint washer on
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the face so that its holes coincide accurately with
the setbolt holes. Fit the cover plate and secure it
to the main casing with setbolts and spring
washers.

Using new joint washers, fit the breather and
the oil drain plug to the main casing and the oil
filler plug to the cover plate.

Ensure that the female splined coupling is firmly
secured to the crankshaft of the air compressor,
and that its securing nut is correctly split-pinned.
Support the gearbox assembly on the workbench
50 that the breather is uppermost and the mount-
ing flange for the air compressor s vertical. Smear
the mounting face lightly with grease and position
the joint washer so that its holes coincide accurately
with the bolt holes in the face. Offer up the com-
pressor to the gearbox, at the same time lining up
the splines of the couplings. Secure the com-
pressor to the gearbox casing, using as applicable
bolts or setbolts and spring washers,

Fit the two gearbox bearer plates to the gearbox
cagings, with the hard Metalastik bushes at the
compressor énd of the casing and the soft
Metalastik bushes at the main drive shaft end of
the casing, Tighten and split-pin the bearer bolt
nuis,

REFITTING

By means of a suitable jack, raise the gearbox
and compressor assembly until the bolt holes in

the bearer plates are in line with the holes in the
railcar frame members. Fit and tighten_the bearer
plate setbolts and bolts; split-pin the slotted nuts
and wire-lock the setbolts with 22 S.W.G. (0.028 in.
dia.) mild steel wire.

Offer up the Hardy-Spicer main drive coupling
to the flange on the gearbox main drive shaft and
the adapters on the flexible coupling on the engine
crankshaft hub. Fit the securing setbolts and
locking plates; tighten and lock the setbolts.

Offer up the Hardy-Spicer fan drive coupling to
the flange on the gearbox fan drive shaft and the
fan hub. Fit the securing setbolts and locking
plates; tighten and lock the setbolis.

Connect and tighten the air inlet and outlet
unions on the cylinder head of the air compressor.

Fit the generator and exhauster driving belts,
and manipulate the belt adjusting devices on the
generator and exhauster until the correct belt
tension is obtained on each set of belts, i.e. one
inch total deflection at the ceniral points on the
longest stretches of belts between pulleys. If new
belts have been fitted, test the deflection after the
first day’s running and readjust as required.

Ensure that the oil drain plug is tight in the
casing boss and fill the gearbox with Castrol *Hi-
Press’ oil (or an approved equivalent) up to the
filler plug level. Refit the filler plug and tighten
securely,

o
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T.5.0. 803 CHAP. 5 SEC. 25A

SECTION 25A . . AIR COMPRESSOR—CLAYTON DEWANDRE

The air compressor is an in-line twin cylinder
unit with either a liquid or air cooled cylinder head.
For most installations the compressor is belt driven
from a grooved pulley on the front end of the
engine crankshaft.

Compressors are pressure lubricated by engine
oil fed from the engine lubrication system. The oil
is conveyed to the compressor crankshaft centre
journal through a communicating member and
lubricates the crankpin bearings by means of an
oilway in the crankshaft. Gudgeon pin bearings,
cylinder walls and the crankshaft ball and roller
bearings are lubricated by splash,

If the compressor is fitted with a bevel gear fan
drive, the oil flows from the compressor crankcase
to the bevel gearcase, through the perforated ball-
race retaining plate, to lubricate the gears by
splash. A gearcase drain pipe returns the oil to the
engine sump.

Filtered air is drawn from the engine intake
manifold and for a liquid cooled cylinder head the
engine coolant 1s utilized.

REMOVAL

If the head is liquid cooled, drain the engine
cooling system until the level of coolant is below
the compressor head, and disconnect and remove
the coolant pipes.

Section revised March 1957

Disconnect the air inlet and outlet pipes, and the
lubricating pipes from the compressor.

Relt driven compressor

Slacken off the driving belt adjuster sufficient to
release the belts. Remove the driving belts, and the
bolts securing the compressor to the baseplate and
lift the compressor from the engine.

Shaft driven compressor (tandem with fuel pump)

Turn the engine in direction of rotation until the
timing marks on the engine and fuel pump fly-
wheels are in line and, if possible, avoid turning the
engine or fuel pump until the compressor is re-
fitted; this will obviate the necessity of resetting the
fuel pump timing.

Release and remove the bolis securing the spring
plate assembly to the drive coupling on each end of
the compressor crankshaft. Remove the set-bolts
securing the compressor to its mounting bracket,
and lift oftf the compressor.

Blank all apertures exposed by removal.

DISMANTLING

Remove the cylinder head complete.

Withdraw the driving pulley or driving couplings
from the crankshaft, extract the key or keys but do
not remove the drive end cover at this stage.

1
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Detach the base plate and the oil supply inlet
fange. Unbolt and remove the oil communicating
member from the centre journal of the crankshaft.

AlR INLET MAMIFOLD DELIVERY WALVE CAP b
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Fig. 1
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LUBRICATING OIL
COMMUMNICATING MEMBER

Remove the connecting rod caps and withdraw
the pistons and connecting rods through the top of
the cylinder bores. Mark each connecting rod and
cap before removal to ensure correct assembly on
rebuild.

Remove the set-bolts from the front end cover.
Screw two set-bolis, with approximately twice the
length of thread of the ones removed, into the
starting holes provided, and withdraw the end
COVET.

Tap the crankshaft, together with its bearings,
away from the drive end cover and remove the
COVET.

The bearings should not be removed from the
crankshaft unless they are unserviceable.

PCGA.283-3 compressor with bevel gear fan drive

Remove the driving pulley, cylinder head, base
plate. oil communicating member, connecting rods
and pistons as previously described in this section.

Release and remove the gearcase rear end cover.

Release and remove the nut securing the lange
coupling to the fan driving shaft and withdraw the
flange from the shaft. Extract the key.

Release and remove the end cap from the pinion
end of the fan driving shaft, and release and remove
the nut from the shaft.

DRIVIMNG FULLEY

DRIVING END COVER

1418

Exploded view of air compressor
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Release and remove the set-bolts securing the
end cap and seal housing.

Support the fan drive bevel pinion and with the
aid of a hollow drift, drive the fan driving shaft, end
cap and seal housing assembly through the roller
bearing and bevel pinion, Withdraw the assembly
from the gear casing. Collect the bevel pinion and
shims, and extract the key from the shaft.

Support the fan driving shaft on the outer race of
the ball bearing, and using a hollow drift drive the
shaft out of the race and the seal housing. Collect
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LUBRICATING OIL
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QIL SEAL
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the adjusting washer and ballrace. Withdraw the
oil seal from its housing.

Release and remove the nut securing the bevel
gear to the crankshaft.

Remove the set-bolts from the compressor drive
end cover. Screw two set-bolts, with approximately
twice the lengih of thread of the ones removed, into
the starting holes provided and withdraw the end
cover. Withdraw the oil seal sleeve from the drive
end of the crankshaft.

FAM DRIVE
FEVEL PINICH

BEVEL GEAR
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HOUSING

DISTANCE WASHER |
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Tap the crankshaft, together with its bearings,
away from the bevel gear casing, and withdraw the
shaft from the compressor crankcase. Collect the
bevel gear, adjusting washer and distance piece.

Mark the bevel gearcase and bearing retaining
plate to ensure correct assembly on rebuild.

Release and remove the six set-bolts securing the
bearing retaining plate, and the bevel gearcasing to
the compressor crankcase, remove the plate and
withdraw the gearcasing.

Turn the gearcasing on to its rear end and with a
suitable drift, tap the ball bearing from its housing
in the casing.

The bearings should not be removed from the
crankshaft unless they are unserviceable,

To dismantle the cylinder head, remove the inlet
manifold, delivery valve cap, springs and disc
valves.

Unscrew the inlet valve keepers of a 15 cu. fl.
capacity compressor using the tool GA.Bl, and
withdraw the valve discs and springs.

For the 10 cu. ft. capacity compressor extract the
inlet valve keepers using the tool GA.263, and with-
draw the valve discs and springs.

The delivery valve seals can be removed by using
the tool GA 86,

If the valves and the delivery valve springs show
any sign of wear they should be renewed. It is
advisable to always fit new inlet valve springs.

INSPECTION

Remove all deposit from the cylinder head and
thoroughly clean all air and cooling passages.

Check the ball and roller bearings for freedom
and smooth action, any bearings having rough
spots after being thoroughly washed out should be
changed.

Examine the bevel gear and bevel pinion for
plucking. Slight plucking should be stoned out.

Check the cylinder bores for wear and refer to
the table for limits of wear and service action.

4
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WEAR IN BORE {on dia} ACTTON

Up to 0.005 in. (0,127 mm, )

0,005 o 0,010 in.
(0127 80 0,254 mm. )

Fit new standard rings

Bore to 4+ 0.0010 . (0,254 mm_)
amd it 0,010 in, (0,254 mm.)

oversize pistons and rings

(.000 to 0LOLE in.
(0,254 o 0,381 mm,)

Fit new 0.010 in. (0.254 mm.}
OVETSIEE Fings

Over 0015 in. (0,381 mm,) Fit new lingrs and new
| standard pistons and rings

Maximum permissible re-machining of cvlinder liner bore
l 0,010 in. (0254 mm.|

Cylinder bores when new are as follows: —

Compressors with @ nominal capacity of
10 cu. ft. per min, are 2.625 in. (66.675 mm.)
diameter.

Compressors with a nominal capacity of
15 cu. ft. per min, are 2.812in, (71.424 mm.)
diameter.

Check the gap of each compression and scraper
ring with the ring positioned in the bore of the
cylinder. Any ring which has a gap of more than
0.012 in. (0.304 mm.) should be discarded and a
new ring fitted. New rings should have a gap of
0.003 to 0.007 in. (0.076 to 0.179 mm.).

Ensure that the rings grooves in the piston are
square and smooth and, with the rings fitted to the
piston. check the side clearance between the rings
and the rings grooves. This should not be more
than 0.005 in. (0.127 mm.).

Examine the white metal of the connecting rod
bearings and the bearing of the oil communicating
member. If the metal is cracked or badly scored, a
new or replacement rod or member should be
fitted.

Check the clearance between the gudgeon pin
and the gudgeon pin bush. If the clearance is more
than 0.0015 in. (0.0381 mm.), fit a new or replace-
ment connecting rod.

Check the connecting rods for parallelism and
twist.
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In the event of a connecting rod bearing being re-
metalled, the length between the bore centres of
4.127 to 4.123 in. (104.825 1o 104.724 mm.) for the
10 cu. ft. capacity type. and 4.752 to 4747 in.
(120,700 to 120.573 mm.) for the 15 cu. f1. capacity
type must be maintained.

Fitting new eylinder liners

To remove a worn liner heat the cylinder block
in oil to a temperature of 180 deg.C. (356 deg.F.),
the liner should then fall from the block as it
is lifted out of the oil.

To fit a new liner, first heat the evlinder block in
boiling water, then press in the liner until its
bottom edge is located on the shoulder in the
cylinder block bore. After fitting, grind the edge of
the liner flush with the top face of the cylinder
block, and grind and lap the liner bore to the
finished dimension previously given for new com-
pPressors.

ASSEMBLING AND REFITTING

When assembling the unii| use new jointing
washers and a new cylinder head ‘gasket. If' new
cylinder liners have been fitted, fit new standard
pistons and rings.

Assemble the compressor in the sequence given
in the following paragraphs.

Fit the distance tube to the drive end of the
crankshaft, ensure that the distance washer is
located in the drive end cover, and fit the cover Lo
the roller bearing which is in position on the
crankshaft. Fit the crankshaft into the crankcase
and secure the drive end cover, taking care not to
damage the oil seal.

Fit and secure the rear end cover.
PCGA.283-3 compressor with bevel gear fan drive

Fit the ball bearing to its housing in the bevel
gearcasing.

Fit the o1l seal sleeve to the drnive end of

the crankshaft, ensure that the distance washer is
located in the drive end cover, and fit the cover to
the roller bearing which is in position on the
crankshaft.

Position a new joint washer on the drive end face
of the compressor crankcase. Fit the crankshafi
into the crankease and secure the drive end cover
taking care not to damage the oil seal.

Fit the distance tube to the gearcase end of the
crankshafi. Fit a new joint washer to the spigotied
end of the bevel gearcase, and fit the gearcase to the
compressor crankcase. Ensure that the ball bearing
is home in its housing and the correlation marks are
in line on the casings. Fit the bearing retaining
plate, and secure the plate and gearcase to the com-
pressor crankcase with the correlation marks on the
plate and gearcase in line. Lock the set-bolts,

Position the distance washer to abut the inner
race of the ball bearing and fit the key and bevel
gear to the crankshaft,

Fit the tabwasher, secure the bevel gear with the
nut, and turn up the tabwasher.

Fit the key and the hevel pinion to the fan
driving shafi.

Position the driving shafl in the bevel gearcasing,
and position the adjusting shims to abut the bevel
pinion. Fit the roller bearing to the shaft and the
bevel gearcasing. Fit the kevwasher, the tabwasher,
and fit and tighten the nut securing the bearing race
to the shaft. Lock the nut.

Fit the end cap and secure with the three
set-bolts,

Position the distance washer at the flange end of
the driving shaft and fit the ball bearing to the
shaft and casing.

Fit a new oil seal to the end cap, and fit the end
cap to the gearcasing. Lock with the three set-bolis,

Position the driving flange on the shaft ensuring
that the key has been fitted to the shaft and taking
care nol to damage the oil scal. Position the key-
washer and tabwasher on the shaft, and secure the
flange to the shaft with the nut. Turn up the locking
tah.

Fit the bevel gearcase end plate, interposing
a new joint washer between the mating faces.

-
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Smear the crankpins with clean lubricating oil,
fit a new oil seal to the oil communicating member,
and fit the member to the crankshafi ensuring that
the correlation marks are coincident. Tighten and
split-pin the nuts.

Insert the lubricating oil inlet flange into the
crankcase at the same time lining up the oil com-
municating member with the bore of the inlet
flange, and secure with the two set-bolis,

Insert the connecting rod and piston assemblies
into the crankecase from the top of the cylinder
bores, ensuring that they are in their correct end to
end position and the correct way round.

Fit the bearing cap halves ensuring the correla-
tion marks are coincident. Tighten and split-pin the
nuts.

Fit the driving pulley to the crankshaft ensuring
that the Woodruff key is fitted correctly. Tighten
and split-pin the nut.

Assemble the cylinder head, fitting new inlet and
delivery valve springs and discs if necessary. The
delivery valve springs are slightly flared at one end,
and it is most important that this ead is entered first
into the valve cap bore. Use a screwing action to
fit the springs. and ensure that they are inserted to
the full depth of the bore; if they are not fully in-
serted, overheating of the cylinder head may result,
with rapid deterioration of the valves and springs.

Check that the springs are bottoming in the bore
by compressing them solid with the easily made

(1]
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G275 DIA.

DELIVERY VALVE SPRING 0750 DA
DIMENSIONS ARE IN INCHES

Fig. 3 Finting delivery valve springs

tool illustrated; the shoulder of the tool will make
contact with the end faces on the caps if the springs
are correctly fitted.

Take care also that the inlet springs are correctly
located and that the valve keepers are fully home,
so that each keeper is flush with the cylinder head
face.

Fit the inlet manifold to the head and secure the
head to the cylinder block, interposing a new gasket
between the joint faces.

Refitting the compressor to the engine is the
reverse of the removal procedure.

After fitting the belts, adjust the tension to give a
total deflection of one inch at a position midway
between the driving pulley and the compressor
pulley.
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SECTION 25B . . AIR COMPRESSOR — WESTINGHOUSE

The air compressor is an in-line, twin-cylinder,
gear-driven unit with a detachable air-cooled
cylinder head. The head incorporates two pairs
of suction and delivery valves, one pair for each
cylinder. The valves are of the plate disc-type
held on their respective seats by one coil spring.

Lubrication of the cylinder bores and gudgeon
pins is by surplus 2il thrown from the big-end
bearings which are pressure fed. along with the
main bearings, by a gear-type pump. The pump
is situated in the base of the compressor and is
driven by a helical gear mounted centrally on the
crankshaft.

Except for the periodic examination and
topping-up of the oil level (fig. 1), no maintenance
is normally required between overhaul periods.

If the compressor fails to function correctly
and there is no leakage in other parts of the air
system, the valves should be removed and
examined.

Servicing the valves

Unscrew the valve caps from the cylinder head
and remove the valve discs and springs. Clean off
all carbon deposits. Examine the valve discs and
springs for pitting and distortion, and renew if
necessary.

ok
{ : I.-

olL LevEL PLUG : - 74
ks
Fig. 1 Air compressor, showing oil filler and ofl level plug

Examine the valve seats. Lightly pitted seats
should be lapped with fine grinding paste. Badly
pitted seats should be refaced with a cutter,
removing only the minimum amount of metal.
After refacing a suction valve seat, check the
dimension ‘X" (fiz. 2) which should be retained
between 0.283 and 0.289 in. by skimming face ‘M’
of the suction valve cap. Similarly, the delivery

Section 258
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Fig. 2  Suction valve and delivery valve

valve dimension 'Y’ should be retained between
1.215 and 1.221 in. by skl.mmmg the cylinder head
face ‘N, |

Remove swarf andr blow" out, with compressed
air, Carefully clean all parts before reassembling,
and do not use any lubricant or jointing

2
Section 258

compound when fitting valves and caps. Check
the cylinder head nuts and pipe cunncctmns for
ughtnmq

For further maintenance instructions refer to
the appropriate Westinghouse publication.
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SECTION 27A ..

STARTER MOTOR

SIMMS TYPE 624 SGRE. 446

The starter is a 24 volt series motor with & wave wound
armature of heavy section in series with four field wind-
ings. The drive is transmitted through a spring cluich
which assists engagement and disengagement of
the pinion. :

Engagement with the engine flywheel is cffected by
an axial movement of the pinion against a return spring,
the movement being obtained through push rods and a
shock spring operated by a solenoid.

REMOVAL

Remove the leads from the motor, and unscrew the
keep strap bolt.

Take the weight of the motor, remove the nut and
belt from the motor retaining clamp bracket, and with-
draw the motor.

DISMANTLING

Remove the commutator end cover, solénoid end
plate and the selenoid coils,

Release all connections to the soleneid unit and re-

Fig. |. Removing the starter motor.

move the three screws securing the solenocid frame.
Remove the switch securing nut and dowel screw.

Lift the trip lever at the same time withdrawing the
switch and solenoid from the motor.

Lift all brushes off the commutator and wedge them
in their boxes by means of the brush springs.

Slacken the screw in the commutator end shaft nut
and remove the nat.

Remove the retaining pin and spring plug from the
end of the splined shaft using the ool Part No. L.77485
and withdraw the pinion return spring.

Move the push rod forward 1o release the cross-key
and remove the cross-key from the pinion. The key
should be gently driven out through the slot in the
pinion, using the punches LA.77487, LA.77488 and
LA.77489 in that order, sce fig. 2.

Slide the pinion off the shaft, unscrew the two nuis
un the tie rods, and remeve the driving end plate, taking
care toy/retain)the thrust washer,

Slide the splined shaft and cluich from the main arma-
wure shaft ; this will expose the driving keys. Remove
and retain the keys.

Tilt the motor with the commutator end downwards
and remove the push rods and buffer spring,

Withdraw the armature from the driving end. Re-
lease the field coil leads at their connections on the brush
gear and detach the commutator end plate and brush
gear. Care should be taken not to bend or twist the
field coil leads. To dismantle the clutch, hold the
clutch spring and withdraw the splined shaft at the same
time turning it in the normal direction of rotation,  Next
remove the sleeve ar the opposite end by the
SAME Process,

INSPECTION

Inspection will be mainly confined to cleanliness
and general weat.

It will be found in service that the commutator as-
sumes a polished surface with a dark brown colour.
This should not be cleaned off, but any particles of dust
from the brushes can be blown away or removed with a
clean petrol soaked cleth. Examine the binding bands
for signs of loose and thrown solder.

If the commurator 1s badly worn, it should be set up

in & lathe and skimmed. It is important that after
skimming the commutator surface is concentric with
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Fig. 2. Removing the drive pinion.

the bearing diameters, Only a very light cut should be
taken and the tool should be sufficiently keen to leave a
smooth surface. A high polish can be obtained with
Grade 000 glass paper.

After skimming, undercut the mica insulations with a
hacksaw blade ground down 1o the thickness of the mica.
The mica should be cut to a depth of 0-8 mm. (0-032 in.)
care being taken to ensure that no mica is left level with,
or projecting above the copper segments.

Check that the field coils are clean and free from dust
and meoisture and that the rigid strip leads are clean, well

PRESS BACK RETAINING PLUG
UMNTIL ELEAR OF RETAINING
PiN WITH TOOL L. 77485
THEM E|ECT RETAIMING PIN
WITH TOOL L. 77485

REMOYE RETAINING PLUG

“ RETURM SPRING AMD SPRING
.|
\m PAD
L&, TT4ET
—— LA, TTag
LA, TT489

PRESS OUT PINION KEY IMN
3 STAGES USING PUMNCHES
LA, TP4A7, LA, 77438 amMD
LA, TT4E9 N SUCCESSION

SLIDE PINKOM OFF PIMION
SLEEVE

soldered and show no signs of abrasion.

Ensure that the brushes slide freely in their boxes and
that the springs seat squarely on top of the brushes.
All screws should be tight and connections clean and

well soldered.

Examine the contacts for burning and check the switch

for freedom.

Check the main clutch spring and push rod buffer

spring for frettage and compression, and all bushes, ball
races, splines and keys for general wear,
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ASSEMBLING

Before assembly, the clutch spring should be packed
with graphite grease. Other parts should be lubricated
with Intava 659 high temperature grease,

Mount the commutator end plate assembly on to the
carcase and remake the main field connections.

Lift all the brushes and wedge them in their respective
boxes by means of the springs.

Slide the armature into the carcase. Replace and
tighten the ¢nd nut and lock it by means of the screw,
then release the brushes.

Re-assemble the spring release clutch and fit it to the
armature shaft, having first ascertained that the three
bushes and keys are in position.

Replace the driving end plate and check the armature
end float, The end floar should be between 0-1 mm,
(0-004 in,) and 0-2 mm, (0-008 in.) and can be adjusted
by changing the thrust washer.

Fit the switch assembly,

Assemble the push rods and spring in the bore of the
armature shaft starting from the commutator end and
in the order shown in fig-4.

Refit the solenocid frame, coils and the solenoid plate.
Make all connections to the switch terminals and coils:
Replace the(pinion, fit the cross-key and return spring,
ensuring that the kev isilocgted berween the end of the

CARCALE FIELD COLS

DRIVING END COVYER

BRSHES

push rod and the spring, with the slot in the key towards
the spring.
Compress the spring and fit the retaining plug and pin.
With the punch LA.77487 check that the key is
securely locked by the spring,

TESTING

Switch

Measure the length which the plunger projects beyond
the solenoid end plate when the pinion is in the disen-
gaged position. Energise the switch coil only, to close
the switch on the stop. Slowly push the plunger in-
wards until the switch trips on to the second contact and
measure the amount the plunger now projects. The
difference in measurement to that taken when the pinion
is disengaged, gives the full travel before the power is

%plt:d and should be 19 o 20 mm. (0-74 to 0-78 in.).

Should the switch trip at less than 19 mm. {0-74 in.) the
length of the pushrod must be reduced by gnndmg down
the end. If the switch trips at more than 20 mm
(0-78 in.) a new pushrod should be fitted.

Armature

When a short circuit in the winding is suspected the
armature may be tested by means of a “ growler'. If
during this test a hacksaw blade is rested on the core
laminations whilst the armature is rotated, a short cir-
tuit will be indicated when the blade is atracted to
the core.

BRLSH SPRINGS SOLENSID

T STAGE SWITCH END COWER

Fig. 3. Exploded view of housing assembly.
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Fig. 4. Exploded view of armature assembly.

Test the armature coils for continuity by passing
current from a battery through the armature via two
brushes at 90 deg. on the commutator and noting on &
millivolt meter the voltage drop between every adjacent
pair of segments. A variable resistance must be incor-
porated in the circuit to limit the voltage on the armature
to approximately 2 volts. Rotate the armature ; the
indicated voliage drop should be substantially the same
for any pair of segmems. A low reading or none at all
will indicate a partially short circuited coil or com-
mutator segment, while a high reading will mean a high
resistance in the coil circuit, probably a  badly
soldered joint.

A mains voltage test lamp may be employed to test the
armature winding and commutator insulation. If the
lamp lights when it is connected between the commutator
and the shaft, a short circuit to earth is indicared.

Field coils, solenoid and switch coils
A mains voltage test lamp connected between windings

and the frame of the starter, will indicare any short cir-
cuit to earth.

Field coils

Tests for internal short circuits should be made by
checking the resistance of individual coils. The tests
should be carried out with the coils in the circase, and
may be cffected by baring short sections of the inter-
connectors and passing heavy currents through individual
coils to the appropriate brush boxes or main terminals.
When a current of 100 amperes is passed through a coil,
the voltage drop across the coil should be 0-54 volts at
a coil resistance of 0-0054 ohms.

REFITTING

The procedure for installing the starter motor is the
reverse of that given for its removal,
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SECTION 27B ..

STARTER MOTOR

C.A.V. TYPE U624-1

The starter is a 24 volt motor with 2 wave wound
armature in series parallel with four field windings.

The armature has an axial movement in its bearings
and when extended, engages the teeth of the starter
pinion with the gear ring of the engine Aywheel.

An overload device prevents damage due to engine
back-fire, and consists of a simple * Bendix " and spring
loaded clutch arrangement, which has a slipping torque
of about three times the lock torque of the starter, but
below the shearing strength of the pinion teeth.

FIELD COILS

DRIVING PINION

e
&
tad

CARCASE

BEMDIX

DRIVE END
BEARIMG RESERVOIR

REMOVAL
Remove the leads from the motor, and unscrew the

keep strap turn-buckle, Open the keep straps and
withdraw the starter.

RENEWING A DAMAGED PINION

The pinion can be removed without dismantling the
starter provided care is exercised, the stages of removal

SWITCH MEGATIVE CONNECTOR

SWITCH
TRIP LEVER

BRUSH LOAD SPRIMG

BRUSH BOXES

BRUSHES

ARMATURE

COMMUTATOR

ARMATURE PLUNGER

/

CLUTCH LOAD SPRING

DISENGAGEMENT SPRING

Fig. |. Exploded view of starter motor.
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Fig. 2. Removing the drive pinion.

are illustrated in fiz. 2, and should be carried out in the
following sequence :—

Remove the starter from the engine,
Remove the lubrication plug and spring.

Remove the split-pin and the castellated nut from the
driving shaft,

Stand the starter on its end with the pinion uppermost,
loosen the thin shaft nut, hold the pinion firmly down
against the spring pressure, and take off the nut.

Without relegsing the pressure of the spring, turn the
pinicn slowly in the opposite direction to the normal
direction of rotation of the starter and gradually release
the pressure until the pinion is unscrewed from the
clutch and free to be removed. It is essential that this
operation is executed slowly and carefully to avoid
disturbing the clurch plates.

Before fitting the new pinion check that it has the
same number of teeth as the old one, and that the Part
Mo, 15 the same.

Smear a small quantity of * Retinax A ' grease round
the pinion bore, Carefully insert the pinion into the end-
shield until it meets with resistance then turn slowly in the
direction of rotation, until a forward movement is felt,
indicating that the pinion has engaged with the
clutch plates.

Push the pinion into the endshield to its full extent
against the pressure of the spring, hold in position and
screw the thin nut on the drive shaft. Screw on the
castellated nut, and insert the split-pin.

Replace the spring and locking plug,

DISMANTLING

To dismantle the starter motor for complete overhaul,
proceed as follows :—

Remove (the commutator end cover,

Remove the nut from the end of the armature plunger
with the aid of the special tool 842X,

Lift all the brushes and wedge them in their boxes by
means of the brush springs. The brushes should not
be removed from the holders unless they are o be
renewed, or require re-bedding. If they are removed
they should be marked to ensure they are refitted in their
correct positions.

Disconnect the leads from the main and auxiliary field
coils to the switch and commutator end shield,

Bemove the commutator end shield and brush
gear complete,

Remove the screw securing the positive terminal con-
nector and the nut securing the solenoid switch terminal
to the commutator end shield.

Remove the main negative terminal nuts, and the
screw securing the negative strip terminal connector to
the brush holder.

Remove the fixing screws and remove the switch and
negative connector, taking care not to break the connec-
tion between the switch and the negative connector.

If the switch is unserviceable and is being removed
for renewal, unsolder the connection from the negative
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connector, and remove the switch complete, without
removing the negative connector.

Remove the screws securing the driving end shield to
the starter motor carcase, tap the end shield with a hide
faced mallet and gently slide out the end shield and
armature complete.

Remove the split-pin and the thin and castellated nuts
from the armature shaft, withdraw the pinion and driving
end shield together, and take out the pinion spring.

Remove the clutch assembly from the clutch housing.
There should be five of each brass and steel plates,
Care should be taken not 1o damage the springs between
the clutch sleeve and the first friction plate.

To remove the armature spring and plunger, unscrew
the nut securing the end plunger in the armature bore
by means of the special tool 332W and take out the

plunger.

