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SAFETY PRECAUTIONS

GENERAL

®  Ensure the engine is securely mounted.

® Ensure that a generous supply of fresh air is available to the engine house.

®  Ensure that the engine is clean.

®  Ensure that all necessary safety guards are fitted.

® Never place the hands or any other part of the bady near rotating parts of the engine such as fan impeller
or flywheel.

® Never allow any unprotected skin to come into contact with high pressure fuel cil, for example when
testing fuel injection equipment.

®  Thoroughly clean any diesel fuel oil from the skin as soon as practicable after contact.

®  Always rectify any fuel oil or lubricating il leaks as soon as practicable.

®  Always clean up any fuel oil or lubricating oil or lubricating oil spillage lying near the engine.

® The Ilifting plates and eyes supplied by RAL are designed to carry the engine plus RAL accessories. They
must not be used to lift comalete assemblies such as a complete power plant.

STARTING

®  Always ensure that oil levels ({including gear boxesl, coolant levels and fuel oil tevels are carrect prior to
starting.

®  Ensure that the engine is free to turn without obstruction.

® Use the CORRECT Lister handle. Ensure there are no hurrs, paint or dirt on starting shaft and lightly il
before fitting handle. Do not attempt 1o start an engine if the starting handle is damaged and always check
the arrow on the handle boss for direction of rotation.

® OCN ST, HL and HR/W engines, a clutch pin {(pawll on the starting handle engages with a keyway on the
starting shaft. After fitting handle, turn in opposite direction to that required to start the engine in order
to check that the clutch pin will disengage from the keyway, and does not bind on the starting shaft,
before attempting to start the engire.

® Do not allow the starting handle to rotate on the running shaft when the engine is firing.

® Hand starting any diesel engine can be dangerous in the hands of inexperienced people. Engine operators

must be instructed in correct procedures before attempting to starl an engine, if these conditions cannot
be met electric starting should be used.
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FOREWORD

! Th|s manual covers the operation and servicing of Lister TS2/3
Englnes

‘ The Manual is divided into sections as listed in the Index which are
a‘rranged to show the complete strip and assembly sequence for each
component part of the engine and its accessories. All the salient
externat features of the basic engine can be identified by reference
to the photographs on pages 51 to 53.

|

| TS engines are manufactured in a range of standard Builds, each
incorporating certain features to allow engines to be adapted for various
applications by the addition of a range of easily fitted accessories.
Appendices at the end of the book give a brief description, speed setting
etc. for each Build, and a comprehensive list of coded accessories.
Appendlx C lists a complete strip and rebuild procedure together with
cross references tor more detailed information.

| The use of genuine Lister replacement parts will assure the correct
mater:al dimension and high standard of quality associated with the
ongmal engine components. When ordering replacement parts, always
quote the engine serial number which will be found on the right hand
side top corner of the cowling as seen when facing the manifold side
of the engine.

|

' The information, specifications, and illustrations in this pubiication
are correct at the time of going to print. Our policy is one of continued
development and we reserve the right to amend any of the information
Contalned in this book without prior notice.

i

I

.‘ﬁ j
IMPORTANT

When purchasing parts or giving instructions for repairs customers should:

in their own interests, always specify:

Genuine Lister Parts

Parts that have not been supplied by the Lister organisation cannot be relied
upon for correct material, dimensions or finish.
R A LISTER & CO LTD. cannot therefore, be responsible for any darnage
arising fram the use of such parts and the guarantee will be invalidated.

In your own interest, therefore, specify:

L GENUINE LISTER PARTS

™. _ . =a
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RATING DEFINITIONS

All declarations of power are conditional upon the
use of the correct grades of fuel and lubricating oil
as specified by R. A. Lister & Co. Ltd., and correct
maintenance at the prescribed intervals.

1. BS5514 CONTINUOUS RATING is the net
output in kW {hp} which the engine is capable of
delivering continuously at a stated crankshaft speed
under conditions of 750mm Hg. {29.5 in Hg)
barometric pressure, 80% relative humidity and
27°C (81°F) air inlet temperature.

The engine is capable of providing an overlead
output 10% in excess of the BS continuous rating,
at the same speed, for one hour in any period of
twelve hours consecutive running,

2. BSA49 CONTINUQUS RATING is the net
output in kW {hp) which the engine is capable of
delivering continuously at a stated crankshaft speed
under conditions of 748mm Hg. (29.5 in Hg)
barometric pressure, B0% relative humidity and
29.4°C (85°F} air inlet temperature.

The engine is capable of providing an overload
output 10% in excess of the BS continuous rating,
at the same speed, for one hour in any period of
twelve hours consecutive running.

3. DIN 6270NB (DIN ‘B’) RATING is the output in
CV {kW) which the engine is capable of delivering
cantinuausly for a period of ane hour within a 6 hour
pericd of fluctuating low lcad operation, under
conditions of-736-mm Hg (29 in Hg! barometric
pressure, 60% relative humidity and 20°C (68°%F)
air inlet temperature. No overload is permitted.

4, MAXIMUM GROSS BRATING is the kW {hp)
which the engine develops on the dynamometer
without driving any. power consuming accessories or
auxiliaries. The use of this rating is not covered by
the terms of the guarantse.

5. HEAVY DUTY OPERATICN When the engine is
required to operate under conditions involving poor
maintenance or long periods of unattended running,
at a high ioad factor, particularly in conjunction with
high air inlet temperatures, the engine should be
limited to the BSE514 rating at 2500 rev/min with no
overlpad capacity. Typical application, irrigation
pumping.

6. THE OVERLOAD CONDITION TO BS5b514/649
AND THE DIN ‘B RATING APPLY ONLY TO A
FULLY RUN-IN ENGINE. THIS IS NORMALLY
ATTAINED AFTER A PERIOD OF ABOUT 50
HOURS RUNNING, but, if specially negotiated,
engines can be supplied delivering these nowers ex
works. ’

7. The BS and DIN definitions given are approximate
abbreviations and are not binding. For full details
reference  must be made to the relevant
specifications.

8. DE-RATING
{al For non-standard site conditions, refarence
should be made to the relevant BS and DIN
standards.
{n) Accessories reduce the rated engine power as
follows:-
(i) Speed increase or reduction gears, marine
or industrial — 9% .
(il Marine reverse gears — 10%
tiii) Beit drives — 5%
(ivl Hydraulic transmissions — on reguest
vl See Section 8 for power absorbed by
flywheel mounted alternator.

GUARANTEE. Under the terms of the guarantee,
the rating selected must be appropriate to the
operaticnal conditions of the engine.




Section One

GENERAL INFORMATION

TECHNICAL DATA TS2 — AIR COOLED ENGINE

Engine |

Type ! Four stroke, vertical two cylinder, direct injection Diesel
i engine.

Bore and Stroke 95.25 mm. x 88.9 mm. (3.75 in. x 3.5 in.)

Cylinder Calpacity (2 cyls.) 1.27 litres (77.3 in3)
3
! POWER QUTPUTS
; hp/kW (to BSB49 or kW/CV (to DIN
Rev/Min BS5514) continuous 6270Ng) Intermittent
. 1500 12.00/ 8.95 9.84/13.38
? 1800 14.70/10.96 12.06/16.40
} 2000 16.50/12.30 13.53/18.40
| 2500 20.18/15.05 16.56/22.51
E 2600 20.70/15.44 16.98/23.09
' 3000 22.00/16.41 18.05/24.54
!

BMEP. | 5.77 bar (83.66 Ibf/in.2} at 1800 rev/min.

Weight (Basic engine) 149 kg. (328 Ib.}) approx.
: No. 1 Cylinder is at opposite end to Flywheel.
i

Lubricating System
Oil Pressuré —normat 2.0 bar (29 Ibf/in.?) at 1500 rev/min.
_ (—minimum 0.7 bar {10 Ibf/in.Z)} at 1000 rev/min.

Oil Pump Selt regulating plunger pump.

Oll Filter | ; Screw on cartridge type.

Qii Consumption Less than 0.75% of full load fuel consumption.

Sump Capagity (engine level) 4.30 litre 7.60 imp. pints 4,60 U.S. quarts,

Fuel System !

Fuel Pumpsi Bryce Berger (2)

Fuel Filter ! Cartridge or bowl| and element type
Injectors - Bryce Berger {2}

Injector Pressure 190 Atmospheres

Fuel Consumptlon {approx.} 266-0.437 at 3000 rev/min

g/kWh Ib/ hp h 259-0.426 at 2600 rev/min

{at full Ioadlsubject to 5% B.S. 257-0.423 at 2600 revimin
tolerance) 248-0.408 at 2000 revimin

244-0.401 at 1800 rev/min
241-0.396 at 1500 rev/imin

l
|
!
| BSba14 is the equivalent of 1S0-3046
1

Fuel Consumptlon

The fuel consumptlon figures apply to fully run-in, non derated, bare engines without power ahsorbing optional
accessories, transmlssmns or marine gearboxes, etc.

i

i Rotation is anti-clockwise looking on flywheel

]




GENERAL INFORMATION

SECTION 1
TECHNICAL DATA TS3 — AIR COOLED ENGINE
Engine
Type Four stroke, vertical three cylinder, direct injection Diesel

Bore and Stroke

Cylinder Capacity {3 cyls.}

engine.

95.25 mm. x 88.9 mm. (3.75 in. x 3.5 in.)

1.90 litres (116.0 in.3)

POWER OUTPUTS
hp/kW (to BS649 or kW/CV (to DIN
Rev/Min BS5514) cantinuous 6270Npg) Intermittent

1600 18.00/13.42 14.76/20.08
1800 22.05/16.44 18.09/24 .59
2000 24.75/18.46 20.30/27.61
2500 30.27122.57 24.83/33.78
2600 31.05/23.16 25.47/34.63
3000 33.00/24.61 27.07136.81

B.M.E.P. 5.77 bar (83.66 Ibf/in.?) at 1800 revimin.

Weight (Basic engine! 208 kg. (459 Ib.} approx.

Firing Order 1—2—3

No. 1 Cylinder is at opposite end to Fiywheel.
Lubricating System

Gil Pressure—normal 2.0 bar {29 Ibf/in.?} at 1500 rev/min.
—minimum - 0.7 bar {10 Ibf/in.?} at 1000 rev/min.

Qil Pump Self regulating plunger pump.

Oil Filter Screw on cartridge type.

Cil Consumption Less than 0.75% of full load fuel consumption,

Sump Capacity {engine level) 6.50 litre 11.40 imp. pints 6.80 U.S. quarts. .

Fuel System

Fuel Pumps Bryce Berger (3}

Fuel Filter Cartridge or bowl and element type

Injectors Bryce Berger (3}

Injectar Pressure 190 Atmospheres

Fuel Consumption {approx.) 266-0.437 at 3000 rev/min

g/kWh lo/hp h 259-0.426 at 2600 rev/min

(at full load subject to 5% B.S. 267-0.423 at 2500 rev/min

tolerance) 248-0.408 at 2000 revimin

244-0.401 at 1800 revimin
241-0.396 at 1600 rev/min

BS5514 is the equivalent of 1IS0-3046
Fuel Consumption

The fuel consumption figures apply to fully run-in, nan derated, bare engines withcut power absorbing optional
accessories, transmissions or marine gearboxes, etc.

Rotation is anti-clockwise looking on flywheel




SECTION 1

GENERAL INFORMATION

]
!

FENNER COUPLING HRC (See Sect. 5)

Incorrect

Metal to metol contact

o

@ Fit drive coupling to engine.
(2 Fit rubber spider to drive coupling.
() Fit driven coupling to driven equipment sharft.

(@) Offer up driven equipment and adjust driven coupling to ensure
there is a minimum clearance of (1) 1-5mm between the couplings.See dlugrums

REMEMBER-END FLOAT 1S ESSENTIAL TO AVOID SEIZURE

Correct

{44} 15-2mm gap

™o e o ™2




SECTION 1

GENERAL INFORMATION

INSTALLATION INFORMATION —INDUSTRIAL
ENGINES

The engine should be bolted down to a rigid hed
to ensure there is no excessive vibration and
installed where a generous supply of fresh air is
assured. {see COOLING AIR CONSIDERATIONS)

DISTORTION

Customers installing engines in  their own
equipment must ensure that no strain is imposed on
the engine feet either by distortion during installation
{feet not correctly shimmed) or by deflection of the
structure during operation.

COOLING

The engine is cooled by air. Arrangements must
be made 1o ensure the cooling air is not re-circulated
or restrictad.

A fan impeller is secured to the flywheel. Air is
drawn into the impeller and discharged through
trunking and shrouding to the fins of the cylinder,
cylinder head and crankcase.

HAND STARTING
TS engines can be started from the camshaft.

BELT DRIVE
Driving belts must be run as close to the engine as
possible to avoid undue strain on the bearings.

EXHAUST SYSTEM

In general the exhaust gipe run should be kept as
short and straight as possible. A silencer, or
expansion chamber, should be fitted near the
engine. The tail pipe beyand the silencer should be
abaut 30 times the pipe diameter in length. When
long tail pipes have to be fitted the bore of the pipe
must be intreased as shown in the accompanying
table. When the larger diameter pipes are fitted they
should be fitted from the silencer onward.

A back pressure of about 1% [of/in.? {40in. water
gauge) (3in. mercury} at the point where the exhaust
pipe jains the manifold must not be exceeded.

Bends should have a radius of not less than 4
diameters at thé centre line of the pipe. When
reckoning the total effective length of the pipe an
allowance of 1 foot to the total centre line length
must be made for each bend in tha system. If the
bends are sharper than 4 diameters then the
allowance must be increased ta 2 feet per bend.

Where pipes must be led upwards from the engine
a suitable drain cock, or drain tap with cock, should
be fitted at the lowest point to prevent the
condensate running into the engine.

Normal Pipe Maximum total length of

B exhaust pipe TS2/TS53
in mm ft. m.
13 445 15 4.5
2 50.8 25 7.5
2V 63.5 62 18.8
3 76.2 129 39.1

Example: — In an exhaust system which measures
15 feet, 134in. [44.5 mm) pipe would be required for
TS2 but, if there were five simple bends in the
system then the total effective length would be
156+5=20ft. 4.5 + 1.6 = 6.0 m} and the pipe
size would have o be increased to 2in. (80.8 mm}.

TEMPERATURES

From the aspect of engine performance, the
temperature of the air éntering the engine is the only
criterion of ambient temperature. The power
developed by the engine depends on the
temperature of the combustion air, measured at the
air manifold inlet {cr the air cleaner), and the
temperature of the cocling air as measured at the fan
inlet. The higher of these twc temperatures is taken
as being the ‘"Ambient Temperature”” as far as
engine ratings are concerned.

The engines are able to run satisfactorily at
Ambient temperatures up to 29.4°C (85°F) without
derating. Above this temperature the rated brake
horsepower must be reduced by 1% for every
2.78°C (B”F1. The maximum temperature is 52°C
{125°F), and if it is desired to run at higher
temperatures, R. A. Lister & Co. Ltd., or their
Distributars must be consulted.

R = 1




SECTION 1 |

GENERAL INFORMATION

|
|

COOLING AIR CONSIDERATIONS
!

.

I
Diag. 1 Method of leading out the hot cooling
air in small enciosed compartments.
i
A ltis absolytely essential that the hot cooling air
discharge does not find its way to the cooling
inlet and biecome recirculated.

B Fiexible trunking of canvas, rubberized canvas or
heat resisting rubber,

C Oneof theise alternative methods must be used
if enging is flexibly mounted.

L Dugting shfould be fully detachable for servicing
and priming fuel pump and the trunking must be
attached sg that it does nat impair the quick
removal of; the ducting.

|
The extension of the ducting, the trunking and the
cowl are to be supplied by the customer. For lengths
upto 1.5 m. (5|ft.] the minimum inside area to be:—
333 cm.? {6 in.%) for TS2
526 cm.? {871 in.%} for TS3

For 1.52% m. 1o 3.05 m. (5-10 ft.) multiply by 1.4.
For 3.05 m. to 7.62b m. {10-25 ft.} multiply by
2.25. i
Far 7.6256 m. w 15.25 m. (25-50 ft.) multiply by
3.5. !
I

Dy O

Diag. 2 Notes on Air Intakes

One of the cocling air intake holes must be near
the hottorn of engine raom 1o bring ceol &ir n
and also to strike the engine surmp to assist
coaling the lubricating oil.

Another intake hole must be opposite the air
filter to ensure a good supply of coct combustion
air.

One or two cooling air intake holes must be near
the top of the engine room 10 prevent an
accumulation of hot air above the engine.
Generally it is not dasirable to place an air intake
hole opposite the engine cooling fan, because
the rest of the engine room will not be ventilated
{except where the ambient temperature exceeds
49°C {120°F) when it is essential for the engine
0o be as cool as possible under these
conditions).




SECTION 1

GENERAL INFORMATION

Diag. 3 Installation in moderate size engine
house. 3.06 m. x 1.83 m. {10 ft. x 6 ft.)

A Engine ducting, trunking and cowl to be used in
tropical climates, and also in other climates
when a coal engine house is required.

B Window 62 x 62 cm. (2 ft. x 2 ft.) near the roof
and opposite the main window capable of being
fully opened.

C Large window opposite the engine air outlet,
capable of being fully opened (or if fouvred, stots
to be 102 mm. (4"} apart).

D Window 62 x 82 cm. (2 ft. x 2 ft.) near the floor
and opposite main window or in the wall nearest
the engine fuel filter, capable of being fully
opened.

E .
“‘ N\ B J’JL‘—‘
L,é__
|~
A
B

S —_1‘\ 'f,o ,fo

e =

Diag. 4 Installation in confined space where
air intake holes have to be as small as possible.

A Area of trunk and cowl to be as given in Diag. 1.

B Air intake holes to be in positions shown and all
the same size to ensure even air distribution.

Far area of intakes consult with BAL.

NOTE: The air supply t0 the engine room must be at
least 30% greater than the air required for cooling
(see page 12}, to allow for combustion air
consumption.

WARNING: THE EXHAUST SYSTEM MUST
ALWAYS BE TAKEN TO THE OUTSIDE OF THE
ENGINE ROOM.

M 10




SECTION 1 '

GENERAL INFORMATION

Diag. 5 Engine instalied in a housing which
itself is in the open with unobstructed air all
round. (2land 3 cylinder engines only}.

'
1

A 381 mm. (316 in.} minimum diameter hole
opposite flywheel air intake.

B b33.4 mm;, {27 in.) for two cylinder engine:
660.4 mm. (26 in.} for three cylinder engine.

i
Combustion air intake brought outside.

D At least 6 ventilating holes each end 25.4 mm.
{1 in.} dia

E  Open mesh grille opposite hot air side of engine.
Free area ithrough grille, 450 cm.z {70 in.?)
{minimum); for two cylinder engine; 970 cm.?
(105 in.?) (minimur) for three cylinder engine.

F Flywheel air intake to be against this end.

Diag. & Engine close coupled to a driven
machine

A typical air intake area in the adaptor is 288cm.?
{44 8in.?}

Larger areas are preferred. The coupling or clutch
driving member at the flywheel end must not
obstruct the air flow to the fan, and the areas above
must be maintained at this point-and through to the
fan.