INSPECTION

Inspection will be mainly confined to cleanliness and
general wear,

It will be found in service that the commutator
assumes a polished surface with a dark brown colour.
This should npt be cleaned off, but any particles of dust
from the brushes can be blown away or removed with a
clean petrol soaked cloth. Examine the binding bands
for signs of loose and thrown solder,

If the commutator is badly worn it should be set up
in a lathe and skimmed. It is important that after
skimming the commutator is concentric with the bearing
diameters. Only a very light cut should be taken and
the tool should be sufficiently keen to leave a smooth
surface. A high polish can be obtained with Grade 000
glass paper.

After skimming undercut the mica insulations with a
hacksaw blade ground down to the thickness of the mica.
The mica should be cut to a depth of 08 mm. (0-032
in.) care being taken to ensure that no mica is left level
with, or projecting above the copper segments.

No artempt should be made to machine the armature
core, or to true a distorted armature shaft,

Inspect the bearing bush inside the armature plunger
spring cavity at the commutator end. The bush should
be replaced if a 21-57 mm.(0-849] in.)plug gauge can be
entered into the bearing. As a special tool is required
to replace this bearing, the complete armarure must be
renewed if the bearing is worn beyond the specified limit.

Check that the ficld coils are clean and free from dust
and moisture and that the leads are clean, well soldered
and show no signs of abrasion.

Ensure that the brushes slide freely in their boxes and

that the springs seat squarely on top of the brushes. All
screws should be tight and connections clean and well

Fig. 3. Checking tansion of brush springs.

soldered. Check the pressure of the springs with a
spring balance. This should be 18 to 24 opas., the
method of checking is illustrated in fig. 3.

Check both the armature shaft bearings for wear.
The bearings are accurately machined after fixing in the
end shields, and should therefore only be replaced as a
complete assembly with their end shields. No attempt
should be made to replace or reclaim the bearings only.

Examine the clutch plates and springs and check the
teeth of the driving gear and clutch * Bendix ' gear
for wear.

Inspect the tripping disc and switch trigger for wear,
and the solencid contacts for burning.

TESTING PRICR TO RE-BUILDING

Armature

When a short circuit in the winding is suspected the
armature may be tested by means of a * growler,” If
during this test a hacksew blade is rested on the core
laminations whilst the armature is rotated, a short circuit
will be indicated when the blade is attracted to the core.

Test the armature coils for continuity by passing

current from a battery through the armature via two
brushes at 90 deg. on the commutator and noting on a
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Fig. 4. Starter motor leads.

millivolt meter the voltage drop between every adjacent
pair of scgments. A variable resistance must be in-
corporated in the circuit to limit the voltage on the arma-
ture to approximately 2 volts. Rotate the armature ;
the indicated voltage drop should be substantially the
same for any pair of scgments. A low reading or none
ar all will indicate a partally short circnited coil or com-
mutator segment. A high reading will mean a high re-
sistance in the coil circuit, probably due to a badly
soldered joint,

A mains voltage test lamp may be employed to test
the armature winding and commutator insulation. If
the lamp lights when it is connected between the com-
mutator and the shaft, a short circpit to earth will
be indicated.

Field eoils and switch coils

A mains voltage test lamp connected between the
windings and the frame of the starter, will indicate any
short circuit o earth.

Field coils
Test for internal short circuits should be made by

checking the resistance of individual coils. The tests
should be carried out with the coils in the carcase, and
may be effected by baring short sections of the inter-
conncctors and passing heavy currents through individual
coils to the appropriate brush boxes or main terminals.
When a current of 100 amperes is passed through a coil,
the voltage drop across the coil should be 0423 volts ata
coil resistance of 0-0023 ohms.

ASSEMBLING

Assembling is the reverse of dismantling. The follow-
ing points should be noted in particular —

Make sure the clutch has been assembled correctly,

When assembling the armature to the starter carcase,
take care not to damage or bend the switch trip lever,

Ensure the leads from the field are connected to their
COTTECT POLngs.

The driving end bearing reservoir only requires re-
filling with lubricant at overhaul. Pour 12 cc. (approx.
3 teaspoonfulls) of 5.A.E.—20 grade oil through the

plug hole provided.

REFITTING

Before refitting (the sthrter to the engine,a test may
be made to check the operatipn of the stafter by connect-
ing a 24 volr battery 10 the main terminals.  The batrery
positive must go to the starter positive and the battery
negative to the starter negative. Connect a lead from
the terminal solenoid on the starter through a small push
switch to the positive battery terminal. Insert a strip
of paper between the moving contact and the second
contact in the solenoid switch,

Operate the push switch ; the starter should revolve
in the direction as stamped on the starter label, looking
on the pinion end. The pinion should travel forward
for a distance of approximately 1 inch, where it will
remain as long as the push switch is operated.

Remove the piece of paper, operate the switch again
for a brief period only to see that the starter functions as
previously but at a higher speed,

Refit the starter to the engine.



SEC.28

T.5.1». 203

SECTION 28 .. SUPERCHARGER AND SUPERCHARGER DRIVE

SUPERCHARGER

The supercharger is a positive displacement
blower of the Roots type and consists of two
parallel intermeshing rotor assemblies geared
together to rotate in opposite directions inside
a rotor casing, The unit components are illustrated
in fig. 8.

The superchargers for the 4, 6 and 8-cylinder
engines are identical and differ only in the length of
the rotors and lubrication systems,

Lubrieation

The universal oil feed system is used on the L300
Mk. 2 supercharger fitted to the 4-cylinder vertical
engine, and on the L4530 Mk. 35 fitted to the
horizontal engine.

Qil tapped from the main engine lubrication
system is piped toa conngction on the suparcharger
drive housing. From the connection the oil flows
through drillings in the drive housing casing to two
jets, one which delivers the oil into the bore of the
compounder shaft to lubricate the spring drive
assembly, and the other to lubricate the super-
charger gears.

QL INLET

A P-4 || ol OUTLET

1763

Fig. 1 Universal ail feed

From the main drilling the oil passes through a
restrictor in the spring drive housing; oil is then
directed through the supercharger mounting flange
to a longitudinal drilling in the drive end plate,
rotor casing, and intermediate plate of the super-
charger. From this drilling oil is conveyed by two
further drillings and is delivered to the bearings
through restrictors located in each bearing housing.

For the six and eight-cylinder vertical engines
fitted with high or low mounted superchargers, the
lubrication of the supercharger drive is essentially
the same as that previously described, but the
lubrication of the supercharger differs.

Oil directed from the drive housing flows into a
longitadinal drilling in the drive end plate, here the
flow divides and is directed through two resirictors,
one large and one small.

The small restrictor directs oil to the uppermost
front bearing housing, and to the lower bearing via
a VEE drilling between the two housings,

QIL INLET

Fig. 2 Alternative oil feed

1
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Fig. 3 Removing the supercharger

Oil passing through the large restrictor flows
through a longitudinal drilling in the rotor casing
and a drilling in the intermediate plate, lubricating

the two rear bearings in a similar manner to that of

the front bearings,

The universal lubrication system will be in-
corporated in all future superchargers.

REMOVAL

Release and remove the oil drain pipe. For the
horizontal engine, release and remove the set-bolis
securing the oil drain transfer adapter to the wheel-
case drain chamber, and ease the adapter off its
joint face.

Release the worm clips at the hose connections
on the supercharger inlet and outlet branches and
cut through the rubbers to break the joints.
Remove the inlet branch, using the spanner
OE.339] to slacken the nuts, and ft the lifung plate
OE.3126 in its place.

Support the supercharger with a hoist. Release
and remove the steady bracket and the nuits
securing the supercharger to the drive housing,

2
Section 28

Carefully break the flange joint at the same time
fully supporting the weight of the unit until it is free
from the drive coupling and dowels.

Blank off all apertures exposed by removal of the
unit and fit the special blanking plate OE.33%4 1o
the supercharger drive flange.

DISMANTLING

Remove the nuts and washers securing the rear
end plate to the intermediate plate and withdraw
the plate.

Check the end float of the rotors, the radial
movement of each rotor at both ends, and the tip
clearance of the rotors in the casing. Check the
backlash between the drive and driven gears. The
method of carrying out these checks is given later
when rebuilding the supercharger.

Record the figures obtained.

Lock the rotors with the rubber wedge 5725/0
between the rotors and remove the nuts securing
the drive and driven gears, Mark the drive coupling
and the driving gears to ensure correct assembly on
rebuild. Remove the nuts from the bolts securing
the coupling to the driving gear and remove the
coupling. Withdraw the drive and driven gears
using the extractor 572578, first removing three of
the driven gear hub bolts for location of the
extractor bolts.

Fig. 4 Hemoving the driven gear
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Fig. 3 Hemaoving the rear intermediate plate

Remove the puts from the rear end of the rotor
shafts.

Remove the Allen screws securing -the inter-
mediate plate to the casing and unlock and remove
the bearing retaining screws, Fit the protection
plugs 3725/P into the rear ends of the shafis and
withdraw the imtermediate plate from the shafis
evenly, using the extractors 5725/W, as illustrated.

Fig. & FProssing oul a rolor

Remove the two roller bearing inner races and
scrolls from the intermediate plate. The bearing
outer races can be withdrawn with the tool 3725/V,
Extract the dowels from the plate using the
extractor 5725/K.

Remove the bearing retaining screws from the
drive end plate and remove the keys from the
shafis,

Press out each rotor separately using the
extractor 5725/W and a shaft protection plug.

Withdraw the labyrinth seals from the ends of
the rator shafts using the tools 5725/T and 5725/8,
only if the labyrinth seals are damaged.

Fig. 7 Hemoving bearing outer race

Remove the nuts and washers securing the drive
end plate to the rotor case, and separate the plate
from the case.

Extract the double ball bearings and the scrolls
from the drive end plate. The inner half’ of each
bearing outer race can be withdrawn with the tool
5725/V. The parts of each bearing should be tied
together immediately afier they have been removed
and the assembly marked to idenuify it with iis
housing.

Remove'the lubricating oil restrictors.

a
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INSPECTION

All parts of the supercharger should be
degreased and thoroughly cleaned before inspec-
tion. Ensure that all oil passages are clear and that
the restrictors are free from blockage. Steel parts
should be lightly ciled immediately after cleaning,

Rotor ease and rotors

Examine the rotor case bores for scoring, picking
up, or other damage. Small score marks, caused by
dust particles or other foreign matter may be
removed by careful scraping. provided the score
marks are not more than 0.025 in. (0.635 mm.)
deep. Examine the rotor case for cracks and
damaged or loose studs.

Inspect the rotor lobes for cracks, scoring and
other damage, small burrs may be carefully
‘dressed’ out locally to remove any proud metal,
taking care that the anti-corrosive treatment is dis-
turbed as little as possible.

Intermediate and drive end plate asseniblies

Inspect the plates for damage and check that the
joint faces are true. If there are signs of bearing
‘spinning,” check that the bearing when assembled
in the housing is proud of the end plate, so that it
will be nipped by the retaining washers.

Examine the ball bearings for cracks and pitting
and for excessive end float and radial play.

If the gear backlash before dismaniling was more
than 0.006 in. {0.1524 mm.) and the bearings are
found to be serviceable, excessive wear on the teeth
15 indicated and can only be corrected by fitting
New Sears.

Blend cut any withdrawal marks on the keys and
check the fit of the keys in the shafts and the gear
keyways.

Check that the labyrinth seals are not damaged
or loose on the rotor shafts and that the scroll seals
will be a push fit when refitied.

Examine the drive coupling for cracks, pitting
and excessive wear between the teeth of the male
and female couplings. Examine the securing bolt
holes for wear,

Secrion 28

If the securing bolt holes in the driving gear and
coupling are worn new securing bolts should be
fitted to the unused alternate holes in the gear and
coupling. Then remove the bolts from the worn
holes.

If the driving coupling is unserviceable fit a new
coupling as follows: —

Assemble the new coupling to the driving gear,
holding them in light contact with three | B.A,
bolts in alternate holes, Mount the assembly
on an arbor centred from the driving gear bore,
and insert three magnetic rollers 0,151 in.
(3.8354 mm.) diameter at equal intervals in
the splines of the coupling. Rotate the
assembly and, using a dial test indicator gauge,
check for concentricity of the coupling over
the rollers. Adjust the coupling by tapping
gently until the coupling is as near as possible
concentric with the gear; eccentricity must not
be more than 0.005 in. (0.127 mm.).

Tighten the three 1 B.A. securing bolis and
make a further check to ensure that the
coupling has not moved. then ream the three
open holes in jthe coupling; to 0.25 in.
(6.35 mm.) diaméter) Use the reamer GA.268
and take care o keep the reamer square with
the holes to avoid removal of metal from the
gear holes.

Fit three new securing bolts in the newly
reamed holes, together with new tabwashers
and tighten the nuts to a torque loading of
100 Ib. in. but do not lock the nuts at this stage.
Remove the three 1 B.A. bolts and ream the
remaining holes, Fit the circlip to the rear hub
of the drive gear.

ASSEMBLING AND REFITTING

When rebuilding the supercharger strict cleanli-
ness must be observed, and ocilways and oil
restrictors should be blown through immediately
before the parts are assembled. If the original races
and seals are serviceable they musi be reassembled
in the positions they occupied before dismantling.
Particular care must be taken to assemble each
bearing with its correct races. Correlation marks are
etched on each race.
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Fig. 8 Exploded view of supercharger
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Fig. % Fitting the ball bearings

Fit the seroll seals into their respective bores in
the drive end intermediate plate. Ensure that a
scroll 17914 is fitted into the driving shaft bore and
a seroll 17913 into the driven shaft bore, otherwise
their action will be reversed.

Press in the ball races with the tool 5725/U en-
suring thal the races are correctly paired and
positioned and fit the retaining set-bolts and
washers.

Press the outer races of the roller bearings into
the intermediate plate and secure them with set-
bolts and washers.

Fit a labyrinth seal to each end of the rotor
shafls.

Pull the rotor shafts into the ball bearings in the
drive end plate, using the insertion tool 5725/R as
illustrated. Remove the tool and fit and tighten the
securing nuts but do not lock the nuts at this stage,

878

Fig. 10 Finting retors to deive end plate

[

Section 28

Check the clearances between the rotor lobes and
the face of the plate. This clearance is controlled
by the thickness of the scrolls and should be
between 0.005 and 0.007 in. (0.127 and 0.178 mm.).
Excessive clearance can be corrected by grinding
off an amount equal to the excess clearance from
the stepped lace of one, or both, of the scrolls as
required. If the clearance is below the limit, remove
the appropriate scroll and fit a new scroll of the
thickness required 1o give the correct clearance.
When a satisfactory clearance has been established
lock the rotor nuts.

Note: Rotors are supplied in maitched
pairs and must always be kept together.

g7
Fig. 11 Fitting the roller bearings

Fit the dowels into the drive end of the rotor
casing and assemble the drive end platé and rotors
to the casing with a 0.010in. (0.2534 mm.) gasket
between the joint faces. Temporarily secure the
plate with four evenly spaced nuts and washers.
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With the rear end of the casing uppermosi, check
the clearances between the ends of the rotor lobes
and the face of the casing by means of a straight-
edge and feeler gauges. Add gaskets of suitable
thickness to the end face of the casing to give
a clearance of 0,008 to 0.010 in. (0.203 1o
0.254 mm.).

Fit the dowels into the rear end of the casing
and fit the intermediate plate in position with the
selected gaskets between the joint faces.

Fit a scroll 17914 on to the driven shaft and a
seroll 17913 on 1o the driving shaft, with the plain
face of the scrolls inwards (o abut the lubyrinths,

Assemble the inner races and rollers of the
bearings on their respective shaft and press them
home using the tool 5725/R as illustrated in fig. 11.

Temporarily secure the intermediate plate to the
casing with the two Allen screws, then secure the
rear end plate to the intermediate plate with four
nuts and washers evenly spaced.

Check the tip clearances between the rotorg and
the casing at the inlét and outlet side-and refer to

DOWEL §

ROLLING

fig. 12 for permussible clearances. The clearance
should not vary by more than 0.002in, (0.0508mm.)
at all points along the length of the rotors.

It the clearances are not equal at all points,
remove the dowels from each of the end plates,
and tap the plates with a hide mallet to centralize
the rotors. When the clearances are correct,
tighten the securing nuts and fit oversize dowels
¥5.357 to the drive end and V5.358 to the rear
end. Use the oversize reamer 5725/N.

When reaming, use a liberal quantity of paraffin
as a cutting medium, otherwise an oversize hole
will be the result. After reaming. clean out all
swarfl and blow out with compressed air.

Check the assembled rear end clearance between
the rotor lobes and the inner face of the inter-
mediate plate; this should be between (L0088 and
0.010 in. (0.203 and 0.254 mm.) as previously
established. If further adjustment is required
remove or add gaskets. Remake the joints, fitting
all the nuts securing the drive end plate and the
four Allen screws retaining the intermediate plate
to the rotor casing.

Re-check the tip elearance and end clearances.

DRIVE EMD B | = REAR END

AP
| L

TABLE OF CLEARAMCES

I Imgines)
REAR END | 0008 to 0010 |OUTLET 0005 ta 0:007
DRIVE END | 0005 to 0007 | ROLLING SEE ROTOR TIMING
INLET | 0011 0 000 |GULLEY 0-0080 to 00105
DOWEL t I 0-008 wo 0010 GEAR BACKLASH 00005 po 00060

Fig. 12 Supercharger clearances

-
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Fit the nuts to the rear ends of the rotor shafis
with new tabwashers, lock the rotors with the
rubber wedge 537253/0and tighten the nuts, but do
not lock them at this stage.

Wirelock all the bearing retaining bolts at both
ends of the supercharger.

Fit the three coupling bolts in aliernate holes in
the driving gear hub, and retain them with the
circlip sprung into the groove in the gear hub.,
Assemble the coupling to the gear but do not lock
the nuts at this stage.

Fit the keys in the drive and driven shafts and
assemble the gears and the drive coupling to the
shafts using new tab.washers, but do not lock the
nuts.

Check the backlash of the gears using a dial
indicator; this must not be less than 00005 in.
(0.0127 mm.) or more than 0,006 in. (0.1524 mm.)
al any position of the gears.

Timing the rotors

Timing of the rotors is carried out by checking
the rolling clearance at ecach side of each rotor
lobe i.e. in four positions. 1t is most important that
these clearances are set accurately otherwise
failure of the supercharger will occur.

Proceed as follows: —

Remove the six set-bolts and the locking plates
securing the holding flange to the driven gear hub.
Remove the dowel and refit three of the bolts in
alternate holes with plain washers.

Check the backlash of the gears in eight equally
spaced positions and record the maximum figures
obtained,

Insert a feeler gauge between the rotor lobes, of
a thickness equal to the maximum gear backlash
figure plus 0.007 in, (0.178 mm.) and, with one
rotor resiricted, move the other rotor until the
feeler gauge is just nipped, tighten the set-bolts,
turn the rotors and check the clearance at the
other side of the same rotor lobe,

Fig. 13 Cheeking the rolling clearancs

B
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The clearance at each side of the lobe must be
equal to within 0.002.in. (0.0508 mm.) and if
necessary the gear hub should be reset to give this
condition.

The minimum rotor clearance measured by
feelers minus the maximum gear backlash must
not be less than 0,007 in. (0L178 mm.).

Turn the rotors and check the clearances at
each side of the opposite lobe: these should
be substantially the same as before.

When satisfactory, withdraw the driven gear
assembly with the tool 5725/8, so that the gear
can be re-dowelled.

Position the special centre punch 5725/D in the
scallop in the holding flange at 120 deg. from the
existing dowel hole and mark the position of the
new hole.

Drill the new hole §§ in. (5.953 mm.) diameter
and ream with a standard §in. (6.35 mm.)
diameter parallel reamer. Clean out the hole and
fit a new dowel with the groove end towards the
holding flange.

Remove the three hub bolis and plain washers,
fit new locking plates and fit and tighten the six
balts.

Lock the rotors and refit the gear o the shafl,

Recheck the clearance and bend up the tabs of
the locking washers,

Check the gulley clearance by rolling a 0.008 in.
(0.2032 mm.) feeler gauge between the rotors, until
they are in the position shown in fig.13 ; the feeler
gauge should be free along the full length of the
rotor.

Check the drive coupling for concentricity. If
the total clock reading is not more than 0.005 in.
(0.127 mm.), the assembly is satisfactory. Tighten
the coupling securing bolt nuts to a torque load-
ing of 100 1b. in. and lock the nuts.

Lock the four shaft end nuts and fit the
rear end plate using a new joint gasket.

Refitting the supercharger to the engine is the
reverse of removal.

After fitting a new or overhauled supercharger,
the engine should be run at idling speed for one
hour,

SUPERCHARGER DRIVE

The supercharger drive is a self-contained gear
unit, taking its drive from the crankshaft through
the wheelcase gears. It consists of 4 compound
gear incorporating a spring drive and a driven
gear which has a splined coupling to engage with
the supercharger,

REMOVAL

Remove the wheelcase and supercharger. The
removil of the wheelcase is recommended as only
by this means can the drive be refitted satis-
factorily,

Disconnect and remove the oil feed pipe.

Remove the set-bolts securing the drive housing
to the wheelcase backplate and carefully withdraw
the unit from the dowels.

DISMANTLING

Release and remove the nut securing the driving
coupling to the driving shaft and withdraw the
coupling and shaft from the housing. The bearing is
an interference fit in the housing and is retained by
acirelip,

Remove the set-bolls securing the compound
gear assembly in the housing and withdraw the
assembly, taking care not to damage the oil jet.

To dismantle the compound gear assembly,
commence {rom the rear removing the locknut, the
lock and keywasher, bearing and bearing housing
and the thrust washer in that order. Remove the
bolts securing the retaining plate to the spring drive
gear, remove the plate, extract the springs and
spring bearers, and withdraw the spring carrier and
compound gearshafi from the spring drive gear.

INSPECTION

Check all bearings for freedom and smooth
action, any bearings having rough spots after they
have been thoroughly washed out should be
changed.

o
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Examine the gear ieeth for plucking, Slight
plucking should be carefully stoned ont.

10
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BEARING BLISH

THRLST WASHER

LEAF SPRIMGS

SPRING DRIVE GEAR ﬂ

o

THARLUST WASHEH._—IJRWING GEAR
BEARING BUSH

o5

Ensure that the oilways to the bushes of the
spring drive are clear.

Examine the leaf springs and replace any that are
cracked or broken.

ASSEMBLING AND REFITTING

Position the front thrust washer on the com-
pound gear gearshaft so that it abuts the rear face
of the gear,

Fit the spring carrier to the spring drive gear with
the correlation marks coincident and temporarily
secure it with the six square headed bolts and nuts.

Insert the compound gearshafl in the spring
drive gear and carrier, and support the shafiina
vertical position on its front end.

Smear the spring bearers lightly with grease and
place them in position within the spring carrier.

For each spring pack in turn, place a spring in
the spring carrier apainst the bearers. Arrange the
remaining five jeaf springs in the formyof a wedge,

COMPOUNMD GEAR. g0

Fig. 15 Supercharger drive details
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SFRING DRIVE GEAR

SPRING BEARER

THRLIET WASHER
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Fig. 16 Exploded view of supercharger drive

as illustrated, and press them into the gap bettveen
the spring already positioned and the shaf

Remove the nuts from the six bolts securing the
spring carrier and fit the retaining plate with its
correlation mark in line with those on the spring
carrier and spring drive gear. Fit the tabwashers,
tighten the nuts and turn up the locking tabs,

Fit the rear thrust washer on the compound
gearshaft so that it abuts the rear bearing of the
spring drive gear, followed by the rear housing
and ball race, keywasher, lockwasher and locknut.
Tighten the locknut and turn up the locking tab,

Fit the front roller race to the front end of the
compound gearshaft and secure it with the circlip.

The end float of the spring drive gear is con-
trolled by the thrust washers which abut the front
and rear Nanges of the spring drive gear bushes.
When fully assembled the end float should be
0.002 to 0.008 in. (0.0308 to 0.2032 mm.),

Fit the driving gear rear ball race in the super-
charger drive housing and secure it with the spring
circlip.

Fit the raller race to the front end of the driving
gearshaft followed by the keywasher, lockwasher
and locknut. Tighten the locknut and turn up the
locking tab,

Fit the driving gearshaft to the rear ball race
already positioned in the supercharger drive
housing and fit the driving coupling followed by the
locking washer and locknut. Tighten the locknut
and turn up the locking tab,

Fit the compound gearshaft and spring drive
assembly to the supercharger drive housing, en-
suring that the rear ball race housing is correctly
located in the drive housing, fit and tighten the
three securing set-bolts and turn up the locking tab
of the inner set-bolt

Fit a new oil seal washer o the supercharger
drive housing,

Refit the supercharger drive to the engine back-
plate interposing a new gasket between the joint
faces and ensurc that the dowels are correctly
located in the backplate.

Refit all parts removed for access.

11
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SPECIAL TOOLS

ROLLS-ROYCE GODFREY

PART NO. PART NO. DESCRIPTION

GA.268 Reamer, bolt holes in coupling

OE.2943 Lifting plate, 6 and 8-cylinder engine superchargers

OE.2949 Blanking cover, drive flange, 6 and 8-cylinder
engine superchargers

OE.2951 Blanking cover, inlet port, low-mounted
supercharger

OE3126 Lifting plate, 4-cylinder engine supercharger

(E.3391 Spanner, inlet branch securing nuts

OE.339%4 Blanking cover, drive flange, 4-cylinder engine
supercharger

OE.3881 Blanking cover, inlet port, high-mounted
supercharger

OE.7771-A 5725/ A Stud box, & in. UNF

QE.7772 5725/B Stud box, § in. UNF

OE.7773 J723/C Distance piece

OE. 7774 7257y Centre punch

OE. 77735 57T25/E Collar (For use with OE.77849)

QET7776 5725/F Spanner, double jaw

OE.7778 3725/H Slot spanner

OE.7779 3725/1 Allen key

QE. 7780 5725/K Extractor, dowels

OE. 7781 5725/L Pliers

OE.7782 5725/M Feeler gauge

OE.7783 5725/N Reamer, end plate oversize dowels

OE.7784 5725/0 Rubber wedge, supercharger rotors

OE.7785 5725/P Protection plugs, rear ends of shafts

OE.7786 5725/R Inserting tool, rotor shafts and roller races

OE. 7787 5725/8 Extractor, driving and driven gears

OE. 7788 5725/T Extractor, labyrinth seals

OE.7789 5725/U Inserting tool, ball bearings

OE. 7790 5725/ Extractor, bearing outer races

OE.7791 5725/W Extractor, intermediate plate and rotors

OE.7792 3T25/K Dolly, ball bearing

OE.7793 STL57Y Dolly, ball and roller bearings

OE.7794 5729/M Lifter, key

Secrion 28
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APPENDIX 1

LIST OF SCHEDULES

Camshaft. .