Note: Information on alignment and air flow
through louvres or grille can be found on pages 15
and 16.




SECTION 1 GENERAL INFORMATION

CRANKCASE VACUUM

The value depends to some extént on the type and
size of air cleaner fitted to the engine.

Regardless of the type of air cleanar used, the
vacuum with a clean air cleaner must not be less
than the minimum figures given in the table below
measured at the dipstick adaptor hole at any speed
after the engine has run 1% hours from new.

VACUUM  mm W.G.
ENGINE
Minimum Average
TSZ 25 45
783 30 75

Vacuums as high as 150 mm W.G. are sometimes
recorded.

In engines in good condition the vacuum increases
slightly with engine speed but not gradually. A
fluctuating vacuum may indicate faulty oil seals or
valves, or piston blow-by troubles. Crankcase
pressure can cause serious oil leaks, and often
occurs in engines which need overhauling.

COOLING AIR FLOWS AND PRESSURES

The following figures are anly provisional. They
vary for individual engines, and are affected by the
method of maasurement usad.

Air Flows Through Cylinders and Heads,
m?/s Air Pressures, mm WG
TS2 TS3
rev/ m3/s mm mi/s mm
min WG WG
1500 | 0.1 30 | 016 30
1800 0.13 43 0.20 43
2000 0.15 53 0.22 53
2500 | 0.18 83 0.27 83
3000 0.22 120 0.33 120

Add 15% to the air flows for the air bleed through
the ail cocling fins on the crankcase. The pressures
are those required to induce the total air flow
including bleed.

Ta convert mm WG to ins WG multiply by .039.




SECTION 1

GENERAL INFORMATION

!

INSTALLATION INFORMATION — MARINE
ENGINES

GENERAL ‘l
|

Before arranging your instailation it is imperative
that careful consideration be given to the general
layout of the Imachinery, and to the cooling of the
engine; the guidance notes on the arrangement
drawings must be followed. .

Careful consideration should be given to ensure
accessibility a:nd ease of maintenance, any housing
must be cons}ructed sc¢ that the sides and forward
portion can be dismantled for servicing without
disturbing the!controls or instruments. The housing
should not be connected directly 10 the engine
bearers but fastened to a coaming on the deck or
cockpit floor. [
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COOLING I:

Unless an adequate supply of air is allowed to
circulate around the gnging and means are taken to
prevent the same air re-circulating, the engine will
lose power dug to overheating.

Provision ist made on the engine to take the
customer’s air' outlet ducting. Sizes of air infets and
outlets as specified are minimum and must not be
obstructed in any way. If wooden slats, or wire mesh
having not less than 6.35mm x 6.35mm (%" x 1)
mesh between the wires, are fitted as protactive
measures over; apenings, the area of the openings
must be increased to compensate for same, thus
maintaining the net specified area.

It is recommended that the portion of ducting
which attache]s to the outlet port on the engine
should be mafde of fire resistant material and be
made readily detachable. When engines arg flexibly
mounted due a'lllowance must be made in the length
of ducting between engine and fixed ducting.

An unrestricted flow of cold air to the engine fan
must ke maiméined“inlets for cooling air should be
designed to giv{e not less, and preferably more, than
the sectional area specifigg. )

To ensure’ efficient engine operation the
combustion ain cleaner must receive an adequate
supply of cold air. To ensure this the cleaner may, if
found necessary, be removed from the engine and

I
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fitted in a protected position on deck or at enging
bearer level, the connection between engine and
cleaner being by flexible pipe. )

Where hot air is led away by trunking, this hot air
can be utilised to heat accommaodation and ventilate
cuphoards, etc., but the recirculation of this air back
to the engine compartrnent must be prevented and,
further shutters or similar fittings used to control the
air to the accommedation must operate in the
heating trunk — not in the engine dischargs
trunking.

Heat radiated from the engine must be expelled
from the engine case or compartment. Where an
engine is installed in a case, a series of one inch
diameter holes near the top will give adequate top
ventilation. When fitted in @ compartment, cowl
ventilators cpening just below the top of the
compartment, will dispel the nheat; extractor fans
installed in the ventilators will obviously improve this
arrangement.

EXHAUST SYSTEM

Pipes should slope gradually away from the engine
down to the outlet on ship's side of transcm and be
kept as straight and short as possible, the minimum
radius in any bend being not less than 4 times the
pipe bore. ‘Adjacent wood structure must be
protected from exhaust heat by adeguate clearance
and lagging.

if it is found necessary 1o fit @ swan neck in the
exhaust pipe to prevent the ingress of water, a small
793mm 111327 diameter hole must be diitled in the
top of same 1o break the vacuum and a drain plug or
cock should be fitted at the lowest point in the pipe.

CASINGS OR COMPARTMENTS

These can be constructed of 9.53mm (3%}
bonded marine piywood to BSS 1080 on substantial
framing and have portable panels secured by
cuphead screws for ease of servicing. The noise
level can be effectively reduced by lining the box
or compartment with resin impragnated glass fibre
type 425 secured in position by 0.5mm {25 gauge)
perforated zinc plate having 51-2.38mm (3/32"")
dia. holes per square inch. Glass fibre can
be obtained in wvarying thicknesses but for
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pleasure craft or vessels operating in confined
waters a thicknesss of B0.8Bmm (27) s
recommended.

Where large openings in the casing cannot be
avoided, the ncise level can be further reduced by
fitting plywood baffle plates faced with glass fibra
and perforated zinc but it {s essential that the area
between the casing and the baffle is not below the
specified reguirement.

ENGINE MOUNTING {Diag. 7)

To pravide a rigid bed free from alignment troublas
it is essential in the case of wooden hulls to ensure
that the engine bearsrs extand as far forward and aft
‘as possible, and are made of well seasoned wood of
liberal size so arranged that they are an integral part
of the ship’s hull. In addition a steel plate should be
placed along the top of the bearer the length of the
engine base to prevent the engine faet biting inte the
bearers. Bearers must be adeguately supported by
athwartship members secured to the hufl structure.
See also page 17. )

Since NO PROVISION is made in the engine
design 10 take END THRUST, a thrust block must be
orevided for all propulsion installations.

Maost proprietary gearboxes are provided with
thrust bearings, if in doubt check manufacturers
instructions.

On propulsion units when a flexible coupling is
fitted, a plummer black must be fitted to the tailshaft
if the stern tube forward bearing is more than
228.6mm (9 from the edge of the tailshaft
coupling.

Propellers must run in adequate apertures and
never behind neavy square ended body posts. These
should be tapered off to an inclusive angle of about
40°. The distance betweaen the cutboard giand and
the propeller boss should not be greater than the
diameter of the shaft.

FLEXIBLE MOUNTINGS

Allowance must be made for the engine to clear
bearers by at leasi 12.7mm {¥%""), and to clear any
casing, including air ducts or deflectors which might
be fitted, by 25.4mm (1"} to allow for engine
Mmovement.

INCLINATION
The maximum angle of inclination at which
engines may be run is 15° flywheel up or down.

A—Engine Bearers.
B—Scleplate.

C—Chocks.

D~—Halding Down Bolt,
E—Nut welded to steel plate.

Diag. 7 Installation in 2 wooden vessel

ROTATION

Engine rotation is anti-clockwise when looking on
flywheel end ot engine. When reversa/reduction
gear is fitted rotation of the output coupling is anti-
clockwise,

TEMPERATURES

From the aspect of engine performance, the
ternperature of the air entering the enging is the only
criterion of ambient temperature. The power
developed by the engine depends on the
ternperature of the combustion air, measured at the
air manifold inlet (or the air cleaner}, and the
temperature of the cocling air measured at the fan
inlet. The higher of these two temperatures is taken
as being the “‘Ambient Temperature’” as far as
engine ratings are concerned.

The engines are able toc run satisfactorily at
Ambient temperatures (as defined above) up 10
29.4°C (85°F) without derating. Above this
temperature, the rated brake horsepower must be
reduced by 1 per cent for every 2.78°C (5°F}. The
maxirnurm termperature is B2°C {125°F), and il it is
desired 10 run at higher temperature Hawker
Siddeley Maring, or their Distributors must be
consultad.
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STERNGEAR {Diag. 8)

Packing glands should allow free rotation of the
tailshaft. Stern tubes should be filled with grease
before inserting shaft. Before launching, run engine
to ensure tha:t packing glands do not overheat. If
necessary slacken back gland. Long lengths of
unsupported shatting must be avoided by the use of
plummer blocks.

KEY

A—Tail Housing.
B—Stern Tube.
C—For'd Bracket.

D—For'd Gland.
E—Water and Sand Seal.
F—35pring Ring.

G—Aft Bearing.

H—Locating Screw.

J—Packing,

K—Stauffer Grease Cup.

L—Annular Grgase Space.

M-—Grease Gun Height: Empty 304.8mm (12",
Full 495.3mm (19%"").

O—Grease Gu:n—O.426 litre {3/4 pt.} cap—optional.

iDiag. 8 Stern Gear

IMPOFITANTI
The sterntube MUST be filled with a suitable
grease, such és Vickers “"NEOX DT immediately
after installation. To ensure compglete filling of the
tube it is imper'gﬂve that a grease gun be used for the
initial filling. For service, regular attention to the
grease cup provided should be sufficient to make up
any loss incurr'ied.
|
i

ALIGNMENT

It is often thougbt that little attention need be paid
to accurate alignment when a "fiexible coupiing”” is
fitted between the engine and driven unit but such
optimism is seldom justified in practice. Irrespective
of the type of coupling used, the coupling life will be
longer, the chance of coupling or shaft failure will be
greatly reduced, and vibration of the combined set
will be minimised if proper attention is paid to the
alignment praoblem.

Two principal typas of misalignment can occur —
paraliel misalignmant and conical misalignment, ar
there can be a combination aof these two. ~

Diag. 9 Misalignment

(ai Parallel Misalignment {A)— when the shaft
of the driven unit is parallel to, but not in ling
with, the engine output shaft.

(b) Conical Misalignment {B}— when the axes
of the two shafts meet at the correct peint, but
the shafts are not parallel to each cther.
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CHECKING FOR MISALIGNMENT (Diag. 10}

Each type of misalignment is checked individually
by having a bracket or clock gauge rigidly bolted to
the flange of the driven unit, when suitable, and
rotating through 360° to check the clearance to (A)
the inside (or outsidg) of the flywheel rim for parallel
misalignment, and (B) the ciearance to the flywheel
face for conical misalignment. Readings should not
vary by more than 0.127mm (0.005"") throughout
one revolution.

Diag. 10 Checking Alignment

AIR FLOW

Grilles, wire mesh or louvres placed in the air
stream are obstructions and allowance must be
made for them. The free flow area of these must be
calculated to ensure that it is at-least 25 per cent
greater than that specified for the inlet and outlet
passages.
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Area through louvres or grille is at least 25 per cent
greater than area of ducting.

CORRECT —

Diag. 11 Cowli
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Louvres or grille obstructs air flow. Area through
louvres is smaller than area of ducting.
Diag. 12 Cowl

WRONG —
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Diag. 13 Installation below deck

|
Key to Diag. 1:3
1—Cockpit. l
2—Cabhin. 1
5—0utlet. !
6—Inlet & Outlet Trunks lined internally with
25.4mm {171thick fibre glass faced with
perforated; zinc.
7-—In bad weather shutters may be fitted to
outboard irlwlets and inhoard inlets used, P & S.
8—Inlet. |
99— Poriable DZuc‘ting ol plywood or heavy canvas
expandinglfrom engine duct size 1o area of duct
given in table.
10— Hot air tol be vented from top of engine to
atmosphérie.

:
[
i
|
I
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Diag. 14 installation in open boat

Key to-Diag. 14

1—25.4mm (17") dia. holes near top to expel
radiated heat.

2—Hot air outlet duct of sheet steel lined with
25 4mm (177] fibre glass. Minimum area of
duct 0 be as given in table.

3— Outlet duct to be a close it but not secured to
engine box.

4 — Combustion Air Inlet,

5-— Combustion Air Inlet covered with wire mesh.

B— Air Inlet each side giving a total unobstructed
area as shown in table.

8— To further reduce the noise, plywood baffles
faced with fibre glass may be fitted in way of
infets, but inlet area between baffile and box
must not be less than that specified.

Note — Engine Box may be constructed of 9.53mm
{3/8"") resin banded marine plywood ta BSS 1088
on substantial framing. To reduce the noise level,
the inside of the box can be lined with resin
impregnated fibre-glass of a minimurn thickness of
25 4mm (17) BO.Bmm (2" thick preferred).
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Fig. 1 Hand Starting

QOPERATING INSTRUCTIONS
To Start the Engine (Fig. 1) — Hand Starting
ta)  Check the fue! and lubricating ol levels.

(b} Ensure that the fuel and oil systems are
primed.

{c) If the engine is fitted with-a fuel lift pump,
prime the fuel filter by using the priming
lever on the lift pump.

{d} Check the engine control is in the start
position. (Clockwise position).

(el Move the decompressor levers ovar towdards
the flywheel.

Note: On engines fitted with speed control,
set the lever to the 'Fast’ position.

(fi  Important: Lightly oil the inside of the
starting handle and fit the handle to the
camshaft, first ensuring that the
starting handle is the correct one and is
fully serviceable. (See inside front cover
for safety precautions when starting
diesel engines by hand).

(gl Turn the engine slowly from 3 to 20 turns on
the camshaft according to the temperature
and period of standing unused, in order to
prime the combustion chambers and the
lubricating oil system.

{h)  Turn the engine in the correct rotation and

whan maximum cranking speed is reached
operate decompressors. Cantinue to crank
until the engine fires. Retain grip on the
starting handle and then remove the nandie
from the shaft.
WARNING: IT 1S DANGEROUS TO
ALLOW THE HANDLE TO ROTATE ON
THE RUNNING SHAFT.

(jt  If fittad, reduce speed contro! as desired,

Note: If an engine fitted with Automatic excess fuel
stops other than by the operation of the engine
cantrol, the control must be turned to the ‘STOP
position and then released in order to select excess
fuel.

To Start Engine (Electric Starting with Key

Switch)

Carry out ltems (a) to (d) as hand starting, set speed

control if fitted.

{e)  Turn swilch in clockwise direction until the

engine fires.
Note: After the engine has been stoppsd
ensure the switch is furned to the off
position to prevent the warning light
remaining on,

To Start Engine {Electric Starting with Starter
Button)
Carry out lterns (a) to (d) as hand starting, set speed
contral if fitted.
{e} Press starter button and release immediately
the engine fires.
if fitted reduce speed control as desired.

Note: Further information and wiring diagrams for
electric starting systems.can be found in Section 8,
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COLD STARTING {Below —10°C}

A cup and plunger may be fitted on the
combustion a:"’r intake port of each cylinder on TS
engines. To operate withdraw plungers and fill one
third of the cups with the same type of lubricating oil
as used in the[engine. Replace plungers and inject
the oil before starting. The device must not be used
more than three times in succession. When hand
starting, turn the engine through 20 revolutions with
the fuel on after injecting the oil before attempting 10
start.

Figi. 2 Qil Priming Cup

1
|
!
Ll
I
1
|

Fig. 3 Stopping Engine

TO STOP ENGINE

Turn the stopping lever anti-clockwise until the
engine stops. When remote control is fitted, move
the lever to the STOP position.
WARNING: AFTER PROLONGED RUNNING
THE STOPPING CONTROL MAY WELL BE HOT,
USE SUITABLE PROTECTION FOR THE HANDS
WHILST OPERATING THE CONTROL. ON
LATER ENGINES A PLASTIC COVERED
CONTROL IS FITTED. {See Fig. 3a).

VARIABLE SPEED CONTROL

On all engines, in place of the standard fixed
speed cantral, a variable speed control can be fitted
with a range of 760 revimin to maximum rev/min,
however the standard slow running speed is 900
rev/min.

NOTE: NEVER STOP ENGINES WITH THE
DECOMPRESSORS OR VALVE DAMAGE MAY
OCCUR.
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CARE OF YOUR NEW ENGINE

Before leaving the maker’s works, each engine is
carefully tested and inspected; this includes full load
running, followed by detailed examination and

tightening of all nuts and unions.

When the engine is put into service, further
settling of some joints will occur and the valve gear
will bed down. For these reasons, if the best results
are 1o be obtained from the engine, it is important
that it should receive regular attention, particutarly
during the first 500 hours of its life. The same
applies to an engine which has been completely
overhauled.

INITIAL ATTENTION

Ensure that the top cups of the push rods are full
of wil and that the wvalve springs are liberally
lubricated.

[t is recommendad that the following are attended
10 after the engine has run 25 hours and again after
the engine has run 250 hours.

1. Adjust tappet clearances (See page 64)

2. Check, and tighten the nuts on the following
joints: end cover, cylinder head covers, fuel
pipes, lubricating and fuel oil pipe joints.

In addition to the above the following should
also be carried out:

a. Change the |lubricating oil for the first time after
100 hours. Thereafter every 250 hours.

b. Clean the engine and keep it clean.

c. Observe the exhaust at the normal full lcad. The
exhaust must be free from soot. A black exhaust
means that the engine is overloaded or that the
“injection equipment is out of order. Do not allow
the engine to run with a dirty exhaust whilst
investigating the cause as this may well resuit in
a breakdown.

ROUTINE MAINTENANCE

Fig. 3a Plastic covered stopping control.

Following the initial attention, the normal routine maintenance must be carried out as defined on page 21.

LUBRICATING OIL

Always use oils of the correct viscosity and type Heavy Duty diesel engine detergent lubricating oiis. (See

Section 2J.

This will ensure easy siarting, lowest fuel consumption, minimum wear and.longest periods between major

overhauls.
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ROUTINE MAINTENANCE
Daily: ‘
Check the fuel level or supply.
Check the level and condition of the lubricating oil,

Clean the axricleaner under very dusty conditions.

!
Every 125 Hours
Clean the air! c'.eaner under moderately dusty conditions.
Fenew the element if necessary.
Check for oiljand fuel loaks — tighten nuts and fittings if necessary.
The oil shoui:d be changed in engines running' at any speed, if it is thick and black.
| |
Every 250 Hours |
Drain the lubncatmg ail and refill with the correct grade and type.
Renaw the lubricating oil filter element. g
Renew the fuel filter element if the fuel used lis not perfectly clean.
Clean the fuel injector nozzle if the exhaust |5E. dirty.

Every 500 Héurs:
Ranew the fuel filter element. E

I
l
Every 1000 Hours: !
Decarbonise if the engine shows loss of compression, or blow-by past the piston. Do not disturb
otherwise. |
Adjust the valve clearances. '
Check thal all external nuts, bolts and unions are tight.
Clean engineiand cure fuel, lubricating oil and air leaks.
Ensure that the air cleaner connections are Ught and air tight.
Ensure that any guards fitted are firmly attached and not damaged.

I
|

Every 2000 Hours: !

Decarbonise. ' |

Drain and clean the fuel tank if necessary. i

Check for free warking of the governor and all its adjustments including speed and stopping controls
Check the fueF pump timing. E
Clean or replqce the fuel injector nozzles and
Clean the iniet manifold and exhaust system.
Examine the fan for damage. t
Clean the cylinder and cylinder head finning.
Check the lubricating oil pressure. I
Rensw the air cleaner element.

adjust the pressure settings.

|
Every 6000 Hours:
Give the engine a major overhaul, if necessary.

]

A reasonable amount of time spent in checking over the details as described above is the user’s
best insurance against loss of valuable time and costly repairs.
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Fig. 4 Lubricating Qil System
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SPECIFICATION
[

1.

The Temperatures mentioned in the table are the
ambient temperatures at the time when the
engine i§ started. However if the running
ambient temperatures are much higher than the
starting tiemperatures, a compromise must be
struck and a higher viscosity oil used, providing
starting is satisfactory; multigrade oils overcome
the problems provided they have a suitable
specification. See paragraphs 2 and 3.

Naturally jaspirated diesel engines must be run
on H.D. Diesel lubricating oils to specifications
equal to or better than DEFZ21010 or: MIL-
L-2104B lor MIL-L-46152 A/B or APl CC.
Straight mineral cils are not suitable, neither are
oils of less detergency than specified.

APICD, S:eries ll or MIL-L-2104C/D oils must be
used in all turbocharged engines.

For naturally aspirated engines running at a high
load facto;r particularly in cenjunction with high
ambient temperatures, oils to API CD, Series Il
or MIL-L;2104C/D are recommended. 'They
must aiso, be used if the sulphur content of the
fuel exceeds 0.6%. ‘

The use of these ails in new, or re-

condition@d, naturally aspirated engines' may ’

inhibit running-in, and give rise to ¢ylinder. bore
glazing in'engines operating on low duty cycles.
They shouid, therefore, not be used for the first
fill in su!ch engines, but may be used to
advantage after the first 250 hours.

For long-running naturally aspirated engines, oils
as specified in para 2 should be used for both
engine test and the recommended 250 hour
commissioning run. Thereafter, AP! CD, Series
Il or MIL-L-2104C/D oils are considered
beneficial :for dry sump and essential for top up
systams. | :
Turboc?ﬁarged engines must be run on oils as
specified in para. 3 at ali times. t

The oil shbuld be suitable for ail changes every
250 hoursl without undue oxidisation, with sump
temperatures reaching 180°C in tr(;npical
climates under extremely severe applications,
and 120°C under normal applications.

. | . .
Marine gearboxes of Lister manufacture with
separate lubrication from the engine, and all
marine reduction gears of Lister manufacture,

must use ‘‘Mild type EP gear lubricants” or *"Multi-
purpose gear fubricants’’ (as used in the majority of
motor car differentials}.

VISCOSITY ,
The viscosity of the lubricating oil must be as
follows:

Starting Temperatures | Moncgrade | Multigrade
°C °F Oils Qils
Below —1i5 5 SAE &W SW/20
Between 15 5 SAE 10W 10W/30
and 4] 39
Betwesn 4| 39 |SAE 20/20W| 15W/40
and 30| 86
Above 301 86 SAE 30 1oWi4Q
20Wi40

DESCRIPTION {Fig. 4)

A cast iron lubricating oil sump is bolted to the
base of the crankcase. Two drain plugs are fitted,
one either side of an oil strainer. An oil filler cap is
located at the top of the end cover and a dipstick is
fitted in the crankcase on the fuel pump side.

A self regulating oil pump, operated by a push rod
from the camshaft, is located in a drilling in the base
of the crankcase. The pump is retained in position by
the sump. An external pipeline is taken from the
crankcase oil gallery line and supplies il 1o the
cylinder head for the rocker lever bushes.

OPERATION

Qilin the sump is drawn into the self-regulating oil
pump through the oil strainer. Pressure oil is then
delivered by the pump through a drilling in the
crankcase to the hole nearest the outside of the
cartridge type oil filter base. Filtered pressure oil
passes through the centre of the filter and into the oil
gallery, and from the oil gallery is delivered to the
crankshaft gear end bearing via a pipe, and via
drillings to the crankshaft centre bearings and the
bearing in the main bearing housing. An external
pipe supplies pressure oil ta the rocker lever bushes,

The big end bearings are pressure fed through
internal drillings in the crankshaft from the supply to
the main bearings. Splash il lubricates the gears,
governor, camshaft and the underside of the
pistons.
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Fig. 5 Checking Oil Level

The lubricating oil pump is self regulating and the
minimum pressure is 0.7 bar {10 Ibf/in%) at 1000
revimin (See technical data for normal oil pressures).
The oil supply capacity is 4.3 litres (7.6 pts.) for the
two cylinder engine and 8.5 litres (11.4 pts.) for the
three cylinder engine, and is filled througn the oil filler
neck in the end cover ta the full mark on the dipstick.
The distance between the high and low marks
represent approximately 0.5 litre (0.88 pt.) on the
TS2and0.72litre (1.27pt) onthe TS3engine.

BEFORE STARTINGOR AFTER OVERHAUL

Fill the engine crankcase through the cil filler to the
mark '‘max’’ on the dipstick. Top up when the engine
has been stopped after the initialrun.

TS37

Fig.7 Draining Lubricating Qil

There is a second drain plug at the gear end of the
engine. The plug between the two drain plugs is the
blanking piug for the oif pump drilling (Fig. 114).
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OIL FILTER (Fig. 8) ‘

The standard full flow oil filter is a screw on
cartridge type ‘located on the crankcase. A band
gripping taol isirequired to remove the filter from the
engine. Whenlfitting a new filter, the face of the
rubber joint must be lightly greased to faciiitate
assembly and :removal. The fiter must be screwed
until the rubber joint makes contact with the
crankcase facihg and then screwed on clockwise
1/2 to 3/4 of & turn.

Only genuing Lister spare filters must be used,
these have the correct by-pass valve pressure to
match the self r:egulating oil pump, high temperature
joints, adequate filter paper characteristics and a
rigid case. The :fact that a proprietary filter may have
the same external dimensions and thread as the
genuine ong is|no guarantee that it cannot cause a
serious lubricating oil failure.

!
HIGH QIL CONSUMPTION
TS engines use very little ail, but the consumption

can increase ;if the wvalve guides are worn,
I ‘

I
é [
i

Fig.

8 Changing Oil Filter

'
o
|
|

or if the breather in the rocker compartment is not
functioning carrectly, This can be caused by excess
ail in the rocker compartment due to excess piston
blow by, incorrect parts, or worn rocker bushes and
shafts.

Note: Remote mounted ail filters are available for all
engines.

LUBRICATING OIL STRAINER (Fig. 9)

Engines are fitted with a coarse lubricating oil
strainer on the suction side of the oil pump. Rags
must not be used to wipe the inside of the engine
during overhauls because the fluff might easily clog
the ail strainer.

Access to the strainer is gained by removing the
sump. To dismantle the strainer first remove the
centre setscrew, be careful 1o replace the distance
piece under the top plate on re-assembly.

The anti-surge plate must be fitted parallel to the
crankcase web.

 —

e T832]

Fig. 3 Qil Strainer
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SUMP AND LUBRICATING OIL PUMP
(See also Section 4 Page 70)

To Remove:

{a) Remove plugs from the sump and drain the oil
into a suitable receptacle.

{b) Remaove the sump baolts and spring washers. The
oil pump will move the sump away from the
crankcase as the bolts are removed.

(c} Remove the sump taking care not to damage the
oil pump or sump joint. (Fig. 10},

id) Remove oil pump and then remove oil pump
push rod {if necessaryl by using long nosed
pliers. {Figs. 11 & 12).

{e) Dismantle oil pump making careful note of
coemponent positions {See Fig. 13).

Make particutar nate of the two different sized
ball valves.

Note: The fanshroud is attached to the sump with

two bolts. (See page 78 for precautions to be

observed when fitting}.

Servicing:

Clean all components and replace any worn or
damaged parts. Clean sump and crankcase faces
and fit a new joint,- coating the sump face with
Wellseal and stick the joint to it.

Fig. 10 Removing Oil Sump

Fig. 11 Removing Oil Pump

Fig. 12

Removing Qil Pump Push Rod

It should be noted that rods of different Iengths are
used, therefore always ensure that the correct
replacement rad is fitted by checking its length.

™. - . M




SECTION 2 LUBRICATING SYSTEM

To Refit: |

ta) Check that the oil pump is correctly assembled
and workirig freely by compressing between the
palms of the hands.

{b} Replace oil pump push rod with the larger
diameter towards the camshaft.

(c) Replace oil pump with plunger leading.

(d) Fit sump with recessed corner adjagent to the il
pump. Tor:que load sump holts 10 27.12 Nm.
{20.0 Ibf.f1).

(e} Coatthe thfreads of the drain plugs with Hylomar
PL32/M and refit.

{f) Fill sump I;o the correct level with the correct
grade of lulbricating oil.

iﬂlﬂ‘_mm””Mm i

Fig. 14 Lubricating Oil System

STRAINER

1 Mesh

2 Cap Asembly
i 3 Distance Piece
\ 4 Bolt—M8 x 1.25-6g x 35mm
[ 5 Spring Washer

. OIL PUMP & FILTER
6 Oil Pump A(Ssembly Comprises
7 Cvlinder l
8 Lower Ball Valve
. -9 Retaining Plate

10 Spring
11 Piunger Washer
12 Plunger

13 Plunger Valve Seat Insert
14 Plunger Cap

15 Ugper Ball Valve

18 Push Rod

17 Filter

18 Connector

LUBRICATING OIL PIPE
19  Lubricating Oil Pipe
20 Swivel Union Plug

21 Copper Washer

22 Clip

| - E
Fig. 13 Qil Pump (diagrammatic) i
|
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LUBRICATING SYSTEM

Oil Feed to Cylinder Heads (Fig. 15)

An external pipe secured by 3 or 4 swivel union
plugs carries lubricating oil from the crankcase oil
manifold to the valve rockers, The pipe is retained in
position by two spring clips attached to an exhaust
push rod sealing tube.

OIL SEALS (See also Section 4 and 7}

A lip type oil seal is fitted to the crankcase end of
the end cover starting shaft tube and either a rotary
type oil seal, lip seal, or a screw type oil seal is fitted
tp the main bearing housing.

Rotary Type Qil Seal {Fig. 16)
{Early engines only)
{See also Section 4 and 7)

The rotary type oil seal may be fitted to the main
bearing housing and cansists of a rotating impeller
which is an interference fit on the crankshaft, and
has an oil sealing thread machined on the cutside
diameter. Next and outwards from the face of the
impeller a felt ring is fitted, which acts as a dust seal,
and is held in place by a stationary retaining cap. The
retaining cap is an interference fit in the bearing
housing.

Special tools™ are required to assemble the unit in
arder to achieve the correct spacing betwsen the
impeller and the inner edge of the retaining cap, and
to ensure the components are sguare 10 the
crankshaft. The impeller must not touch the
retaining cap otherwise damage will result. Special
care must be taken when fitting the impeller not to
damage the oil sealing thread, or oil leaks will result.

When refitting the impeller ensure there is
adequate interference  with  the crankshaft,
otherwise the impeller will not rotate with the
crankshaft when it expands with engine heat. If
necessary change the impeller.

* See Section 7 concerning special tools.

Note: If a rotary oil seal requires changing on earlier
engines it can be replaced by an alternative seal.
Every care should be taken to keep the crankshaft
free from scratching or scoring to ensure that a good
seal is maintained.

Fig. 15 Removing Oil Feed Pipe to Cylinder
Head

o e e
i % -

.TS57 |

Fig. 16 Rotary Type Oil Seal
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LUBRICATING SYSTEM

1

Lip Type Oil Seals
{See also Section 4 and 7).
1

The lip seals used must be the approved type
supplied by R. A. Lister as genuine spares. Ordinary
rubber seals may quickly harden in use, rapidly wear
the shaft, or not even seal on original fitment. 3

A lip type seal will definitely not seal if the shaft is
scratched or brhised, and a scratch means minute
rmarks or lines barely visible to the naked eye. No
such scratching or bruising must exist within & mm
either side of the path of the lip of the seal. A finely
and accurately ground shaft without chatter marks
and with a surface finish of 0.4 microns Ra (16
micro inches CLA) maximum is adeqguate. It is
essential to check that no damage has taken place
during transit of servicing. !

Emery clath of any grade used on a sealing shaft
will damage it; and if the grade has not been
extremely fine, i:t is probable that the damage cannot
be remedied. It is even recommended that the
reverse side of] emery cloth should not be used
because of the probability of grains of emery
becaming dislodged.

Very fine Scfratches should be corrected by
polishing the working surface with a wet mixture of
metal polish and optical aluminium oxide powaer,
failing this doméstic scouring powder may be used.

To rub the shaft, a strip of rag some 300mm long hy
50mm wide should be folded lengthwise and made
into 10mm belt. Wet the belt with the abrasive
mixture, wrap ence right around the shaft and use
with a reciprocating motion.

Screw Type Oil Seal (Fig. 16a}

The crankcase may be sealed at the crankshaft by
a screw type qil seal {A) and a felt ring {B}. The
screw seal must be concentric with the shaft, the
maximum permissible variation of gap being 0.075
mm. {0.003"'}. A ring type oil thrower (C) is fitted
over the crankshaft at the flywheel end and must be
fitted before the main bearing housing.

When an oil seal is replaced, the outside diameter
of the seal should have a little Mylomar PL32M
applied. When fitting a new crankshaft felt seal, coat
the inside of the grooves with Wellseal before
inserting felt. Ensure the felt is not distorted during
fitting, and lightly ail before fitting assembly to the
crankshaft.

Ensure that the correct seal assembly is fitted for
the direction of the engine rotation. An arrow
marked on the seal shows the direction of rotation.

TS

Fig. 16b - Showing where Fanshroud is
secured to Sump

! Panmg 709




Section Three
FUEL SYSTEM

@ Tank @ Injectors

Fig. 17 Fuel System @ Filter @ Leak-off Pipe

With a self venting fuel system the fuel faed pipe will be found fitted to the bleed screw point (see item 8
Fig. 30).
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FUEL SYSTEM
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I
SPECIFICATION .

[t has not begen found practicable to recommend
any particular fuel for universal use, but the fuel
must be a dlst|llate and not a residual oil or a blénd
thereof. |

It should have a Specification Conformlnglto
British Standard|No. 2869: 1970, Class A1 or A2.

Fuels to USA Specifications ASTM D-975-77
Grades No. 1-D Eand No. 2-D are aiso acceptabl;e.

i

SPECIFICATION LIMITS

ltem! Class A1 | Class A2
Viscosity, Kiner‘patic at |
37.8°C '
centistokes, Min. 1.6 1.6
centistokes, Max. 6.0 6.0
Cetane number, min. 50 45

Carbon residue! Conrad-
son on 10%; residue,
% by weightl max. 0.2 0.2

Distillaticn, recfovery at:
357°C% by!volume,
min. ! 30 g0

Flash point, closed, Pen-

sky-Martans, min. 55°C BROC
Water contentﬁ % by
volume, max! 0.05 0.06
Sediment % bv weight,
max. 0.01 0.01
Ash % by weight, max. 0.01 0.01
Sulphur Conterit % by
weight, max.. 0.b 1.0
Copper corrosion test, :
max. 1 1
Cloud point °C
maximum Summer 0 0
© Winter —7 —7

In some cases Summef grade oil is unsuitable for
use in Winter because it becomes cloudy and rapidly
clogs the fuel filters on the engine.

In general theifuel must be free from foreign
matter and water otherwise excessive wear may
take place, particblarly in the fuel injection system.
Certain fuels are Unsuitable owing to the excessive
temperatures, préssurgs, deposits and corrosion
resulting from their use.

? |
1

The user is cautioned that although the engine
may run satisfactorily far a short time an some fuels,
excessive wear and damage will ultimately be
suffered by the engine and its life materially
shortened. for these reasons this ¢ompany can
accept no responsibility for such damage or wear
caused by the use of unsuitable or dirty fuels.

When in doubt as to the suitability of a fuel oil, the
local dealer should be consuited.

Clean fuel is of the utmast importance in ensuring
reliable perfarmance,

Vaporising oils are unsuitable as fuel for Lister
diesel engines.

DESCRIPTION (Fig. 17)

The fuel system comprises a fuel tank, fuel filter
and a fuel pump and injectar for each cylinder. The
fuel tank is normally engine mounted but may be of
a variety to be mounted elsewhere. The engine
mounted fuel tank on the TS engines has an integral
fuel filter of the element and bowl variety which has
a single attachment bolt through the base of the
bowl to the adaptor, other engines have a cartridge
type fuel filter fitted tc the flywhee! end of the
engine. Both types of fuel filter are fitted with bleed
screws. From the filter fuel flows to the fue! pumps
through flexible pipes.. The fuel pumps feed high
pressure fuel to the injectors which are held in
position in the cylinders by a clamp. Leak off pipes
carry leak off fuel back 10 the tank.

A camshaft operated fuel lift pump may be fitted
to the crankcase between the fuel supply and the
fuel filter.
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FUEL SYSTEM

SERVICING —GENERAL

When priming or checking the fuel pump timing,
care must be taken to wipe spilled fuel from the
outside of the engine.

Always fit a NEW joint when a joint has been
broken.

Special care must be taken to see that there is no
leakage from the joints of the fuel pipe connection ta
the pump.

When tightening or loosening the fuel pump
delivery connections, use two spanners to prevent
the pump from twisting on its seating and causing
misalignment and possibly jamming of the fuel pump
rack,

When refitting the fusl pipe from pump to injector
the connection to the injector must be tightened
before the connection to the fuel pump. This
procedure will ensure that there is no leakage from
these joints. It is most impartant that all fuel joints
are tight and leakproof.

Always fill the fuel tank through a fine strainer,
preferably at the end of a run. If any sediment is
stirred up during the process this has time to settie
before the engine is used again. If cans are used,
avaid tipping out the {ast few drops.

Funnels are very difficult to keep clean in dusty
conditions. Wash them before and after use and

Fig. 18 Removing Fuel Filter
(without Engine Mounted Fuel Tank]).

wrap them up when not required, or fill service tank
direct from a small mouthed screw capped can such
as a 2 gallon fuel can.

REMOVING THE FUEL TANK AND FILTER

{a) Drain tank.

(b} Disconnect the fuel pipe at fuel pumps or fuel
tank.

{c) Remove leak off pipe from top of tank (push
fit). '

(d) Remove the two nuts securing the base of the
tank to the air shield and end cover bracket.

(e} Remove the three bolts securing the top of the
tank to cylinder head cover -and air cowl
bracket.

Refitting is carried out in reverse order; after
refitting, fill tank and vent system through bleed
screw on filter and pump.{Fig. 30)}.

Fig. 19 Fuel Tank and Filter
{earlier style tank).