Connecting rods. .
Coolant pump
Crankecase and cylinders
Crankshaft

Main idler gear

Qil pump—dry sump
Qil pump—wer sump
Pistons

Walves and fittings
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CRANKCASE AND CYLINDERS
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M|
S G DESCRIPTION P i ﬁn\:il::lnm FELE::«I“E REMARKS
DIAGRAM NEW HEW dikersions | s
CYLINDER LINERS IN
CRANK.CASE
1 Liner skirt in crankcase
Crankcase — lower bore | 5.676 to
3.677 0,003 to
Liner skirr — dia, 5.672 w0 0,005
5.673
2 Projection of liners above
crankcaze face
Crankcase counterbore —
depth 0.493 1o Proud
0.495 0.007 to
Liner flange — depth 0.4598 o 0.003
0.500 Proud
3 Liners in crankcase
Crankcase — upper bore | 5.778 w0
5779 0.002 o
Liners — dia. 5.775 o 00044
5.776
CYLINDER LINERS OUT OF
CRANKCASE
| Liners - bore 5.125 1o 5.131 max. Wear on cylinder bore
5.126 must not exceed (LO0G
on diameter,
TAPPETS IN CRANKCASE
5 Crankease — bore 1.625 10
1.636 (001 o
Tappets — dia. 1.6235 w 0.0025 0.003
1.624
CAMSHAFT BEARINGS IN
CRANKCASE
[ Crankcase - bore 2.5995 o Interfer.
2.6003 00055 to
Camshaft bushes - dia, 2,603 1o 00023
2,605
MAIN BEARING HOUSING
IM CREAMNEKCASE
T Bearing housing bore 4.100 vo Reclaim damaged bores as
4.101 instructed in Service
Bulletin No. OER. 149,
BEARING BLOCKS IN
CRANKCASE
8 Front, rear, intermediate
and centre
Bearing block locarion -
width 0.625 to Inrecfer.
6,626 0.0005 w
Bearing block — width 6,625 1o 0.001
6,6255 Clearance

| - CRANKCASE AND CYLINDERS
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CRANKSHAFT
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e, O DESCRIPTION SATSITHOND. || onEamCE P“:r::;::m rm:;s:‘au AEMARKS
DIAGRAM HEW HEW DIMENSIONS | CLEARANCE
1 CRANKSHAFT PINION OMN
CRANKSHAFT
Pinion -~ bore 2,300 10
2.5005 00005 to
Crankshaft - dia. 2,499 1o 0.0015
2.4995
2 OIL PUMP DRIVE GEAR ON
CRANKSHAFT
Gear — bore 2.625 to
2.6255 0.0005 o
Crankshaft - dia, 2,624 to 00015
2.6245
3 CRANKSHAFT END FLOAT
Centre journals ~ length 3.175 to
3.177 0.005
Centre bearing - width over L] 0,020
thrust washers 3.164 (o 0.013
3.170
CRANKSHAFT JOURNALS
4 Standard gize — dia. 3.8995 1o
3.900
5 Owality 0.003 Regrind 1o minus 0.010
or 0,020,
& Jeurnals in main bearings
Running cledeance 00035 Lead surface must not be
(L0055 worn off more than 1/5 of
bearing surface area,
CRANKPINS
T Standard size - dia, 3,49 w
3.2495
B Cvality 0,003 ERegrind 1o minus 0.010 or
0.020,
CRANKSHAFT BOW
W Bow at centre journal when
supported by end journals
in Wee blocks
4-clyinder engine L0085
Toml indicator reading
6-cylinder engine 0,010 0.016, 0.020 and 0,030
respectively,
B-cylinder engine 0.015
VISCOUS DAMPER HUB
10 Hub on crankshalt
: Backlash between
splines 0.0003 to 0,006
0.003

2 - CRANKSHAFT
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CONNECTING RODS
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Me. 0N DESCRIPTION eI CLEARANCE “":::.:lnu ’!:::::::LE REMARKS
DIAGRAM HEW HEW DIMENSIONS | CLEARAMCE
SMALL END
1 Gudgeon pin in bush
Bush - bore 20015 w
2002 0.00125 to
Gudgeon pin - dia. 2.000 to 0,002 0.0025 See Service Bulletin
2,00025 OLE.B. 156,
2 Bush in small end
Small end - hore 2,250 to Interfer.
22505 0.0035 o
Bush - dia, 2.252 to 0.0015 See Service  Bulletin
2.2535 O.E.B. 156,
ERRORS IN ALIGNMENT
3 Errors in alignment between
big and small ends per inch
of mandrel
Parallelism 0,001
BIG END BEARING BUSH
ON CRANEPIN
-+ End float 0,003 to 0012
0.008
3 Running clearance 0,0025 to 0,008
0.004

3 - CONNECTING RODS
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SCHEDULE 4

PISTONS
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PERMISSIB i
Mo, ON SREERER DIMENSIONS | CLEARANCE piiny LE FH::E;“M Rk
DIAGRAM HEW HEYY DIMENSIONS | CLEARAMCE
1 GUDGEON PIMN IN PISTON
Piston - bore 2.000 1o Interfer.
2.00025 0.00025 1o
Gudgeon pin - dia. 2.000 10 0.00025
200025 Clearanes
2 PISTON CROWM
CLEARANCE AT T.ID.C.
Crown of piston below
crankcase face 0.005 min.
0,010 max.
PISTON RINGS
3 Side clearance berween
rings and grooves
Top ring 0.0045 1o 0.012
0.0063
Eemaining rings 0.004 1o 0.010
0,006
4 Ring gaps measured with
rings in position in new liner
Top ring 0.028 o 0.060
0.032
Femaining rings 0.022 w 0.060
0.026
5 CONNECTING ROD IN
PISTON
Side clearance 0,073 10
0.082

4 - PISTONS
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VALVES AND FITTINGS
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G DESCRIFTION hEhaIOn || i CLENRINGE "m::f“ “mﬂ” REMARKS
DIAGRAM REW HEW DIMENSIONS | CLEARAMCE
VALVE HEAD IN SEATING
1 Clearance of valve head below
face of cylinder head Zero to 0,025
0.010
VALVE INSERTS
2 Angle of valve seat 45 deg.
3 Inler valve inserts in
cylinder head
Cylinder head — bore 23115 to | Intecfer.
23125 0.0035 1o Interfer.
Valve insert — dia. 23145 o | 0002 0,001 min.
2315
4 Exhaust valve inserts in
cylinder head
Cylinder head - bore 23115 w | Interfer.
23125 0.0:035 1o Interfer.
Valve insert - dia. 23145 w0 | 0.002 0.001 min.
2,315
ROCKER ARMS
5 Bushes in rocker arms
Rocker arms - bore 1.03125 1o | Interfer,
1.03175 0.00375 1o
Bushes —+ dial 1,034 to 0.00225
1.035
f Rocker arms on shaft
Bushes - bore 0.87425 o
0.87573 0.00075 to
Shaft - dia. 0.873 w 0.00275 0,005
0.8735
VALVE SPRINGS
T Outer springs
Load when compressed
o 1.688 100 1b, to 43 Ib. min.
114 I,
Free length 3.425
] Inner springs
Load when compressed
1o 1.500 56 1b. to 53 Ib. min.
o4 Ib,
Free length 3.000
VALVE GUIDES
'] Valve guides in cylinder head
Cyvlinder head - bore 0.750 to Interfer.
0.7505 0.0025 w Interfer.
Walve guides - dia, 0.752 ta 0.0015 0,001 min.
0.7535

5—- VALVES AND FITTINGS




Ho. OF DiMEnsions | cresmawce | PERMISSIBLE | PERHISSIBLE
WOHRN RH :
el DESCRIPTION i R nmE:num n;::nm REARKS
VALVES IN VALVE GUIDES
10 Inlet valves in guides
Valve guide - hore 0,500 10 Belling at lower end of
0.5005 (L0015 o guide bore must not ex-
Valve stem — dia. .498 10 0.0025 cesd 0.014 on diameter.
04085
11 Ezhaust valves in guides
Valve guide - bore 0.500 to Belling at lower end of
0.50035 0.003 1o guide bore must not ex-
Valve stem - dia, 0.4965 to | 0.004 cead 0,010 on diameter.
0.497

5 - VALVES AND FITTINGS
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CAMSHAFT
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FEAMISSIBLE | PERMISSIELE
6o, 0N DESCRIPTIOM kel (I e WORN WORN AEMARKS
DIAGRAM NEWY HEWY DIHENSIONS CLEARANCE
CAMSHAFT AND BEARINGS
1 Camshaft end floatr 0.004 1o uila
0.008
2 Camshaft in bearings
Bearings — bore 2.4395 o
2.442 0.003 1o
Camshaft — dia, 2.436 to 0.006 0,010
2.43565
CAMS
3 Cam lift 0.380 max. 0,375 min,

6 - CAMSHAFT
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PERMISSIBLE | PERMISSIBLE
BT:G::H DIESCRIPTICM nm:::,.wm n.:::;u:: WORH WORN REMARKS
DIMERSIONS | CLEARAWCE
IDLER GEAR BACELASH
1 Backlazh between idler gear
and crankshaft pinion, idler
gear and suxiliary drive
gear, and idler gear and
camshaft drive gear 0.005 1o 0.012
0.010
IDLER GEAR AND SHAFT
2 Idler gear end float 0,005 1o 0.030
0.025
3 Bushes in idler gear
Gear - bore 1.8125 o | Interfer.
1.813 0.0035 to See Service Bulletin
Bushes - dia. 1.8155 to | 0.0025 0O.E.B, 195,
1.816
4 Idler gear on shaft
Bushes — bore 1.625 to
1.5255 0.001 w
Shaft - dia. 16235 to | 0.002 004
1.624

7 - MAIN IDLER GEAR
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SCHEDULE 8

OIL PUMP — Dry sump
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Mo. ON DIMENSIONS | cieamamce | FERMMSIBLE | PERMISSIBLE
Mt gl DESCRIFTION L o m::nmi"m; WORN REMARKS
DRIVING GEARSHAFT IN
FRONT AND REAR COVERS
1 Bushes in end covers
End covers — bore 0.875 1o Inteefer. Interfer.
0.8755 0.0015 1o 00005
Bushes - dia. 0L.E76 to 0.0005
08765
2 Gearshaft in bushes
Bushes - bore 0.750 to 0.7535
0,7505 00015 to
Shaflt — dia. 0.748 1o 0.0025 0,743 0,005
0.7485
DRIVING GEARS ON
DRIVING GEARSHAFT
3 Giears on gearshalt serrations
Backlash measured on
pitch circle of gear tecth 0.010 muax,
4 Gears on plain portion of
gearshaft
Gear - plain bore 0.843 to
0.8435 0.0003 1o
Gearshaft - plain dia. 0.84225 to | 000125
0.8425
CRAMIKSHAFT GEAR AND
OIL PUMP DRIVE GEAR
5 Backlash 0.015
DRIVEN GEARSHAFT IN
FRONT COVER
[§ Front cover — hore 0,656 1o
065635 L0005 1o
Gearshaft — dia, 0.65525 10 | 0.00125 0.0025
06555
DRIVEN GEARS ON DRIVEN
GEARSHAFT
T Gearshaft in gear bushes
Bushes - bore 0,65627 10
065675 0.00075 10
Gearshaft — dia, 065525 o | 0.0015 0.:0025
0.6555
8 Bushes in driven gears
Gears ~ bore 0.90625 to 0.91025
0.906753 0.001 to
Bushes - dia. 0,903 10 0.00175 090125 | 0,005
090525
DIAMETRAL CLEARAMNCE OF
DRIVING AND DRIVEN
GEARS IN CASING
9 Caszing — bore 20545 1o 2.0625
2.0555 00075 1o
Gears: - dia. 2,046 1o 0.0045 2,039 00155
2.047

8 — OIL PUMP — Dry sump




Mo. ON DIMEMSIONS | cLEARaNce | PERMISSIBLE | PERMISSIBLE
DESCRIFTIOMN WORN WORN REMARKS
DIAGRAM NE'W HEW DIMENSIONS | CLEARANCE
AXIAL CLEARANCE OF
DRIVING AND DRIVEN
GEARS IN CASING
10 Front scavenge gears axial
clearance
Casing - width 1.0495 to Maximum permissible
1050 00045 1o depth of wear on sand-
Gears — width 1.0445 o | 0.0055 wich plates 0.005.
1.045
11 Rear scavenge gears axial
clearance
Casing - width 1.0495 1o Muaximum permissible
1.050 0.0045 1o depth of wear on sand-
Grears — width 1045 o | QL0055 | wich plates 0,005,
1.045
12 Pressure gears axial clearance
Casing — width {0.8495 ta Maximum  permissible
0.850 0,0045 to depth of wear on sand-
Gears — width 0.8445 1o | 0.0055 wich plates 0.003,
0,845
13 BACKLASH BETWEEN
PUMP GEARS L0 1o L0115
0,010
|
4

8 — OIL PUMP — Dry sump
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OIL PUMP — Wet sump
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Mo, OM Ry DIMENSIONS | CLEARAMCE “ﬁ::'u "“:::Lm s
BIAGRAM HEW HEW DIHENSIONS | CLEARANCE
DRIVING GEARSHAFT IN
FRONT COVER
1 Gearshaft in bush
Bush - bare 0.875 to
0.E8755 0.0015 to
Gearshaft - dia, 0.873 o 00025 0,005
0.5735
SCORING ON FRONT COVER
2 Thickness of cover 1.340 o 1330 Relap minus 0,000 maxi-
1.350 mum.
DRIVING AND DRIVEN
GEARS
3 Backlash 0,004 1o 0.015
0,008
4 Diamerral clearance 0.003 1o 0.008
0.005
3 End floar 0004 o 0.006
0.0055
G Gear thickness 0.8455 1o
0.846
DRIVING GEARSHAFT IN
EBAR CASING
7 Gearshaft in hush
Bush — bore (LE73 10
| 0.8755 0.0015 1o
Gearshaft - dia. L5873 10 0.0025 0.005
0.8735
REAR CASING INNER FACE
B Scoring Scoring must not exceed
0.0015 deep and 0.010
wide,
DRIVEN GEAR ON SHAFT
9 Shaft in bush
Bush = bore 626 to
0.6265 L0015 o
Shaft - dia, 0.624 o 00025 0,005
0.6245

9— OIL PUMP — Wet sump
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COOLANT PUMP



T.5D. 803 - APPEMDIX |

A\

-]

o

N

Lk d

._/\
L)

DN

i

10 - COOLANT PUMP



T.5.0. 803 - APPEMDIX 1

ISSIBLE | PERMISSIDLE
N DESCRIPTION PRERRMIN. . |1 SAEARANGE "ﬁmu WORN AEMARKS
DIAGRAM HEW HEW DIMEMSIONS | CLEARAMCE
ROTOR SHAFT BALL
BEARING
1 Bearing in housing
Housing - bore 2.44075 1o | Interfer.
244125 0.00025 o
Bearing - dia. 2.8405 to | 0.00075
2.441 Clearance
2 Bearing on shafft
Bearing - bore 11806 to | Imterfer.
1.1811 0.0005 1o
Shaft - dia. 1.18085 1o | 0.00025
11811 Clearance
ROTOR SHAFT ROLLER
BEARING
3 Bearing in housing
Housing - bore 224075 1o | Interfer.
244125 000025 to
Bearing - dia, 24405 o | 000075
2441 Clearance
4 Bearing on shaft
Bearing - bore 1.1806 to | Inierfer.
1.1811 00003 1o
Shaft - dia, 118085 o | 0.00025
L1811 Clenrnnce
5 DEPTH OF GLAND FACE
FROM CASING FACE
d=cylinder engine 2075 10 2,145 w il
2,085 2.155
f-cylinder engine 2,075 o 2.145 o X Fit ingert to reclaim face ;
2.085 2.155 Chap. 5, Sec. 18A,
B-c¥linder engine 1.500 1w 1.970 w
1.910 1.980
4] ROTOR AND CASING
Clearance between rotor
and casing 0.050 Adjust by shims o give

this clearance,

10 - COOLANT PUMP
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SECTION 10 .. FLUID DRIVE COUPLING  VULCAN-SINCLAIR

The Fluid Coupling is operated with a constant
quantity of oil, and its slip characteristic in relation
to the load is determined by its hydraulic design
and by the speed of the driving shaft.

It ensures a light load start of the engine, since
the torque transmitted is progressively built up
from zero atthe instant of starting, and incroases
as the square of the input speed up to the moment
that the driven shaft Starls 1o rotate; as the ontpul
shaft accelerates, the slip of the coupling rapidly
decreases until, at normal full speed it is of the
order of a few per cent.

The coupling is filled with Shell Tellus 29 oil so
that the level of oil when cold is up to the
filling plug hole when this is set at an angle of 55
deg. from the T.D.C. or vertical position; the
coupling will then function correctly provided this
level is maintained. The capacity of the coupling
with the filling plug hole set as describe previously
is 5.75 Imperial gallons (26 litres) approximately.

A fusible plug is incorporated in the "fluidrive’
impeller housing, this provides a safeguard to the
fluid coupling in the event of prolonged stalling or
excessive loading. The plug contains a fusible alloy
which melts at a temperature of approximately 360
deg.F. (182.2 deg.C.), and permits the oil to escape
from the coupling allowing it to run free.

REMOVAL

Release and remove the rear engine mounting
brackets from the fluid coupling bell housing.

Release and remove the nut securing the output
fAlange to the shaft. and withdraw the flange.

Extract the key from the output shaft.

Support the bell housing with a hoist and remove
the set-bolts securing the bell housing to the
flywhee] honsing.

Withdraw the bell housimg and thrust race
assembly from the output shaft of the fluid
coupling.

Turn the engine until one of the two filling plugs
on the drive casing is at B.D.C. Support the fluid
coupling with a hoist, and remove the nuts securing
the driving disc. Withdraw the coupling from the
driving disc,

Whilst the coupling is suspended, remove the
bottom plug and drain the oil from the coupling
into a container. Ease the top plug to speed the Alow
of oil. Tilt the coupling to ensure that all oil is
drained from the casing.

It is not necessary to remove the driving disc
which can be examined in position for defects,

DISMANTLING

Suitably mark the flange of the impeller and
casing to ensure correct assembly when rebuilding
the coupling.

Release and remove the set-bolts securing the
centre spigot to the impeller and withdraw the
spigot and the roller bearing.

1

Keciion 10
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s Release and remove the bolts securing the im-
peller and casing, and with a hoist lift the impeller
away from the casing. Withdraw the three locaung
dowels from the casing.

Turn the casing and runner assembly over so
that the output shaft is uppermost,

Unlock the gland nut by lifting the metal out of
the hole in the shaft with a screwdriver.

Using the ring peg spanner Pt. No.11711, release
and remove the gland nut from the output shafi,

Release and remove the six set-bolts securing the
gland retaining cover to the casing, and withdraw
the cover.

Withdraw the diaphragm gland, shaft distance
piece, sealing ring, casing distance piece, and seal-
ring in that order from the gland housing.

Using two of the gland bolts in the starting holes
of the gland housing, withdraw the gland housing
and ball bearing from the casing. Remove the
bearing housing sealing ring.

Withdraw the ball bearing from the gland
housing.

2
Section 0

OUTPUT SHAFT

BAFFLE

(0¥l

Exploded view of Fluid Drive

Lift the casing off the runner and output shaft.

Turn the runner over with the bafle uppermost.
Femove the spring circlip, and withdraw the inner
race of the roller bearing from the shaft. Suitably
mark the baffle. output shaft and runner to ensure
correct assembly on rebuild. Release and remove
the six bolts securing the runner and baffle to the
shaft, and remove the baffle. Withdraw the shaft
from the runner,

INSPECTION

Thoroughly clean all parts and visually examine
them for damage.

Check all bearings for freedom and smooth
action. any bearings having rough spots after they
have been theroughly washed out should be
changed.

Examine the metal details of the diaphragm
gland, which should be in a bright polished condi-
tion, if distorted or deteriorated the diaphragm
should be renewed. If the sealing face of the gland
nut is worn, a new gland nut should be fitted.

Renew all sealing rings.
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FILLING PLUG
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Examine the fusible plug for serviceability and
always fit a new fibre washer when refitting the
plug.

ASSEMBLING

Before commencing assembly, see that all parts
are clean and free from dust or dirt, particularly the
joint faces of the impeller and casing.

Assemble the runner and baffle on the output
shaft, ensuring that the correlation marks are in
line and secure them to the shaft with the six bolts.
Lock the nuts with new split-pins. Press the inner
race of the roller bearing on the shaft, and fit the
securing circlip, Stand the unit on a bench with the
bearing projecting through a hole in the bench and
the output extension of the shaft pointing upwards.

Fit the casing over the shaft and support it
in approximately its correct position relative to the
runner.

Lightly smear the gland housing sealing ring with
grease and position it in its recess at the bottom of
the casing counter hore, and assemble the gland
housing inte the bore of the casing. Fit the ball
bearing to the output shaft and into the gland
housing.

Fit one of the diaphragm joint sealing rings in
the groove of the casing distance piece, then slightly
stretch and fit the second sealing ring to the
periphery of the distance piece. Position the dis-
tance piece on the outer race of the ball bearing.

Place the shaft distance piece on the shaft with
the wide face of the piece abutting the ball bearing
inner race.

Position the gland diaphragm with the corruga-
tion uppermost, and fit and secure the gland retain-
ing cover with the set-bolts and shakeproof
washers.

Apply red lead Lo the thread of the gland nut,
and after checking the insert face for cleanliness, fit
the nut to the shaft and screw it hard up to the
distance piece. Finally tighten with the spanner

4
Secrlan 10

Pt.No.11711. Lock the nut by punching part of the
extended rim of the nut into the hole in the output
shafi.

Insert the outer race of the roller bearing into the
centre spigot housing. Fit the centre spigot housing
into the impeller ensuring that the sealing ring is
positioned against the impeller abutment face, and
secure the housing with the set-bolts and shake-
proof washers.

Position the impeller assembly on the bench with
the vanes upwards,

Check that the joint faces of the impeller and
casing are thoroughly clean, and fit a thin paper
joint lightly smeared with *Wellseal® or equivalent
jointing compound to the joint face of the impeller
casing.

Lift the casing and runner assembly and lower on
to the impeller until the bearing rollers engage with
the outer race in the spigot housing and the spigot
o the impeller is ¢lose to the register in the casing.

Check that the correlation marks aecross the
flange of the impeller and casing are in line. Lower
off, and fit the three locating dowels. Secure the
dowels by peening over the metal surrounding the
dowel holes. Fit and secure the bolts which secure
the casing assembly to the impeller and check that
there is a plain washer under each nut.

Check that the fusible plug is fitted and secure in
the impeller casing and that the filling plugs
are fitted.

The special ring spanner Pt.No.11711 can be
obtained from Fluidrive Engineering Co. Lid., Isle-
worth, Middlesex.

REFITTING
Refitting is the reverse of removal.

After all components have been fitted o the
engine remove one of the top inspection covers of
the bell housing, and turn the engine until one of
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the filling plugs in the casing is at 55 degrees
to T.D.C. Remove the plug and fill the coupling
through a suitable strainer with 5.75 Imperial
gallons (26.139 litres) of Shell Tellus 29 oil up to
the filling plug hole when the coupling is cold. Refit
and tighten the filling plug.

Refit the inspection cover to the bell housing.

Poinl= to note
During assembly, where self-locking nuts are
used all nuts should be replaced by new ones.

Ensure that the key is fitted to the output shaft
before the half coupling is fitted, and that the
coupling nut is securely tightened and locked to the
shaft.
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IMPORTANT

These instructions have been prepared primarily
Jor the mechanics who will be responsible for the
erection, operation and maintenance of the Fluid
Coupling, and it is MOST IMPORTANT that the
book is handed to the men actually concerned.

Further copies can be supplied, if required,
at 3s. 6d. each.
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VULCAN - SINCLAIR
STEP-CIRCUIT FLUID COUPLING
Type STC, Sizes 500 and 550

- This fluid coupling is of the steel-cased 'traction’' type,
incorporatinga 'stepped reservoir' working circuit and its con-
struction is shown in typical sectional arrangement drawing
M., 26625,

The main components are :-

INPUT side + Runner casing, impeller casing
and impeller,

OUTPUT side : Runner and shaft.

The two halveg of the casing are steel pressings and the
impellerand runner are aluminium alloy castings. | The runner
shaft is carried in ball and roller bearings in the steel casings
and there is no mechanical connection between the impeller and
the runner,

The coupling is filled with thin mineral oil and, when run-
ning, the impelleractsas a centrifugal pump transmitting power
bythe kinetic energy of the oil, which circulates in the form of
a vortex in the working circuit, to the runner, which acts as a
turbine,

A feature of the stepped reservoir working circuit is that
whenthe output shaft tends to stall or is stalled, part of the oil
circulating in the working circuit is discharged into the central
reservoir space, thus reducing the effective quantity of oil in
the working circuit and giving a correspondingly low stalling
torque,

The gland has been designed for very long life and com-
prises a steel diaphragm witha floating ring of sintered graphite
bronze between hardened steel faces.



Characteristics
Starting

The steel traction coupling enables the engine to develop
maximum torque when accelerating the load from a standstill,
The smoothest possible take-up of the drive is obtained simply
byaccelerating the engine, Thetorqueat the output shaft builds
up as the speed of the engine increases, until the driven shaft
startsto rotate. The slip then rapidly decreases, and over the
normal working speed range it is of the order of a few per cent,
only, and therefore the efficiency is high.

Stalling

Withthe traction coupling it is not possible for the engine
to be stalled by overload, Overloading the coupling merely re-
sults inthe speed of the engine being pulled down until the coup-
lingis stalled at 100% slip, and the full torque of the engine re-
maine applied to the driven machine.

The torque at the output shaft is always the same as the
engine torque and as soon as the overload is removed, normal
speed working is resamed.

Mounting

The fluid coupling is bolted directly to the engine flywheel
and is centred in the flywheel by means of the centre spigot which
engages with a register provided in the flywheel. A flexible
coupling is provided on the runner shaft of the fluid coupling to
connect it to the driven machine, The runner shaft has a taper
end to receive the driven half of this flexible coupling.

Screw threads

The bolts and nuts used on these fluid couplings are to
British Standard 1768 - 1951 and have Unified threads.
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VULCAN - SINCLAIR
STEP-CIRCUIT FLUID COUPLING
Type STC, Sizes 500 and 550

1.,  Make surethat the starter ring is fitted on the engine fly-
wheel and bolt up the flywheel to the engine crankshaft,

2. Rig up a clock gauge to check the truth of the register in
the bore ofthe flywheel thatis to receive the centre spigot
of the fluid coupling, The readings of the gauge should be
constant within plus or minus 0.002 in. (0,05 mm) while
the engine is turned through a complete revolution by hand,

3. With the clock gauge, check the running truth of the face
of the engine flywheel to which the driving flange of the
fluid coupling will be bolted. When the engine is turned
by hand through a complete rewvolution, the face of the
flywheel should run true within 0, 002 in, (0, 05 mm).

4, Take off the light steel shroud whichis fitted to the driving
flange of the fluid coupling to protect it during transport.
Smear grease on the centre spigot of the fluid coupling,
Lift the coupling into position and enter the centre spigot
into the register in the engine flywheel or crankshaft ad-
aptor. Bolt the driving flange of the fluid coupling to the
flywheel, tightening up the nuts securely, and locking
them by means provided.

5, Checkthe truthofthe mounting of the fluid coupling on the
engine flywheel by setting the clock gauge to bear on the
diameter of shaft 4 close to the shaft nut 9. When the
engine is turned by hand the clock gauge should read within
plus or minas 0, 002 in, (0. 05 mm) over a complete rev-
olution,

6. Fit the key to the taper end of shaft 4 and put the driven
half of the flexible coupling on the shaft. Secure the hali-
coupling with shaft end plate 46 and setbolts 67, which
should be tightened up hardtodraw the half-coupling firmly
on to the shaft. Lock the setbolts by wiring their heads
together,
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VULCAN - SINCLAIR
STEP-CIRCUIT FLUID COUPLING
Type STC, Sizes 500 and 550
OPERATION
Filling-

Before putting the fluid coupling into service, it requires
to be filled with thin mineral oil of low viscosity and the use of
SHELL TELLUS OIL 29 is recommended.

Great care should be taken to ensure that oil of
a different grade is never added to that already
inthe coupling and that a mixture of oils is never
used,

To fill the coupling, one of the filling plugs 22 or 42 is set
at an angle from the vertical as shown in the filling diagram
opposite. Toenablethe coupling to be set at the correct angle,
the flange of the impeller casing is marked "FILLING PLUG"
in two diametrically opposite positions, When one of these
positions is brought opposite the timing pointer, the filling plug
mustthen be removed and cold oil poured in to fill up to the plug
hole. Setting the coupling in the angular position ensures that
the correct quantity of oil is put in,

NOTE: Itis essential that the plug hole is set
tothe requiredangle before the oil is poured in,
The coupling must not be filled with the plug hole
set onthe vertical centre line and then turned to
the angular setting after filling, as owing to the
internal design of the coupling, the excess oil
will not overflow,

Replacethe filling plug with its joint washer 44 and tighten
securely,

The approximate gquantities of oil for the two sizes of steel
traction coupling are as followa:



SIZE 500 550

gallons 33 4
litres 16 18

These quantities are given for guidance only as the coup=-
ling must always be filled up to the plug hole when set in the
correct angular position,

Fueible plug

Afusible plug43is incorporated in one of the filling plugs
(ref. 42). Should this plug fuse, due to prolonged stalling of
the fluid coupling, the oil in the coupling will be thrown out and
the drive wil%be discagnected. The plug will fuse at a temper=-
ature of 430 F, (220 C.).

The fusible plug should be replaced and the coupling must
be refilled with oil as described above,

MAINTENANCE

Checking tightness of bolte

After the fluid coupling ha'lﬂ beenin service fora few weeks,
check that the bolts in the driving flange, casing bolts 14, gland
setbolts 28 andthe bolts in the output flexible coupling are tight,

Checking filling

Periodically, withthe coupling cold, set one of the filling
plug marks on the casing flange against the timing pointer and
remove theupper filling plug, to check that the oil level is cor-
rect, If necessary, add oil to make up the level, The same
grade of oil as that used for filling the coupling must be used

for "topping=-up''.
Gland shim

The shim 71 is fitted to provide for taking-up any wear of
the gland parts which may occur over very long periods of ser-
vice, say of several years, Removal of the shim will restore
the tension of the gland diaphragm after wear has taken place.
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To carry out this work on the gland, there is no need to

empty the oil from the coupling, which should be laid onthe bench,
resting onthe input flange onthe runner casing 3. Any pressure
inthe coupling should be released by taking out one of the filling

plugs.

DISMANTLING

1,

2.

3.

Unbolt the flexible coupling on the runner shaft and move
away the driven machine,

Take the weight of the fluid coupling and remove the nuts
fromthedriving studs. Move the fluid couplingaway from
the flywheel to disengage the centre spigot and the studs,
and then lift it clear,

Supportthe coupling on the bench with the input flange up-
wards, Take out filling plugs 22 and 42 to drain the oil
from the coupling into suitable containers. Then turn
the coupling over and support it with the input flange down-
wards,

Take out setbolts 67 from the end of the runner shaft,
remove shaft end plate 46 and draw off the half of the flex-
ible coupling, Take out the key.

Carefully straightenthe peened-over skirt of the shaft nut
9 and remove the nut and floating ring 72.

Unscrew setbolts 28 and take off retaining plate 7, dia-
phragmassembly 8, '0' ring 74, springs 75, bearing dis~
tance 10, '0' ring 73, shaft distance piece 11 and shim 71.

Turn the coupling over and support it with packihg under
the impeller casing 40.

Remove capscrews 14 and Nyloc nuts 49 from the casing
flange and tap out the two dowels 66,

Break the joint and lift away runner casing 3 with the outer
race of the roller bearing 5. The inner race and rollers
of bearing 5 will remain on the shaft 4.

Turnover the remaining assembly again and put supports
under the flange of the impeller casing 40 so that the ena
of the shaft carrying the roller bearing is 1 in, to 13 in,
(25 to 40 mm) clear of the bench.