Barmes 20
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20
21
22
23
24
2b

26
27
28

29

SO W~ O NN =
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Fig. 2()i FUEL TANK—13 Litre

H
1 -

Fuel Tank
Setscrew—MS8 x 1.26-6g x 25mm
Spring Washer
Spacer
Setscrew—M8 x 1.25-Bg x 20mm
Nut—M8 x 1.25-6H
Siud |
Stay '
Filler Cap Includes
Joint
Gromrmet
Adaptor
Washer
Cap Screw—M6 x 1.0-6g x A0mm
Washer
Bleed :Screw
Washe;
Union
Joint | '

30
31
32

Fig. 21

[ —
= OO~ hwWN=

Mo o . ™™

Fuel Filter Assembly Comprises
Bolt
Sealing Ring
Bowl
Spring
Spring Locating Washer
Sealing Ring
Element

Adaptar

Sealing Ring
Sealing Ring

Pipe Assembly
Copper Washer
Swivel Union Plug

FUEL SYSTEM —Injector-

Pump to Injector Pipe
Injecter Clamp

Cap Screw

Fuel Injector

Nozzie

Fuel Iniector Washer
Leak Off Pipe

Leak Off Pipe
Rubber Cornector
Swivel Union Plug
Copper Washer




SECTION 3 FUEL SYSTEM

FUEL SYSTEM —Fiiter & Pump
1 Fuel Filter Includes
2 Element Kit
3 Stud—M8 x 1.2b-Bg x 30mm
4 Plain Washer
5  Self Locking Nut—M8 x 1.2b-6H
& Swivel Unien Plug
7 Blanking Plug
8 Copper Washer
9 Vent Plug
10 Copper Washer
11 Union
12  Copper Washer
13 Leak Off Pipe Rubber Connection
14  Fuel Pipe
15 Copper Washer
16 Swivel Union Plug
17  Fuel Pump Tappet Guide
18 Locating Screw
7 19 Copper Washer
E : o 20 Fuel Pump Tappet
1 21  Fuel Pump Tappet Roller
1%5\5»\%] - 22 Fuel Pump Tappet Bgsh
23 Fuel Pump Tappet Pin
Fig. 22 Fuel System —Filter & Pump 24  Fuel Pump Tappet Insert
25  Fuel Pump Includes
— Element
— Delivery Valve
26 Shim—0.127mm. (0.005"")
—  Shim—0.bG8mm. (0.020")
27 Bolt—Front—MB6 x 1.0-Bg x 40mm
28 Bolt—Rear—special
29 Spring Washer
30 0O’ ring

S 1520

Fig. 23 Removing Speeder Spring with Fuel
Pump Door Removed.
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FUEL PUMP
The Bryce BerEger Fuel Fumps are located at the
side of the engine between the push rods and are
secured 10 the ctankcase by two balts. At the base
of the pump split shims are fitted to obtain accurate

timing. j

Removing Fuel Pump

(a) Drain fuel.

{b) Disconnsctifuel feed pipes at pumps.

{c} Remove fuel pipes—pump to injector (Fig. 25).

Note: During removal hold fuel pump delivery valve

holder with span("wer to stop it turming.

{d) Remove fue] pump inspection doors.

{e} Disconnect ;qovernar link and pump inler-
cannecting link at pumps {it wili assist access
if speeder spring is first disconnected from
spindle on jright hand sidel (Fig. 23). Set
operating lever on pump to ceniral position.

(i Remave fuelipump holding down bolts. Lift out
pumps taking care 1o Tetdin adjusting shims
below the pump body (Fig. 24).

I

[

o s

- e
Fig. 24 Removing Fuel Pump.
[}

|
i
|

Fig. 26 Removing Fuel Pipe between Fuel
Pump and Injector.

Servicing

It is recommended that the work of servicing the
fuel pump is carred cut by accredited Service
Depots. For aperators wishing ta carry out their own
maintenance, refer to Bryce Berger Publication
F158. See Parts List for genuing Lister parts.

Refitting Fuel Pump

{al  Position fuel pumps and shims and fit retaining
bolis — largast head bolt nearest the cylinder.
Bolts should be tightened 1o a torque of 8.82
Nm. (6.5 Ibf.ft.}.

by  Connect governor link and pump inter-
conneacting link to pumps (re-connact speeder
spring if removed). :

{c}  Check governor setting.

idr  Apply Weliseal 10 fuel pump inspection door
jointing face and stick joint to it; fit doors.

(e} Refit fuel feed pipes and pipes from pump to
injactar; prime fuel system.

{f)  Check spill timing and adjust with shims as
NECEssary.

Care should be taken to prevent shims fouiing the
oil seal on the hase of the pumps.
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FUEL PUMP TIMING

{a)l Check the control is in the start position.

(b} Turn the flywheel to the firing position for the
correct cylinder by lining up the fiming mark on
the flywheel with the arrow head in the
window at the rear of the fanshroud (Fig. 27).
Ensure that both valves on the cylinder being
timed are closed.

{c} Disconnect the fue! injector pipe at the pump
and injector. .

(d)  Rermove the delivery valve helder (A}, delivery
valve (C] and spring assembtly (B}, If fuel flows
from the pump, turn the crankshaft in the
direction of rotation until the flow ceases.

(el Replace the delivery valve holder without the
valve and spring.

Fig. 27 Timing Marks

{fi  Ensure a fuel supply and then turn the
crankshaft against the direction of rotation until
fuel commences to flow. Then turn the
crankshaft slowly in the direction of.rotation
until the flow ceases. Blow the fuel from the
top of the holder to ensure that the flow has
ceased. At this position the firing mark an the
flywheel should be in line with the arrow head
in the window. If it is not adjust the shims
below the pump body. Skims 0.127mm
(0.005™), 0.254mm [0.010"7), 0.508mm
(0.020") and 0.762mm {0.030") thick are
normally inserled below the fuel pump. When
timing is correct replace delivery valve and
spring.

tg)  Turn the flywheel to the firing position for the
next cylinder and repeat until all purmps are
timed.

Fig. 26 Fuel Pump Delivery Valve and Spring

REMOVE SHIMS TO ADVANCE
ADD SHIMS TO RETARD

IMPORTANT:

Apart from the attention given to the fuel pump

delivery valve and seat, if applicable, and the

changing of defective injector nozzies, ALL

aother work on the fuel injection systerm must be

carried out by an accredited Service Dapot.

PAamp 2R
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FUEL FILTER '

The fuel filtér is an essential part of a diesel
engine. The engjine must never be run without a fuel
filter element. The elernent should be renewed every
500 hours, mor;e frequently if for any reason the fuel
is known to be dirty. To remove, drain the fuel tank
and unscrew the bolt to the filter assembly. As
applicable either change the cartridge element or
clean the filter ibowl and fit new element. Always
renew all jointsfand seals before reassembly. When
the filter has'bein correctly reassembled fill the fuel

tank and prime the fuel system.
! B

Fig. 29 Fuel Filter Element Replacement

PRIMING FUEL SYSTEM (Fig. 30)

{a)  Fill the fuel tank with correct fuel oil.
: {b)  Vent the fuel filter through the bleed screw A
< until &.full air free flow of fuel is obtained.
{c). 'Vent the fuel at the pumps through the bleed
screw B starting with the pump nearest to'the
fuel tank.

o

TS67 if the fuel system is self venting the fuél supply
. ! I o pipe will be connected to bleed screw B position and
Fig. 28 Fuel Filter Element Kit no priming will be required.

Fig. 30 Priming Fuel System
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FUEL INJECTOR
To Remove: —

(a) Remcve cylinder head covers. (Seg Saction 4).

(b} FRemove fuel feed pipes from fuel pump and
injector.

Note: During removal hold fuel pump delivery valve

holder with spanner to stop it turning.

{c) Remove leak-off pipe from tank.

{dy  Unscrew holding down Allen screws and
remove clamps; clamps are located in position
by a hole in the side of the cylinder head
assembly. {Fig. 32).

{e) Remove injector and washers. The injector is
set to 200 atmospheres. (Fig. 31).

Full instructions for testing injector can be found
on next pages.

Refitting is carried cut in reverse order. Renew the
copper washer and torque the swivel union securing
leak off pipe to injector to 4.07Nm (3.0 |bf.ft},
injector clamp screw torque is 21.02 Nm (15.5
Ibf.ft). After the initial run following an injector
replacement re-torque the injector clamp screw.

Fig. 31

Injectors

]
]
: |
i

Fig. 32 Removing Injector Clamp

FUEL INJECTOR

The injection equipment, and the pipes and unicns
between the fuel filter and the fuel pump, and
between the fue! pumg and the injector must be
absolutely clean; one particle of dirt can easily block
cne hole in the nozzle and produce a dirty exhaust.
Every care is taken before the engine leaves the
Warks to ensure that this equipment is scrupulously
clean, and alter the engine is run in on test these
injectors are checked and reglaced if necessary, as
sometimas particles of dirt get dislcdged from the
systemn when all the equipment is new. Therefore it
is recommended that great care be taken not to
introcduce dirt into the system in any subsequent
dismantling after the engine leaves the Works. This
applies to the fuel pump, the fuel injector and all the
pipes and unicns between the fuel filter and the fuel
pump and between the fuel pump and the injector.
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FUEL INJECT(:)R—TESTING INSTRUCTIONS

The injector nozzle has four spray holes each 0.25
mm diameter.| The setting pressure of the injector
spring is 200 atmospheres this allows for settling to
the normal pres3ure of 190 atmospheres.

To ascerta|n| if the injector spray is in good
condition, the injector is removed frem the engine
and reconnected tc the fuel infection pump
externally with the injector pipe fitted in the reverse
position so that the spray can be observed. After
connecting the '|n1ector check engine control is in
the starting poqlton, turn the engine at about 60
revimin camshéft speed and observe the sprays in
the usual way - ensure spray is directed away
from the operatOr
" All sprays should have the same appearance and
the same length! fof penetration in the air. If one spray
is shorter or weaker than the others this means that
the corresponding hole is partially blocked and best
resufts will not pe cbtained.

If one hole is totally blocked or the nozzle dribbles
it must be replaced or sent to be cleaned and
reclaimed by an accredited Service Depot.

If the nozzle only is replaced, the injector spring
pressure must be reset and this cannot be done
without a special test rig consisting of a hand
operated fuel DL:JITID and a pressure gauge. This rig
is normally carried by Service Engineers but if it is
not available it gbecomes necessary to replace the
complete injector by a new or a serviced one which
has a clean nozzle and has been properly set to the
correct pressure: in this case the compglete faulty
injector should be sent to an accredited service
depot for reconditioning.

The back leakage measured with a hand pump
and gauge must|be such that the time for the setting
pressure to drop from 170 to 140 atmospheres must
be within 6 to 27 seconds at 15.5°C (60°F)
calibration fluid temperature. See page 48 for
comprehension table.

Tighten the injector top plug to 27.12 Nm (20
Ibf.ft.) !

i
!
|
t
il

SERVICING FUEL INJECTORS

Examing oil seal ring for damage or cuts, replace
if necessary.
Ensure the seatings in the cylinder head are clean
and smooth.
Fit new joint.

CLEANING FUEL INJECTORS/PUMPS

A thoroughly cleaned container holding a supply
of clean, fresh fuel oil should be available for
washing dismantled parts. Components shauld be
assembled wet although it is permissible to use non-
fluffing paper during cleaning processes. Never use
paraffin  and never use woven cloths. The
components of each individual injector/pump should
be kept together during dismantling.

i 1519

Fig. 33 Disconnecting Fuel Pump
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Fig. 34 Fuel Pump and Governor Setting
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CHANGING G:OVERNOR WEIGHTS AND
GOVERNOR SPEEDER SPRING

NOTE: A complete list of weights and springs
for each build is given on page 43.

{a)} Remove f;uel pump inspection door and end
cover {see Section 4},

(b) Disconnect speeder spring from spindle.(Fig.
23). -

(c) Remove speeder spring from gavernor lever
and fit new spring.

{(d)  Turn the engine until one of the two or four
governor , waight retainer set screws s
accessible. Remove selscrew and retainer
plate.

{e}  Turn the engine until the adjacent retainer plate
is accessible. Remove setscrew and retainer
plate (Fig.;3b). '

(f)  Remove gbvernor weight.

(g) Repeat for remaining governor weights.

(R}  Fit new governor weights, retainer plates and
setscrews! Torque toad the setscrews to 8.82
Nm (6.5 Ibf.ft.)

{i) ~ Check fuel pump and governor setting.

Note: Care must be taken when refitting the retainer

plates. If the plate is tilted the weights may foul the
plate. !

7841

t

Fig. 35 Changing Governor Weights.
{earlier engines}
i

FUEL PUMP AND GOVERNOR SETTING (Fig. 34

B 44al

To adjust or check the settings, it is necessary 10
remove the fuel pump inspection doors and the end
cover. The auto excess fuel device (Fig. 42) should
be in the START position and the end of the
camshaft gently tapped towards the flywheel in
arder to take up any end play.

{a} Adjustment 'E’ should be checked and if
necessary shims added or removed tc obtain a
clearance of between 0.12mm {0.005"") and
0.25mm (0.010"") (Fig. 36}.

Set the distance 'A’ (Fig. 38) between the end

of the thrust sleeve and the shouider aon the

camshaft gear hub to 5.0mm (0.187") by
marking a scribed line 5.0mm from the
shoulder and then moving the thrust sleeve
forward 10 line up with the scribed mark. Check
that the caiibration mark ‘B on No. 1 fuel
pump is in line with the mark on the centre of
the fuel pump body whilst distance ‘A’ is
maintained. Adjust by aitering the effective
length of the governor link through the
locknuts "C’. Ensure chamfered spacer is
seated when making this adjustment. The
iength of the link between the fuel pumps is

then adjusted so that the calibration marks (B)

on all pumps are in line simultaneously.” To

adjust the length of each link it has to be
disconnected from its pump and rotated to

Suit,

*For later engines see page 48 under FUEL

PUMP SETTINGS (Later.Engines).

(b} Check the auto excess fuel device is in the
"RUN’ paosition as follows:-

(il Turn the engine control to the 'STOP’
position and release.

{il  Move the governor lever away from the
camshaft until the excess fuel device
clicks intoc the ‘RUN’ position.

With a feeler gauge of the correct thickness

{see table values of "G’} inserted as shown in

Fig. 37, Joosen the control plate retaining

screw and rotate the plate until the fuel pump

calibration marks line up. Retighten retaining

SCrew.

After all settings-have been carried out, ensure the
fuel pump rack and all moving parts move freely.
NOTE: The torsion or return spring fitted to-the
lowaer right hand side of the governor lever (Fig.
34) is no longer fitted to constant speed models.
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Fig. 36 Setting 'E’ Adjustment. Fig. 38 Setting "A’ Adjustment.

Fig. 37 Setting ‘G" Adjustment. Fig. 39 Setting 'Q" Adjustment,
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A. Constant Speed Control
B. Variable Speed Control

Fig. 40 Governor Speed Adjustment
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GOVERNOR SiPEED ADJUSTMENT (Fig. 40}

The speedersisoring (1) is tensioned by the speed
control lever. ;The lever has a right hand side
adjusting screw (2) which increases the speed when
itis turned clockwise in constant speed engines but,
in variable speed engines, it is used 10 control the
lowest Speed or the idling spead.

i

To adjust the idling speed in a variable speed
enging, the sc:rew i3 unscrewed by turning anti-
clockwise until it has no¢ further effect on reducing
engine speed; !the governor will then be controlled
by the torsion spring and the engine is likely to
‘hunt’. The screw is then turned clockwise until the
‘hunting” just stops—if the lowest idling speed is
required—or continued to be turned clockwise until
the desired idling speed is obtained. The locknut
must then be fightened.

The left hand screw {3) on the lever, is used to
limit the maxinmum speed on variable speed engines;
when the screw is turned clockwise, the maximum
speed is reduced and vice versa. This screw has no
function in constant speed engines without a speed
control lever olr remote speed control.

|

The range of tensioning of the speeder-spring and
therefore the' speed range is controlled by thes
movement of the speed control lever and the
elfective length of the screw (4} which is secured by
the nut and locknut (5). The adiustment of the screw
is gauged byl the position of its end in relation
to the end of the fuel pump link. Thig is known as the
‘(" setting. The measurement can be (See Fig. 41)
either negative or positive. The values of 'Q" are
quoted on page 43.

Note: It is af;ivisable 1o grease the speed control
adiusting screw before painting the'‘engine.
l

!

{
|
\
1

IDLING SPEEDS

Engines with variable speed governors are to be
set to idle at 900 rev/min.

FUEL PUMP TIMING CHART

including 3000

. Deg.
Rev/min BTSC
1500 20°
1800 20°
Variable
speeds up to and 23°

— \ 73174l

Fig. 41 Projection of Speeder Spring Screw

Note: It is impartant that the speeder spring is
nooked properly through the hole in the spindle—see

item 6 an Fig. 40.

MNae- - A
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FUEL SYSTEM

AUTOMATIC DEVICE GIVING EXCESS FUEL
FOR STARTING {Fig. 44) - '

The engine is fitted with an auto excess fuel
device (Fig. 42) fitted with & spring loaded cam (1)
which together with the mavement of the lever {2)
varies the distance hetween the centre line of No. 1
fuel pump and the edge of the governor linkage
abutment {3). The three positions available are
'ENGINE STOP’. 'EXCESS FUEL FOR STARTING'
and 'ENGINE RUN".

The two main features of the device are:

(@l The resetting of the cam during the stop-
ping operation which is effected by turning
the engine control fully anti-clockwise so
that on reiease ‘EXCESS FUEL FOR
STARTING” will automatically be selected.

(b) If the engine is nct overloaded, as soon as
tha governor reaches the on speed position
the cam turns under the force of its spring
so that the engine power output is limited
to the rated power plus averload if allowed
by the rating specification. ’

STOPPING THE ENGINE

To stop the engine the engine control is turned
fully anti-ciockwise and heid there until the engine
stops.

Nate: If an engine fitted with Automatic excess fual
stops other than by the operation of the enging
control, the control must be turned to the '‘STOP’
pasition and then released in order to select excess
fuel.

RUN
TS 168

STOP

{Excess Fuel)

Fig. 42a Auto Excess Fuel Davice
{later engines)

PREVENTION OF FUEL LEAKS

The following should be properly tightened and
checked during service at freguent intervals:

lal  The joints or unions ot the fuel pipe{s) leading
from the fuel tank.

(b} The two unions of the fuel lift pump [if fitted).

{c}  The fuel filter inlet {(f externall and outlet
unions and vent screws.

(d)  The fuel pump element locating screw which
must be screwed dead tight.

(e} The fuel pump inlet and outlet unicns.

{f!t  The fuel pump vent screw.

(gl The fuel injector leak off and inlet union.

th)  The fuel pump hoiding down screws.

(it The fuel injector clamp screw.

STOP . START
(Excess Fuel)

TS101

Fig. 42 Auto Excess Fuel Device
{earlier engines)

@)
£1.0-0)

STOP

@)

'START

Fig. 43 Engine Caontrol
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GOVERNOR LINKAGE

1

Governor Link Assembly
Fuel Pump Link Assembly

2 —T&52—Between 1 & 2 cylinders
3 —T53—Between 1 & 2 cylinders
4 —Between 2 & 3 cylinders
b Governor Lever Spring
B Nut
7 Swivel Spacer
— Speed Control Lever & Bracket Assembly
Comprises
8 Spindle
9 Bracket
10 Lever
11 'O’ Ring
12 Pin
13 Cheese Head Screw
14 Spring Washer
15 Cheese Head Adjusting Screw—Short
16 Cheese Head Adjusting Screw—Long
17 Nut—M4 x 0.7-6H
18 Speeder Spring Adjusting Screw
19 Speeder Spring
20 Control Knob, Spindle & Piate Assembly

(engine control)

21 Setscrew—MB x 1.0-6g x 12Zmm
22 Spring Washer
23 Plain Washer
,‘ 24 'O’ Ring
i 25 Stopping Control Spring
Fig. 44 Governor Linkage (earlier engines), 26 Lever
Automatic Excess Fuel Control and Speed 27 Spring Automatic
Control (See Figs. #a and 44b} 28 Dowel Excess
: 29 Cam Fuel
| 30 Cam Spring Control
) 31 Pin
32 Stop Control Knob
G SETTINGS ,l‘ : . 33 Cheese Headed Screw
These are given in the table below in mm and —M4 x 0.7-6g x 10 mm
{inches) for various speeds and two torque ratings 34 Spring Washer

{10% cverload!and no overload). For intermediate
speeds use the value for the nearest highest speed.

An engine set to 100% load will develop its rated
H.P. confinuously including 10% overload for a
period not exceeding one hour in any period of 12
hours consecuti’ve running.

‘ i Speed rev/min
TS 2 and 3 1500 1800 2500 3000
‘ 0.6 0.6 0.8 1.00
10% overload {0.024) (0.024) (0.032) (0.039)
No overloap — — 0.35 Q.60
! (0.014) (0.020)

|
|
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FUEL SYSTEM

Remaval of Engine Control and Automatic
Excess |Fuel Lever (Fig. 44)

(a) Rel'nove excess fual spring.

(b Mcive automatic excess fuel lever along shaft,

(c) Re:l'nove dowel pin,

(d) Remove stopping control spring from location
on‘excess fuel lever,

{e) Remove excess fuel lever and cam whilst
witlhdrawing stopping lever, spindle and plate
assembly.

Refittinlg Engine Control and Automatic Excess
Fuel Lever

{a) Rerlwew ‘07 ring if necessary.

{b} Replace control knob, spindle and plate
assembly whilst sliding automatic excess fuel
lever over the spindle and against the stopping
cor:wtrcl spring.

{c) Relocate stopping control spring on excess fuel
lever.

{d) Holding automatic excess fuel lever away from
the hole replace dowel.

{e} Replace excess fuel spring.

Nozzle Leak Back

Calibration fluid Back leakage time
temperature (secs) 170 to 140
o oF Atms pressure drop

6 43 7.56—34
8 47 7 -—33

10 50 7 =31
12 54 6.5—29
14 h7 6.5—28
15.5 60 6 —27
18 64 55-—-26.5
20 68 H5—-24
29 72 5 —23
24 75 4.5—22
76 79 45—-271
28 82 4 =20
30 . 86 4 —185

Method: Hand Pump.

FUEL PUMP SETTING (Later Engines)
{Fig. 44b)

The length of the link between the fuel pumps is
then adjusted so that the calibration marks (B) on all
pumps are in line simultaneously. To adjust the
length of each link it has to be disconnected from its
pump. With shackle (D) still connected, slacken off
locking sleeve (E) and rotate governor {ink {C) until
the required length is obtained — fuel pump
calibration marks are in line simultaneously. Tighten
locking sieeve (E} on to shackie (D}
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Fig. 44a Governor Linkage (earlier engines)

Fig. 4b Governor Linkage (later engines)

A. Governor Link (No. 1 pump) C. Governor Link {No. 2 and 3 pump)

B. Governor Lever Spring D. Shackle
E. Locking Sieeve
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The method of retention of the governor weight
pins in machined slots in the gearwheel has been
superseded by the introduction of sintered keeper
plates with cast slots to position the pins.

]

S SN
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Fig. 44c Governor Weights
{later engines)

Fig. 44d. Fuel Tank (later style)




Section Four
ENGINE

| T52 Engine — Without Engine Mounted Fuel Tank

I Lifting Eve
Decompressor
Lever
i
i
: Fuel Filter
i Oit Feed Pipe
| to Rockers
Fuel iPump
Fan Shroud

Lub. Oil Filler Cap Fuel Purnp Doors
Stopping Control

Speed Control

E Lever Dipstick
Lut. Oil Filter
. ! Sump
Oil Drain Plug
i
1
i
!
|
i
Exhaust Manifold
; Air Shield
Inlet Manifold
!’
Air Cowling
)
I End Cover

'

Starté{ Motor
Blanking Plate

i
!
|
;

Fig. 46 Main Features — Manifold Side




SECTION 4 TS ENGINES

TS2 Engine — With Early Version Engine Meun-ted Fuel Tank

Fuel Qil
Filler Cap

Silencer

Decompressor Lever
Fuel Tank

Fuel Pump

Lub. Qil Filler Cap Speed Control

Stopping Control Crankshaft Extension

Fuel Lift Puma
Blanking Plate

Luk. Oif Filter

Sump

Qil Drain Plug

Fig. 47 WMain Features — Fuel Pump Side_

Exhaust Manifold

Inlet Manifold

Air Cleaner

Fuel Qil Filter

Fig. 48 Main Features — Manifold Side
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! TS3 Engine — Without Engine Mounted Fuel Tank

|
i
!Lifting Eve
|

Decompressor Lever

Fuel Filter

(il Feed Pipe 10

Fuel Pump Rockers

Lub. Qil Filler Cap Fanshroud
I
S‘(O[;)ping Lever Spead Control

! End Cover Dipstick
Lu:b. Ol Filter

Sump

Exhausi Manifold - a2

inle} Manifold Air Shield

Air Cowling

- s
T ¥ !

O ,/ & Hand Cranking

S (7 e Access Hole
"}

| .

| . 3
Sta!rter Motor
Blanking Plate \

i .

! d

|

|
Lub. Qil EDrain Plug

i

TS82A

! Fig. 50 Main Features — Manifold Side
|
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TS ENGINES

INTRODUCTION

Every effort must be made to rmaintain the engine
in a clean condition and oil leaks must be dealt with
as spon as they occur, With a new or overhauled
engine the joints settle during the first few hours
running and their tightness must be subsequentiy
checked. A table showing recommended jointing
compounds and how to use them can be found on
page 87.

LUBRICATION ON ASSEMBLY

When assembling the engine, use normal engine
tubricating oll of the correct performance and
viscosity.

All bearing surfaces must be we!l lubricated
including the valve stems and the cups of the push
rods.

New camshaft bushes should be immersed in
clean engine oil for four hours before fitting.

The pistons with rings and connecting rods
assembled, must be submerged in oil just before
fitting into the cylinder, After submersion drain both
ways so that no liguid oil is 18ft in the combustion
chamber or inside the piston.

CYLINDER HEAD COVER AND LIFTING EYE

The light alloy cylinder head cover, which is bolted
to the tap af the cylinder head, gives access to the
breather hox, decompressors, injector and valve
gear. The top of the engine mounted fuel tank is
secured to the side of the cover at the gear end by
two setscrews. The lifting eye is adjacent to the
COVer.

Removing Lifting Eye (Fig. 51)

(1} Remove the two setscrews and washers
securing the lifting eve to the pillar nuts
securing the cylinder head.

{?) Remove lifting eve.

Refitting the Lifting Eye

To refit the lifting eye reverse the procedure.

Fig. 81 Removing Lifting Eye

Note: When re-assembling an engine it is
always advisable to renew nuts and bolts that
have heen taken from high stress locations, in
particular nuts/bolts from connecting rod big
ends and cylinder heads should be renewed.

Fig. 52 Silencer Attachments
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i

AlR CLEANER.& MANIFOLD AND SILENCER
|
Air Cleaner {Fig. 53)

The standard éir cleaner is fitted to the air manifold
adaptor by a jubilee clip. Access to the paper
element is gained by undoing the cruciform headed
screw in the centre of the main body of the filter
casing. If the ei;émem is found to be dirty it should
be renewed. (For heavy duty air cieaner see
silencer). I

Silencer

Bolted o0 the}side of the exhaust manifold is the
standard exhaust silencer which has provision for
fitting a tail pi[ﬂe or a lightweight extension, The
outlet of the silencer must face away from the
engine unless |tj is connected to a tail pipe.

[t is important to ensure exhaust gases are not
sucked in by the air cleaner or the cooling fan,
otherwise choking will ocour.

Small light rfion-tubular exhaust silencers, and
ordinary small air cleaners may be mounted direct on
to the manifolds, or on very short and light
extensions whith must be ne more than 152mm
(6" long. |

Heavy exhaust silencers and air cleaners must be
remotely mounted, or mounted on the engine using
special brackets. Connections should be by means
of flexible pipe or hose with no solid extensions
between the rﬂnanifo&d adaptors and the flexible
elerment. Ali joints must be gas or air tight.

Manifolds {(Fig. 55)

The exhaust manifold is made of cast iron and the
inlet manifold df light alloy. They are secured to the
cylinder heads an studs. The brass nuts are torque
lpaded as follo\vas;

(@ Top nuts 21.02 Nm. {15.5Ibf ft}

{b) Bottom inuts 8.82 Nm. (6.5 Ibf.ft.}

Removal of IV;Ianifolds (Fig. 54)

{a) Remove| air clearer and silencer.

(b} Remove brass nuts, spring washers and
distancé pieces.

(c)  Remove setscrew securing inlet manifold 1o
air cowling.

{(di Remove manifoids and gaskets.

fe) Unscrew and remove cold start pots (if
fitted). |

Refitting of Manifolds
To refit the manifolds
procedure.

reverse the above

D vn =

| TS75

-4
i
E
i
i
3
4
i
{
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Fig. 53 Changing the Air Cleaner Element

Removal of Manifolds
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T9

Fig- 56 Air Cowling and Baffles

OO~ D P W —
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17
12
13
14
15
16
17
18
19
20
21

22
23

24
25

Deaoe~

MANIFOLDS

Inlet Manifold

Exhaust Manifold

Joint

Manifold Top Stud—M8 x 1.26-6g x 40mm
Clamping Washer

Spring Washer

Brass Nut—M8 x 1.25-6H

Manifold Bottom Stud—M8 x 1.0-6g x 35mm
Spring Washer

Special Nut

Setscrew—M8& x 1.2b-8g x 8 mm

Washer

COWLING & BAFFLES

Air Cowling Assembly

Strap To Fanshroud Setscrew
—M8 x 1.2b-6g x 20mm

Spring Washer

Cowling Te Fanshroud Selscrew
—M6 x 1.0-6g x 8mm

Spring Washer

Grommet

Air Baffle

Tie

Spring Clip

Split Pin

SIDE SHIELDS

Gear End Side Shield Assembly
Setscrew—M6E x 1,0-6g x 12mm
Spring Washer

Plain Washer

Setscrew—M8 x 1.2b-Bg x 16mm
Spring Washer

Plzin Washer

Flywheel End Side Shield Assembly
Setscraw—MB x 1.0-8g x 12mm
Spring Washer

Plain Washer

CYLINDER BARREL

Cylinder Barrel
Jaint

ENGINE NUMBER PLATE

Engine Number Plate
Self Tapping Screw
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|
AIR COWLING AND SIDE SHIELDS

Three sides of the engine are encased in an air
cowl and two sxde shields, which together with the
air bafflels) dlrept cooling air from the flywheel fan
around the cylinders. If cold start pots fitted ramove
before removing: air cowling.

Removal of Ait Cowling and Side Shields {Fig.

57 & 58) j
)

{a)  Drain fuél oil and remove engine mounted
fuel tank|(if fitted), complete with fuel filter
{see Section 2).

ib) Rermove igear end air shield by removing
setscrews, spring washers and plain washers
in top plate and air cowling.

(¢} With manifolds removed, take off air cowl by
removing  setscrew in fanshroud and
setscraws, spring and plain washers in cowl.

{d)  If a fuellfilter is fitted to the flywheel end
shield, :isolate or drain  fuel before
disconnecting fuel feed to fuel pumps and
remove w0 nuts and spring washers
sacuring ithe fuel filter.

=y Remove setscrews, spring washers and plain
washers [securing flywheel end shield to top
plate {note the setscrew in the middle of the
filter mounting block) and remove shield.

!
Air Baffles |
Air baffles can be removed for cylinder fin ¢cleaning
by removing the split pin with the cylinder head still
fitted.

Refitting of Air Cowling and Side Shields

To refit the air cowlings and side shields reverse
the above procedure.
I

Tolerances '
I

The cooling a'ir sheet metal work and ducting must
fit togethear W|th|n 0.8 mm (0.032") maximum,
except in places where a cast irregular profile is
followed, wheré the gap may be 2.0 mm {0.080""}
maximurm.

Fig. 57 Removing Gear End Air Shield
and Air Cowling.

Fig. 58 Removing Flywheel End Air Shield.
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Removal and Refitting of Fuel Injector

See Section 3.

Note: It is recommended that all copper washers are
renewed on assembly and therefore a suitable
supply should be stocked. In the case of the injector
copper washer any undue ‘squashing’ of the washer
when used more than once will adversely affect
combustion. For the same reason care should be
taken not to fit two washers.

CYLINDER HEAD (Fig. 61 & 62)

The cylinder head assembly comprises two main
parts. The top half (tlop plate) is cast iron and
contains the valve gear, breather tube and on certain
builds the decompressar lever. The lower half
{cylinder head} is atuminium alloy into which are
fitted the valve seat inserts. The valve guides are &
press fit and hold the two halves together.

Removing Cylinder Head Cover (Fig. 59 & 60)

{a) Remove four setscrews and copper washers
securing the cover.

{h) Remove the cover being careful not to damage
the joint or fuel leak off pipe. Take care not to
lose the felt washer fitted over the ¢cylinder head
breather tube.

A VA, .

Fig. 689 Removing Cylinder Head Cover

™

Fig. 60 Cylinder Head Cover Joint and Felt Washer

Breather (Fig. 59)

A breather plate locates over the breather tube
and forms an oil separator box in the cylinder head
cover. The oil separator box connects with the inlet
port via a copper pipe brazed to the breather plate,
The breather plate has a metal to metal centact with
the cylinder head cover and is secured with three self
tapping screws.

A felt washer is fitted around the top of the tube
between the cvlinder head and breather plate.

The breather tube forms an interference fit in the
cylinder head.

Refitting the Cylinder Head Cover

{g) Ensure the breather plate is securely retained in
position and that the felt washer is fitted arcund
the breather tube.

(b}  Apply Hylomar PL32ZM to cover jointing face
and stick the joint to it.

(c} Replace cylinder head cover ensuring the
decompressor lever (if fitted) is located
between the two stops and that the lgak off
pipe is located snugly in the recess provided.

{d) Fit four setscrews and copper washers.
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Fig. 61 Cylinider Head Cover & Lifting Plate

Fig. 62 Cylinder Head

CYLINDER HEAD COVER

Cvlinder Head Cover—Gear End
—Centref/Flywheel End

Joint

Bolt—M6 x 1.0-6g x 2bmm

Copper Washer

Breather Plate

Self Tapping Screw—M4 x 0.7-6g x 10mm

Breather Plate Sealing Ring

Lifting Eve

Pitlar Nut

Setscrew—7/T6"UNF x 1"

Spring Washer

CYLINDER HEAD

Cylinder Head

Top Plate

Inlet Valve Guide

Exhaust Valve Guide

‘0" Ring—Inlet Valve

Inlet Valve Insert

Exhaust Valve Insert

Bottom Spring Carrier—Inlet Valve
Breather Tube

Copper Washer
Setscrew—MB8 x 1.2b-8g x 8mm
Cylinder Head Gasket
Cylinder Head Shim
Lubricating Qil Pipe

Cylinder Head Nut

Inlet Vaive

Exhaust Valve

Inlet Valve Stem Sealing Ring
Spring

Cotter/Collet

Top Spring Carrier

Valve Rocker Lever

Bush

Adjusting Screw

Nut—M8 x 1.25-6H

Swb Shaft

‘0" Ring

Decompressor Lever Assembly
Qit Seal

Spring

Circlip

Screw

Nut—M6 x 1.0-6H

Tappet

Push rod

Sealing Tube

Rubber Cup.
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Remaval of Cylinder Heads

(a)

{b}

(c)

(d}

(e

(f)

Remave rocker [ubricating oil feed pipe by
removing plugs from c¢ylinder head and
crankcase, note copper washer an either side
of each banjo union {Fig. 15).

Remove cyiinder head securing nuts, four per
head including two iifting eye pillar nuts (Fig.
63).

Mark cylinder heads (No. 1, 2 and 3—No. 1 is
the gearcase end) and carefully remove (Fig.
64). .

Ensure shims and gaskets from each cylinder
are placed with respective cylinder heads for
correct re-assembly.

Rermove air baffle/s taking careful note of
position for re-assembly.

Note: with the cylinder head in position the air
baffle/s may be removed by removing the split
pin.

Remove push rod covers and push rods and
place with cylinder heads if further dismantling
anticipated (Fig. 66).

Place a suitable length of tube over one holding
down stud of each cylinder, and secure by
placing a cylinder head nut finger tight to
prevent movement of the barrels when the
crankshaft is turned (Fig. 65}.

Fig. 63 Removing Cylinder Head Nuts.

Fig. 64 Removing Cylinder Head.

Note: Aill cylinder head studs should be dipped in
Shell Ensis Fluid MD (formerly Fluid 260} and air'
dried before fitting.

Fig. 65 Hoalding Down Tubes.
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Fig. 66 Removing Push Rod and Tubes.

S e e e ot e i e

Cylinder Head

Breather tube felt sealing washer
Cylinder head

Stub shaft

Decompressor lever

Tappet adjusting screw

Racker feed lubricating ail pipe
Valve assembly i
Top piate o

O~ ™ O WM =

et .

Al

it

T

Fig. 68 Cylinder Head
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Valves and Valve Guides

The valve guides are a press fit into the two halves
of the cylinder head assembiy. A rubber ring and a
retaining plate are located around the top of the iniet
guide. The rubber sealing ring must be inserted in
the top plate recess prior to prassing in the inlet valve
guide to prevent damage to the ring because there
is no lead chamfer to the recess.

The valve guides are marked ‘IN TOP’ and ‘EX
TOP" and is short for ‘Inlet top’ and ‘Exhaust top’
respectively. After coaling the outside of the valve
guides with 'Wellseal’ they should be pressed into
their correct driliing with the markings uppermost
and pointing towards the opposite guide, a special
tool® is needed to obtain the correct projection of
the valve guides above the top plate surface and this
should be:

Exhaust Valve Guide
17.40/17.90 mm (G.685/0.704 ins.)

Infet Valve Guide
12.40(12.90mm {0.488/0.507ins.).

After assembly a gauge 8.707 mm {(0.343 ins.)
dia. must pass through the exhaust valve guide
otherwise the guide must be reamed sqguare
8.707/8.727 mm (0.343/0.3436 ins.) dia.

Valve Seatings

The seats in the heads are cast iron inserts which
are pressed in ensuring that they bed on the bottom
of the recesses in the cylinder head. Before pressing
the inserts the head should be heated o 120°C
rnaximum, and the inserts chilled in solid CO, (dry
ice). .
The seats are precision ground so that the inlet
valves lay sunk 1.02/1.27 mm. (0.040/0.050 ins.)
and the exhaust 0.89/1.14 mm. (0.035/0.045 ins.)
belew the combustion surface of the head. The
width of the inlet seatings must be 1.65/2.29 mm.
{0.065/0.090 ins.) and the exhaust 1.3%/1.78 mm.
{0.053/0.070 ins.) and if necessary metal must be
ground or cut from the top of the insert or recess,
The valves are prefinished and no lapping or further
processing is required.