7



Tap the upper end of the shaft using a hard wood block to
drive the shaft 4 through the ball bearing 6. When the
bearingis clear of its seating on the shaft, lift the impel-
ler /impeller casing assembly away from the shaft and
runner,

7. Laythe impeller assemblyon the bench vanes downwards.
After removing the four capscrews 64, the impeller may
be separated from the impeller casing 40. Note the two
dowels 58 between the casing and the impeller.

ASSEMBLY

Assembly of the fluid coupling must bedone ina clean place
and care taken that all parts are thoroughly clean before ass-
embling, Useonlycleanragstowipe the parts, cotton waste is
unsuitable, Aclear space should be chosen for the work which
iscarried outinthree stages, The sectionalarrangement draw-
ing should be studied carefully at each stage,

1. Runner and shaft assembly

Bolt the runner 2 to the flange on shaft 4, usging bolta Lb
with plain washers against Lthe aluminium alloy runner. The
bolts must be put through the six equally spaced holes, The
other two holes, diametrically opposite to each other, are air
vents, Lock the slotted nuts 51 with new splitpins,

Zs Impeller assembly

Place the impeller 1 on the bench vanes downwards, Fit
new '0' rings 61 and 62 into their recesses in the impeller,
Lower impeller casing 40 over the impeller with the fixing holes
inline. Put in the four capscrews 64 loosely. Tap in the two
impeller dowels 58 and finally tighten the screws 64,

Press ball bearing 6 into the bore of the impeller casing,
Assemble bearing distance piece 10, springs 75, new '0' ring 74,
diaphragmassembly B and retaining plate 7 in place in the bore
of the impeller casing and secure with setbolts 28 with shake-
proof washers 5Z under their heads,

3% Complete assembly

Turn over the impeller assembly to bring the vanes up-
wards and support the impeller casing on packing of suitable



ER.412

height to give a clearance below for the shaft when assembled,
Lower the runner and shaft assembly over the impeller, guiding
the end of the shaft through the bore of ball bearing 6, and bring
the shoulder of the shaft up to the inner race of the bearing,
Then turn the assembly over.

Put shim 71 against the inner race of ball bearing 6, fol-
lowed by shaft distance piece 11, new '0' ring 73 and floating
ring 72, Itis essentialthat the lapped gland faces are perfectly
cleananda final wipe with dry newspaper will be found effective,

Screwonshaft nut 9 and tighten up hard. Lock the nut by
peening a part of the thin skirt into the hole in the shaft.

Fitthe key of the half flexible coupling to the taper end of
the runner shaft, The half-coupling is secured by retaining
plate 46 and two setscrews 67. After tightening the screws
firmly to draw the half-coupling securely on to its taper, lock
the screw heads by wiring together,

Again turn the assembly over. Examine the casing joint
to make sure that it is in good condition. If in doubt, fit a new
one of Phiberoid 0,010 in, (0. 25 mm ) in thickuess.

Lower the runner casing 3 over the runner, making sure
thatthe outer race of roller bearing 5 in the casing passes over
the rollers ofthe inner race on the shaft, and bringing the dowel
holes into line., Tap in the two casing dowels 66, Bolt the
casings together with capscrews 14 and Nyloc nuts 49, tighten-
ing these evenly.

Screwin the two filling plugs 22 and 42, making sure that
the bonded seals 44 are in good condition and are in place.

On some couplings, a drain plug 158, is fitted in one of
the bosses on impeller casing 40, See that this, together with
its bonded seal 159, is in place.
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PARTSELIS IREEDRAWINGS

Ref. No. Name of Part No, off
1 Impeller 1
-8 Runner 1
3 Runner casing 1
4 Shaft 1
2 Roller bearing 1
6 Ball bearing 1
7 Retaining plate 1
8 Diaphragm assembly 1
9 Shaft nut 1
10 Bearing distance piece 1
11 Shaft distance piece 1
14 Capscrew 40 or 30
16 Runner bolt 6
22 Filling plug (solid) 1
28 Gland setbolt 12
40 Impeller casing |
42 Filling plug for fusible plug |
43 Fusible plug 1
44 Bonded seal 1
45 Washer for 43 1
46 Shaft end plate 1
49 Nyloc nut for 14 40 or 30
50 Plain washer 6
51 Slotted nut 6
52 Shakeproof washer 12
58 Dowel, impeller casing/impeller 2
61 '0' ring 1
62 '0' ring 1
64 Capscrew 4

11



Ref. No. Name of Part No. off
65 Setbolt for 78 3
66 Casing dowel 2
67 Setbolt for 46 2
71 Gland shim 1
72 Graphite bronze floating ring 1
73 0" ring 1
74 '0' ring 1
75 Spring 1
78 Bearing retaining plate 1

158 Drain plug 1

159 Bonded seal for 158 1

12




SPEARES

ER.412
VULCAN - SINCLAIR
STEP - CIRCUIT FLUID COUPLING
Type STC, Sizes 500 and 550

Le Refertothe sectional arrangement drawing and parts list,
to find the reference number of the part required,

2 Find the serial number of the fluid coupling for which the
spare part is needed. This is stamped on the coupling,
usually on the nameplate.

It might read for example:- C.13955/58815

3. Quote the reference number and serial number in your order,
as in this typical example:-

Two bonded seals ref. 44 for coupling G, 13955/58815,
FLUIDRIVE ENGINEERING CO, LTD,

Head Office: Northern Office:

FLUIDRIVE WORKS, WORTON ROAD, 8, Cumberland Road,

ISLEWORTH, MIDDX. ENGLAND. LEEDS, 6.

Telephone : [SLeworth 1121

Telephone: Leeds 55861

Telegrams : Hydynamic Isleworth TELEX
TELEX No : 24107

13



DIMENSIONS of BALL & ROLLER BEARINGS

SIZE 500 550

BALL BEARING

Ref, No, 6

bore 65 85

o/dia 120 150

width 23 28

ROLLER BEARING

Ref. No, 5

bore &0 BO

o/dia 110 140

width 22 26

dimensions in mm

DIMENSIONS of '0' RINGS

0" ring 500 550

Ref. No. b1

i/dia 4,5/8 5.7/8

section 0.139 0,139

Ref, No, 62

i/dia 7 8.1/2

section 0,139 0,139

Ref, No. 73

i/dia 2.1/2 3.1/4

section 0.139 0.139

Ref, No, T4

ifdia 5 6.1/2

section 0,139 0,139

dimensions in inches

14
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TORQUE CONVERTER DATA

Type

Specific torgque | Ms)
Clutehes

Clurch operation

Freewheels

Controf valve

LUBRICATING OIL SYSTEM

(4l Specification
Cagarity

'iiuhp i
Working pressure {(moximnm)

Filters

CONVERTER FLUID SYSTEM

Fluid
Baae pressure

Normal operating temperatune

Muximum operating temperature

Coaling

DFR.10.000, Ms 500, hydro-kinetic. three-stage
torque converier, with direct drive

SO0 1h, 1.

Multi-plate. oil cooled

Hydraulic by oil pressure from clutch Iubricating
oil pump

Cam and roller type

Air-operated sliding piston type

Automatic Tronsmission Fluid Tvpe *A° having
Armour Qualification number prefix AQAATF

4% Imperial gallons (flled through a combined
filler, breather and dipstick assemBlv)

Around-the-shaft gear type
150 psa.

Submerged internal gauze type and external full-
flow type with expendable element

Diesel engine fuel oil from main fuel tanks
45 to 65 psd.

Not exceeding 220 deg F.

250 deg.F. for limited periods up to 3 mins,

Twin pack-type heat exchanger in conjunction
with engine coolant system

Seal drain tanks with gradugted sight glass are fitted only to
Ralcars ES0000. ESO988 1o ES1007 and E51154 w0 E51173
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TORQUE CONVERTER

T.5.D. 866/ 81890

TORQUE CONVERTER — DFR SERIES 10,000

DESCRIPTION

The DFR torque converter is & hydraulic power transmission unit embodying a three-stage
torque converter element together with hydraulically operated elutches which permit engage-
ment of either direct or converter drive. A freewheel device comes into operation during direct
drive allowing the turbine blades to remain stationary, thus eliminating power losses which would
otherwise be occasioned by the churning of the converter fluid. A second freewheel comes into
operation during the ‘over-run’, allowing the railcar to coast whilst the engine is idling.

The engine power is transmitted through a set of clutch plates to the converter impeller
which drives, through the medium of the converter fluid, a three-stage turbine wheel. Stator
blades situated between the turbine blade stages redirect the converter fluid on to the succeeding
turbine blades and provide the reaction component necessary for torque multiplication. The
engine torque is multiplied to a maximum of five to one when the converter output shaft
is stalled, decreasing to unity as the output speed increases.

A clutch is provided to engage direct drive when the converter has attained unity
torgue ratio.

The clutches are operated by oil pumped from the clutch sump and directed by the control
valve cither to 'a piston which' engages the outer: set of coacentrically mounted clutch
plates through which the converter impeller is driven, or to a piston which engages the inner
set of clutch plates for direct drive. MNeither set of clutch plates is engaged when the control
valve is in the neutral position,

5234

Fig. 1  Torque Converter DFR Series 10,000

=




ROLLS-EOYTE TORQUE CONVERTERS

D EANT =Dl o e TN

AL Ly ) 1 .

]
" &
o e 1
=
. |
-
=
. I




TORQUE CONVERTER

T.5.D. R66/B1820

RUNNING MAINTENANCE

HYDRAULIC CLUTCH SYSTEM

Lubrication
Fill the sump through the combined dipstick and breather orifice up to the level of the FuLL
mark on the dipstick (fig. 2): the following method of filling is recommended.

Fill to level.

Run engine for 5 minutes.

Stop engine and wail for minimum period of 3 minutes,

Top up as required.

Use only Automatic Transmission Fluid Type *A’ having an Armour Qualification Number

prefixed by AQ/ATF.

When replenishing the oil, allow the power unit to stand for not less than 20 minutes before
making the check. Checking the oil level immediately after the power unit has been running
will give a false reading.

Take care not to overfill as this may cause clutch-slip. Should the oil level be found too
high after topping up, drain the level down to the FurLL mark by easing one of the sump drain
plugs. Ensure that the plug is retightened after draining.

-y y a I - E jus
Fig. 2 Cheeking lubricating oil level Fig. 3 Draining lubricating ofl

External lubricating oil filter
To renew the element in the horizontally fitted full flow filter, drain off the lubricating oil
by removing a drain plug.from the converter clutch sump (fig. 3).

Unscrew theycentre bolt securing the filter assembly and remove the bowl from the clutch
housing (fig. 4): discard the used element.

Clean out the filter bowl. fit a new element and reassemble the unit to the housing with a
new sealing ring; ensure that the ring is correctly seated.

&
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Fig. 4 Removing lubricating oil external filler Fig. 5 Hemoving elotch sump cover

Refill the sump with the correct oil as specified under Lubrication; check for leaks after a
short period of running,

Renew the element at the recommended period,
Note: | A used element must never be cleaned for further use,

Sump filter
To clean the internal sump filter, drain the lubricating oil and remove the sump cover from
the clutch housing (fig. 5).

Take care when lowering the cover, as a quantity of oil is retained in the clutch carrier oil
tray; this oil must also be discarded.

Remove the il tray from the sump cover, then unscrew the filter unit from the elbow in the
cover (fig. 6).

Remove the small cotter pin from the locking nut, and dismantle the filter unit. Thoroughly
clean the components in clean diesel fuel and blow off with compressed air. Reassemble the
filter, fitting new rubber sealing washers if necessary (fig. 7).

Wash out the sump cover and the oil tray, then reassemble, using a new gasket for
the sump cover joint. Refill the sump as described under Lubrication.

Note: Ensure that the oil tray is refitted to the sump cover the correct way, other-
wise it will foul the clutch carrier when the engine is restaried (see fig. 47).

Clutch dump valves
There are four dump valves situated at 90 degrees in the clutch carrier assembly,
cach clutch having two valves at 180 degree positions.

The valves work under pressure of oil from the clutch pump, thereby closing the two oil
outlet ports for their relative clutch while that particular clutch is in operation.

[
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TORQUE CONVERTER

T.5.D. 866/B18%90

When the drive changes from one to the other, either from converter drive to direct drive
or vice versa, the oil pressure to the clutch becoming inoperative is relieved, and the
dump valves immediately slide outwards in their bores due to centrifugal force, and in so doing
uncover the oil outlet ports, allowing the oil in the clutch system to empty into the sump.

If sticking dump valves are suspected, drain the lubricating oil and remove the sump cover.
Rotate the clutch carrier to pain access to each valve.

Unscrew the setbolts securing the retaining plate, remove the plate, and then withdraw the
valve from the housing (fig. 8).

One pair of valves for the converter drive is accessible immediately after removing
the retaining plates. The other pair for the direct drive are located behind distance sleeves, Use
a suitable wooden plug to facilitate the removal and replacement of the dump valves.

(il pump

Qil pressure is provided by an internal around-the-shaft gear-type pump, driven directly
off the power input shaft. No servicing of the pump is required, but if a faulty pump is
suspected, remove the torque converter from the engine and fit a new pump assembly.

23R4
Fig. 6 HRemoving sump internal filter

Rl

Fig, 7 Internal filter components Fig. 8 Hemoving domp valve
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CONTROL YALYE ASSEMBLY

To remove the control valve assembly, disconnect the air pipes and the oil pipes at their
unions on the control valve assembly.

Unscrew and remove the five setbolts securing the assembly, then lift the assembly from
the clutch housing (fig. 9).

Fit a new joint washer when reassembling.

Relief valve
To inspect the relief valve, unscrew and remove the valve cap, then withdraw the outer

spring, inner spring, spring-pin and valve from the housing (fig. 10).

Ensure that the valve and the valve bore are perfectly clean, and that the valve moves freely
in its bore. Check the springs for distortion and for free length against a new spring.

When reassembling, ensure that the copper washer is bedding correctly; renew the washer
if faulty.

Air valve eylinder
To remove, unscrew and detach the cylinder from the control valve assembly.

Fig. 10 Relicf valve components

Fig. 11  Air valve evlinder components Fig. 12 Control valve piston components




TORQUE CONVERTER

T.5.D. Bo6/BIEN

To inspect, remove the capnut and withdraw the pistons complete with *O" rings from the
cylinder (fig. 11).

Ensure that the pistons are clean, and that they work freely in their respectivé bores. Check
thaj the ‘O’ rings are seating correctly; renew the rings if defective.
When reassembling, ensure that the copper washers are bedding correctly; renew if faulty.

Control valve piston assembly
To inspect, unscrew and remove the spring carrier capnut from the control valve housing
(fig. 12).

Ensure that the valve and its bore in the housing are clean, and that the valve slides freely
in the housing,

Check the return spring for distortion and for free length against a new spring.

When reassembling, ensure that the copper washer is bedding correctly; renew if faulty.

CONVERTER FLUID SYSTEM

Fluid for the torgque converter is diesel fuel oil from the main fuel reservoir, with the feed
outlet positioned at a lower level than the feed to the engine fuel system.

Both feed lines shpuld have internal screens which should be cleaned periodically.

Charging pump

The converter is automatically charged with fuel oil by a small gear-type pump mounted on
the engine wheelcase and driven from the engine oil pump shaft. A pressure relief valve situated
on the front face of the pump prevents the feed to the converter exceeding 65 p.s.i.

No servicing of the pump is normally required.

If a faulty relief valve is suspected, unscrew the retaining plug on the crankshaft side of the
pump and withdraw the spring, spring-pin and valve from the pump housing (fig. 13).

an

Fig. 13 Charging pump reliel valve |




Ensure that the valve and the bore are perfectly clean. Examine the spring for distortion,
and check that both the valve and the spring are free in the bore.

To renew a faulty pump, disconnect the fuel oil pipe lines to the pump and remove the
pipe support clip from the pump drive cover.

Remaove the pump drive cover complete with the charging pump, taking care not to damage
the joint face. and withdraw the driving gear which is keyed and pressed on to the pump shaft.
This will allow the defective pump to be removed from the pump drive cover and the new pump
fitted in its place, interposing a new joint washer.

Remove the pump end cover and, supporting the exposed shaft end on a suitable metal
block, fit the key and press the driving gear on to the pump shaft until the shaft end is flush
with the face of the gear boss.

Place the drive cover and pump assembly in position on the drive casing, interposing a new
joint washer. Remove the inspection plug and examine the meshing of the driving gears. Adjust

if necessary by moving the driving gear on the pump shaft until a full-width tooth engagement
is achieved. Refit the inspection plug.

Bolt the drive cover in position. Refit the end cover, ensuring that the rubber ‘O’ ring is
in place. Reconnect and tighten the fuel oil pipe lines.

Main fluid filter

To renew the main filter element, turn off the stopcock at the fuel tank, unscrew the centre
securing bolt on the header bracket and remove the bowl assembly (fig. 14), then withdraw and
discard the filter element.

Clean out the bowl, fit a new filter element and refit the bowl assembly to the header bracket,
using a new sealing ring.

Turn on the stopeock and check for leaks after a short period of running.
Note: A used element must never be cleaned for further use.

Bl

Fig. 14 Kemoving main filter bowl
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Fig. 15 Loecation of orifice filter Fig. 16 Orifice Blter components

Orifice filter
To clean the orifice filter, disconnect both unions securing the filter unit to the torque con-
verter fuel oil return line, release the securing clip, and remove the filter unit (fig. 15).

Dismantle the filter unit, blow out the edge-type element with compressed air and ensure
that the small orifice in the cap is perfectly clear. No attempt must be made to increase the
size of the'hleed orifice,

Reassemble the filter onit and ensure that the twp copper washers are correetly positioned
(fig. 16).

Refit the filter unit to the fuel oil return line, run the engine for a short period to obtain
circulation of the fuel oil, and check the base pressure on the converter fluid gauge.

Normal running pressure is approximately 45 to 65 p.s.i.

HEAT EXCHANGER ASSEMBLY

The torque converter fluid (fuel oil) is cooled by the engine coolant circulating through a
twin pack heat exchanger mounted under the converter. Circulation of the fluid is maintained
by the pressure difference of the fluid across the converter impeller. A temperature gauge in
the local control box indicates the fluid temperature. Normal operating temperature should
not exceed 220 deg.F. Maximum operating temperature for a limited period of 3 minutes is
250 deg.F. and an automatic switch in the control box shuts down the engine when the fluid
reaches this temperature.

After prolonged operation the tubes of the cooling packs may become choked; this will
allow the fluid temperature Lo increase, and may also affect the temperature of the lubricating
oil, thereby causing low lubricating oil pressure.

To carry out inspection for contamination of the heat exchanger tube packs, drain off the
fluid by removing the plug from the centre of the lower pack.

Drain off the coolant, first by means of the engine drain cock, then finally to obtain
complete drainage by removing the two drain plugs from the heat exchanger end caps (fig. 17).

11
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Fig. 17 Heat exchanger drain poinis Fig. 18 Hemoving heat exchanger tube pack

Unscrew the centre nuts securing the four end caps and remove the caps.
The tube packs can then be inspected, and if necessary flushed through.
When reassembling, renew the rubber sealing rings for the end caps and for the centre stud.

Refill the cooling systém, run the engine at approximately | throttle for a minimum of
5 minutes to citculate the flpid.

Stop the engine and check ceolant level, top up as necessary

Run the engine for a further short period at { throttle and check converter fluid
base pressure which should read 45 to 65 p.s.i.

Note: Should it be necessary to remove the tube-packs from their casings,
first remove the end caps, then using a suitable withdrawing tool, pull the packs
in one direction just sufficient to take off the two rubber sealing rings from the
exposed end of each tube-pack (fig. 18). After removing the sealing rings from the
exposed ends, carefully pull the tube-packs from the casings in the opposite direction.

To replace the tube packs, reverse the above order and fit new seals. Take great care when
entering the tube-packs into the casing as the rubber rings can easily be damaged, which would
result in the converter fluid mixing with the coolant,

Painis to note
The large rubber 'O rings are of two kinds, and although they are physically inter-
changeable, they must only be used in their correct relative positions, thus:

Fit the rings marked with a RED SPOT in pairs in the grooves around the periphery of
the tube stack end plates,

Fit the rings marked with a YELLOW spoT singly in the recess in each end cap.

When refitting the tube stacks place the dowelled faces towards the end caps which carry
the inlet and outlet connections, turning the tube stacks to align the dowels with the locating
holes.

12



TORQUE CONVERTER

T.5.0. 866/ B 1890

OVERHAUL

TOOLS
The following special tools will be required to dismantle and reassemble the torque converter:

LC.1905  Drive spider locking plate

LC.1904  Extractor screw § in, UNC, x 34 in. (3 off)
UE.5845 Nut §in. UNC, (3 off)

LC.2844  Output flange nut spanner

UA 210 Extractor screw § in. UNF. x 11 in. (2 off)
LC.1916  Holding tool (turbine hub)

LC.1908  Ring spanner (turbine hub nut)

LC.1914  Oil pump extractor

LC.1915  Oil pump extractor adapter

LC.2007 Oil pump press adapter

LC.1906  Clutch assembly lifting tool

LC.190% Holding and lifting tool (impeller and turbine wheel)
LC.1911  Clutch piston extractor (2 off)

LC.1910  Clutch spring compressor

LC.1913  Circlip removing pliers

LC.1907 Impeller aut spanner

LC.2593 Freewheel roller snare

LC.2079  Drive spider assembly tool

DISMANTLING TO MAJOR GROUPS

Disconnect all pipes between the converter and the diesel engine, and drain all lubricating
oil and converter fluid from the converter.

Support the converter on suitable lifting gear of one ton minimum capacity, using slings
attached to the two lifting eyes, and remove the bolts securing the converter to the diesel engine.

Maove the converter gently straight back from the engine, taking care not to damage the
drive spider, and unlock the tabwasher under the spider retaining nut. Attach the drive spider
locking plate LC.1905 to the front flange of the converter, using two extractor screws LC.1904
and nuts UE.5845 to prevent rotation of the spider (fig. 19). Unscrew the centre hexagon nut,
and remove and discard the tabwasher. Insert three extractor screws LC.1904 into the § in.
UNC. tapped holes in the spokes of the drive spider, and tighten the screws in turn to withdraw
the spider from its shaft (fig. 20).

Remove the drive spider locking plate and place the converter on two hardwood blocks,
each approximately 6in. x 6in. ¥ 24in., with the output drive and freewheel housing
uppermost. The arrangement of the blocks can be seen in fig. 21,

Disconnect all pipes between the heat exchanger and the torque converter, and remove the

5

heat exchanger by unscrewing the two § in. setscrews.

Remove the inspection plate on the side of the freewheel housing, discarding the fibre joint.
13
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Fig. 19 Drive spider locking plate in position Fig. 20 Withdrawing drive spider

Unlock the tahwasher under the output flange locknut, unscrew the locknut, using the out-
put flange nut spanner LC_2844, and discard the/tabwashér. Remova the keywasher and the
plain washer, and withdraw the oudtput flange from the output shaft, Unscréw the cight nuts
securing the end cover, and discard the tabwashers. Insert the two extractor screws UA210in
the UNF. tapped holes, and tighten the screws alternately to remove the end cover. Discard the
joint. A further six nuls securing the bearing housing studs will now be exposed; unlock and
remove these nuts and discard the tabwashers.

Remove the output sealing ring housing by pulling it firmly along the output shaft.

Disconnect the large external flexible pipe between the cluich housing and the freewheel
housing at the union nut on the clutch casing. Disconnect the internal flexible oil feed pipe to
the turbine housing bearing. Access to this pipe is obtained through the aperture exposed by
the removal of the inspection plate,

Remove the twelve § in. UNF. nuts and spring washers securing the freewheel and turbine
housings, and with a suitable sling attached to the lifting eye on one side and round the elbow
connection on the other side, lift the freewheel housing off the turbine housing (fig. 21).

Remove the nuts from the twelve bolts securing the halves of the rearward freewheel, and
withdraw the output shaft complete with bearing, bearing housing, and internal bush. Remove
the bolts and discard the tabwashers. Carefully remove the freewheel outer race which will allow
the eleven freewheel rollers to fall out of the cage. These must be collecied, together with the
twenty-two springs and followers, counted and stored in a separate marked container.

Insert one of the § in. heat exchanger setscrews into the tapped hole in the end of the direct
drive shaft to lift the shaft out. If it is desired to remove the freewheel cam and cage assembly
from the direct drive shafi, remove the snap rings which locate the cam and slide 1t off’ the end
of the shaft.

14
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T.5.D. 866/ B18%0

To remove the forward freewheel casing, place two levers diametrically opposite to each
other under two of the bolts securing the halves of the forward freewheel and, using two small
blocks of wood as fulcrum points, lever the freewheel casing away from the turbine housing
(fig. 22). The eleven rollers, twenty-two followers and springs will fall out of the lower free-
wheel cage, and these must be collected, counted and stored in a separate marked container
pending reassembly.

The two halves of the forward freewheel can be parted by removing the twelve securing
bolts, thus releasing the freewheel outer race. If subsequent inspection indicates renewal, the
bearing between the freewheels located in the freewheel casing can be pressed out after removing
the internal circlips.

To remove the freewheel cage and cam, unlock the tabwasher, insert the holding tool
LC.1916, and unscrew the central nut, using ring spanner LC.1908 (fig. 23). Remove the nut,
tabwasher and plain washer, withdraw the freewheel cage assembly, the spacer and the
freewheel adjusting washer.

If it is desired to remove the majority of the freewheel assembly without dismantling, this
may be achieved by the following method:

Remove the output flange, end cover, output sealing ring housing and freewheel housing
as previously described. Reassemble the output flange to the output shaft, and secure
with its nut partially tightened. Attach a suitable sling to the output flange, and the
whale of the frecwheel assembly, with the exception of the forward freewheel cage, cam
and rollers, can be lifted off iatact (fig. 24),

Fig. 22  Removing forward freewheel easing

o4

Fig. 21 Lifting freewheel housing off turbine housing
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Flg. 24 Hemoving (reewhecl assemibly

Some resistance 1o this 1ift may be expected as both the between-freewheels bearing and
the forward freewheel bearing are moved from their seatings simultaneously (fig. 25).

At this stage the converter unit should be inverted and placed on the hardwood blocks so
that the input end is uppermost.

Remove the three countersunk-head screws securing the outer flange of the front plate o
the clutch housing. Remove the eight § in. UNC. setscrews securing the inner flange of the front
plate to the distribution housing, together with the two short § in. UNC. setscrews used to blank
the extractor screw holes. The ten copper washers located under the setscrew heads should be
removed and discarded.

Fit two extractor screws LC.1904 in the UNC. tapped holes, and lift off the front plate by
tightening evenly (fig. 26). Remove and discard the sealing joints on the inner and outer flanges.

Unscrew the unions at each end of the external short pipe between the impeller bearing oil
feed adapter on the clutch housing and the T-piece on the side of the control valve assembly,
and remove the pipe.

Remove the five § in. UNC, setscrews securing the control valve assembly to the clutch
housing, noting the relative positions of the two long and three short bolts. Lift off the control
valve assembly and discard the joint,

Unscrew the eighteen § in. UNC. setscrews and spring washers securing the sump cover to
the clutch housing, lift away the sump cover and discard the joint.
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far removing front plate



Fig. 28 Extractor serews in position for
withdrawing elutch carrier

EERE)
Fig. 27 Withdrawing oil pump and distribution housing

Remove the four short transfer tubes between the distribution housing and the underside
of the control valve facing, and the single longer tube leading to the sump cover face. These
tubes are located in rubber 'O nings at each end and care should be taken whilst removing to
avoid raising burrs which would’ damage the 'O’ rings on reassembly. Remove and discard the
ten rubber ‘O’ rings. | | ol -

|

Remove folr of the six § in, UNC. setscrews retaining the oil pump/seal carrier plate to
allow the extractor LC.1914 to be fitted. Fit the extractor and secure with four of the eight
14 in. by { in. UNC. front plate securing setscrews. The adapter LC.1915 should be attached to
the end of the central screwed ram of the extractor and located in the end of the input sleeve
(fig. 27). .

- = ] i |
] o

— ]

EERL

Fig. 20  Lifing elutch carrier assembly Fig. 30 Cluich plate pack with lifling serews altached
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Screw down the extractor handle and draw off the oil pump and distribution housing
assembly complete. Remove the tool and refit the four § in. UNC. setscrews.

Remove and discard the three ‘O’ rings from their annular grooves around the splined input
sleeve. One of the 'O’ rings is located midway along the shaft and is usually sheared whilst with-
drawing the housing assembly, the other two being positioned side by side at the lower end of
the splines.

Remove the twelve § in. UNF. setscrews securing the cluteh carrier to the backing plate
and driving ring assembly. Fit two extractor screws LC.1904 in the UNC. tapped holes provided
in the recesses of the clutch carrier (fig. 28), and by tightening the screws evenly, draw the clutch
carrier assembly off its dowels. Assemble the lifting tool LC. 1906 to the input sleeve, securing
it with the drive spider nut, and lift out the clutch carrier assembly complete (fig. 29). Remove
the thrust washer from the face of the clutch hub.

Insert two of the twelve 31 in. by § in. UNC. setscrews, used to secure the clutch carrier
assembly, through the holes in the clutch driving ring, and into the tapped holes in the backing
plate. By grasping both setscrew heads firmly and lifting evenly, the complete clutch plate pack
can be drawn out of the impeller driving wheel (fig. 30). Remove the direct drive clutch hub.

Remove the external oil filter canister complete and discard the clement and sealing ring.