Valve Rocker Stub Shafts

The removal of these items is only necessary
where it is required to examine ar change thea rocker
arms, bushes or stub shafts.

The stubs are tapped M8 x 1.25 pitch and can be
withdrawn by a special tocl™ or by improvising an
extractor with a steel tube and penny washer in
conjunction with an M8 x 1.25 pitch setscrew and
distance piece. Prior to fitting check oil holes are
clear, fit ‘O’ ring to the recess on the inside face of
the stub shaft, and coat the sealing groove with
Wellseal. When refitiing, the mark ‘TOP’ aon the
outside face of the stub should be positioned
accordingly. Ideally the stub shaft should be pressed
home. It is imperative that the stub shaft hole and
intarnal hole of the rocker arm bush are perfectly
aligned. If no special tool is available small G clamps
or a second pair of hands will be required.

*See Section 7 for special service toaol,

WARNING: When refitting stub shafts take care not
to dislodge the ‘O’ ring on the inside face recess.

Fig. 69 Removing Plastic Cap
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Valves and Valve Springs

Prior 1o removing valves and valve springs remove
the decompressor lever (if fitted} as foliows. Remave
split pin or circlip, washer, spring and adjusting
screw and withdraw the decompressor lever (Fig.
74).

(a} Lay head upright on the bench and place a
circular block of wood under the heads of the
valves.

{b) Depress valve spring carrier® (Fig. 70).

ic) Remove valve stemn collets.

(dl Remove valve spring carrier, valve spring, and
infet valve stem sealing ring.

(e} Remove valve (Fig. 71). .

Assemble in reverse order and when refitting,
ensure callets are securely in position with tops of
collets slightly sunk in the valve spring carrier.

s o e e o e i A i e, e e
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Fig. 70 ‘Removing Valves and Springs

Refitting the Cyiinder Head

Examine the gasket and shims and renew if
necessary. Fit the necessary shims — see Checking
Cylinder Head Clearance — nearest the head
followed by the gasket. Smear high melting point
grease in the recess on the head where the shims
seat and also the side of the recess. Smear grease
on each shim in turn and place it in the recess.

Finally smear grease on the thick gasket and place it
in the recess on top of the shims. The top of the
cylinder is not coated and in all cases use the grease
sparingly.

The sequence for fitting the head is the reverse to
removal. The cylinder head nuts, top threads of the
studs and the area of the top plate in contact with
the nuts should be lightly coated with Wellseal;
cylinder head nuts should always be fitted with the
grade symbol facing upwards tc ensure a good seal
between the nut and the top plate.

Push rods should be lined up correctly and push
rad guides centralised in their rubber rings. Great
care must be taken not to trap the shims on the
cylinder spigot. The inlet and exhaust flanges of all
cylinder heads must be lined up with a straight edge
and any gap along the straight edge must not exceed
0.2 mm. {0.008 ins.). Alternatively fit a manifold
before tightening down the cylinder heads.

When tightening down the cylinder head, ensure
all nuts are tightened evenly and torque loaded to
67.8 Nm. {50 Ibfift.). After refitting the cylinder
head reset valve rocker clearances and readjust the
decompressor (if fitted). it is essential that the
cylinder head nuts are tightened before securing the
injector.

" See Section 7 for special service tool for rermoval of
vaive springs.
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Fig. 71 Valve and Spring Dismantled
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Checking Cylinder Head Clearance (Fig. 72)

Place two pieces of lead wire 1.2 mm. {0.048
ins.) thick on the cylinder head, clear of valve
recesses and the combustion chamber in the top of
the piston; retain in position with grease. Space the
lead wire widely and as near as possible in line with
the gudgeaon pin. Tighten dawn the cylinder head to
the correct torque loading and turn the piston twice
past T.0.C. Remove the cylinder head and measure
the thickness of the lead. This shouid be between
0.883 and 0.965 mm. (0.035/0.038 ins.) and can
be adjusted by shims 0.076 mm. (0.003 ins.) or
0.254 mm. {0.010 ins.} thick placed between the
cylinder head and the gasket. The gasket must be
placed next to the cylinder and a minimum number
of 0.076 rmm. thick shims must be used and these
must be placed between the gasket and the 0.254
mm. shims.

To Adjust Vailve to Rocker Clearance (Fig. 73}

The valve to rocker clearances with the corres-
ponding cylinder set at T.D.C. firing stroke and with
the enging cold are:-

Valve to Clearance
Engine Rocker mm. (ins)
GO NOT GO

Inlet 0.15mm (0.006") | C.20mm (0.008")
Exhaust | 0.15mm {0.Q06"") | 0.20mm {0.C08'")

{a} With the cylinder head cover removed, turn the
engine until the piston is on the TDC position of
the firing stroke (both valves closed).

tby Restrain the adjusting screw with a screwdriver
and slacken the locknut. Turn the screw until the
correct clearance has been obtained.

{c) Tighten the locknut whilst continuing to restrain
the adjusting screw, and re-check to ensure the
clearance is correct.

Repeat the procedure for both valves in all cylinders.

The adjusting screw locknut should be torque loaded to

21.02Nm. 115.5 Iol.f,

Fig. 72 Checking Cylinder_i-_lead Clearance.

Fig. 73 Adjusting Valve Clearance.
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Valve to Rocker Clearance

It is important that the valve clearances are
maintained correctly, otherwise serious damage to
the valve gear can result. With new engines or
engines which have just been overhauled, the vaive
gear beds down rapidly during the first 500 hours
running and for this reason it is essential that the
valve to rocker clearance is checked at 2b hours,
and at every 250 hours until it is found that the
clearances remain constant. The periods between
adjustments may then be increased to 1000 hours.

Decompressor (if fitted)

The decompressor lever is spring loaded towards
the cylinder head and is located by a plain washer
arnd a split pin or circlip fitted through the
decompressor shaft. A seal fitted on the outside of
the cylinder head prevents ail seepage along the
spindle. When builds are not fitted with a
decompressor thet drilling in the cylinder head is
plugged with a dowel.

Adjusting the Decompressor {Fig. 75)

(a)  With the cylinder head cover removed turn the
engine until the piston is on the TDC position of
the firing stroke (both valves closed).

(b) Loosen the adjuster locknut and turn the
adjustment screw until the valve rocker just
begins to depress the valve.

Fig. 74 Decompressor Lever Dismantled
(later engines)

{c)

| 5 PR o N

1877

Fig. 74 Decompressor Lever Dismantled
(earlier engines}

Turn the adjustment screw down a further turn
clockwise and lock in position. The adjusting
screw nut should be torque loaded to 8.82 Nm.
(6.5 lof.fr.).

Repeat the procedure for all gylinders.

y \;‘N x,fg‘“"}z
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Fig. 75 Decompressor Adjustment
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END COVER—Gear End {standard)

OO~ WwMN =

End Cover Assembly Comprises
End Cover
Gil Filler
Strainer Plate
Bush
Expansion Plug
End Caver Joint
Qil Filler Cap Includes
Jaint
Bolt—M8 x 1.25-Bg x 70mm
Copper Washer
Dowe!
Camshaft Qil Seal
Black Nylon Cap
Camshaft Thrust Washer
Shim—0.13mm Between Thrust
—0.25mm Washer & Camshaft
—0.38mm Gearwheel Hub

END COVER—Gear End (Build 05)

[Calme oL N B v )l ) IV IS IS

End Cover Assembly Comprises
End Cover
Qil Filler
Strainer Plate
Joint—End Cover
Qil Seal
Qil Filler Cap Includes
Joint
Bolt—M8 x 1.25-6g x 70mm
Copper Washer
Dowel -
Camshaft Thrust Washer

Shim—0.13mm Between Thrust
—0.25mm } Washer & Camshaft
—0.38mm Gearwhee! Hub

Setscrew Removed ~
— 716" "UNC X 7/8"} hydraulic pump

Washer etc. is fitted

| i PO o I o )

Fig. 76a End Cover
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END COVER

The light alloy end cover is located on two dowels
and is secured o the crankcase by seven setscrews
and copper washers. A paper joint is fitted between
the end cover and the crankcase face. The end cover
contains an oil filler neck and filler cap, and a bucket
plug is secured in position with Hylomar PL32M over
the crankshaft pinion. The camshaft oil seal is of the
lip variety and & piain bush fitted to the outside of the
end cover sleeve is to support the starting handie
when in use.

Removing End Cover

{a) Remove plastic dustcap in end cover projécting
sleeve (Fig. 69).

(bl Turn the engine until the spring pin of the crank
handle catch pin is visible through the hole in
the end cover, tap out'the pin with & suitable
punch. i i i

(¢} Turn the engine through 80° and drift out the Fig. 78 Removing Crank handle catch pin
crank handle catch pin (Fig. 78).

{d) Insert end cover oil seal toal (Fig. 77).

{e) Remove seven setscrews and copper washers.

{fi Remove end cover taking care not to damage
the paper joint.

{g) Remove thrust washer and end float shim. (Fig.
76)

Also see page 94 for hydraulic adaptor and
end cover.

Fitting Oil Seal

{a) Place the lip seal through the neck of the end
cover lip side first and position sguarely on the
shoulder of the seal boss.

{b) Using the end cover oil seal toal (See Section 7}
or in emergency a suitable plug, preferably hard
wood, press the oil seal into position within the
oil seal housing boss until it is flush with the
inside face of the boss.

ot

Removing Qil Seal

TS18 , . .
Using the end cover il seal tool or a suitable plug
Fig. 77 Removing End Cover press the cil seal out through the end cover.
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Refitting End Cover

Fit end cover ¢ii seal teol and then fit the end cover
in the reverse order, carrying out a camshaft end
float check as described below, and on final
assembly coat the end cover face with Wellseal.
Seal the paper joint to the end cover face of the joint
befare offering up to the engine.

Checking Camshaft End Float

The end float is adjusted with a metal shim
between the camshaft thrust washer and the
camshaft gearwheel hub, to an end play of 0.08/0.2
mm. (0.003/0.008 ins.) measured with a clock
gauge. The shims available are 0.13 mm. (0.005
ins.), 0.25 mm. (0.010 ins.}, and 0.38 mm. {0.0156
ins.} thickness. Only one shim of appropriate
thickness must be used. Excessive camshaft end
play affects the governing and can cause uneven
firing.

In engines where the camshaft is not extended
externally, the end play of the camshaft is measured
through the top right hand tapped hole of the SAE
flange in the gear cover. Using a rod through this
hole, the camshaft gearwheel is pushed fully
inwards, and then a clock gauge is fixed in position
with an extension inserted through the hole, after
which the camshaft gearwheel is pushed towards
the timing case by inserting a cranked rod through
the fuel pump linkage inspection door. The
movement recorded on the gauge is the end play.

R e B -
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Fig. 79 Governor Lever Assembly Removed
(See Fig. 44b for later engines)

Fig. 80 Camshaft & Governor

CAMSHAFT & GOVERNOR
Camshaft Assembly Comprises
Camshaft

Not TS engines
Gearwhee! (earlier engines)
Dowel Pin
Key
Ball Bearing
Catch Pin
Spring Pin
Governor Weight assemnbly Includes
10 Shoe
11 Governor Weight pin
12 Governor Weight Retainer {earlier engines)
13 Setscrew—M6 x 1.0-6g x 12mm
14 Spring Washer
15 Thrust Washer
16 Thrust Pad
17  Spring Ring
18 Governor Sleeve Assembly
19 Governor Lever Assembly
20 Governor Lever Pivot Support Block
21 Pin

OCWNO WM —

22 Shim

23 Governor Lever Shoe
24 Return Spring — Variable Speed Engines Only
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GOVERNOR AND FUEL PUMPS

The governor and fuel system is fully covered in
Section 3 and the following paragraphs are included
only to describe the dismantling and assembiy
precedures in normal seguences.

Dismantling of Governor and Fuel Pumps

{al  Remove fuel pump inspection doors noting
that No. 1 cylinder is markec 'Stop’

{b} Disconnect fuel purmp and governor link at the
fuel pumps by using long nosed pliers (Fig. 33)

{c)  Slacken off the speed control screw and then
discennect speeder spring. (Fig. 23)

(d)  Remove fulcrum pinsg from the pivot support
block {Fig. 83), using a magnet, a 1.5mm rod
or punch, or a suitable piece of copper or soft
iron locking wire. Take great care not to lose
the shimis).

{e} Remove governor lever assembly complete
with  speeder spring and fuel  pump
interconnect lever. (Fig. 79)

(f)  Remove governor sleeve assembly. (Fig. 81)

(g} Taking care not to lpse shims, remove securing
balts and remove fuel pumps (Fig. 24)

Assembling Governor and Fuel Pumps

Assemble the governor and fuel pumps in the
reverse order to dismantling, taking care to note the
following points:

Fig. 81 Fitting Governor.Sleeve

Fig. 82 Governor Lever Fully Assembled
{variable speed engine)

The fulcrum pins are drilled at ene end only and
these must be fitted at the outer end.

The correct way round for fitting the governor
sleeve. {Fig. 81)

The correct way to fit the speed control spring
hook (Fig. 40)

Refit all shims as dismantled — subject to
checking timings and adjustments.

Fig. 83 Removing Fulcrum Pins
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FUEL PUMP TAPPETS

Removing Fuel Pump Tappets

{a) Using tong nosed pliers remove tappet insert
and fuel pump tappet assembly (Fig, 84)

(b) Remove guide locating screw, noting special
end that fits into the drilling in the fuel pump
tappet guide {Fig. 85)

{c)  Remove fuel pump tappet guide noting correct
way for refitment (Fig. 86)

Refitting Fuel Pump Tappets

Refit fuel pump tappets in the reverse order being
careful to fit the copper washer to the guide locating
screw otherwise the fuel tappet may well jam in the
guide.

OIL SUMP AND OIL PUMP
(See also Sect. 2 for description and illustrations)

The sump is cast and is secured to the crankcase
by bolts and spring washers, the four corner boits
are longer than the remainder. On each corner of the
sump i a lug with drillings that permit the bolting
down of the engine.

An oil strainer is fitted to the inside of the sump
and a drilling in the casting carries ail from the sump
through the strainer to the ail pump. An anti surge
plate fitted to the cil strainer lays alongside the
crankcase web when the sump is fitted.

Removing Sump and Qil Pump
{a) Remove dipstick (Fig. &)
{b} Stand engine on flywheel.

NQTE: if possible use a suitable piece of wood or

similar material on which to rest the flywheel but

keeping it clear of the flywheel housing. This will

enabie the engine to be rotated and ease subsequent

dismantling.

(c} Remove the sump bolts and spring washers.
Rernember the fanshroud is attached to the
sump by two bolts.

WARNING: As the sump bolts are being
released the oil pump will extend under spring
pressure and move the sump away from the
crankcase. Care must be taken that the pump
does not come away with the sump.

(d)

{e)

Fig. 86 Removing Fuel Pump Tappet Guide

Hooo ”
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Screw

Remove sump taking care not to damage the
oil pump or sump joint. (Fig. 10}

Dismantle the oil strainer in sump by removing
the centre securing bolt noting the distance
piece in the centre (Fig. 9)

Remove oil pump assembly and then remove
the oil pump push rod with leng nosed pliers.
{Figs. 11 & 12)
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Refitting Sump and Oil Pump

Refit the sump and oil pump in the reverse order.
Coat the sump jointing face with Wellseal and stick
the joint 1o it. If possible ensure the sump boits are
torgue loaded to 27.12Nm. {20.0 Ibf/ft) at this time
hecause it will be difficult to torque these bolts when
the engine is turned on to its feet.

OIL PUMP AND OIL FILTER
{See also Section 2 for description and
iflustrations)

Dismantling Qil Pump and Removal of Oil Filter

{al Dismantle oil pump (if necessary) making
careful note of component positions. Make
particular notice of the two different sized balt
valves (Fig. 13)

tb)  Spin off oil filter and renew if necessary.

Assembly of Qil Pump and Refitting of Qil Filter
Assemble the oil pump and fit oil filter in
sequence.

CAMSHAFT

The steel camshaft is carried in plain bearings in
the crankcase at the fiywhee! end of the engine and
in the centre webl(s). A ball bearing attached to the
camshaft and fitted behind the camshaft gear pro-
vides the bearing for the gear end. {See Section 7 for
changing plain bearings).

Cams on the shaft operate valve tappets, self
regulating oil pump, fuel pumps and fuel lift pump (if
fitted).

The camshaft gear carries the governor weights
(See Section 3 for illustrations and changing
instructions),

Checking camshaft end float is covered in this
section Under end cover.

Removal of Camshaft and Cam Followers
With the end cover removed:

(a) Push the cam followers clear of the camshaft
if the engine is standing on the flywheel but if
standing on the sump then hold the cam
followers clear of the camshaft by the use of
clothes pegs or magnets.

{b) Gently ease the camshaft out of the crankcase.
{Fig. 87)

(c}  Remave or change governor weights if
required (See Section 3.

Remove cam followers {Fig. 90)

Fig. 86 Remuoving Fuel Pump Tappet Guide

H “ . N
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Fig. 87 Removing Camshaft
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Fig. 88 Removing Camshaft Gearwheel.

Removing Camshaft Gearwheel

ENSURE NO PRESSURE IS APPLIED TO THE
QUTER RING OF THE GEAR AT ANYTIME.

{a) Drift pin {E} into the camshaft untl it stops
against the step.

{b} Press off gearwheel (A) sufficiently to allow a
thin metal 'C* washer to be placed between the
bearing {B} and the gearwhee! to prevent dirt
entering the bearing.

{ct Continue to press off the bearing.

{d) Remove Woodruffe key {C).

{e)  Drift pin (E) out of camshaft using a smaller
drift.

Fitting Camshaft Gearwheel

Fit camshaft gearwhee! in the reverse order
ensuring the 'C’ washer is removed and that the
gearwheel abuts shoutder (F).

On re-assembly the dowel pin must be carefully
pressed in to 1mm below the digmeter of ths
gearwheel hub and the sharp edges of the hole
removed.

Any burrs will affect the operation of the governor
thrust sleeve.

Changing Camshaft Ball Race Bearing (Fig. 88)

ial  Remove retaining pin from hub of gearwheal.

(b)  Support camshaft assembly on hub of bali race
and push camshaft through gearwheel (keyed)
and bearing.

{c)  Tarefit, push new bearing on to camshaft and
applying pressure to gearwheel hub, push on
gearwheel and key.

(dl  Refit retaining pin.
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Inspection (see Tabie of Clearances, page 112}
Examine camshaft bush for scars or wear.
Examine ball race bearing for wear and freedom of

movement.

Check the camshaft gearwheel and crankshaft
pinicn teeth for wear.

Ensure cams are not chipped or damaged.

Check the tappets for scars or damage to the
contact face.

Examine oil seal in end cover for damage or wear.

Changing Camshaft Bush

A new bush should be immersed in engine
lubricating ail for four hours befere fitting.