Remove the oil feed pipes from the base of the oil filter leading to the freewheel housing
and to the turbine bearing, and detach the external seal drain outlet pipe if fitted. Unscrew the
three § in. UNC. setscrews securing the filter base to the cluich housing, remove the filter base
and discard the joint.

Remove the iwenty-four § in. UNF. self-locking nuts from the studs ! curing the clutch
housing to the ur’cﬁn-:lhn}mmg. Remove also thetwb Lin. UNC. blank gregﬁi:rcws from the
tappe Ltr hu]q.pr1>viqed '[:th: cluich innufing, and linsert two c.)kracml s:ch“wsiLE.Ime

Screw down the extractor Screws evenly to separate the clutch and turbine housings (fig. 31)
and, finally, lift the clutch housing off the turbine housing, using a sling in conjunction with tool
LC.1909 attached to the clutch housing front face (fig. 32). Remove and discard the sealing joint
between the housings.

The converter is now dismantled to major groups.

Fig. 31 Using extraclor serews lo separate Fig. 32 Auachment of sling for lifting eluteh hoosing

eluteh and wrhine bousing
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DISMANTLING OF INDIVIDUAL MAJOR GROUPS

Control valve group

Unserew the spring carrier and remove the return spring and control valve piston from the
valve body. Unscrew the relief valve cap from the valve body and withdraw the spring pin, inner
and outer relief valve springs and the relief valve piston.

Holding the air cylinder body firmly, unscrew the air cylinder cap and withdraw the con-
verter drive and direct drive pistons. Then remove the air cylinder body from the valve body.
Discard the four copper washers and the "0’ rings from both air pistons.

Sump cover group

Remove the four § in. UNC. setscrews securing the oil tray to the sump cover, and lift off
the oil tray. This reveals the main lubricating oil intake filter, which can be removed by
unscrewing the large hexagon nut locked to its end plate (fig. 33).

The magnetic plug should also be removed from one end of the sump cover.

0il pump and distribution housing group

Unscrew the six § in. UNC. socket-head capscrews securing the distribution housing to the
oil pump housing, noting the relative positions of the two short and four long screws,
and separate the two subassemblies.

The circlip in the bore of the distribution housing should not be disturbed unless renewal
is necessary, |

Carefully mark the faces of the pump gear rings ta ensure that on reassembly the original
faces are uppermost.

Lift the pump drive hub complete with the inner pump gear ring out of the pump housing.
Remove the two piston-ring-type oil sealing rings from the pump drive hub and withdraw the inner
pump gear ring and its driving key. The outer pump gear ring can be lifted out of the housing.

Fig. 33  Bump cover with oil tray removed Fig. 34  Piston extractors in position
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Remove the six § in. UNC. setscrews securing the pump oil seal carrier to the oil pump
housing, and discard the joint on the seal carrier face. Push out and discard the oil seal.

The oil pump ball bearing should only be removed from the pump housing when renewsl
is necessary.

Clutch ecarrier group

To facilitate reassembly of the converter drive and direct drive pistons, a very light
diametral scriber mark should be made across the face of the two pistons and the raised surface
between them. It is important that this scriber mark is not heavily impressed and can
be smoothed off after reassembly,

Drive out the assembly of the input sleeve and direct drive piston, using a soft-faced mallet
on the front end of the input sleeve.

Support the clutch carrier on blocks with the aluminium spring carrier ring uppermost, and
slacken the six §in. UNF. securing setscrews evenly in rotation until all spring pressure
is released. Finally, remove the setscrews, the carrier ring, the twenty-two springs, the circular
spring support plate and the six distance pieces.

Invert the clutch carrier and remove the four piston-ring-type oil sealing rings from the
clutch carrier hub.

To extract the four dump valves, unscrew the two § in. UNC. setscrews securing cach dump
valve cip. The two diameuically opposed direct-drve dump valves have distance tubes located
under their caps and s¢ated within the two longér radial passages in the cluich carrier. The
converter drive dump valves are contained in the two shorler passages.

Attach two piston withdrawal tools LC.1911 to the converter drive piston, using two
extractor screws LC.1904 and nuts UE.5845 in the tapped holes provided in the piston
face (fig. 34). Tighten the nuts evenly to withdraw the converter drive piston from ils recess in
the clutch carrier. The piston is a close fit in the carrier recess and care should be taken to
ensure that the piston does not tilt as it is lifted,

Remove and discard the rubber ‘O’ rings from the grooves in the periphery of the piston
and the inner wall of the piston recess,

I"IF. a5 U‘ilﬂllnlﬂng direct-drive piston and input slecve
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The piston locating dowels in the two concentric piston recesses should only be removed
from the clutch carrier if they require renewal.

To dismantle the assembly of the direct drive piston and the input sleeve, assemble the
spring compressing tool LC.1910 to the two tapped holes in the direct drive piston face, using
two extractor screws LC.1904 and nuts UE.5845 (fig. 35). Compress the springs by tightening
the two nuts evenly, and remove the retaining circlip, using the circlip pliers LC.1913.

Release the spring pressure by slackening the nuts, dismantle the tool and remove
the spring retaining plate, fourteen springs and the direct-drive piston (fig. 36). Remove and
discard the “O’ rings from the outer periphery of the piston and the input sleeve. The needle
roller bearings should only be removed from the bore of the input sleeve if they require renewal.

RUBBER '0° RING RETAINING

CIRCLIP

IMPUT SLEEVE

o

RUBZER ' RING /
WEEDLE ROLLER
BEARING

Fig. 36 Exploded view of direct-drive piston and input sleeve components

SPRIMG RETAINING
PLATE

DIRECT DRIVE
PISTON
34

Clutch housing and impeller group

Rest the clutch housing on wooden blocks on the sump cover face, and assemble the
impeller driving wheel holding tool LC.1909 to the front face of the clutch housing, with the
tool dowels located in the impeller driving wheel face.

Remove and discard the centre seal carbon ring and its rubber seating ring from the recess
in the impeller face, and unlock the tabwasher under the impeller retaining nut.

Using the impeller nut spanner LC.1907, remove the nut, the tabwasher, and the spacer
from the driving wheel hub, and remove the holding tool LC. 19009,

Drive the impeller driving wheel out of the impeller, using a soft-faced mallet on the end
of the hub, remove the flat washer and discard the ‘O’ ring.

The Oilite bush in the front end of the driving wheel hub should only be removed
if renewal is necessary.

The impeller can now be pressed out of its bearing under a suitable press, using the
adapter LC.1915 in the front end of the impeller bore. Remove and discard the carbon seal ring
and its rubber seating ring from the recess in the front face of the impeller.
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With a ¢ in. A/F Allen key, remove the six socket-head capscrews from the impeller seal

“housing on the rear face of the clutch housing, and lift off the seal assembly complete. Remove

and discard the joint from the mating face.

Note: A main fluid seal replacement kit includes an assembled and pressure-tested seal
housing unit. There is no need to dismantle the old unit.

The impeller main bearing should only be removed if subsequent inspection indicates that
it should be renewed.

Turbine housing group
Stand the turbine housing on wooden blocks with the output (freewheel) end uppermost.

Insert the adapter LC.1915 into the rear end of the turbine hub and press out the turbine
wheel under a suitable press. Remove and discard the carbon, seal ring and its rubber seating
ring from the recess in the rear face of the turbine,

Invert the turbine housing to rest on its rear face, and with a § in. A/F Allen key unscrew
the six socket-head capscrews from the turbine seal housing and lift off the seal assembly
complete. Remove and discard the joint from the mating face.

Note: A main fluid seal replacement kit includes an assembled and pressure-tested seal
housing unit. There is no necessity to dismantle the old unit.

To dismantle the centre seal unit from the front of the turbine hub, first remove the retain-
ing circlip from the bore of the recess in the turbine hub, then lift out the nose piece, followed
by the locating keys, the six springs and the seal pressure plate. Extract and discard the rubber
garter seal element from the botiom of the turbine hub recess.

Remove and discard the rubber garter seal from the inner bore of the turbine hub. The
needle roller bearing in the bore of the turbine hub should not be disturbed unless renewal is
necessary.

The turbine main bearing remaining in the turbine housing should also only be removed if
subsequent inspection indicates that it should be renewed.

INSPECTION

After dismantling and prior to examination, all parts should be carefully cleaned, preferably
with diesel fuel.

Examination of the components is detailed in the following pages under five main headings,
viz. General Parts, Clutch Housing and Input Group, Converter Group, Freewheel and Output
Group, and Control Valve Group.

General parts

Examine all nuts, washers, setscrews and screw threads for damage. Flexible pipes should
be checked for deterioration or swelling of the rubber covering. The latter would indicate failure
of the inner member.

Joints, ‘0" rings and garter-type oil seals should be renewed during assembly.
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All ball bearings should be examined carefully for cage wear or damage and for evidence
of races having turned in their housings, or on shafts. Bearings should be renewed if inspection
shows pitting, corrosion or cracking of balls or tracks, or if axial movement between inner and
puler races is excessive.

Cluteh housing and input group

Inspect the drive spider for broken, cracked or damaged lugs on its outer diameter, and
check that it is a light press fit on the input sleeve. Renew the drive spider if any discrepancies
are observed,

The oil seal diameter should be checked for ridging. Any surface irregularity may be
removed by regrinding and lapping to a diameter of not less than 3.990 in.

The rubber driving blocks do not need renewing unless damaged or deteriorated.

The pump gear teeth should be checked for pitting and wear. Minor damage can be
rectified by stoning.

The axial clearance of the pump gears between the pump body and the distribution
housing, when new, is 0.002 in. to 0.0035 in. This clearance should not exceed 0.003 in. when
the pump components are reassembled. Should any damage marks exist in the gear recesses of
the pump body or distribution housing they may be removed by stoning, but it is important
that the axial clearance given above is maintained.

The pump body and distribution housing should be rencwed if wear or damage caused by
the piston-ring-lype seals exists in the oil seal bores. Examine the pistop-ring-type oil seals for
breakage and wear. The butt elearance of the seals should be 0,005 in. 10'0.015 in. when installed
in their respective bores (refer to fig. 45 in “Assembling’).

The clutch carrier assembly and the pump drive hub when new are a press fit on the input
sleeve, and if the wear on the splines is such that they become less than a light drive fit, the
worn component should be renewed. Inspect the driving gear keyhole in the pump hub for
elongation. Ensure that the oil feed holes are clear.

An inspection of the direct drive shaft bearing surfaces will generally reveal whether needle
rollers within the input shaft are worn. The position of the needle roller bearings should be
checked (refer to fig. 43 in ‘Assembling’). The direct drive shaft splines should be inspected for
wear and corrosion. The clutch hub is initially a light push fit on the direct drive splines.

The clutch splines on the hub, impeller driving ring and clutch driving ring should
be examined for damage or indentation caused by the clutch plates. If the damage on any com-
ponent is such that the smooth operation of the clutch plates is impaired the component should
be renewed, Inspect the impeller driving ring needle roller bearing surface for brinelling. Should
damage be evident, renew the driving ring and the needle roller bearing inside the turbine wheel.
If the garter-spring-type oil seal surface is worn the impeller driving ring should be replaced.
The thrust washer which fits over the direct drive shaft between the clutch hub and the input
sleeve should be checked for scoring.  The face groove must be clean and free from metallic
debris.

Check the thirty-six clutch springs for damage and pitting. The load required to compress
new springs to their installed length of 1.810 in. should lie between 81.7 and 90.31b. Renew
springs if pitting or damage exists or if the load falls below 77 Ib. at the installed length.
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The steel converter drive and direct drive clutch plates are slightly ‘dished’ when new. If
this *dishing’ becomes excessive, i.e. more than 0.020 in. for converter drive plates and 0.010 in.
for direct drive plates, renew the plates. The bronze plates should be flat and if *dishing’ exists
at all, or if the plates are worn to a level approaching the bottom of the oil retaining grooves,
they should be renewed,

The dump valves should be examined for scoring. Minor scoring only may be removed by
stoning, severe scoring will necessitate renewal of the damaged pieces.

Examine the clutch housing generally for damage and cracks. Check all joint faces and
flanges for burrs and chafing, which may be rectified by stoning. Examine the five oil transfer
tubes for scoring which may damage the ‘O' rings and impair sealing on reassembly.

Converter group
Any slight damage noted on the impeller blading can be rectified by careful stoning and
blending, but a new impeller assembly should be fitted if loose or distorted blades are observed.

The garter-type oil seal rubbing surface on the impeller hub must be examined for grooving
or other damage. Restoration of the seal surface can be achieved either by light emery taping, or
in bad cases, by regrinding to a diameter of not less than 3.990in. A high surface finish
is necessary and the oil seal must be renewed when reassembling.

The splines within the impeller hub should be exantined for damage and wear.

Examine the housing generally for damage or cracks. Check all joint faces and flanges for
burrs and rectify by stoning.

Examine the first-stage stator blades for looseness in the casing outer periphery and for
damage. If slight, any damage may be rectified by stoning but the housing should be renewed
if severe damage or loose blades are observed.

The second-stage stator blades are riveted into a preassembled unit, the latter being riveted
to the rear face of the housing. Again, slight damage may be stoned, but severe damage or loose
blades or blade assemblies will require renewal of the housing.

Inspect the bore of the housing which accepts the turbine main bearing for any wear which
may have been caused by rotation of the bearing outer race.

The first and second-stage blades of the turbine are carried in circular sub-frames which
are in turn riveted to an annular centre carrier. The third-stage blades are located between this
carrier and the turbine hub, the blade trunnions being used to rivet the assembly together.

Blades in all turbine stages must be carefully checked for security, and the turbine wheel
assembly renewed if any loose blades are noted. Minor blade damage can be rectified
by stoning, but replacement blades are not supplied as spare parts and no attempt should be
made to renew individual blades that are loose or damaged. Examine the garter-type oil seal
rubbing surface on the turbine hub for grooving or other damage. The seal surface can be
restored by light emery taping or regrinding to a diameter of not less than 3.990in. A high
surface finish is essential. The oil seal will be automatically renewed as part of the replacement
main fluid seal assembly.
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Freewheel and output group

Inspect the wear pattern on each cam of the two freewheel hubs. A normal wear pattern
appears as a slightly worn area near the centre of each cam, which is the freewheeling position.
The loaded area should appear bright and extend towards the high side of the cam. When this
area approaches the top of the cam the hub must be renewed.

Inspect the freewheel cages for wear and cracks, and ensure that the spring-loaded roller
followers slide freely in their sockets. Check the follower springs for squareness, and check
the free length against a new spring. If any freewheel rollers are pitted, cracked, or chipped, the
complete set of eleven rollers should be renewed. Inspect each freewheel outer race bore for
wear and cracking.

Examine the freewheel casing and housing for cracks and damage, and check all joint faces
and flanges for burrs which should be removed by stoning.

Check the output shaft seal housing for damage and wear in the bore.

The piston-ring-type oil seals should be examined for wear and breakage. The butt
clearance of the seals should be between 0,005 in. and 0.015 in. when the seals are installed in
the freewheel housing (refer to fig. 45 in “Assembling’).

ASSEMBLING

Cleanliness

Successful functioning and long life of the tarque gonverter can be serionsly impaired by
dirt, Strict attention must therefore be paid 1o the cleanliness of all components during
reassembly,

" The sequence of operations for reassembly of the torque converter is in general the reverse
of the dismantling sequence previously described.

ASSEMBLY OF INDIVIDUAL MAJOR GROUPS

Turbine housing group

If a new turbine main bearing is to be fitted, it should be pressed in under a suitable press,
ensuring that the load is applied to the outer race of the bearing only. Ensure that the bearing
is entered squarely into its bore and is pressed fully home. Lightly oil the bearing.

Place a new seal housing joint in position on the seal assembly mating face within
the turbine housing, ensuring correct alignment of the holes in the joint with those in the casing
(fig. 37). Place a new main fluid seal housing assembly in position, again noting correct align-
ment of the holes, and secure with the six § in. UNF. x { in. socket-head capscrews, tightening
evenly, using a ¢ in. A/F Allen key.

If the needle roller bearing in the bore of the turbine hub has been removed, fit a
new bearing, using a suitable press,ensuring that the bearing outer race enters squarely and is
pressed fully home against the internal shoulder. Secure the needle roller bearing with its
retaining circlip,
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Fig. 37  Seal housing joint washer in position

Press in a new turbine hub inner oil seal with its lip facing towards the needle roller bearing
and lightly oil both rollers and seal.

Fit a new carbon seal ring and its rubber seating, supplied with each main fluid seal replace-
ment kit, to the recess in the rear face of the turbine wheel. It is important that these seal parts
are from the same seal kit as those fitted to the turbine housing, since the complete seal
assembly is pressure tested as a unit before packing.

Using a clean cloth, wipe the sealing face of the carbon ring on the turbine wheel and the
ground face of the seal assembly in the turbine housing. These faces should be spotlessly clean
and unmarked if the minimum of seal leakage is 10 be achieved.

Install the turbine wheel into the turbine main bearing under a suitable press, applying the
load to the recess in the turbine hub adjacent to the inner oil seal and supporting the
main bearing on its inner race. This operation must be carried out with care to ensure that the
outer rim of the turbine wheel does not foul the turbine housing stator blades.

When the turbine wheel has been pressed fully into the main bearing, spin the
turbine slowly to check that it is quite free and, using feeler blades, check that the gap between
the stator blade tips and turbine rim is constant over the whole circumference. A light tap with
a plastic mallet on the turbine face at a point diametrically opposite to the point of foul may be
necessary to ensure true running of the turbine,
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Fig. 38 Centre fluid seal componenis

Centre fluid seal assembly

The centre seal assembly should first be built up by placing the six springs in their recesses
in the seal nose piece, followed by 'the seal pressure plate with its flat surface towards
the springs, finally placing the garier seal glement on the end of the noge piece (fig. 38).

The centre seal assembly should then be entered as a unit into the bore of the turbine hub,
using hand pressure on the nose piece until the garter seal element is fully seated in the bottom
of the recess.

Rotate the nose piece of the seal gently to align the keyways and insert the two keys, then
fit the retaining circlip, ensuring that it seats squarely in its groove. Depress the seal nose piece
with the hand to check freedom of movement against the pressure of the six springs,

Cluteh housing and impeller group

If a new impeller main bearing is to be fitted, place the main bearing circlip in its groove
in the bore of the impeller bearing housing, ensuring that it is fully seated. The bearing should
then be pressed in under a suitable press, applying the load to the outer race of the bearing only.
Ensure that the bearing is entered squarely into its bore and is pressed fully home against the
circlip. Lightly oil the bearing.

Stand the clutch housing on wooden blocks with the impeller seal housing face uppermost,
and place a new seal housing joint in position, ensuring correct alignment of the holes in the
Joint with those in the casing. Place a new main fluid seal housing assembly in position, again
noting correct alignment of the holes (fig. 39), and secure with the six § in. UNF. x §in. sockel-
head capscrews, tightening evenly with a f in. A/F Allen key.

Fit a new carbon seal ring and its rubber seating. supplied with each main fluid seal
replacement Kit, to the recess in the rear face of the turbine wheel. It is important that these
seal parts are from the same seal kit as those fitted to the turbine housing, since the complete
seal assembly is pressure tested as a unit before packing.
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Using a clean cloth, wipe the sealing face of the carbon ring on the impeller and the ground
face of the seal assembly in the turbine housing. These faces should be spotlessly clean and
unmarked if the minimum of seal leakage is to be achieved.

Press the impeller assembly into the impeller main bearing under a suitable press, support-
ing the main bearing under the inner race only, and applying the load to the raised inner rim
around the centre fAuid seal recess.

Spin the impeller slowly to ensure that the labyrinth lands on the front face of the impeller
are not fouling their mating grooves in the rear face of the clutch casing.

Lift the clutch housing assembly to stand upright on its sump facing on wooden blocks, and
attach the lubricating oil filter base to its facing on the rear face of the clutch housing, using a
new joint and securing with three § in. UNC. x 1} in. setscrews and spring washers,

Fit the two internal oil feed pipes leading from the clutch casing wall to the filter base and
from the filter base to the centre of the housing beneath the impeller main bearing. Also fit the
single seal drain pipe leading from the centre of the housing fo the elbow mounted in the rear
of the clutch casing face (fig. 40).

If the Oilite bush in the centre of the impeller driving wheel hub has been removed, press
in a new bush, then place the flat washer, with its chamfered edge towards the impeller driving
wheel, over the hub to seat in its recess. Insert the impeller driving wheel hub into the impeller
bore splines and tap home with a soft-faced mallet.

Atfach the| impeller (driving whe¢l holding tool/ LC.1909 10 the frant face of the
clutch housing, with the tonl dowels located in the impeller driving wheel face.

Fig. 39 Main fuid scal sscembly in position Fig. 40 Arrangement of pipes within clutch casing
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Lightly oil a new rubber ‘O’ ring and fit it to the groove in the rear end of the impeller
driving wheel hub, then insert the spacer over the *0O’ ring and inside the end of the impeller
hub, with its chamfered edge to the front, i.e. towards the impeller driving wheel.

Fit the tabwasher and the impeller nut and tighten, using the impeller nut spanner LC.1907.
Lock the tabwasher, ensuring that the nut is tightened further to bring a tab coincident with one
of the three slots in the nut and never loosened off.

To avoid damage, the carbon ring component of the centre fluid Seal should not be fitted
at this stage, but should be kept in its carton until the assembly of the complete converter.

Cluteh carrier group

Insert the four dump valves in their radial passages on the front face of the clutch carrier,
with the solid ends of the valves towards the centre. The two direct-drive dump valves in the
longer passages should be followed by the two distance tubes. Fit the four dump valve caps
securing each cap with two §in. UNC, 3 lin. setscrews and washers (fig. 41).

If any of the four clutch piston locating dowels have been removed, drive new dowels into
position, ensuring that they are perfectly square with the face of the clutch carrier and that no
burrs or rough edges exist on the dowels. As a check on satisfactory alignment of the dowels it
is advisable to place each clutch piston, without any *0’ rings fitted, in position on its dowels
and to ensure that complete freedom of axial movement exists, afterwards removing the pistons,

Insert the new rubber ‘0" rings in their grooves in the inner wall of the converter
drive piston recess and around the periphery of the converter drive piston, lightly ailing both
| i

‘0 rings. | X . \ L! |

Screw two extractor screws LG, 1904 inta thﬂ L&pped éoleﬁl in'the {ace of the cpn'-'prter drive
piston and install the piston careful]y into its recess in the cluich carrier, aligning it on
its locating dowels by means of the light scriber mark made on its face during dismantling. Care
must be taken to ensure that the piston enters perfectly squarely and that the rubber "0’ rings
remain fully seated in their grooves. Light taps with a soft-faced mallet will assist the entry of
the piston.

Fig. 41 Dump valve components
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Fig. 42 Clutch carrier components

Insert the six § in. UNC. x 2} in. setscrews and plain washers into the aluminium spring
carrier ring and, with the spring recesses uppermost. position the twenty-two converter clutch
springs invthe carrigr ng.  Fit thesix distance pieces over the setsarews with their shouldered
ends towards the chrrier fing, then restthe circular spring support ting on thé springs with its
six holes aligned, with the six disfance pieces (fig. 42).

Compress the springs slightly by gripping the circular support ring against the spring carrier
ring and invert the assembly on to the clutch carrier. Any distance pieces which become
dislodged can be re-inserted before screwing the six § in. UNC. setscrews into the clutch carrier.

Tighten the six setscrews one turn at a time in rotation to aveid distortion until the clutch
carrier is drawn fully into the spring carrier ring.

If the needle roller bearing assemblies have been removed from the bore of the input sleeve,
new bearings should be inserted, the open-ended bearing at the rear end of the sleeve being
fitted first, and the closed-end bearing being inserted at the forward end of the sleeve with its
closed end to the front. The position of these bearings in the sleeve is shown in fig. 43.

Fit one of the input sleeve circlips to the groove situated at the commencement of the run-
out of the splines, using the circlip pliers LC.1913, followed by a new rubber ‘O’ ring in the
groove on the plain portion of the sleeve, lightly oiling the ‘O’ ring.

With the clutch carrier mounted rear face uppermost, press the input sleeve into the splined
bore of the clutch carrier. ensuring that the circlip abuts against the clutch carrier face.

Fit a new direct-drive piston rubber "0 ring (94 in. dia.) to the groove in the periphery of
the direct-drive piston and lightly oil the surface of the ‘O’ ring. Carefully insert the direct-drive
piston into its recess in the clutch carrier, passing it over the rear protruding end of the input
sleeve and aligning it on its locating dowels by means of the light scriber mark made on its face
during dismantling. Care must be taken to ensure that the piston enters squarely and that the
rubber "0 ring on its periphery remains fully seated in its groove.
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Fig. 43 [Fusition of needle roller bearings in input sleeve
; | "

Place the foprteen ditect-drive ¢lutch springs in their iddividual recesses in the direci-drive
piston face, followed by the spring retaining plate. Attach the spring compressing tool LC.1910
to the direct-drive piston face, using two extractor screws LC.1904, and two extractor nuts
UE.5845. Compress the springs by tightening the nuts on the extractor screws evenly until the
circlip groove on the protruding end of the input sleeve is clear of the spring retaining
plate (fig. 44).

Fit the circlip securely in its groove, using the circlip pliers LC.1913, then remove the spring
compressing tool and the extractor screws.

CLUTCH CARRIER

DIRECT DRIVE PISTOM

IMPUT SLEEVE

Fig. 44 Exploded view of inputl sleeve and direct-drive piston assembly o
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Fig. 45 Piston-ring-type il sealing ring

INTERLCCKED

HUT‘I:-C-LE;._ANI::- a588
Oil pump and distribution housing group
If the oil pump ball bearing has been removed from the pump housing, press a new
ball bearing into the bore of the housing under a suitable press, applying the load to the outer
race of the bearing only. Lightly oil the bearing.

Fit a new oil seal to the oil pump seal carrier with its wiping lip towards the rear,
and secure to the front face of the pump housing, using a new joint and the six § in. UNC, x lin.
setscrews and spring washers.

The two piston-ring-type oil sealing rings should now be checked in the bore of the pump
housing. When the ends of the rings are correctly interlocked, the butt clearance should be
between 0,005 in. and 0,015 in.I(fg. 45).

Remove the two rings and fit one into one of the two external grooves on the pump drive
hub, interlocking' the ends. Place the pump gear driving key in position and fit the inner pump
gear ring over the pump drive hub so that the smaller projecting diameter on the end face of the
hub and the mark on the face of the pump gear, made during dismantling, are uppermost. Fit
the second piston-ring-type oil sealing ring into the remaining groove on the pump drive hub,
interlocking the ends.

Install the subassembly of the pump drive hub and the inner pump gear into the pump
housing together with the outer pump gear, ensuring that the marks made on the face of both
gears and the smaller projecting diameter on the end of the drive hub are facing rearward, i.e.
away from the pump ball bearing (fig. 46).

PUMP GEAR RINGS
PUMP DRIVE HUB

OIL SEALING RINGE

Fig. 46  Exploded view of oil pump and distribution honsing e
33




Fit the circlip to its groove in the bore of the distribution housing, if it had previously been
disturbed, then lower the distribution housing on to the oil pump housing. Secure the two
g in. UNC. X 1} in. and four § in. UNC. x 1§ in. socket-head capscrews.

Sump cover group

Fit the magnetic plug to the sump cover, and attach the main oil intake filter with its elbow
to the facing on the inside of the sump cover, using two § in. UNC. % 1} in. setscrews and
spring washers.

When fitting the oil tray to the inside of the sump cover, the offset position of the
two attachment holes at each end of the tray should be carefully noted by reference to fig, 47.
Secure the oil tray with four § in. UNC. X { in. setscrews and spring washers.

Control valve group

Fit new rubber ‘0" rings to the converter and direct-drive air pistons, lightly oil the ‘O’
rings, and insert the pistons in the bore of the air cylinder body (fig. 48). Using new copper
washers, first serew the air cylinder body into the control valve body, then serew the eylinder
cap on to the end of the cylinder body.

Place the relief valve piston, closed end first, in its bore in the control valve body, followed
by the inner and outer relief valve springs and the spring pin. Screw down the relief valve cap,
using a new copper washer (fig. 49).

DIRECT
DRIVE PISTOMN.

Fig. 48 Air c}rlindcr companenis

GAF HERE

1368

Fig, 47 Correct position of oil tray on sump cover Fig. 49  Heliel valve componenis
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VALVE BODY ., mﬁ
] RETURN SPRING

siT

Fig. 50 Contral valve piston compoenents

Insert the control valve piston in its bore in the control valve body, referring to fig. 50 o
ensure that the larger end is entered first, followed by the return spring and, finally, screw on
the hexagon-bodied spring carrier cap, using a new copper washer,

Final tightening of all three caps can be left until the control valve body assembly is fitted
to the torque converter.

FINAL ASSEMBLY

Stand the turbine housing assembly on wooden blocks with the turbine wheel uppermost,
and fit @ new sealing jdintring to the spigot recess in the upper edge of the turbine housing.

Fit a new centre seal carbon ring together with its rubber seating ring, supplied as part of
the centre seal replacement kit already fitted to the turbine, to the recess in the centre of the
impeller. With a clean cloth, wipe the sealing faces of both components of the centre seal unit,
ensuring that they are spotlessly cleaned and unmarked.