To gain access 1o the expansion plug and bush it
will be necessary to remove the flywheel, fan
shreud, main bearing housing and alternatar
adaptor—see pages 77 - 79.

{a) Remove expansion plug.

{b} Using service tocl extract bush (see Section 7).

{c) Fit new bush with thinnest part of bearing wall
towards the top (marked 'O").

{d Apply a little Hylomar PL32/M in the recess to
the crankcase and fit new expansion plug.

{e) Refit main bearing housing alternator adaptor,
fan shroud and flywheel.

TS106|

Fig. 89 Camshaft Timing.

Refitting Camshaft and Cam Followers

Refit the camshaft and cam followers in the
reverse order, taking care to fit the cam followers
before the camshaft and line up the ‘0’ markings on
the crankshaft pinicn and camshaft gear (Fig. 89)

Fig. 80 Remaoving Cam Followers
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CYLINDER PISTON, PISTON RINGS AND
CONNECTING ROD (Fig. 91)

Piston and Gudgeon Pin

The piston is made of low expansion alloy with a
machine recessed combustion chamber in the
crown. The gudgeon pin is a clearance fit in the
piston and is retained by two circlips. It runs in a
copper faced steel backed bush in the small end of
the connecting rod.

Pisten Rings
Five piston rings are fitied: —

Firing Ring

A barrel lapped chrome ring is situated at the top
of the pisten and is tapered on the sides to prevent
sticking in the groove.

Compression Rings

Two compression rings are fitted. Each has a
tapered face in contact with the barrel. One surface
on each is marked TOP and the rings must be fitted
the correct way up.

Scraper Rings

One conformable type — with spring expander —
is fitted above and a siotied scraper ring fitted below
the gudgeon pin.

Connecting Rod and Big End Bearing

The forged steel connecting rod is connected to
the crankpin by a conventional big end bearing, the
cap held in position by twe bolts and nuts. The two
halves of the big end bearing are steel backed
copper lead. They are precision finished and should
not be scraped or touched up in any way.

Servicing (see page 112, Table of Clearances)

Thoroughly clean. the barrel and check for scoring
and wear.

Clean the pistan, remove all carbon from both upper
and underside of head, ring grooves and oll holes.
Check all piston rings in the cylinder barrel for
correct gap clearance.

Clean connecting rod and examine for bending and
twisting — examine small end bush for wear.

If the big end has been dismantled because of metal

failure, the oil passages in the crankshaft must also
be examined for obstruction and fragments of metal.

Fig. 91 Piston and Connecting Rod.

Fig. 92 Fitting Piston Rings using standard ring
expander.
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Removing Cylinders, Pistons, and Connecting

Raods

(a) Ensure barrels located by tube (see removal of
cylinder head).

(o) Rotate engine on the flywheel sg that one big
end is at the bottaom of the throw, unscrew two
securing nuts and remove big end cap. {Fig.
93). Fit thread protector if available.

{c) Rotate engine so as the same piston is at the
TOC position, mark the cylinder for position
and number.

{d) Remove the tube securing the barrel. Hemove
barrel, piston and connecting red complete,
{Fig. 94) ncting copper joint between barrei
and crankcase and position of nick in top fin of
barrel.

{e) Replace big end cap and bearing matching
raised dots,

(fy  Repeat for the other cylinders.
NOTE: If further dismantling is anticipated remove
crankshaft balance weights by removing Allen
screws in the weights (Fig. 95). These weights are
locked by peening and the lock must be reinstated
on assembly. The balance weights retaining screws
must be torgue loaded to 67.8 Nm. (50 ibf.ft.)

(g)  Withdraw piston from barrel,

{h)  Gudgeon pin may be removed by releasing one
circlip and pushing out pin.

{(iy Using a standard ring expander, remove pistan
rngs.

Fig. 94 Removing Cylinder, Piston and
Connecting Rod

L

Fig. 93 Removing Big End Caps

NOTE: The cylinder holding down stud centres are
narrower on the camshaft side of the engine.

———

L

o med

Fig. 95 Removing Balance Weights
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Refitting Piston, Connecting Rod and Barrel:

{a) Fit piston to connecting rod with the wording
CAMSHAFT SIDE on piston to the same side as
raised dots on connecting rod. Insert gudgeon
pin and circlips.

ib)  Fit piston rings as detailed on page 74 (Fig. 22)

{cy Stagger piston ring gaps and fit pisten into
barrel whilst compressing piston rings.

{d) Ensure bearing shells are ccrrectly located in
connecting rod and cap.

(e} Fit joint to bottom of the cylinder using
Hylomar PL32/M.

{f}  Position crankshaft with crankpin to T.D.C.

{g}  With the nicks in the same position as when
dismantled, the deeper fins towards the
camshaft and manifold side of the engine, and
'"CAMSHAFT SIDE' on the piston correctly
positioned, lower the cylinder, piston and

. connecting rod assembly into position.

{h} Push down on piston and turn crankshaft until
access is gained to connecting rad bolts; fit
cap with bearing sheil and torque nuts to 43.4
Nm (32 Ibf.fy).

(j'  Repeat for remaining cylinders.

Fig. 97 Centre Bearing Housing secured
correctly.

NOTE: Individual cylinders may be removed with the !

NOTE: Ensure connecting rod bolt head is correctly piston and connecting rod in situ if desired.

_positioned with the flat against the rod. i

B

Fig. 96 Removing Cylinder Holding Fig. 98 Centre Bearing Housing secured '
‘ Down Studs incorrectly.
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FLYWHEEL AND FANSHROUD

The farshroud is cast with an SAE 4 flange. The
flywheel rotates within the fanshroud aperture and
the type of flywheel depends on engine speed and
application. Part numbers complete with ordering
instructions can be found in the appropriate engine
Parts List. Should it be required to change the
application of an engine R. A. Lister or their main
distributors should be consulted.

FLYWHEEL

The cast iron flywheel (without gear ring or fan)
weighs b4 kg (119 Ibs) and the SG iron flywheel
weighs 57 kg (126 Ibs). It is impartant to bear this
point in mind when removing or replacing a
flywheel. All flywheels are fitted with ring gears for
electric starting and the fan is fitted to the outside
face of the wheel. The fan may be made of
polypropelene or iron depending on application.

The flywheel is keyed on to the crankshaft and
held in position with a setscrew. When fitted the rim
of the flywheel must run true within 0.13 mm TIR.

A stator for the charging system is positioned
within the magnetic ring rotor which is pressed intc
the rear face of the flywheel. Etched markings show
the firing (Z) points and the TDC positions for each
cylinder {Fig. 106). These markings can he viewed
through an aperture in the rear of the fanshroud (Fig.
27 & 67).

Removing Flywheel

(a) Remove any accessories including starter
motor if fitted.

(b) If the engine is standing on its flywheel return
it to its normal position, if necessary using
wooden supports to keep the fanshroud clear
of the ground or bench or temporarily refit
sUmp.

(c) ¥ aflywheel locking tool is not available wedge
the crankshaft with a suitable piece of wood to
prevent the crankshaft turning, and slacken the
flywheel setscrew with a 65mm  socket
spanner. {Fig. 100).

id) With the slackened flywheel retaining setscrew
in position loosen the flywheel using the
flywheel extractor tool. (See Section 7).

{e} After removing the extractor tool and flywheel
securing setscrew fit a removing mandrel. {See
Section 7) to prevent damage to the alternator
stator and for personnel safety.

{ft Remove fiywheel and Woodruffe key. (Fig.
146).

Fig. 99 Fanshroud & Flywheel.

FANSHROUD & FLYWHEEL

1 Fanshroud

2 Setscrew-M10 x 1.5-6g x 26mm

3 Locking Washer

4 Bolt—M10 x 1.b-6g x Bbmm (fits into Sump}
5 Disc Spring Washer

6 Bianking Plug

7  Flywheel Assernbly Comprises

8 Flywheel

9 Gear Ring
10 Retaining Screw
11 Key
12 Fan—TS2
13 Capscrew—M8 x 1.25-6g x 3bmm
14 Lockwasher
15 Starter Motor Blanking Plate

—
)]

Spring Washer
Setscrew—M10 x 1.5-6g x 16mm

—
~l

NOTE: In an emergency the flywheel can be
loosened by carefully striking the loosened flywheel
retaining setscrew with copper hammer.
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Refitting The Flywheel

Refitting is carried out in the reverse order, once
again using the mandrel to prevent damage to the
alternator stator. The tapered shaft and the coned
bore of the flywheel must be perfectly clean and
should be smeared with clean lubricating oil before
assembly.

After removing the mandrel, fit and torgue
securing setscrew to 474.7 Nm(350 Ibf ft.}.

If a torque spanner is not available the screw may
be tightened with an offset ring spanner about
460mm (18°') long, which must be hit round with a
3.0 Kg (7lb) hammer used single handed.

Removing Stator and Fanshroud

(al Remove twoc nuts and washers and then
remove rectifier/reqgulator cover.

{by Carefully noting pesition of electrical cables,
disconnect ail four cables (Figs. 101 & 155).

(¢) Remove two nuts, washers and distance pieces
and remave rectifier/regulator unit  from
fanshroud. On some enginas this itern may well
be fitted behind the fanshroud.

{d] Remove cable clip securing cable
fanshroud.

inside

(e} Remove six screws securing statar and remove,
easing cable through the fanshroud (Fig. 102).
(fy Ease tab washers and remove six securing bolts
and then remove the fanshroud (Fig. 103).
Note: The fanshroud is secured 1o the sump by two
bolts.

TS45 . %
Fig. 100 Undoing Flywheel Setscrew

S ; i}

Fig. 101 Removing Cables from Rectifier/
Regulator

Refitting Fanshroud and Stator

- Refitting is carried out in the reverse order. To
prevent putting excessive strain on the alloy
fanshroud it is advisable to slightly lcosen the sump
bolts before fitting the fanshroud. 1tis recommended
that new tabwashers are fitted whenever possible
and correctly locked.
C g g

AN e TS50,
Fig. 102 Removing Alternator Stator
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MAIN BEARING HOUSING, CRANKSHAFT
AND MAIN BEARINGS

The crankshaft is a steel casting and is carried in
steel backed main bearings which are located in the
crankcase at the gear end and in a housing at the
flywheel end [Fig. 114). Additional centre main
pearings are fitted to the central web/s of the
crankcase. End thrust is taken on steel backed
copper faced split thrust washers (Fig. 111},

The main bearings are in two halves and are not
interchangeable; the top half has an oil groove and
an oil hote which must be correctly located. A pinion
is keyed on to the end of the crankshaft and engages
with the camshaft wheel {Fig. 89).

The main bearing housing is secured to the
crankcase at the flywheel end. The housing includes
an oil drain hole which must be located at the bottom
when refitting, an oil seal fitted to the centre bore,
and on the side of the hausing an ‘Q’ ring provides
a seal between the oil drilling in the crankcase and
the flywheeal end main bearing. On engines fitted
with charging equipment the stator is secured to the
main bearing housing with cheese headed screws
which are fitted through the alternator adaptor (Fig.
104). Shims of metal and paper material are fitted
between the main bearing housing and the
crankcase to  provide crankshaft end float
adiustment {Fig. 116).

Remaval of Main
Alternator Adaptor

Bearing Housing and

NOTE: Remave centre bearing locating dowe!
securing screw (Fig. 107), then using fuel pump
securing bolt {with long head) remove centre
bearing dowel (Fig. 108). Failure to do this will
result in the distortion of the dowel. Leave fuel
pump bolt in dowel until refitted to ensure
dowel is fitted the correct way round.

{a) Remove six bolts securing main  bearing
housing and remove alternator "adaptor (Fig.
104).

(b) Using twa M6 setscrews through threaded
holes provided jack off main bearing housing
{Fig. 109).

{c) Drnift out main bearing housing rotary oil seal
{See Section 71.

NOTE: [tems (b) and {c) not applicable if screw or lip
type seals fitted.

Fig. 103 Removing Fanshroud

WARNING: If the crankshaft is moved towards
the flywheel end the crankshaft thrust washer
at the gear end could become detached from its
recess. This can be avoided by removing the
gear end cover and placing two suitably thin
strips of metal between the crankshaft pinion
and the crankcase. To prevent the thrust
washer at the flywheel end hecoming detached
from the Main Bearing Housing whilst jacking
off the housing turn the engine until the No. 1
cylinder piston is at the BDC position.

Fig. 104 Removing Alternator Adaptor
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CRANKSHAFT
Crankshaft Assembly Comprises
1 Crankshaft
2 Socket Grubscrews
M6 x 1.0-6g x 6mm

3 Balance Weight |
4 Balance Weights Screw
5 Pinion
6 Key
— Thrust Washer Comprises
7 —Top Half
7A —Bottom Half
CONNECTING ROD & PISTON
— Connecting Rod Assembly Comprises
8 Connecting Rod
9 Bolt
10 Nut—3/8""UNF
1 Bush--Small End
— Big End Bearing Comarises
12 —Top Half
12A —Bottom Half
— Piston Assembly Comprises
13 Piston
14 Gudgeon Pin
15 Circlip
— Piston Ring Set Comprises
s Piston R'”G—ngngfeizon Fig. 105 Crankshaft, Connecting Rod. Piston
18 _Scraper—Top and Centre Bearing Housing
19. . —Bottom

CENTRE BEARING HOUSING
— Centre Bearing Housing Camprises

20 —Top Half
20A —Bottom Half
21  Dowel

22 Cap Screw

— Centre Bearing Comprises

23 —Top Half

23A —Bottom Half

24 Locating Dowel

25 Locating Dowel Plug. Assembly
26 Copper Washer

. ) TS61 |
Fig. 106 Flywheel Showing Timing Marks
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Refitting of Main Bearing Housing and
Checking Crankshaft End Float

(at Ensure the thrust washer is correctly positioned
in the main bearing housing, Use grease 10
secure the washer and ensure that the copper
face is towards the crankshaft.

(b} With the oil seal removed from the main
bearing housing refit the housing ensuring that
the metal shims are interspaced with paper
shims to ensure an oil tight joint {Fig. 1186).

NOTE: When refitting the main bearing housing
ensure that the il supply holes line up and the
grooved bearing is fitted at the top.

{c) Secure the nousing with four balts, egually
spaced.

(dl Set a dial test indicator so that the actuating
plunger makes contact with the flywheel end
face of the crankshaft (Fig. 115},

{e) Push the crankshaft firmly towards the gear end
of the engine and zero the indicator.

{f}  Push the crankshaft firmly towards the flywheel
end of the engine and check an end float of
0.228/0.305mm (0.009'/0.012"").

{g) If the end float is incorrect adjust by the
addition or removal of metai shims. These
shims are available in 0.076mm (0.003"),
0.127mm (0.005") and 0.284mm (G.010"")
thickness. The shims are cemented as listed in
“Jointing Compounds’.

TS52

Fig. 107 Removing Centre Bearing Locating
Dowel Securing Screw.

Dowel.

{h)  Remove four bolts temporarily securing the
main bearing housing, offer up the alternator
adaptor and replace six bolts and spring
washers to a torque of 27.12Nm (20.0 Ibf ft.).
Re-torque after 10 minutes.

{it  Ensure the centre bearing dowel is removed
and refit rotary oil seal (See Section 7). (Early
engines only).

NOTE: Striking the crankshaft may displace the
thrustwashers.

NOTE: Balance weights must be removed before
attempting to withdraw crankshaft.

Removal of Crankshaft

{a) Using extractor (See Section 7) remove
crankshaft pinion and Woodruffe key.

{b) Once again ensuring the centre bearing
dowel/s is removed, lightly mark the position of
the centre bearing in relation to the crankcase
and then withdraw the crankshaft.

{¢) Remove the two socket screws and dismantle
the centre hearing housing/s.

(d)  Remove gear end thrust washers.
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Servicing

Inspect the main bearings for scoring or wear,
replace bearings if necessary {See Section 7).

If the big end has been dismantled because of
failure of the bearing, the oil passages in the
crarkshaft must also be examined for obstruction
and fragments of metal.

Check the clearance between crankshaft journals
and main bearings and crankpin and connecting rod
bearing, see Table of Clearances, page 112.
Examine crankshaft far scoring or wear. If a standard
set of bearings will not fit with the required
clearance, regrind crankshaft and fit oversize
bearings,

Renew split thrust washers if damaged or worn.

To Refit Crankshaft

fay M required fit new bearing shells to the main
bearing housing, centre bearing housing/s and
the gear end crankcase main bearing. The
grooved bearing shell must be to the top and
the oil holes must be lined up.

(b} Reassemble centre main bearing housing/s
arcund the crankshaft ensuring the socket
screws are dead tight. Note the mark ‘Flywheel
End’ on the housing halves before assembly,
and assemble accordingly. (Fig. 113).

{c)  Apply grease to the steel side and fit the thrust
washer to the gear end with the tab correctly
located and the copper face towards the
crankshaft.

Note: Take special care when passing the

crankshaft through gear end bearing as it is quite

gasy to score the bearing sheil with the ¢rankshaft.

id} Offer up the grankshaft, lining up the centre
bearing marks to ensure the dowel hole(s)
isfare in the correct position.

{e) With the long fuel pump boit inserted in the
centre bearing dowel, insert through the
crankcase wall and into the centre bearing
hausing. Ensure the dowel has gone fully home
and that the dawel is nat abutting the main
bearing housing shoulder. {See Figs. 47 & 98).

{f} Leave fuel pump bolt in dowel.

{g) Refit crankshaft balance weights correctly and
torque ioad the Allen screws to 57.0 Nm {421bf
ft.) and then lock by peening with a centre

_punch. The balance weights must be fitted
with the part numbers facing each other.

(h)  Fit the main bearing housing (see page 81).

(j)  Check the crankshaft is free to rotate.

k) Fit Woodruffe key and then heat the crankshaft
pinion to straw yellow and fit to the crankshaft
without delay with the ‘O mark facing
outwards. Insufficient heat or delay in fitting
could well cause the pinion to become jarmmed
on the crankshaft, whereas overheating will
cause discolouration of the pinion.

Fig. 109 Jacking off Main Bearing Housing

Crankshaft Drives at Gear End

These must be correctly tightened to the torgue
given on page 88, Where it is not possible o torque
direct at the gear end with the flywbheel locked, it will
be necessary to lock the drive at the gear end with
a special tool (See Sect. 7) and apply torque to the
flywhee! setscrew with the.engine decompressed.
Following this the flywheel locking tool should be
fitted (See Sect. 7) and the flywheel setscrew re-
torgued to the correct value,
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Fig. 110 Crankcase with Main Bearing Fig. 112 Crankshaft with Centre Bearing
Housing Removed Housing Fitted

TS56 L o _Tsst

Fig. 111 Main Bearing Housing Showing Fig. 113 Crankshaft with Centre Bearing
Thrust Washers Housing Dismantled
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CRANKCASE, SUMP & FITTINGS
1 Crankcase
Main Bearing Comprises
—Top Half
—Bottom Half
Flywheel End Expansion Plug
Flywheel End Bush—Camshaft
Centre Bush
Cylinder Head Stud
Oil Hole Plug—Gear End
il Gallery Plug—Flywheel End
‘0’ Ring
Dipstick Adaptor
Dipstick Includes
‘0" Ring
Lubricating Qil Pipe
— Fuel Pump Inspection Door
14 —{Gear End
15 —Flywheel End/Centre
16 Joint
17 Copper Washer
18 Cheese Head Screw—M6 x 1.0-6g x 12mm
19  Fuel Lift Pump Blanking Plate
20 Joint
21 Copper Washer
22 Screw—M8 x 1.25-6g x 14mm
23 Governor Lever Pivot Support Block
24 Sump
25 Joint
26 Long Bolt—MS8 x 1.25-6g x 7bmm
27 Short Bolt—M8 x 1.25-6g x 35mm
28 Spring Washer
29 Drain Tapered Plug—3/8"'BSP
30 Sump QOil Hole Tapered Plug—1/2"'BSP
31 Washer

|
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OO~ OO WR R

— e
WM =

Fig. 115 Checking Crankshaft End Float
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DECARBONISING

Decarbanising should be carried out after 2000
hours running or if the engine shows loss of
compression or blow-by past the piston. To gain
access, remove the cylinder barrel, niston and rings.