Attach the impeller driving wheel holding tool LC.1909 to the front face of the
clutch housing with the tool dowels located in the impeller driving wheel face and, using a rope
sling as shown in fig. 32, suspend the clutch housing assembly over the turbine housing. Lower
the clutch housing gently, ensuring that the lower end of the impeller driving wheel hub enters
the needle roller bearing in the turbine hub bore.

Fit the twenty-four § in. UNF. self-locking nuts securing the two housings together and
tighten evenly in rotation, then fit the two § in. % 1 in. blanking setscrews and spring washers
to the two tapped extractor holes situated between the securing studs.

Check that the clutch driving ring is securely attached to its backing plate with the three
countersunk-head screws, then place the assembly in the impeller driving wheel,

Fit the direct-drive clutch plates to the inner splined recess, placing a bronze plate in posi-
tion first and then alternately fitting steel and bronze plates. The four bronze plates engage the
direct-drive hub splines and the four steel plates engage the teeth in the clutch driving ring. The
steel plates only are slightly ‘dished” and the direction of the ‘dishing’ is unimportant,

Place the converter drive clutch plates in a similar manner in the outer splined recess, again
commencing with a bronze plate against the backing plate, and following alternately with steel
and bronze plates.
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Fig. 51 Lowering elutch carrier assembly into position Fig. 52 Ol supply tubes in position

Place the thrust washer pver the end of the direct-drive shaft on to the centre portion of the
clutch hub with'the grooved face uppermost.

To locate the cluich pack and its driving ring accurately prior to lowering the clutch carrier
assembly into position, it is advisable to procure two locating studs, § in. diameter and approxi-
mately 31 in. long, screwed § in. UNF. for 1 in. at one end and having a screwdriver slot at the
other end. One of these studs should be screwed into the tapped hole in the clutch ring
adjacent to the dowel hole marked orrseT, and the other into the tapped hole diametrically
opposite.

Check the four piston-ring-type oil sealing rings for correct gap by fitting in the bore of the
distribution housing body. When correctly interlocked, the butt ¢learance should be between
0.005 in. and 0.015in. (fig. 45). If satisfactory, the four rings should now be fitted to
their grooves in the boss on the front face of the clutch carrier.

Before fitting the clutch carrier assembly to the converter. the oil pump and distribution
housing assembly should be pressed on to the input sleeve. First fit iwo new rubber ‘O’ rings side
by side in the wide groove in the input sleeve adjacent to the edge of the clutch carrier boss,
and lightly oil the surfaces of the rings.

Mount the.clutch carrier assembly, open end downwards, on a suitable press and place the
oil pump and distribution housing assembly over the end of the input sleeve, engaging
the splines in the bore of the pump drive hub. Using the oil pump press adapter LC.2007, in-
serted in the upper end of the oil pump housing. press the oil pump and distribution housing
assembly down the input sleeve. As the lower edge of the distribution housing approaches the
boss of the clutch carrier, each of the four piston-ring-type oil sealing rings require careful checking
to ensure that they enter the bore of the distribution housing correctly. Continue pressing until
the oil pump driving hub abuts firmly against the end of the clutch carrier boss.
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It is inadvisable to attempt to press the oil pump and distribution housing assembly on to
the input sleeve by applying the pressure directly to the oil pump seal carrier face. The load
must be applied to the pump driving hub, using the correct press adapter LC.2007.

Assemble the lifting tool LC.1906 to the end of the input sleeve, securing it with the drive
spider nut, and lower the complete assembly of the clutch carrier and the oil pump and distribu-
tion housing into position (fig. 51). Rotate the clutch carrier until its offset dowel is aligned
with the offset dowel hole in the clutch driving ring and allow the carrier to pass down over the
temporary locating studs previously fitted.

When the clutch carrier assembly is in position, remove the two temporary locating studs,
and fit the twelve § in. UNF, x 3} in. setscrews, rotating the distribution housing as necessary
to allow the setscrew heads to pass. Tighten the setscrews evenly in rotation.

Fit new rubber ‘O’ rings in the four ports in the distribution housing which connect with
the control valve assembly, and in the inlet port from the sump facing. Also fit new rubber ‘O’
rings in the four ports in the clutch casing under the control valve facing and the single port
adjacent to the sump facing.

Lightly oil the rubber 'O rings and push the four short tubes into position from the outside
of the control valve facing, and enter the single longer tube from the sump facing (fig. 52).

Fit new sealing rings to the outer flange of the front plate and to the outer diameter of the
pump housing, and place the clutch housing front plate in position. Secure with three counter-
sunk-head screws to the clutch housing and eight ¢ in. UNC. % 1} in. setscrews and eight new
copper washers to the oil pump housing. Fit the two #in. UNC. x { in. blanking setscrews,
again using iwo new coppér washers,

Using a new joint, attach the sump cover to the clutch casing with the eighteen § in, UNC,
» 14 in. setscrews and spring washers.

Place a new control valve joint in position and attach the control valve assembly to the
clutch casing, using two § in. UNC. x 3} in. and three § in. UNC. x 2in. setscrews and spring
washers. Assemble the oil feed pipe from the T-piece on the side of the control valve body to
the impeller bearing oil feed adapter on the clutch housing.

Finally tighten the relief valve, air eylinder and control valve piston caps on the control
valve assembly,

Invert the converter to stand on the wooden blocks with the output (freewheel) end
uppermost.

Place the freewheel adjusting washer in position on the turbine main bearing, followed by
the spacer and the freewheel cam and cage assembly (fig. 53). Place the plain washer, new tab-
washer and nut in position, and using the holding tool LC.1916 and ring spanner LC.1908, tighten
the nut and lock the tabwasher.

Insert the twelve bolts with new tabwashers into the freewheel bearing housing and, holding
the bolts in place by means of a length of cord tightened round the threads of the ring of bolts,
press the bearing housing and bearing into position. Remove the length of cord.

Assemble the twenty-two springs and followers and the eleven rollers into the freewheel
cage, securing them with the.snare LC.2593 (fig. 54). A rubber band encircling the freewheel
cage will assist in this operation; remove the rubber band when the snare is in position.
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Fig. 54 Freewheel roller snare in position

Soey

Press the eleven rollers back against their springs so that the rollers are at the bottom of the
cams, and fit the forward freewheel outer race with the locating arrow pointing towards the
input (forward) end. Release and withdraw the snare when the outer race is half-way along the
rollers (fig, 53).

Fit the housing carrying the between-freewheels bearing, locating the peripheral holes on
the bolts already in position; fit new tabwashers, replace the nuts, tighten and lock in position.

Insert the direct-drive shaft complete with its freewheel cage assembly, taking care not to
damage,the input sleeve needleroller, bearings inside the converter.

Fitthe rearward freewheel springs, followers, rollers And onter raée as previously described
for the forward iréewheel.

Insert the bush in the output shaft and assemble it to the upper freewheel. Bolt the free-
wheel halves together, using new tabwashers under the bolt heads and nuts; tighten and lock.

Press the bearing and bearing housing on to the output shaft if these items have
been previously removed.

Fit a new cork joint to the spigot of the freewheel housing, and support the housing with a
suitable sling attached to the lifting eye on one side and round the elbow connection on the
other side, as shown in fig. 21. Carefully lower the housing into position, taking care not to
trap the flexible pipe. and, by inserting a hand into the inspection aperture, guide the studs of
the upper bearing housing through the corresponding holes in the end of the freewheel housing.

a5 Finting freewheel outer race
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Fig. 56 Drive spider assembly toal in position

Fit the twelve nuts and spring washers to secure the freewheel housing to the turbine housing,
tightening the nuts progressively in diametrically opposite pairs.

Fit the six nuts and new tabwashers to the upper bearing housing studs, tighten and lock.

Fit a new internal sealing ring tolthe outpui séaling ring housing, and press the housing
into position. ¢nsuring that the piston-ring-type oil sealing rings are correctly located and
interlocked.

Fit a new joint to the end cover and press into position, securing it with the eight nuts and
locking with new tabwashers.

Press the ocutput fange into position, fit the central washer, the keywasher, a new
tabwasher and the nut. Tighten and lock, using the output flange nut spanner LC.2844,

Connect the internal flexible pipe to its elbow inside the freewheel housing, renew
the inspection cover joint, and refit the inspection cover.

Refit the heat exchanger to the freewheel housing. using new tabwashers on the two setscrews.

Fit a new oil filter element and sealing ring to the external oil filter canister and attach it
to the filter base on the clutch casing.

Reconnect all external pipes.
Support the converter by its lifting eyes on suitable lifting gear in the horizontal position.

Fit a new rubber ‘O’ ring over the protruding splines of the input sleeve, pushing it along
until it is seated in its groove adjacent to the pump drive hub. Place the input drive spider in
position on the input sleeve, and tap lightly until the threads of the sleeve are visible. Attach
the drive spider locking plate LC.1905 to the front flange, using two extractor screws LC.1904
and two nuts UE.5845. Press the drive spider home, using the assembly tool LC.2079 and the
drive spider locking nut (fig. 56). Remove the assembly tool, fit a new tabwasher, refit the nut,
and tighten securely. Lock the tabwasher and remove the drive spider locking plate.

The converter is now ready to be refitted to the diesel engine, after which it can be refilled
with the correct lubricating oil and converter fluid.
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FAULT DIAGNOSIS

SYMPTOM
OR CONDITION

FOSSIBLE CAUSE

ACTION

REFER TO
PAGE

1. Peor performance

2. Overheating of
converter

Engine not delivering full power

Incorrect fluid in torque converter

Low base pressure

Inadequate fAnid supply

Faulty charging pump relisf valve
Faulty pressure gauge
Faulty flutd seals

High base pressure

Inadequate cooling

Air in fluid system

Low base pressure

Mechanical tightness in train
transmission

Seized freewheel (causing con-
verter turbine to churn when
direci drive is engaged)

Apply handbrake securely and scoich driving
wheels. Select °“Drive’, run engine up to full
throitle and check engine speed

If engine does not reach the designed pull-dovwn
speed at full throttle, the engine is not develop-
ing its full rated power. Engine pull-down
speed (stall torque speed) is 1,495 r.p.m.

Check engine for loss of power, refer to *Engine
Fault Diagnosis’

Check grade of fuel oil

Check direct reading on base pressure gauge
with eagine runmng at half throttle. Base pres-
sure should read between 45 and 65 pus.i

Check converter fluid pipe lines and filters for
leaks ar restriotions

Check rellaf valve
Try another gauge

Check that converter main fluid seal leakage
rate is not excessive. If quantity exceeds 4 pints
for every 12-hour running period, remove con-
verter from installation and renew secals

If base pressure rises above 65 p.si., check relief
valve in charging pump for tightness or seizure

Converter fluid temperature must not con-
tinuously exceed 220 deg.F. Check converter
heat exchanger and engine cooling system in
general for restrictions

Check whole of converter fluid system for
*source of air inlet. Stop engine and make
further check; an air leak in the feed line will
not always show itsellf when engine is running,
Remove and clean orifice filter

Refer to “Low base pressure’ in item |

Check for any tightness or overheating in train
transmission which may cause overloading of
engine and converter

Remove converter, dismantle freewheel unit,
and renew defective components
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SYMPTOM

POSSIBLE CAUSE

ACTION

REFER TO

OR CONDITION PAGE
3. Clotches failing 1o Low clutch operating pressure Check pressure on gauge. Maximum pressure _
engage should be 150 p.s.i.
Lubricating oil relief valve stuck | Remove and clean relief valve &
in control valve body
Clogged oil sump filter Remove sump cover and clean filter L]
Sticking dump valves Remove sump cover, rotate cluich carrier,
remove dump valves, and check for free move-
ment, Each clutch has two dump valves &

4. Mo converter drive
or direet drive

Defective clutch pump

Defective 0" rings on hydraulic
clutch pistons

Faulty control valve

Refer ‘to other| possible causes
under item 3 f

Distoried clutchiplates cansed by
overheating

Remove converter and renew pump

Remove converter from installation. Dismantle
clutch pistons and renew ‘0" rings

Check correct operation of control valve

Remove land dizsmantle Renew

defective clutch plates

gonverter,
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BRIVE SHAFTS
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SECTION 1 .. DRIVE SHAFTS — HARDY SPICER

The Hardy Spicer drive shafts for the fan, auxiliary gearbox and final drive are of orthodox
design.

Regular lubrication of the needle roller bearings and sliding joints is important.

The drive shaft for the fans and the engine auxiliary gearbox should be lubricated with oil
SAE.250.

The final drive propeller (cardan) shafts should be lubricated with a lithium base
grease containing a minimum of 3 per cent Extreme Pressure additive.

DISMANTLING

Snap ring type — fan and auxiliary gearbox shafts
To remove the sliding joint from the splined shaft, unscrew the knurled dust cap and pull
back the cork washer.

Remove any dirt and paint from around the snap rings.

Carefully remove the snap rings from their grooves, using suitable pliers. A tight ring may
be eased by tapping the end of the bearing race to relieve the pressure on the ring.

To remove a bearing, hold the joint squarely and tap the upper voke lug sharply with a soft-
faced hammer (fig. 1); the bearing should then emerge from the lug being apped, after which
it can be withdrawn with the fingers (fig. 2) or, if tight, carefully driven out from the inside with
a small drift (fig. 3),

Remove the opposite bearing by repeating the operation. The two halves of the joint can
then be separated.

47 sa72
Fig. 1 Tapping yoke to remove bearing roce Fig. 2 Bearing race removed




s Fig. 4 Drifting spider to remove hearing race

Fig. 3 Driving onut bearing roce

Remove the spider from the yoke to which it is still attached by supporting the two exposed
spider trunnions on wooden blocks and withdrawing the two bearing races still in position by
the same procedure.

Bearing cap type — final drive cardan shaft
Detach the sliding joint from the main shaft by removing the dust cover completely
and pulling back the cork washer.

Bend back the lockplate tabs, unscrew the setscrews and remove the bearing retaining caps;
this exposes the blank ends of the bearing outer races.

Using a soft metal drift of slightly smaller diameter than the race (fig. 4), drive out the lower
bearing by tapping the upper bearing inwards as far as possible, until the spider fouls
the bottom lug of the yoke.

Finally, tap out the lower bearing from the inside, using a small drift,

Invert the joint and remove the opposite bearing by again driving the spider as far as possible,
and then tapping out the bearing from the inside.

The two halves of the joint can then be separated.

Remaove the spider from the yoke to which it is still attached by supporting the two exposed
spider trunnions on wooden blocks and driving out the remaining two bearings as described in
the preceding paragraphs.
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INSPECTION
Clean the components before inspection,

The parts most likely to show signs of wear after long service are the bearing races and the
spider journals. Should looseness in the fit, load markings, or distortion be observed, renew the
complete unit, Worn needle bearings used with a new spider journal, or new needle bearings
used with a worn spider journal, will wear more rapidly, making another renewal necessary in
a short time.

It is essential that the bearing races are a light drive fit in the yoke trunnions.

In the event of wear having taken place in the yoke cross holes, the holes will show ovality
and the yoke must be renewed.

In the case of wear of the cross holes in a fixed yoke, yoke and tube or voke and
shaft assembly, the complete assembly should be renewed in each case.

Other parts likely to show signs of wear are the splined sleeve yoke and the splined stub. A
total of 0.004 in. circumferential movement, measured on the outside diameter of the spline,
should not be exceeded. Should the splined stub shaft require renewing, this must be dealt with
in the same way as the fixed voke, i.e. a replacement tubular shaft assembly fitted.

ASSEMBLING

Insert the spider into the yoke with new gaskets and retainers in position on the spider
trunniens. Where the spiderlubricating nipple is at an angle, position the spider so that the
lubricator points towards the drive shafil

Carefully tap each bearing into position, using a soft round drift slightly smaller in diameter
than the yoke holes.

On the snap ring type, drive in the bearings until the snap rings just fit into the grooves.

On the bearing cap type, drive in the bearings until they are flush with the outer surface of
the yokes with the slots in the top of the races in line with the bearing cap screw holes.

Fit the bearing caps and ensure that the keys on the inner side of the caps engage the slots
in the top of the races. Tighten the screws securely, and bend over the tabs of the lockplates.

If a joint appears to bind, tap lightly with a wooden mallet, which will relieve any pressure of
the bearings on the end of the journal.

When replacing the sliding joint on the shaft, ensure that the arrow on the splined sleeve yoke
is in line with the arrow on the splined stub shaft. This is important as the trunnions of both
Joints must be in line.

After assembly, lubricate the bearings and sliding sleeve with the specified lubricant.

To prevent excessive pressure of grease bursting the trunnion gaskets. the spiders on the joints
of the main propeller (cardan) shaft are fitted with a pressure relief valve situated in the centre
of the spider. Grease exuding from this point indicates that the trunnion bearings are
fully lubricated.
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FINAL DRIVE

SECTION 1 .. WALKER REVERSING GEARBOX

Railcars E50000, ES0988 to E51007 and E51154 to E51173






FINAL DRIVE

T.5.D. 366, B1390

SECTION 1 .. WALKER REVERSING GEARBOX

DESCRIPTION
The engine power is transmitted to the driving wheels through the reversing final drive gearbox.

A spiral bevel gear on the end of the input shaft engages two facing contra-rotating bevel
gears on the clutch shaft. Either of these two bevel gears can be made to drive the clutch shaft
by engaging a sliding dog-clutch, thus determining the direction of rotation.

The clutch shaft is in turn connected to the driving axle by two helical gear pinions arranged
as a reduction gear.

Forward or reverse gear is selected by the sliding dog clutch, the position of which
is controlled pneumatically from the driver's cab, or manually by a lever on the gearbox. The
lever can be pinned in the neutral position.

BEVEL GEARS DRIVING AMLE

TORGQUE ARM FACING

INPUT SHAFT ’ L I :
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Fig. 1 Cross section of gearbox

1
Section [




LUBRICATION

Recommended oil .. A first quality Extreme Pressure gear lubricant of 5.A.E. 90 viscosity,
Capacity o .. Approximately 8 Imperial gallons.

The first oil filling must be made at the top filler orifice above the clutch shaft. This ensures
the filling of the oil tray under the spiral bevel gears before the oil overflows to fill the sump to
the indicator elbow level.

Subsequent oil fillings and replenishings are to be made through the oil level indicator elbow.

RUNNING MAINTENANCE

Weekly or every 2,500 miles
Check the oil level and top up as necessary.

Monthly or every 10,000 miles
Drain the oil and refill with the recommended oil.

Remove the dust covers on the reversing lever toggle mechanism, visually inspect for damage,
and relubricate before replacing the dust covers.

Visually inspect the exterior of the gearbox for cracks and oil leakage.

Check all securing bolts for tightness,

DISMANTLING
Remove the drain plug from the gearbox casing under the driving sxle and drain off the oil.

Place the gear selector arm in the neutral (central) position and lock with the locking
pin provided.

Remove the ten 4 in. B.S.F. nuis from the studs securing the input bearing housing to the top
portion of the gearbox casing and withdraw the input shaft assembly complete. Remove the
adjusting shims from the mating face.

Remove the two clutch shaft end covers, marking them to ensure correct replacement.

Remove the flange bolts securing the top portion to the centre portion of the gearbox casing,
and lift off the top portion,

Remove the four  in. B.S.F. nuts securing the indicator switch housing to the gearbox casing
and withdraw the switch housing assembly complete,

Remove the locking nut and adjusting screw from the selector rod retainer, and withdraw the
spring and plunger.

Remove the two locking bolts securing the striking fork to the selector rod and slide
the selector rod out of the gearbox casing, taking care not to damage the oil seal. Lift out the
striking fork.

The clutch shaft assembly can now be lifted out complete.
Clean out the internal oil tray and the lower half of the gearbox casing.

Secrion |
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INSPECTION
Ensure absolute cleanliness by washing all parts in diesel fuel or clean paraffin.

Do not remove the bearings and gears from the shafts unless subsequent inspection indicates
that they should be renewed.
Input shaft and clutch shaft

Examine the ball and roller bearings for excessive wear, cracked and chipped races, broken
balls and rollers, damaged cages, and for evidence of races having turned in their housings or
on shafts.

Check the bevel gears and the pinion teeth for cracks and chipping.

Check that the sliding clutch moves freely on its splines and that the engaging dogs
are not damaged.
Driving axle

Remove the end covers and examine the labyrinth oil seals for damage and scoring. Ensure
that the end covers do not foul the oil flingers on the shaft,

Inspect the roller bearings for cracked or damaged races, chipped or broken rollers
and damaged cages.

Examine the helical gear teeth for cracks and chipping.

Replace the end covers and check the end float on the driving axle, which should be between
0.006 and 0.008 in. Any excess movement can be taken up by the removal of a shim or shims
from the endplate mating faces.

Gear selector
Ensure that the gear selector rod slides freely in its bushes,

Examine the twa keys for excessive wear and theck that they are'a good fit and not loose in
the keyways (fig. 2).

: e _!l':_ eham, ac45°
=t
| M —]
KEY fﬂ‘rﬂd j ﬁ'l
NDHCATOR SWITCH
HOUSING ™= ___ [ = % T

-
f&m%‘%

Fig. 2  Indicator switeh housing and selectior rod 4

GEAR
SELECTOR ROD
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Section {




Examine the oil seal for any signs of oil leakage, and renew if necessary on assembly.

Check that the selector rod retainer plunger slides freely in its sockel, and ensure that the
spring is free from corrosion and not distorted.

Examine the striking fork for cracks and damage, and if it shows excessive wear on
the working surfaces it should be renewed.

External mechanisms
For maintenance instructions on the diaphragm chambers and the indicator switches refer to
the appropriate Westinghouse publication.

Remove the dust covers and examine the toggle mechanism on the reversing lever for damage
and wear on the pivot pins and bushes. Renew where necessary, Ensure that the spring and
the moving parts are free from corrosion and relubricated before the dust covers are replaced.

ASSEMBLING

Lower the clutch shaft assembly into position, engaging the pinion teeth and locating the
shaft roller bearing against the housing at the pinion end.

Ensure that the gear selector arm is pinned in the neutral (central) position and place
the striking fork in position on the sliding clutch, locating the aperature at the top of the fork
over the rounded end of the selector lever.

Carefully slide' the selector rod through the ail seal in the switch housing aperture on the side
of the gearbox casing and guide the rod through the striking fork into the bearing bush on the
opposite side,

Line up the locating bolt holes in the striking fork with the two matching grooves in the rod,
insert the two locking bolts from the far side, tighten and lock the nuts.

Lift the upper portion of the gearbox casing into position and fit the flange bolts securing it
to the centre portion.

Ensure that the slotted round nuts on the ends of the clutch shaft are tight and locked by their
tabwashers.

Replace the two clutch shaft end covers in their original positions, and tighten securely,

Lightly cil and assemble the parts of the selector rod retainer (fig. 3). Operate the gear
selector arm manually to determine the correct loading on the retainer spring, and lock
the adjuster with the locknut,

Check that the sliding clutch fully engages the dogs on each bevel gear, and that the selector
arm toggle mechanism snaps across firmly when the selector arm is operated.

Remove the two indicator switches from the switch housing and fit the switch housing to the
gearbox casing. Refit the two switches to the switch housing.

Fit the input shaft assembly to the gearbox casing and check the end float on the input shaft,
which should be between 0.006 and 0.008 in, Any excess movement can be taken up by
removing shims from the housing mating faces.

+
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Fig. 3 Selector rod retainer assembly

Refit the drain plug to the gearbox casing under the driving axle and remove the oil level plug
cap from the elbow adjacent to the driving axle.

Remove the oil filler cap from the top of the upper portion of the gearbox casing and pour
in a first quality Extreme Pressure gear lubricant of S.A.E. 90 viscosity until the oil level reaches
the top of the elbow adjacent to the driving axle. .

Refit the oil le';fcl plug cap and the oil lliller :ap.{ | J |

Section |
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GEARBOX — DATA
(TYPE R.F.28)

TYPE

R.F.28 Railcar Reverse and Final Drive
Unic.

MAX. INPUT TORQUE
3,000 ft. Ibs.

RATIO
2 : 61 (other ratios available).

LUBRICATION
One Hobourn-Eaton Bi-directional type
pump.

OPERATION
Pneumatic 60/75 Ibs. per sq. in.

WEIGHT
10 cwt. less axle.

GEARBOX — GENERAL DESCRIPTION

This unit is specially designed for heavy duty rail
traction purposes, and provides full reverse, enabling
the vehicle to be diiven in either direction at all speeds
provided by the gearbox.

The casing is & steel casting made in three portions
which are suitably dowelled to maintain accurate align-
ment. The forward and reverse gearing consists of a
spiral bevel pinion (made integral with input shaft)
meshed with two bevel wheels which are mounted on
the top shaft and is carried in the top portion of the
unmit. The bevel wheels are free on the top shaft, the
centre portion of which is splined carrying a sliding dog.
This is engaged with either one or the other of the bevel
wheels, depending upon the direetion of drive required.
A direction detector switch is incorporated to give
positive indication that the sliding dog is fully engaged.

The bevel wheels are carried on adequately proportioned
bearings which ensure accurate positioning. The top
shaft pinion is keyed on the top shaft and is in constant
mesh with a driving spur gear mounted on the axle.
Taper and roller bearings are provided throughout the

umit.

SELECTOR MECHANMNISM (See Fig. 5)

The selsctor mechanism consists of a fork which hts
into a groove in the sliding dog. The top end of the fork
15 fastened by means of set bolts (14) to a selector bar (13),
which is moved to the required position by air pressure
moving one of the two pistons (20) at each end of the
selector bar (15). The bar is held in position by air
pressure on the piston EZ'D}

A neutral detent is provided in the selector bar {13)
which should always be engaged by means of the

manually operated neutral lock if the vehicle is being
towed.

Should the main air supply fail at any time when
forward er reverse is engaged, remove the top cover of
the unit and with a suitahle lever move the selector bar
{15) into the neutral position, ensuring that the locking
plunger (9) in the neutral lock mechanism is positively
engaged before moving the vehicle.



1
2
!
']
5
&
T
B
L

|
SECTION THROUGH A.A II

SECTION THROUGH B.B.

Fig. 1L

0" Ring for Bush
Bush

Ol Delivery Pipe
Bolt

Waikher

Gl Pump Elbow
2l Pump Bracket
Drain Plug Washer
Draln Plug

il Filter

Mounting Plate
Qil Pump

Mt

Washer

Stud

Split Pin
Sloteed Mut
Stud

Pump Gear

Taper Fin

QL PUMP ASSEMBLYT

Fig. 1. VIEW OF OIL PUMP AND BASE PLATE



LUBRICATION
(See Figs. 1 and &)

The lubrication of the whole of the unit is carried out
by a rotary type bi-directional pump situated in the
bottomn portion of the case. The pump is driven by
means of a gear (Fig. 2, Item 19} which engages with a
driving gear on the axle (Fig. 6, Item 34). The oil is
pumped from the sump and is fed into an oil distribution
pipe situated in the top portion of the casing. The ail
distribution pipe has drilled holes so placed as to deliver
oil jets onto the bevel gears, at the same time lubricating
the bearings by means of o1l ways in the casings and
covers,

The base lubricant should be 1009, mineral oil of high
quality possessing a high resistance to oxidation and a
natural viscosity index of not less than 90.

When tested by LP. 114/35T the increase in acidity of
the oil must not be greater than 01 milligramme
KOH/gramme, the total acidity after oxidation must
not exceed 0-2 milligramme KOH/gramme.

In order to meet this clause and ensure satisfactory
operation in service it is advised that oxidation inhibitors
are included in the formulation.

The cil must also contain additives against corrosion and
preferably in addition it should contain additives against
frothing and must be consistant with the requirements
of a high quality turbine lubricant.

The viscosity of the lubricant shall also conform to the
following requirements,

CLIMATE
Arctic Temperate Tropical

Redwood Mo, 1

Viscosity at 140°F| 120-210  200-280

T-330

OIL CHAMNGES

First change 1,000 then every 30,000 miles.
This applies alsa to reconditioned gearboxes.
il capacity 5 galls.

OIL PUMP (See Fig. 1)

The oil pump is of the rotary type and because of its
simple and robust construction it can be depended an
to give trouble free service. Only if difficulty is ex-
pertenced with maintaining the oil pressure should the
pump be dismantled, and the parts inspected for
excessive wear and damage. Parts of the reversible
pump are not interchangeable, and therefore should the
pump fail an entirely new replacement pump should be
fitted.

REMOVAL OF OIL PUMP (See Fig. 2)

Drain the cil from the sump. Remove the nuts (13),
spring washers (14), and withdraw il pump assembly
from the gearcase. Tap clear the tapered pin (20) and
withdraw the pump gear (19). Remove pump elbow (6),
oil filter (10), split pin (16), and slotted nuts (17).
Remove the oil pump (12} from oil pump bracket (7).

REPLACEMENT OF OIL PUMP (See Fig. 1)

Fit the new oil pump (12) in position on the oil pump
bracket (7). secure with slotted nuts (17) and split pins
(16). Using bolts (4), secure in position the oil Alter (10),
and pump elbow (6), locking the bolts (4) with a suitable
wire. Press home the pump gear (19), and secure with
tapered pin (20). Replace the pump assembly into the
bottom portion of the gearcase securing with spring
washers (14) and nuts (13).



MAINTENANCE & ADJUSTMENT
(5ee Fig. 5)

The il level of the unit should be checked weekly by
removing p[ug from oil fller spout and topped up of
necessary.  External oil pipes should be examined

periodically for leaks,

An occastonal examination should be carned out on the
air pistons (20).
replace if womn or cracked. Normally the selector

Examine the piston seals (1) and

mechanism, pistons, selector bar, ete., can be remaved
and replaced without effecting the clearances of the
shiding dog, but the following check can be made to
ensure the correct clearances before I'(‘p]ﬂl'.ing the
cylinders. This clearance is measured between the air
cylinder (3) and cylinder eap (22). To adjust the
selector bar (15) to give correct engagement of the sliding
dog, slide the dog shifting fork assembly (13) together
with sliding dog inte engagement as far as possible, and

l.'.'|'|i|5t rr_'taining themn in this pnsiliun. fit an air q.rlinder
cap (22) piston (20) together with adjuster screw (18).

The adjuster screw is held by locknut (17}, and split pin
{(19). Check that there iz then a clearance of 015”020
between the air cylinder (3) and eylinder cap (22). The
eylinder cap can then be hitted. Repeat the operation on

the other side to check that the same clearance exists

there alse,

When new piston seals are being fitted or the pistons
are removed for examination, eylinder liners. seals and
pistons should be oiled before being replaced, preferably
with ‘OILDAG" Achesens's Colloidal Graphite, 1f the
gearbox has been standing without use for some time,
the pistons should be withdrawn and parts oiled as
described above,

Fig- 4. YIEY OF QlL PUMP LOCATED IN BOTTOM PORTION OF GEARCASE

1 Intermediate Portion of Gearcase
1 Haollow Dowal

1 il Pump
4 End Cover

5 Battem Partion al Gearcas
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OVERHAUL

GEARBOX~TO DISMANTLE

Important.

When dismantling ensure that all bearing outer
races are kept paired up with their inner races, as
these parts are selectively assembled and are
therefore not interchangeable.

REMOYING INSPECTION COVER (See Fig. 1)

Drain the sump, disconnect oil pipe unions, and remove
the external pipes. Remove bolts (14), and spring
washer (15}, and lift away the inspection cover (13).

SELECTOR MECHANISM (See Fig. 5)

Remove the bolts (7), spring washers (6), and withdraw
the locking plunger handle (12}, spring {10), plunger
guide (8) and the locking plunger (9).

Remove belts (26), spring washers (23), and withdraw
the air eylinder (3) with cylinder caps (22), gaskets (21),
pistons (20}, together with the adjuster screws (18),
locknuts (17), split pins (19}, and seals (1). Release the
locking wire, remove bolts and withdraw the switeh
operating bracket {Fig. 1. Item 10). Release the locking
wire and remove the baolts (14) from dog shifl:n.g bark
assembly (13) and withdraw the selector bar (13) from

the top portion of gearcase,

GEARCASE TOP PORTION (See Figs 1, 5§ and &)

Remove all the bolts securing the top portion (Fig. 1,
ltem 8) to intermediate portion of gearcase (Fig. |,
ltem 7). Remove the bolts (Fig. 6, ltems 14 and 24) and
spring washers from the top shaft end covers (Fig. 6,
ltems 22 and 43), and input bevel housing (Fig. 6,
ltem 1), Three bolts should be left in the bottom of the
top shaft end covers, secured in position to retain the
shims and outer races, whilst the top portion of gearcase
(Fig. |, ltem 8) complete with the oil distribution pipe
15 lifted away. REemove the du:g ahifting: fark asumbl}l
(Fig. 5, ltem 13), top shaft (Fig. 6, ltem 21), and input
bevel housing assembly (Fig. 6, ltem 1). Remove the
remaining bolts from the end covers (Fig. 6, ltems 22
and 45), keeping shims, and outer races together. It is
not advisable to dismantle these assemblies as
they have been carefully adjusted to give correct
clearances for the bearings and bevels.

10

GEARCASE INTERMEDIATE PORTION (See Figs.
1 and &)

The torque arm bracket {Fig. |, Item 5) can be with-
drawn by removing split pin (Fig. 1, Ttem 1), slotted
nut (Fig. |, Item 2), and washers (Fig. 1, Item 3). The
bolts (Fig. 1, ltem 4) are a drive fit and should not be
removed. Remove the nuts and spring washers from
oil pump assembly and withdraw it from the bottem
partion of the gearcase.

Withdraw all the bolts securing the intermediate portion
(Fig. 1, Item 7) to bottom pertion (Fig. 1, Item 6) of
the gearcaze. Remove bolts (Fig. 6, Item 41) and spring
washers (Fig, 6, Item 40) from the bearing thrust plates
(Fig. 6, Item 30). Two bolts should be kept Lghtly
secured in position on the hottom of each thrust plate to
retain the shims (Fig, 6, Item 31} and outer races (Fig. 6,
[tem 32) in pasition, whilst the intermediate portion of
casing 1s lifted away.

GEARCASE BOTTOM PORTION (5¢e Fig. 6)

Take the weight of the axle assembly (37) and com-
pletely remowve thrust plates (30), keeping axle half shims
(31) and outer races (32) together. The axle (37} can
now be lifted away from the bottom portion of the gear-
case (See Fig. 7).

GEARBOX-TO ASSEMBLE

First thoroughly clean all parts and make sure that all
oil ways and channels are clear, Note. Before fitting,
all joint faces should be first cleaned and then coated
with a suitable jointing compound,

GEARCASE BOTTOM PORTION (See Fig. 6)

Replace the axle assembly (37) into the bottom portion
of case (See Fig. 7). Re-fix bearing thrust plates (30)
on to the bottom portion of gearcase, and so retaining in
position axle taper roller bearings (32).
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FIG. Il. CASING AND COVERS



GEARCASE INTERMEDIATE PORTIOMN (See Figs.
1, 2 and &)

Re-fit the intermediate portion of the gearcase (Fig. 1,
Item 7) on to the bottom portion, locating with the
hollow dewels. The axle half shims (Fig. 6, ltem 31)
can now be replaced, and the bearing thrust plates (Fig.
6, Item 30) secured in position, first ensuring that there
15 a ‘04/5" end float on the axle assembly, Re-ft
the oil pump assembly (See Fig. 2) into the bottomn paor-
tion of the gearcase and secure in position, ensuring that
there is backlash between the pump driving gear (Fig.
6, Item 34), and the pump gear (Fig. 2, ltem 19).

Replace the torque arm bracket (Fig. |, ltem 5) ensuring
that it 1s p:rfnctly square in relation to the machined
surface of the intermediate portion of the gearcase. The
top shaft assembly end cover (Fig. 6, ltem 22) and
{Fig. 6, Item 43) can now be replaced on to the inter-
mediate portion of gearcase, and lightly secured in
position with three bolts (Fig. 6, ltem 24).

The top shaft and mput bevel assemblies can now be
replaced in the casing.

Replace the top shaft aszembly in position ensuring that
there 15 a ‘045" end Aoat.

The input shaft can now be replaced, and the shimming
checked by measuring the dimension between the face
of the input bevel pinion (Fig. 6, ltem 2) to the O/Dia.
of the sliding dog (Fig. 6, ltem 35) which should be
BB7". Locate the dog 5]1[fling fork into position on the
top shaft.

GEARCASE TOP PORTION (See Figs. 1, 5§ and &)

Replace the top portion of gearcaze (Fig. 1. Item 8)
ensuring that the dog shifting fork assembly (Fig. 3,
Item 13} 15 In its appruximah: wufl{ing puslliun, with the

dog shifting fork pads which are located in the grooves

Flg. 7. VIEW OF AXLE MOUNTED IN BOTTOM PORTION OF GEARCASE
1 Axils 4 Axle Gear T Pump Gear Driver
1 Thrust Plate 5 Axle Sleave B Pump Gear Driven
1 Baaring & Ol Pump

13



Fig. B. YIEW OF TOPF PORTION OF CASE AND PISTON

1 Meutral Lock 4 Seleccor Bar 7 Gasket
2 Inppection Cover § Eyobolt 8 Cylinder Cap
1 Dhirection Indicator Switch 4 Piston

Fig- . YIEW OF INFUT BEVEL AND TOPF SHAFT SHOWING LOCATION OF DOG SHIFTING FORK

1 Torque Arm A Tep Shalt Aszembly 5 Input Baval Agzembly
1 Dog Shifting Fark 4 Driving Pinion & Iapur Coaupling

14



in the sliding dog (Fig. 6, Item 33) on the top shaft
assemhbly. Lecate top portion with the hollow dowels,

replace bolts and secure in position.

Finally secure into position the top shaft end covers and
input bevel housing and note that the letters 5, C. G,
on all end covers are kept in an upright position, as this
ensures that the lubrication ports in the cases and covers

are in alignment.

SELECTOR MECHAMISM (Sce Fig. 5)

Slide the selector bar (13) into pesition in the top
portion of the gearcase, and secure it to the dog shifting
fork assembly (13) with the bolis (14). Locking the
bolts with a suitable wire, replace the switch operating
bracket (Fig. 1. Item 10) on to the dog shifting fork
!}O‘ltsl SECllriﬂE "u'\.'llh I-NJII.S ﬂnd EFT[nq WI:IEEL‘I.‘, ﬂn.d |Ml§.illg

balts with a suitable wire.

Replace the air cylinders (3) with cylinder caps (22),
gaskets (21), pistons (20) together with the adjuster
serews (18), locknutz (17), split pins (19), and seals (1),
securing in position with bolts (26) spring washers (23).
Replace the locking plunger (%), locking pll.:n.gcr handle
(12}, spring {10}, and plunger guide (8), securing with
bolts (7) and Spring washers (6).

TO REPLACE TOP COVER {Snu Fig. 1)

Replace the inspection cover (13) complete with indicator
switch (12) on to the top partion of the gearcase, ensuring
that the arm on the indicator switch is correctly located
in the switch operating bracket (10). Secure with beolts
(14), and spring washer (13).

Replace the external oil pipes and Al up the unit with

the correct grade of cil, ensuring that the drain plug (21)
has been replaced.

The sump will be at correct capacity when ail overflows
from the filler spout (200,

Fig. 18, YIEW OF COMPLETE UNIT MOUNTED

7 Incermediate Portion Gearcase 1

1 Input Coupling 5 Air Cylinder
1 Imspection Cover & End Covers
1 Indicator Switch

4 Top Portion of Gearcase 8 Thrust Plage
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oM AXLE

? Axle

10 Bottom Portion of Gearcass
Filler Spout

11 Drain Plug
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R.F.28 PARTS LIST

Fig. 6. (Sectional Elevation Through Final Drive)

Ref. Ma. Part Mo, Description No. off
1 31599 Input bevel housing 1
2 31549 Input bevel pmlon 1 1

31611 Qil scoop 1
3612 Gasket—oil sw-np 1
30422 2 B.A. bolt (oil scoop to lnput huusmg] 2
30620 +" B.S.F. plug 1
3 31601 Ol seal housing v i 1
4 26302 Oil Seal ... Part of bevel input 1
5 32124 Washer—lacking rlng = housing assy. 3765, 1
6 11339 Washer—nut see jtem 1 1
7 19069 Splie pin 1
8 11338 ut i
2 11943 Key—cou pllng Ha.nge 1
10 32113 Locking ring : 1
11 16725 Taper roller bearrng 1
12 16354 2" B.S.F. bolt ... | Oil seal housing b
13 17330 $" dia. spring washer [to bevel housing | : &
14 30081 3" B.S.F bolt v+ | Input bevel housing ... &
15 17334 4" dia. spring washer [ to casing [
16 31594 Shims -002"
31595 Shims -005" »Input housing to casing ... As reqd,
31596 Shims -020°
17 31600 Distance rlece Part of bevel input 1
18 16852 Taper roller bearing housing assy. 3765 1
37427 Input coupling ... Assy. 4384, 1
37395 Sleeve for input coupling Not supplied separa:el}r 1
19 31609 Set bolt ... Part of top shaft ass}r 4365 12
20 12534 4" B.5.F. bolt {mlle-:tnr rmg to hub} see jtems 35, 27, 42, 46 ... 12
21 37204 Top shaft ... 1
22 37142 End cover (top shaﬁ:} 1
13 37243 Oil thrower (part of rup shaft assy 4355] 1
24 12689 " B.5.F. bolt End covers o 12
25 17332 " dia. spring washer ... [ casing 11
16 16724 aper roller bearing : 2
7 29999 Roller bearing ... »Part of top shaft 2
18 31565 Distance piece ... | assy. 4365 2
9 19993 Roller bearing 2
30 37153 Bearing, thrust plate—axie 2
3 37158 Axle, half shim ... et 4
32 16717 Taper roller bearing Axle assy. 2
33 37313 Spacing piece 436602 ... -, 2
34 37244 Pump driving gear... | ; 1

17




Ref, Mo. Part MNo. Description Mo, off
35 31551 Sliding dog (part of top shaft assy. 4365} 1
36 37248 Sleeve for axle ... i 1
37 Axle 7| See Special Notes at end of ... “ 1
38 Gear [ Parts List v P Axle assy. 1
39 37254 DJI thrower i o | 43662 2
40 17334 " dia, spring washer Bearing thrust plate 16
4 30081 " B.5.F. bolt to casing 16
4] 31560 il collector ring ... Part of top shafc i 2
43 31561 Qil thrower }assy 4365 1
44 31585 Shim -002"
31586 Shim 005" »Top shaft end covers As reqd.
31587 Shim -020”

45 31567 End cover top shaft 1

46 31559 Bearing retainer plate .. 1

47 31563 3" B. S% bele (retaining plate to mp shaft‘j ... | Part of top shaft 4

48 31604 Ke:,r (driving pinion) ... ... v eew passy. 4385, see 1

49 Driving pinion ... .. | Special Notes at 1

50 31572 Bevel hub ... .. e oee | end of Parts List 1

51 31550 Bevel wheel et Wi e o 1
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Fig. 1. (Vertical Section along Axis of Input Shaft)

Ref. Mo. Part Ne. Description Ma. off
1 17964 " dia. % 2" long split pin (torque arm bracket to casing) ... ]
2 17300 * B.S.F. slotted nut (torque arm bracket to :‘asmg] 8
3 15286 * dia. plain washer (torque arm bracket to casing) .. )
4 41050 * B.5.F. bolt (torque arm bracket to cailng] 8
5 7 orque arm bracket 1

39697 Torque arm . ver 1

38812 1 B.5.F. bolt {spemal} -\ Torque arm to ... 4

17301 B.S.F. slotted nut bracker ... o

19065 Split pin &5" dia. x 2° Iung o h 4

15287 2" dia. plain washer (Torque arm to bracket]l 4

& 39815 Gearcase (bottom pﬂl‘l‘,l-un] {P:art of ass}r ASSE?} 1
10873/2 " B.S.F. bolt : 4
11378/ * B.S.F. bolt 3

16284 * B.5.F. bolt 4

379 * B.5.F. bolt 4

41186 " B.5.F. bolt wei we #Intermediate to botrom casing 5

17332 * dna spring washer T | A EU o e L 7

19033 3 d .C. spring washer 4

17335 3" :ha. spring washer 9

14994 %" dia. plain washer 2

17947 +" B.S.F. plain nut ; i

7 39816 Gearcase (Intermediate purtmn} Part of assy 1
8 39817 Gearcase (Top par:lun} AS5569 1
1087312 *B5.E ot LY £ 2
113782 " B.S.F. bolt 2

16284 * B.S.F. bolt "

37318 " B.5.F. bolt 4

3731% * B.5.F. bolt vt s plntermediate to top casing 2

37320 * B.S.F. bolt . 2

17332 +" dia. spring washer 11

19033 ® dia. spring washer 4

17335 * dia. spring washer B

17947 * B.S.F. plain nut 2

12666 " BSF. bolt wes-s | Switch operating bracket 2

17330 " dia, spring washer ... [ to selector fork )

9 30083 reather body S 1
30084 Breather cap w pAssy. 4102 1

17531 +" B.S.F. bolt 1

17329 g’; dia, spring washer ... ... 1

10 42570 witch operating bracket 1
1" 4365 Assy. of top shalt, see Fig. & 1
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Ref. Mo, Part No. Drescription Mo, off
12 AS5561 Direction indicator switch = 1
41248 Gasket for direction indicator switch ... 1
AS562 Direction Indicator cable and plug unit 1
13 43569 Inspection cover plate o 1
#1213 Inspection cover plate gasket 1
32602 Cover plate 1
41199 Hollow dowel g
17824 Mame plate : - — 1
32619 Interlock indicator pla:e 1
17337 Drive screw Mo, 4 x 16
41196 Direction indicator p ate 1
17531 " BS.F bole .. ... | Indicator switeh to 8
17319 " dia. spring washer ... [inspection cover B
14 19584 rl B.5.F. bolt «o. | Inspection cover plate 10
15 17332 dia. spring washer ... ['to casing 10
16 41042 Bll distribution pipe | Ass 1
37314 Qil feed elbow joint }MS):SE 1
17 30076 3" Whit. eyebolt 3
18 3765 Hssr of bevel Inpu: huustng—&eg Fig. 6 1
19 43662 Assy. of axle—See Fig. & : 1
20 37255 Cil filler spour ... 1
14254 " B.5.F. bolt Oil filler to 2
32612 " B.5.F. bolt bottom mslng 2
37156 Gasket for il filler 1
17330 E} dia. spring washer (oil filler to bottom casmg:l 4
30078 il filler plug 1
30079 River 1
11415 Drain plug and filler plug washer i 3 2
30077 OIl filler plug chain & 1
P 11414 Drain plug .. 1
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Fig. 5. (Selector Mechanism)

Ref, Mo, Part Mo, Ducrlpdun Mo, off
1 11716 Piston seal .. 4
17330 " dia. sprlng washer Cil feed elbow joints ... 4
1087311 " BS.F. bolt to cai[ng 4
2 EYFLY| Liner for air cylinder : 2
3 37250 Fvnrmrd and reverse air qulndl:r o i
4 17329 * dia. spring washer ... 7| Neutral lock sleeve 4
5 14377 * B.5.F. hex. headed bolt A 4
& 17329 +" dia, spring washer . | Locking plunger gurde 2
7 22694 g; B.5.F, hex. headed bolt | to sleeve s 1
8 12572 uide for locking plunger 1
9 31558 Locking plunger ... 1
10 18310 Spring for locking p!unger 1
1 41043 Sleeve for neutral lock 1
12 18509 Handle for lecking plunger 1
31667 Rivet pad to dog shifting fork ... 4
31557 Pad dog shifting fork ... <o PSSy, 4714 !
13 J1555 Diog shifting fork ... 1
14 41047 Baolt for selector fork 2
15 41041 Selector bar 1
16 37314 Bush for selector bar ... it 1
17 19621 3" B.S.F. hex. locknut ... 1
18 37157 Adjuster screw 2
19 19069 5P|JII pin, " dia, x 2" f¢ng i
20 37152 Piston i z
1 31436 Gasket for air c}fllndEr 2
2 19618 Cylinder cap ol 2
3 17330 r}" dia. spring washer | ...7 Air sylinder cap to 12
24 15276/4 " B.5.F, hex. headed bolt [ air cylinder 12
25 17332 " dia. spring washer .| Air cylinder to - &
16 21851 " BS.F. hex. headed bolt [casing .. 6
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Fig. 2. (Oil Pump)

Ref. Mo. Part Mo, Descriprion Mo, off
1 26279 ‘0’ ring for bush ... ... 1
2 35088 Bush 1
3 32601 Oil delivery pipe ... 1
4 33311 " B.5.F. bolt ... | Filter and Elbow to oil 4
5 15608 " dia. plain washer [ pump 4
6 19637 Elbow for oil pump 1
) 37316 Bracket for oil pump !
8 17343 Drain plug washer 1
7 17342 " B.5.P. drain plug i 1

10 32603 il fileer ... ... | Mot supplied +Oil pump assy. 1
1 32604 Qil filter mounting plate... [ separately 4367 1
12 3143 Hobourn-Eaton reversible pump i
13 18753 3" B.S.F. nuts 8
14 17332 " spring washer ... 8
15 10100013 !’ B.S.F.studs ... 8
16 17361 plit pin %" x 13" long 2
17 3737 " B.5.F. slotted nut Oil pump bracket 1
18 33310 "BS.F ostud .. )
19 29639 ump gear ... 1
20 33309 Taper pin ... 1

Locking wire
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Oil Pipe and Fittings

Ref. Mo. Part Me. Description Ma. off
36045 Banjo bolt . 1
36043 Banjo union 1
34881 Dowty sealing washer }" BS.P. 2
37326 Pipe clip ... 2
37878 Dowty sealing washer, * BSP. 2
37399 Unien (§" % ¢ BS.P) ... 1

36004/5 Aeroquip end fitting {stmught} 1
36007 (4 Aeroquip end ficting (1357) .#..ssy an IH ol pump 1
36053 /4 Aerogquip hose (20-5" Iang}l to gallery pipe ... 1
7N Qil pipe (3" o/d) 1
19050 Unien nut 1:} B 5. P_ Ass;n 43?0 GE“EF}" pipe_ m bearmg 2
15049 Union nipple (3" B, 5 P} j 2
34875 Dowty sealing washer 4
364023 Union (3" BS.P) ... 4
37324 Oil feed elbow joint e o 1
17342 Plug, " B.S.P. ... : : 1
41049 Oil pipe (" o/d) ... 1
19050 Union nut (" B.5.P.) .Fv.ss]r A5582 Gzlter;.r pnpe to bear| ng... 2
19049 Union nipple (§" B. 5 P] el 2

SPECIAL NOTES
PARTS WHICH DIFFER FOR EACH GEARBOX

When ordering these compenents Unit Mo, and List Mo,
of gearbox must be quoted.

AXLE . [See Fig. 6, ltem 37)

AXLE GEAR ... (See Fig. 6, ltem 38)
DRIVING PINION  (See Fig. 6, ltem 49)
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T.5.D. B66/B13%) CONTROLS

SECTION 1 .. CONTROL SYSTEM

Railcars No. ES0988 to E51007 and E51154 to E51173
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THROTTLE CONTROL
VALVE

SWITCH CLOSES WHEN
DM ISOLATING SWITCH

ISOLATING VAL
SWITCH

RELAY REFERENCE Nos. |
R FINAL DRIVE 1 (LAMP) NORMALLY OPEN 5™
MECHANICALLY OPERATED SWITCH
R2 LOCKOUT NORMALLY CLOSED _g==y__
r P n EADMANS NommawLy open —2Le—
SPEED RANGE CHANGE .
-1 remore) NCE < < RELAY CONTACTS
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™~ VAN P - = g
7 \ / L% RS SPARE SPACE
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. ! ) i LN Ré FINAL DRIVE 2
\ £Y
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19
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5 o)
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T.5.D Bo6/BIA9) COMNTROLS

SECTION 1 .. CONTROL SYSTEM

Railcars No. ES0988 to ES1007 and E51154 to E51173

Each power car is driven by two Rolls-Royce CB.NFLH oil engines, through a transmission
system consisting of two Rolls-Royee DFR 10.000 Ms 500 torque converters and two ‘Walker
Brothers® reversing final drives of 2.88:1 ratio mounted on the axle bogies, The torque converter
has a torque ratio of 5:1 at stall, varying gradually with reduction of load to 1:1 when
it is automatically changed to a solid direct drive.

The railcars are designed to run in multiples of three cars, comprising power car—trailer—
power car, up to @ maximum of nine cars. Thus the maximum number of engine-converter
units per train is twelve, Each power car has a driving cab at one end. The trailer is without
cab and carries through wiring and piping to other power cars.

Driver control of engines and transmissions of the railcar set is carried out by electrical and
pneumatic means, rack control being fully graduable. Automatic safeguards are provided should
fault conditions arise. A description follows of the circuitry and operation of this control system.

Battery swilches

A switch on the underframe connccts the battery of that car with all focal positive
and negative leads. A selector switch in the cab, operated by Yale-type key, connects these local
wires to'the respeetive train positive and negative wires 37 and 36.  Thus any baltery can be
chosen to energize the train wire system.

lsolating valve switch

This switch is fitted in the cab and is operated by a removable handle so that only one switch
per irain set is energized at one time. [t is a combined pneumatic and electrical switch. In the
off position, the pneumatic portion shuts off both the main reservoir pipe and the rack control
pipe. isolating the self-lapping contact unit and the rack controller in that cab.

Electrically, train wires 37, 36, 39 and 34 respectively for positive, negative, start and deadmans,
are isolated from the cab wiring system. Engine speed indicator heads ar= also isolated through
this switch. Fused positive wires lead from it to the neutral-drive selector (wire S8), the self-
lapping contact unit and commaon stop (wire 87), the forward-reverse selector (wire 86) and the
deadmans switches (wire 85).

Engine isolating switch

One of these is provided per engine and is mounted on the underframe. It isolates the whole
of the engine running circuit from its local positive feed and can thus be used to prevent a faulty
engine from being started or run.

Fire control circuit

This is a *Graviner” control box, Before an engine can be started it must be switched into
circuit. In case of overheating or presence of flame, a positive feed is applied to wire
81 energizing the stop sclenoid and thus stopping the engine. A warning bell and fire
extinguisher are also brought into operation.

3
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Engine control panel

This incorporates twelve blue lamps and three push buttons. On switching on the battery
isolating and selector switches energizing wires 37 and 36, lights in all cabs corresponding to
engines on the train set will glow brightly, any remaining lights for which there are not
equivalent engines will glow dimly. On engines being started, the corresponding lights will dim.
Should a fault eccur in an engine, causing a shut-down, this will be indicated by the light con-
cerned glowing brightly. A light being extinguished can only be caused by a faulty bulb
filament. The lamp covers are rotateable to decrease the intensity of the light, so that the driver
will not be distracted when night driving., As all train lights are in circuit, no ‘light test button’
is required.

Of the three push buttons, one is the common stop button which, when depressed, will stop
all engines in the train set simultaneously, and the others are start buttons, one starting
all engines down the lefl side of the train and the other all engines down the right side. These
two buttons are interconnected, so that if both should be pressed at the same time, no current
will flow and thus batteries will be protected from the strain of starting two engines at once.

MNEUTRAL DRIVE RIGHT LEFT
ISGL;.'EH‘ EH?.F.L\"E e ?TT;? sHT-"-:g
---- . FLISE De— 37
7 : P '
LL ™
b : TRAIN WIRE 2
(N N '
TO TRACK START 19 TRAIN WIRE | _

3713

Engine running eircuil

On starting a L. H. engine, from the cab via wire |, or locally via wire 39, then wire 1A is
energized. This passes to the fire control box, which energizes wire 75 leading to the start relay
R9 which closes its contacts. Local positive current from the engine isolating switch is then
taken through wire 78 to the starter isolation box. The second pair of contacts of this relay pass
current via wire 83 to the rack cut-out magnet valve and to the stop relay R13, de-energizing
the stop solenoid. The isolation box contains a Smiths variable relay actuated by the engine
tacho-generator, cutting in when engine speed reaches 250 r.pom., together with a secondary
relay, Wire 78 passes via the normally closed contacts of this relay to the starter motor solenoid,
thus starting the engine. The second pair of contacts of this relay are normally open, preventing
passage of current from the local positive wire.

TRACK FIRE 2T
START CONTROL RELAY STARTER
JHMIT ot ISOLATION
TRAIN WIRE | A | i35 | g - LINIT
¥ ] =X P
i9 ek STARTER MOTOR
— 9
ENGINE &
ISOLATING STOR L+
SWITCH RELAY
peneea a3 LB
L+ = gy X

[l B

Ly

=

I"Hﬂﬂ ‘—I‘ 81  STOP SOLENCID

RACK CUT-0UT MAGMET VALVE e

4

Section [




T.5.D, B66/BI8M CONTROLS

On reaching 250 r.p.m., the secondary tacho-relay breaks the supply of current to the start
solenoid and at the same time passes a signal to wire 67, through the common stop contact to
wire 70 and the oil pressure and coolant level switches. If the engine has started, sufficient oil
pressure will be present to close the pressure switch and energize wire 74 and light relay R10.
This opens a pair of contacts to break the train positive wire 37 leading to light wire 13 and thus
cause the light to dim as soon as the engine has started, reached 250 r.p.m. and has indicated
oil pressure. The other pair of contacts on this relay close, joining the local positive wire to
wire 77. This passes current via the local stop button to wire 83 which allows R13 to remain
energized and thus the engine to continue running.

STARTER
ISOLATION
UNIT
...... v STARTER WATER olL
LEVEL  PRESSURE  LIGHT g7 FUSE  RESISTANCE
SWITCH  SWITCH ”-:'-I-;-"' T+
H H T4 Mo, |
g_L EMGINE
s i
COMMON STOP LB1I 7 STICK NT::;DR
RELAY R4 CIRCUIT
T E| % -
s

Low oil pressure or coolant level will cause an engine immediately to stop, by breaking the
circuit to relay R10, Pressure on either the common stop button in the cab ar the relevant local
stop button will also break this circuit and stop. the engine. Pressure on the common
stop button should be maintained until the brightening of the engine lights shows that engines
have stopped.

Rack control circuit

Engine speed is varied by opening and closing the rack which controls the metering of fuel by
the injector pumps, This is done via an all-speed governor, itself controlled by a prneumatically
operated actuating cylinder. Air pressure to all actuators in & train is carried by a continuous
rack control pipe. The pressure in this pipe is varied, and thus speed of all engines is controlled
by means of a manually operated control valve at the driver’s desk. This valve is infinitely
variable between idle and full rack positions.

When the rack control valve in the cab is operated to increase engine speed, air is fed from
the main reservoir pipes to the rack control pipe. The pressure in the latter is raised and
immediately moves the inlet piston of the self-lapping contact until, towards the cenire, it closes
the inlet electrical contacts. This passes positive supply current from the isolating switch
terminal SC7 to train wire 28, which causes inlet valves of all electro-pneumatic magnet valve
units in the train to operate. These admit main reservoir air to the rack control pipe at each
car of the train set. At the same time, air bleeds between inlet and exhaust pistons of the self-
lapping contact unit, via the by-pass choke. When pressure in the rack control pipe has been
equalized these pistons will centralize, breaking electrical contact with wire 28 and stopping
further ingress of air to this pipe.

On moving the rack control handle towards the closed position, pressure in the control pipe is
reduced. A similar function to the above then takes place at the contact unit, the exhaust piston
of which is moved towards the centre, energizing wire 29 and thus operating all exhaust valves
of the magnet valve units. These connect the rack control pipe to exhaust at each power car.

Secrion |




When a lower pressure has been obtained throughout the control pipe to give the desired
reduction in engine speed, the equalization of pressure at the contact unit will once again cause
its contacts to open, breaking the circuit and de-energizing the magnet valve units.

Engine speed is thus able to be varied continuously and rapidly throughout a train, whatever
its length. An electrical failure in this system can be overcome by opening the by-pass cock in
the leading cab to the full through position. This will give pneumatic operation of all engines
direct from the rack controller.

Detents are provided on the controller corresponding to idling and full rack. Between these
positions a switch, controlling the rail speed at which the torque converter changes to and from
direct drive, is closed, energizing train wire 38, This closes a relay in the Smith-Stone lock-out
controller and fixes the track speed of a change to ‘direct’ at 37 m.p.h. and back to ‘converter’
at 30 m.p.h. A handle movement of 10 deg. is possible between the full rack detent and the
fully open stop, and in this latter position, wire 38 is de-energized and the lock-out controller
will then operate at 47 m.p.h. to direct drive and 40 m.p.h. back to converter drive. This will
permit maximum acceleration of the railcar. Greater fuel economy is possible when the change
to direct drive takes place at the lower speed.

Deadmans cirenit

Also included in the rack controller is a deadmans switch which energizes wire 34 when the con-
trol handle is depressed. This closes relays operating deadmans brake magnet valves in each
car of the train. This circuit, once broken by releasing the control handle, can’only be remade
at the controller by first returning the handle to the idle position. A push-button-type remote
deadmans switch is provided on the right of the cab and another set of contacts with the same
function is incorporated in the deadmans emergency isolation switch, to allow engines to be
driven at speeds above idling when this switch is operated.

OLATING DEADMAN'S
ISOLATING VALVE DEADMAN'S VALVE VALVE DEADMAN'S
SWITCH A sWYITCH RELAT BRAKE MAGMET
N e el Igem i TRAIN WIRE 34 R3 WAAYE
T+ S & (T ! o N ?_
bssmad L rrre
I T-
37 T

™ 2le

TiS

Rectifiers
Small arc quenching rectifiers are included on circuits 28, 29 and 53 to protect the contacts
of the self-lapping contact unit and the deadmans switches.

Drive selection, including "automatic lock-out’ operation

This is carried out in the cab by means of a two-position selector switch, giving ‘neutral® or
‘drive’. In the neutral position, positive supply from the cab isolation switch is passed via wire
SC4 to the common start buttons in the same cab, and via wire 84 to the isolation switch and
thence to train wire 39 and the local start buttons along the train.

In the drive position all starter buttons are isolated, thus engines can only be started with the
drive selector in neutral. In drive, a signal is passed through train wire 27 to all converter drive
magnet valves. These cause main air pressure to be applied to the hydraulic drive cylinder of
each converter. Converter oil pressure then actuates the associated clutch plates which engage
hydraulic drive.

i
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T.5.0. B66/B18%0 CONTROLS

Wire 27 also energizes the Smith-Stone lock-out controller in readiness for its operation. At
37 or 47 m.p.h., dependent on rack control handle position as previously described, the lock-out
controller connects wire 27 1o wire 26. This being a train wire, will synchronize the application
of all direct drives, Immediately a signal is given via wire 26 leading to wire 60, through
a normally closed pressure switch, relay R2 is energized and this breaks the feed to the rack cut-
out magnet valves, bringing engines to idle; direct drive magnet valves are also energized, feed-
ing air via choke to the direct-drive cylinder of each converter. As this requires approximately
40 p.s.i. to operate the clutches engaging direct drive, there is a slight delay whilst this pressure
builds up. The switch in the circuit to relay R2 will open when this pressure has increased to
60 p.s.i., re-energizing the rack magnet valves and bringing the engines up to the new speed
required for a solid drive to the axles. Thus, completely automaltically, a sequence ol events
occurs: (1) engines drop to idle, (2) direct drive is engaged, (3) engines speed up, This ensures
a smooth transition from hydraulic to direct drive.

TRAIN WIRE 27
ISOLATING VALVE SPEED RAMGE V COMVERTER DRIVE
geoco-Wena P, VALVE
SWITCH CJ-:IANGE 16 by el TRACK g__ EP
- rFmm—aa FUSE COMNTACTS o : SPEED -: SPEED
T4 :-I-l,' M—T—H—T—‘EDNTR&LLER.—— GEMERATOR
DEADMAN'S TRAIN ~ TRAIN WIRE 15 DIRECT DRIVE
COMTACTS WIRE T E.Pr. WALVE
LOCK-ouT Ll
RELAY R2 PRESSURE
T- DEADMAN'S FINAL DRIVE | SWITCH
i 06 RELAY A3  RELAY R7

L+ LEI » i THROTTLE ACTUATOR
g—l. EP, VALVE

The hydraulic drive magnet valve remains energized even when the transmission is in direct
drive, but the hydraulic cylinder on the converter is overridden by the direct cylinder. Thus,
when a return to hydraulic drive is signalled by the lock-out controller, breaking wire 26 and
de-energizing the direct magnet valve, hydraulic drive is immediately re-engaged. The engine
does not drop to idle but increases speed to that required for torgue converter operation.

AT

Forward/reverse selection

An electrical selector switch with *forward’ and ‘reverse’ positions only and incorporating a
mechanical baulk to prevent inadvertent operation, is situated in the driving cab. Positive
current is fed to it from terminal S6 of the isolating switch and this is passed to train wire 30 in
‘forward’ or 31 in ‘reverse’ positions. The corresponding magnet valve on each power car of the
train is then energized, allowing air to pass to the associated diaphragm chambers of each final
drive gearbox, thus selecting the required direction. The magnet valves concerned are con-
tinuously energized so that air pressure at the diaphragms is always present, maintaining
positive engagement,

A final drive indicator panel is also included in the cab, This consists of three blue lights,
which give warning in the same way as the engine lights. They glow dimly when direction has
been correctly engaged at the final drive boxes, and brightly in the case of faulty engagement.
These lamps are marked respectively T, | and 2. The *T" lamp refers to all final drives in the
train and ‘1" and ‘2’ lamps refer to the first and second final drive units of the power
car in which the lamps are situated.
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Two direction indicator switches are coupled to the sliding dog actuator shafts of each final
drive. With dogs fully engaged in forward or reverse, the main contacts of the respective switch
are closed and its back contacts open. In any intermediale position main contacts of
both switches are open and the back contacts closed. A signal will only pass to wire 61 or 62,
for final drive 1 or 2 respectively, if the indicator switch operated is that appertaining to the
direction selected in the cab. No signal will pass if dogs remain in an ‘end on end’ position or
if they remain engaged in the direction opposite to that selected.
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T+ 14 o]e ) - A
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In the case of No. | final drive, a signal on wire 61 will energize relay R7. This will close
contacts connecting wires 83 and 63. energizing the rack cut-out magnet valve and allowing the
engine rack to be opened. Also, on eénergizing relay R7, a second pair of contacts open. This
disconnects the train positive wire 37, from relay R1, which then opens both pairs of contacts,
These break the positive feed to (rain wire 32 and local wire 71, leading respectively to
the indicator lights for train final drives and the No, | final drive of that car. This local light
will thus change from bright to dim as the only feed to it is now via a resistance. Similarly with
Mo, 2 final drive, when in the correct direction, No. 2 engine rack is allowed to open and No. 2
local light will dim. When all final drives of a train are in the correct direction, train wire 32
will no longer give a signal and the final drive train light will also dim.

If, on selecting a change of direction, the train light does not dim immediately as some final
drive dogs may have moved ‘end on end’, then these can be made to mesh correctly by
the engagement of “drive’ for a few seconds with the rack controller at idle. This engagement of
hydraulic drive will apply sufficient torque to the final drive input to move the bevel gear and
allow the dogs to mesh. Until any final drive is correctly engaged its associated engine cannot
be raised above idle speed, its indicator light in the local cab and train lights in all cabs will
glow bright, By examining all cab lights the faulty final drive can be easily traced.

A lever with toggle action is provided on the reversing gearbox. This ensures that the final
drive dogs do not slowly disengage with slow build-up of air but move smartly when air pres-
sure overcomes the toggle spring. If air pressure should subsequently be lost, this toggle action
will keep the final drive dogs in the selected position. By manual movement of the lever it is
possible to pin any final drive in neutral, forward or reverse.

Electrieal control boxes

The 13 electrical relays required for the various purposes already described are housed in one
relay box mounted on the side of the underframe. There are two eleciro-pneumatic magnet
valve boxes similarly mounted. One contains valves controlling forward-reverse, converter drive,
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direct drive, and first engine rack idle. The other contains the rack pipe repeater valve unit, and
valves controlling the unloaders and second engine rack idle.

These relays and magnet valves pick up at 8 volts and are continuously rated at 30 volts. Thus
they will operate from a train wire under extreme conditions of voltage drop, yvet under high
charging conditions the windings will not overheat.

The Smiths starter isolation equipment for both engines is located in a single box on the
underframe, as is the Smith-Stone lock-out controller. This latter item connects to the normal
speedo-generator via the wheel adjustment box, The bare wire in this box is cut as the loading
of the controller unit is equivalent to that of a second speedometer head.

Two local gauge panels, one associated with each engine, are situated on the underframe side,
They each contain pressure gauges for engine oil, converter clutch oil and converter fluid, and
4 converter fluid temperature gauge.

Also at each side of the frame is a box containing one start and one stop button controlling
the engine at that side.

Compressor egquipment

A Type E10 compressor is mounted on each engine auxiliary gearbox and air from each is
drawn through air strainers and anti-freezers, compressed and passed to the main reservoir of
the car. A {in. check valve behind each compressor prevents air loss through an idle com-
pressor if one engine is stopped. A § in. check valve prevents air loss from the main reservoir
when compressors are unloaded.

Compressors unload when pressure in the train line reaches 100 p.si. An electrical governor
closes its contacls at this pressure, connecting train positive wire 37 to train wire 35.  This
energizes the unloader magnet valve, which passes air to the unloader and connects the com-
pressor supply to atmosphere. Wire 35 connects all governors on the train, thus all compressors
unload simultaneously when the first governor operates. When main air pipe pressure
has reduced to 85 p.s.i. the last governor to open will break the electrical signal to wire 35 and
all unloader magnet valves are de-cnergized. Unloaders then cause all compressors to be
re-connected to their main reservoirs.

In the case of a faulty governor failing to open, so that compressors continue to unload below
85 p.s.i.. the governor can be isolated by closing the associated isolation cock. At each main
reservoir is a safety valve which will operate at 110 p.s.i.. preventing any excessive pressure
build-up if a fault should occur. This safety valve can be tested by isolating the main
air reservoir of the car in question by closing the coupling cocks and also the governor isolating
cock to prevent the compressors unloading.

A dirt collector is situated in the line between each reservoir and the main air pipe. This and
the drain cock of the main reservoir should be opened at stated intervals to allow accumulations

to drain off.

MAINTENANCE

Instructions for the maintenance of the control equipment manufactured by the Westinghouse
Brake and Signal Co. are given in their catalogue M38/7,

9
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SECTION 2 .. CONTROL SYSTEM FOR BEDFORD - ST. PANCRAS RAILCARS

MISCIBLE WITH * BLUE SQUARE® STOCK

Railcars No. E51591 to E51650 and M51731 to M51780
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SECTION 2 . . CONTROL SYSTEM FOR BEDFORD -ST. PANCRAS RAILCARS
MISCIBLE WITH "BLUE SQUARE’ STOCK

Railears No. E51591 1o E51650 and M51731 1o M31780

The railcar is powered by two Rolls-Royce CENFLH oil engines each of 239 gross horse-
power. The transmission consists of two Rolls-Royce DFR 10000 series torque converters in
unit with the engines and two S.C.G. RF 28 reversing final drive boxes mounted on
the axle bogies. The torque converter has a torque ratio at stall of approximately 5:1 reducing

_ gradually with decrease in load and increase of car speed to 1:1, when the drive is automatically

coupled direct to the engine.

The cars are designed to run in multiples of 4, comprising power car—trailer—trailer—
power car, with a maximum of 12 cars and 12 engine-converter units. Power cars have a cab at
one end only, whilst trailer cars have no cab. The Rolls-Royce-powered cars are miscible with
all other ‘blue square” stock and can be run in conjunction with B.U.T.-powered cars of this type. .

A description of the controls and circuitry required for the operation of this system
is as follows: :

Engine and transmission control is carried out electro-pneumatically, rack control being of
the four-stage type and transmission control being hy a combined controller to select forward/ o
reverse, and neutral/converter drive, or the equivaleny gear positians required for mechanical
transmission cars. Automatic safeguards are provided within the system.

Battery awitches

A key-operated switeh in each cab selects which battery shall be used to energize the train
wires by connecting the loeal positive and negative wire 58 and 59 to the respective train wires
33 and 34, Normally this would be the battery of the leading car. A frame side mourfted master
switch connects positive leads 51, 58 and 53 and negative leads 52, 59 and 55 to the battery.

Gear and direction controller

This includes a mechanism which isolates the train positive wire 33 from the control equip-
ment of that cab, unless the loose handle is inserted and ‘forward’ or ‘reverse’ direction
is chosen. Insertion of this handle connects the train positive wire 33 to forward 28 or reverse
29, wire 120 leading to the deadmans switches and wires 122 and 123 for rack operation. The
drive handle connects drive wire 121 to train gear wire 19, 20, 21 or 22 as the handle is rotated
to the respective positions 1, 2, 3 or D. A mechanical baulk in the controller prevents the opera-
tion of the drive handle until the forward/reverse handle has been inserted and moved to either
F or R position. Similarly, direction cannot be chosen unless the drive handle is in the
neutral position. ’

Rack controller and deadmans handle

This is operated in two stages. On depressing the handle, three sets of contacts are made,

connecting wires 120, 122 and 123 from the gear controller to the deadmans train wire 32, and
the two positive feeds to the rack switch respectively. On rotating the handle, positions 1, 2 and
"3 and full rack are progressively engaged, energizing wires 23, 24, 25 and 26 respectively. Inter-
connection of the switches causes, in addition; the engagement of the rack position lower than
that selected, i.e. at full rack, position 3 is also energized; at 3, position 2 is also energized, and
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at 2, position 1 is energized. If pressure on the handle is removed, it will spring up. releasing a
cam which breaks the connection to deadmans wire 32 and the rack positive wire, This causes
all engines to return to idling and after five to seven seconds delay the vacuum brake will also
be applied. To reset this handle, it must first be moved back to the ‘engine idle’ position and
then depressed.

Deadmans hold-over push button

This is incorporated in the circuit from the gear controller to train wire 32, It provides a
means of over-riding the deadmans brake valve, preventing its operation if the driver should
require to go to the opposite side of his cab.

Engine conirol panel

This incorporates 12 engine running lights, 6 air and axle indicator lights, 2 start buttons
and a common stop button. Engine lights shine when the corresponding engines are running
and circuits 1 to 12 are completed. Similarly, each air and axle light will be lit when both final
drives of that power car are in the selected direction and the car air pressure has reached the
required figure, the respective circuit 13 to 18 being completed. Lamp covers are rotatable to
decrease the intensity of light when required. One start button starts all left-hand engines by
connecting wire 30 to train wire 27 and the other all right-hand engines by connecting wire 50
to train wire 30. The stop button stops all engines by connecting train wires 33 and 31.

Relay switch panel

This incorporates three 6-pole relays and provides a means of isolating all control panel
lights other than those of the cab from which the train is being driven. Wire 50 from the drive
controller energizes the panel in this cab alone and passes positive current from wire 33 1o the
control panel lights.

Test switch

This can be used to over-ride the relay panel in other cabs than that under driver control
and allows engine and axle lights to shine in the cab concerned. Start and stop buttons,
however, remain isolated.

Engine running cirenit

The lefi-hand engine of the leading car can be started via the cab push switch, energizing
train wire 27, or at the local underframe switch energizing wire 227. The cab switch will not
operate whilst the local button is being pressed. Wire 227 passes to relay box 2 where it will
energize relay 12, Contacts ‘n’ close and current from local positive wire 51 flows via contacts
'p’ of relay 13 to wire 62, This passes to the engine isolation switch and thence, via the fire con-
trol box, to the starter solenoid, thus starting the engine. On the engine starting, and reaching
250 r.p.m,, current via wires 36 and 37 from the engine-driven tacho-generator closes the con-
tacts of the calibrated relay in the Smiths starter isolation box, thus completing the
circuit through relay 13 via wire 68. This relay then opens contact *p’ which breaks the supply
of current to the starter solenoid. At the same time. its contacts ‘o’ close. Sufficient engine oil
pressure should now be present to close the pressure switch. Current will pass via relay 14 and
wire 64 to this switch, through the coolant level switch via wire 109 and to negative wire 52.
This, by closing contacts ‘g’, completes a circuit via wire 1 to train negative 34 and
causes engine No. | light to shine at the cab control panel. When a start button is pressed, con-
tacts ‘m’ open and the circuit via wire 60 to the engine shut-down solenoid is broken.
This allows the engine to be started and over-rides the effect of an open oil pressure switch, If
the oil pressure switch does not close after starting, the engine will stop when the start button
is released.
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In normal running. engine shut-down would follow loss of oil pressure or low level
of engine coolant as opening of either of these switches will break the circuit from relay 14 to
negative and close contacts ‘r'.  This completes the circuit through wire 60 to the shut-down
solenoid and stops the engine. Contacts ‘g’ of this relay will open and put out the engine panel
light concerned. A right-hand engine would similarly be started or shut down, via relays
16, 17 and 18,

Normal stopping of engines can be carried out from the cab by pressing the common stop
button. This, by joining train wires 33 and 31, energizes relay 15, closing contacts 's’ and *t’
which pass local positive current to wires 60 and 61. These in turn energize solenoids stopping
both engines of all cars. Pressure on the button should be maintained until all engine lights are
extinguished. A local stop button at each engine side will. when pressed, also pass current to
wire 60 or 61 and stop the adjacent engine.

Rack control

Engine speed is varied by opening and closing the rack controlling the metering of fuel by
the injection pump. An all-speed CAV governor operates this rack and is in turn controlled by
a pneumatically actuated lever giving five positions, idle, }, 1, 3, and fully open. The pneumatic
actuator contains four valves, corresponding to the positions of opening, and compressed air is
fed to each from its respective electro-pneumatic magnet valve. One set of magnet valves con-




trols rack actuators on both engines. As all magnet valves are energized via train wires 23, 24,
25 and 26 from the rack controller in the driving cab, a simultaneous response is obtained from
all engines. Relays 6 and 7, opening contacis a, b, ¢ and d, will break the feed from these wires
to wires 94, 95, 96 and 97, thus de-energizing the magnet valves and returning engines to idle
during operation of converter lock-out or final drive éngagement interlock. An air choke in the
line to the magnet valves gives a one to two-second delay before racks begin to open.
This prevents jerky operation of the train, from sudden opening of the controller.

Drive selection

This is carried out from the drive and direction controller in the cab. On a Rolls-Royce
torgue converter car, moving from neutral to any position, 1, 2, 3 or D will select drive, though
with a train consisting of this type of car alone, it is only necessary to select position N or
D for neutral or drive. Moving the selector to any drive position will energize train wires 19, 20,
21 or 22 which will energize relays 1, 2, 3 or 4 respectively, closing the contacts. Local positive
current from the air pressure switch via wire 147 will be connected to drive wire 141
and energize the ‘hydraulic’ electro-pneumatic magnet valve. This applies air pressure to the
hydraulic drive cylinder of the converter: oil pressure then actuates the associated cluich plates
and engages converter drive. As the air pressure switch is included in the electrical circuit, drive
cannot be selected unless 50 to 60 p.s.i. air pressure is available. When a train consists of mixed
cars with both hydraulic and mechanical drive, then the controller would be operated as with a
‘mechanical’ car. Position 1, 2, 3 or D would select Ist, 2nd, 3rd or direct gear at the gearbox
as respective train wires 19, 20, 21 or 22 are energized. Drive will be engaged on converter cars
in all of these positions. As engine speed is not proportional to transmission speed on converter
cars an engine tachometer is not fitted. In order to inform the driver when to change gear when
driving a mixed train from such a car, the speedometer is marked in scgments corresponding to
gear change positions.
= u

2l 4
- TRAIN
& WIRES

= VWIRE 121 TO TRAIMN + VE

LOCAL « VE

GEAR RELAYS || 2 3 4 5

5 MUDGE RELAY
AlR PRESSURE
TO TRAIM - VE —= LOCAL = VE SWITCH

e b e P

WIRE 141

TO LOCAL - VE —= §

EF. VALVE

CHOKE

HYDRAULIC
DRIVE CYLINDER - ALR SUPPLY s

[

Secrion 2




Printed in England

CONTROLS SEC. 2

T.5.D. £66/B1E%

Automatie lockout to direct drive

At 46 m.ph., when the converter torque ratio has reached 1:1, a change to direct
drive should be made. This is accomplished automatically without any action by the driver.
The signal that this speed is reached is given by a Smith-Stone lockout box. This receives cur-
rent from the speedo-generator which also controls the speedometer head in the driving cab. At
46 m.p.h. a calibrated relay closes its contacts and in turn closes the double contacts of the lock-
out box drive relay. These had previously been opened when ‘drive’ was first engaged. Current
fiows via contacts ‘T’ through the closed contacts of the lockout pressure switch and energizes
wire 143 and relays 5, 6 and 7. Relay 5 has no effect as drive is already engaged. Relays 6 and
7 open their contacts which break the feed to all four rack magnet valves and bring both engines
immediately to idle. Closing contacts II energizes the ‘direct drive’ magnet valve, which after a
three-second delay through a choke, applies air to the direct drive cylinder of the converters.
This in turn operates the clutches engaging direct drive. When the pressure has further built up
to 60 p.s.i., the pressure switch will open its contacts, breaking the feed to wire 143 and allowing
the engines to increase above idling. The choke in the rack magnet valve unit prevents
the sudden re-imposition of full rack. The hydraulic drive magnet valve remains energized but
the respective operating cylinders at the converters are over-ridden. When the speed drops to
39 m.p.h., a signal from the second calibrated relay of the lockout box is given, re-closing the
contacts of its drive relay, de-energizing the direct drive magnet valve and re-engaging hydraulic
drive. The engine does not drop to idle in this case but will increase speed. to that required for
operation of the torque converter.
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Forward /reverse selector

When direction is selected by operation of the selector in the cab, positive current is passed
to train wire 28 (forward) or 29 (reverse), energizing relay 9 or 8. 1If, for example, forward is
selected, relay contacts g and h are closed. Positive current feeds through contact h to wire 99,
energizing the ‘forward’ magnet valve. This passes compressed air to the “forward’ air cylinder
of the two final drives of the car. As the gears move into mesh, the final drive indicator switches
will close their ‘forward’ contacts and if sufficient air pressure is present to close the pressure
switch contacts, a circuit will be made via wires 147, 144, 148 and 1435 through contacts g of
relay 9 and energize relay 11. Contacts k of this relay close, completing a circuit through wire
13, causing the air and axle light to shine. Thus, indication of engagement is only shown when
both final drives of a car are in the direction selected and 50 to 60 p.s.i. air pressure is present,

AR AND

REVERSE FORWARD DEADMAMS AXLE LIGHT RACK CONTROL
oz 9 18 12 i 13 24 ) pL
e e — — — _— = —
WIRES [ i [ e
T-VE
i I & ]
‘ .,% ~—— RELAYS — = %m %
=i o L g | o= neagams :
—o | 0= ; Lo | o
e ’ . b i CIRCLIT ;
o 1 = I' o] o .‘J""'b—...“
| . i § !
148 j44 147 PRESSURE
| | Sl 5] Sk
o E 0 O =
OVWERRIDE g | o
:i. ?L‘."— TWITCH i ']
18 ” F.AND R AR LOCAL [l
INDICATOR SWITCHES + YE
L. EP V.tl.l-'is
,Fr-""' = L'I'.K'M.
= VE ' EHmE
£ T=W
CHECK AND
CH'UKE'““—
REVERSE FORWARD RACK ACTUATOR
FIMAL HYDRALILIC
DRIVE CYLINDERS DRIVE CYLINDER Ng

Lt

On selection of direction at the controller, the gear dogs of a final drive may occasionally
assume an end to end position. Selection of converter drive with engines idling would provide
sufficient drag to cause engagement of these dog teeth. However, this cannot be carried out
manually from the driving cab as mechanical cars which may also be in the train would be put
into gear. For this reason an application of torque converter drive is effected automatically
should correct direction initially fail to be engaged Drive is returned to neutral as soon as
correct engagement has been made. The sequence is carried out as follows. If dogs are end on
end, the contacts of the indicator switch will remain open. Thus the circuit through wire 145 or
146 to relay 11 cannot be made and contacts ‘I' remain closed. If the deadmans handle
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is depressed, closing contacts ‘i’ of relay 10, then, with the air pressure switch closed, a circuit is
completed through wires 144 and 143 to energize relays 5, 6 and 7. Relays 6 and 7 break wires
23, 24, 25 and 26 which ensures that the engines of that car remain at idle, whilst relay 5 closes
its contacts, joining wire 141 to 147 and energizing the ‘hydraulic’ magnet valve. After a three-
second delay given by a one-way choke in the line to the converter cylinders, hydraulic drive is
engaged. This will cause sufficient drag to take the final drive dogs into engagement. The
indicator switch will then close and relays 5, 6 and 7 will be de-energized. Hydraulic drive will
be immediately disengaged and after approximately two seconds delay, engine racks can again
be opened. Thus, drive can only be engaged with engines at idle and with the driver in the
cab depressing the deadmans handle.

Engine and final drive isolation and over-ride switches

A faulty battery, engine or final drive, will necessitate isolation of engines and final drives
concerned, [Isolation of the engine starter circuit is carried out by opening the switch at the
engine side and breaking the circuits through wires 62 to 101 or 63 to 104 for engine
1 or 2 respectively.

The final drive is locked in neutral by turning the neutral lock handle a quarter turn by
means of the special tool available. The reversing lever in the driving cab should then be moved
slowly from forward to reverse and back a number of times. Sufficient air pressure must be
available to actuate the air cylinder. With either final drive locked in neutral, neither engine
can be speeded up above idling until the emergency over-ride switch on the underframe
is turned to the oFF position. This cuts the feed from wire 147 to 144, de-gnergizing relays 5, 6
and 7 and allowing the non-isolated engine and final drive of the car to continue to be used.

Control boxes

Relays 1 to 7 for drive and idling are situated in relay box 1, whilst relays 8 to I8
for forward, reverse, deadmans, engine starting and stopping are situated in relay box 2. One
electro-pneumatic magnet valve box contains the four rack valves and the other contains the
forward, reverse, hydraulic drive and direct drive valves. These relays and magnet valves are
continuously rated to 30 volts yet will pick up at 9 volts. The Smiths-Stone lockout box, also
underframe mounted, is connected to the speedometer generator via the wheel adjustment box.
The bridge wire in the latter should be cut. The Smiths starter isolation boxes are frame
mounted separately for each engine. A ‘Graviner’ fire control box is provided for each power
unit, and in case of severe overheating or presegee of flame, the engine concerned will be stopped
by energizing its stop solenoid via wire 60 or €. A warning bell and fire extinguisher also come
into operation. An engine cannot be started unless this box is switched on.

Air equipment

Compressed air for control operation is provided by two 10 cu. ft. air compressors on each
car. These are mounied on the engine auxiliary gearboxes and air is drawn by them through air
strainers and anti-freezers. Air loss back through an idle compressor is prevented by a check
valve in its air line. The compressed air is passed to the primary reservoir via a mechanical
unloader valve which is set to relieve the compressors of their load on reaching a pressure of
95 p.s.i. and allows charging to recommence at 75 psi. A safety valve is provided on
the reservoir and is set at 105 p.s.i.
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From this r_n:scr\rqir. air is passed to an air pressure switch which closes at 60 p.s.i. and re-
opens at 50 p.si. This prevents the air and axle light from shining and converter drive from
. being engaged until its contacts are closed. Air also passes via individual filters to the

two electro-pneumatic magnet valve boxes.
windscreen wipers is made available through a larger secondary reservoir.

Air pressure to other cars and to the horns and

A diverter valve

attached to this reservoir prevents air passing to it until 50 p.s.i. has been built up in
: the primary system, which allows sufficient air for cab control of engine racks to be
i made available more quickly when starting without air.

In the event of an unloader sticking in the open position, air would not be drained from the
system as a non-return valve is incorporated, preventing escape of air from the reservoir.
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All enquiries regarding this menual _
should be addressed to: - ’
PUBLICATIONS DEPT. -
ROLLS-ROYCE LIMITED
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