Thoroughly clean and examine for damage or
wear: —

1. Piston.

2. Piston rings and grooves.

3. Combustion chamber in the top of the
piston.
Valve ports, valves and valve seats.
Exhaust manifold, piping and silencer.
Firns on cylinder, cylinder head and injector.
Regrind the valves.
Renew any defective parts as necessary, re-
assemble as detailed on previous pages.

SO ;R

CLEANING COOLING FINS

The cylinder, and cylinder head must be kept
reasonably clean if the engine runs at high tcads and
speeds, otherwise seizure of various components
can occur due t¢ overheating.

Cleaning frequency depends on the nature and
concentration of the substances contained-in the

cooling air. For example, fluff, hair, vegetabie fibre,

etc., have a greater clogging effect than dry dust.

The fins should always be cleaned when the
engine is decarbonised but can also be cleaned by
removing the manifeld and air cowl and raking the
dust off the fins with a hooked piece of wire.

LAYING-UP PROCEDURE

The following routine shou!d be carried cut when
it is known that the engine. will not be required for
some months: —

1. Replace fuel in tank with a small supply of
calibration fluid or eqguivalent.

2. Drain lubricating oil from sump and ref;JJ
with Shell Ensis 20 or equivalent.

3. Run the engine for a period to circulate the
Ensis il through the system and to ensure
the calibration fluid is passed through the
fuel pumps and injectors.

4. Stop the engine and drain off the Ensis
fubricating oii from the sump, after which
the crankshaft should NOT be turned until
the engine is again required for service. The
calibration fluid should be left in the fuel
system.

5. Seal all openings on the engine with tape.

B Remove batteries, when applicakle, and
store fully charged with the terminals coated
with Vaseline (petroleum jelly}.

7. Grease all extarnal bright parts and control
linkage, ete.

8.  Tie labeis on the engine clearly stating what
steps have been taken to inhibit the engine
during storage, as above.

If the above is not carried out then the engine

should be run about 45 minutes once a month—

preferably on laad.

TS122A

Fig. 116 Main Bearing Housing showing
Main Bearing, Oil Seals, Metal and Paper
Shims.

Dameas RE
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SPANNER TORQUES (TOLERANCE PLUS 5% MINUS 0)

Torque T
Thread Size Nm ibf. ft. Location
Ma x 0.7 2.98 2.2 Governar Link Adjusting Nuts
MG x 1.0 8.82 6.5 Decompressar Screw Nut
Fuel Filter 1o Tank Cap Screw
Manifold Lower Nuts
Fuel Pump Holding Down Belts
Governor Weight Securing Screw
M6 x 1.0 4.07 3 Infector Leak Qff Banjo Screw
M8 x 1.0 21.02 15.5 Injector Clamp Screw
M8 x 1.25 2102 15.6 Valve Rocker Adjusting Screw Nuts
Manifoid Higher Nuts
M8 x 1.25 2712 20.0 Main Bearing Housing Screws
Sump Retaining Screws
M8 x 1.25 7.89/14.4 5.8/10.6 Oil Starter Adaptor Taper Thread
M10 x 1.25 57.0 42 Balance Weights Retaining Screws
M12 x 1.75 78.66 58 General
MiZx 1.5 28.48 21 Injector Pipe Nuts
M16 x 1.5 . 362.13 267 Gear End Crankshaft Drives
M18 x 2.5 271.26 200 General
M18 x 1.5 54.25 40 Fuel Pump Delivery Valve Holder
M20 x 2.5 393.32 290 General
M20 x 1.25 2712 20 Injector Top Plug
M24 x 2.0 474,70 350 Flywheel Retaining Screw
114" UNF 11.53 85 Genreral
5116 "UNF 20.34 15 General
3/8""UNF 43.40 32 "Connecting Rod Nuts
7i16 " UNF 67.80 50 General
7116 UNF 67.80 50 Cylinder Head Holding Down Nuts
112" "UNF 92.22 68 General
9/16""UNF 136.63 100 General
5/8""UNF 203.45 150 General
1/8”BSP 20.34 15 Main Bearing Dowel Locating Plug
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JOINTING COMPOUNDS

JOINT DESCRIPTION

JOINTING COMPOUND .
TO BE USED

INSTRUCTIONS FOR APPLYING
COMPOUND

Cylinder Head Cover

Hylomar PL32/M

Coat the cylinder head cover jointing
face and stick the joint to it.

Botiorm of cylinders

Hylomar PL32/M

Coat the cylinder on the jointing face,
stick the joint to it and coat the joint.

Gear Case Cover Wellseal Coat the cover jointing face, stick the
joint tQ it, and coat the joint,
Valve Guides Wellseal Coat the outside diameters of the

guides before fitting. Do not use grease
or other substance.

Camshaft Expansion Plug in
. Crankcase

Hylomar PL32iM

Apply a little compound to the recess in
the crankcase before driving in the

plug.

Tawer Sump Drain Plug

Hylomar PL32/M

Caat the threads.

Taper Plugs other than those
mentioned above ‘

P.T.F.E. Thread

Bind the thread with the tape before
screwing the plug.

Rotary Type Seals

Hylomar PL32/M

Apply a little compound to the outside
diameter of the seal external cover.

Cvlinder Shims and Gaskets

High melting point grease

Smear grease in the recess on the head
where the joints seat and the side of
the recess. Smear grease on each shim
in turn and place it in the recess. Place
it in the recess on top of the shims.
Finally smear grease on the thick
gasket. The top of the cylinder is not
coated. Use the grease sparingly.

Screw Type Oil Seal

Hylomer PL32/M, Wellseal

Lightly coat the outside diameter of the
seal with PL32/M and coat the inside
of the grooves with Wellseal.

Meam—_ 77
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JOINTING COMPOUNDS

-

JOINT DESCRIPTION

JOINTING COMPOUND TOQ

INSTRUCTIONS FOR APPLYING

If pump is fitted

- BE USED COMPQUND
Sump Joint Wellseal Coat the sump jointing face and stick
the joint to it and coat joint.
Valve Rocker Stubs to Top Weliseal Coat the sealing grocve nearest to the
FPlate bolt hole.
Fuel Pump Control Doer 10 Wellseal Coat the door jointing face and stick
Crankcase the joint to it and coat joint.
Crankshaft Bearing Housing Wellseal Coat the bearing housing face, place a
Shims paper shim aver it and coat it; place a
steel shim over it and coat it; continue
“this process using alternative paper and
steel shims, always finishing with a
paper shim,
Cylinder Head Nuts and Top Wellseal Dip nuts and coat the stud threads and
Threads of Cyl. Head Studs the area of the top plate in contact
with the nut’
Fusel Lift Pump to Crankcase. Wellseal Coat the pump face, place the joint

over it and caat the joint.

—

Breather Tube to Aluminium
cylinder head

Hylomar PL32/M
Loctite 601

Coat the knurls with Loctite and push
the tube through the Top Plate. Before
the tube reaches the hole in the
Cylinder Head, coat approx. 15 mm of
the lower end with  Hylomar. Do not
block the bore of the tube.




Se}ction Five
ACCESSORIES

INTRODUCTION

This section contains information on some of the
accessories which may be fitted 1o TS engines. An
Appendix at the end of the book gives a
comprehensive list of all the accessories that are
currently avaiiable.

Code jetters, with ordering instructions, may be
obtained from the appropriate engine parts list and
each accessory is consigned with a drawing and
fitting instructions where applicable.

information on electric starting equipment with
wiring diagrams can be found in Section 8.

AIR CLEANERS

The corract fitting and maintenance of air cleaners
cannot be over-emphasised. The air cleaner must be
fitted to ensure no possibility of air entering the
engine except through the cleaner. Loose or
incorrect fittings will leave gaps through which dust
will be drawn. Sefvicing periods will vary accarding
to the conditions under which the engine is run, see
Routine Maintenance.

Lister Dry Air Cleaner (Fig. 117)

The Lister dry air cleaner, which may be fitted to
all TS engines, is removed by loosening the clip to
the manifold and lifting off the assembly. Remove
the top half by releasing the centre bolt and lift out
the element. Check that the rubber adaptar and clip
are in good condition and clean the inside of the
assembly. The paper element should be changed if
found to be damaged or dirty. When refitting; ensure
the two halves of assembly is securely attached to
the engine air intake.

FOAM ELEMENT AIR CLEANER

A foam element may be used on the TS engine in
place of the Lister dry element. The foam element
should be treated before initial fitting and
subseqguently cleaned as follows:

1. Remove the inner and outer perforated
reinforcements.

2. Wash the element in a mixture of fuel oil and
5% lubricating oil and wring dry.

3. Ft the reinforcements back ensuring that
approximately 6 mm (1/4°) of {oam element
protrudes from beyond the reinforcements on
both ends for sealing purposes.

Fig. 117 Lister Dry Cleaner

75109
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Fig. 118 Flywheel Shaft Extension

FLYWHEEL SHAFT EXTENSIONS (Fig. 118)

A six hole type of shaft extension may be fitted to
the flywheel, When fitting a shaft extension ensure
all nuts are tightened evenly and there are nc burrs
on keyway. Nuts should be tightened to 67.8Nm (5
Ibf.ft.). .
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Cyclopac Air Cleaner {Fig. 119)

The dust cap on the end of the cleaner should be
emptied daily.

To Service cleaner, remove element and clean the
outside with a soft brush or by tapping. If
compressed air is available this can be used by
blowing from the inside of the element only.
Maximum pressure 100 Ibt.in.2 (f air is blown on to
the outside of the element it will force the dust
through the element leaving holes and it will then be
useless. These elements are renewable but if
carefully maintained they can be reused. T check if
the element is still serviceable, clean and then insert
an unshaded light inside the element in a darkened
room. The light will show through any smail holes
which may be in the element and this will indicate
that the element is no longer serviceable. A new
element must then be used.

Clean the element container tharoughly, refit the
element and ensure that all joints are in good
condition and well made. Refit the complete unit to
the engine and again ensure that all the fittings are
tight and that there are no gaps through which the
unfiltered air can be drawn.

CYCLOPAC AIR CLEANER—5 1/4” Heavy Duty

Air Cleaner Assembly Comprises
Air Cleaner which Includes
- Element
Inlet Cap
Mounting Band -
Mounting Plate
Bracket
Setscrew—M8 x 1.25-6g x 16mm
Spring Washer
Nut—M8 x 1.25-6H
Bracket
Nut—M6 x 1.0-6H—Replaces Manifold Nut
Setscrew—M8 x 1.2b-6g x 20mm
Spring Washer
Nut—M8 x 1.25-6H
Bracket
Setscrew—M8 x 1.25-6g x 16mm
Spring Washer
Nut—M8 x 1.25-6H
Hose
Clip
Setscrew—M8 x 1.25-6g x 16mm
Spring Washer
Nut—M8 x 1.25-6H
Adaptor
Joint
Stud—M8 x 1.25-6g x 30mm
Nut—M8 x 1.25-6H
Spring Washer
Setscrew—M8 x 1.25-6g x 16mm
Spring Washer
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Fig. 119 Cyclopac Air Cleaner
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HST18

Fig. 120 Typical Ether Start Kit




SECTION &

ACCESSORIES

FENNER COUPLING HRC (Fig. 122}
The Fenner Coupling HRC consists of three parts;
(a) Drive Coupling
{b) Rubber Spider
{c) Driven Coupling

The drive coupling is attached tc the flywheel with
three M12 bolts and spring washers. The bolts
should be torque loaded 78.668Nm (58 1of ft). The
rubber spider fits over the driving spigots of the drive
coupling and the driven coupling.

The final drive is either taken direct from the driven
coupling via a key and keyway, or via a taper lock
bush which is locked into the bore of the driven
coupling by two hexagon grub screws. This bush
reduces the bore to the required diameter and the
final drive is then by key and keyway.

Caution: When cffering up driven equipment
ensure that metal to metal contact within the
coupling is avoided. {See page 7}

Fig. 121 Common Accessories fitted to the
engine.

_ _ . TS134
Fig. 122 Fenner Coupling—HRC

COMMON ACCESSORIES FITTED TO ENGINE
A, 13.4 litre Engine Mounted Fue! Tank.

B. Exhaust Silencer.

C. Medium Duty Air Cleaner.

D. Fuel Filter {Part of engine mounted fuel tank}.
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SAE ADAPTORS (Fig. 124)

The following fanshroud adaptors may be fitted:
SAE4 1 b
SAE4 to 4

L

Fig. 124 SAE Adaptor

COLD STARTING (Fig. 123)

Cold starting oil cups may be fitlted to the TS engine
side cowl! by remaoving 2 solid grommet for each cup,
and TS engines may be fitted with remote mounted
ether start (see Fig. 120).

Fig. 123 Cold Starting Oil Cups

HOURMETER (Fig. 125)
A vibration type hourmeter is available and may be
fitted to the top of the cylinder hiead cover.

Fig. 126 Hourmeter
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AIR OUTLET DUCT ADAPTOR (Fig. 127}

The outiet duct adaptor is secured by brackets to
the top plates with setscrews and washers, and also
to the side cowl. A solid grommet on the side face
of the adaptor may be removed to permit entry for
any cable or pipe that may be required.

When ducting or trunking is to be fitted to the
adaptor, COOULING AIR CONSIDERATIONS in
Section One should be considered.

FUEL LIFT PUMP (Fig. 126)

A fuel lift pump (when required) is fitted to the fuel
pump side of the crankcase and is operated by a
tappet from the camshaft.

Fig. 126 Fuel Lift Pump

Fig. 127 Air Outlet Duct Adaptor

Fitting Fuel Lift Pump

1. Remove the four setscrews and spring
washers from the blanking piate and remove.

2. Fit pushrod into large hole until it abuts the
operating cam.

3. Turn engine until the push rod is at its
outermost point of travel.

4. Check that the push rod protrudes from the
machined fagce of the crankcase by
4.1-4.8mm. i

5. Turn the engine until the pushrod is retracted
and fit the fuel lift pump, ensuring that a joint
is fitted between the pump and crankcase
face,

6. Torque setscrews to 2.15 kgf m {15.5 Ibf ft).

Note: If the push rod extension is incorrect
an adjustment can be made by fitting a
second joint between the pump and
crankcase, but the pump must never be fitted
without a joint.

Do pmm (37
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- Ts152

Fig. 128 Hydraulic Pump Adaptor— Flywheel Fig. 129 Hydraulic Pump Adaptor—Gear End.
End.

Hydraulic Pump Drives

By using suitable adaptors (see accessory codes)
an hydraulic pump may be driven from either the
fiywheel end or gear end of the engine, however
R A Lister & Co do not supply the hydraulic pumps.

'TS1 51

Fig. 130 Hydraulic End Cover Attachment

When removing hydraulic drive end cover always
ensure that the setscrew ‘A’ is removed before
attempting to removsa the end cover fram the engine.
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FAULT DIAGNOSIS

PAGE REFERENCE

FAULT PROBABLE CAUSE RECTIFICATION L
Engine difficult to Turn Lubricating oil too Drain sump and refill
{Decompressed) heavy with correct oil 23
Incorrect decompressor | Re-adjust 65
clearance
Load not disconnected [nvestigate —
from engine
Engine Difficult to Start | Lack of fuel Fill tank and bleed sys-
tem 37
Air in fuel system Check and tighten all
connections and bleed
system 37
Defective fuel pump Overhaul or replace Sect 3
Fauity injector Test or replace 39
lLow compression See 'Low Compression’ —
Stopping contro! incor- Set in correct starting
rectly positionad position 46
Air cleaner or exhaust Clean —
blocked
Failure to Obtain Normal | Engine started under Heduce load on engine
Speed overload until normal speed ob-
tained —
Fue! system not primed | Bleed and prime 37
Injection retarded Retime fuel pump 36
Loss of Power incorrect fuel Drain and refill tank
with correct fuel 31
Choked air cleaner Change element 89/90
Choked fuel filter Change 37
Fuel injector not func- Test injector, replace if 39
tioning properly necessary
Fuel purnp not operating | Replace 35
correctly
Incorrect tappet clear- Adjust 6b
ance
Choked exhaust Remave restriction —
Erratic or Uneven Run- Air in fuel system Check all fuel lines and
ning connectors, bieed
system 37
Incarrect fuel pump tim- | Retime 36
ing
Faulty injector Test and/or replace 39

O oy e
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SECTION 6 FAULT DIAGNOSIS
FAULT PROBABLE CAUSE RECTIFICATION PAGE R_?;ERENCE
Knocking Incorrect timing. Retime fuel pump. 38

Airin fuel system Check connections and
bleed system. 37
Incorrect fusl. Change. 31
Warn bearings. Replace. Sect. 7
Insufficient clearance Adjust. 64
hetween piston and
cylinder head.
Flywheel loose. Tighten. 78
Excessive carbon de- Remave carbon. 85
posit on piston.
Engine loocse on its Tightan. -
mountings.
Valve sticking in guide. | Clean stems and guides. &3
Slack bearing. Fit new bearing if
crankshaft is not worn, 31
Low Comgpression Injector loose on its Check clamp is secure. 38
seat.
Piston rings warn-or Fit naw rings. 74
broken.
Leaking inlet or exhaust | Regrind valve and seat. -
valves,
Cylinder head gasket Check head is correctly
leaking. torque loaded, replace 60
gasket if necessary.
Low oil pressure Insufficient oil. Maintain correct oil —
level. .
Oil seals leaking. Check and change Sect 3
defective seal.
Worn bearings. Change. Sect 7
Fractured pipe. Change. -
Qil pump defective. Change. 26
Ol diluted. Drain and refill with
correct oil. 23
Strainer chaoked. Remave and clean. 25
Qil pump plunger and Clean and renew as
valves worn or dirty. necessary. 25
Smoky Exhaust Engine running on Check auto excess 46
{BLACK) overload. fuet contral,
Air cleaner chcked. Renew element. 89
Injector nozzle dirty. Clean or replace. 38
Incorrect fuel. Drain and refill with
correct fuel. 31
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PAGE REFERENCE
FAULT PROBABLE CAUSE RECTIFICATION s
Smaky Exhaust Piston rings worn. Renew. 74
(BLUE) Cylinder bore waorn, Rebore and fit oversize
rings. 74
Engine Staps Insufficient fuel Fill tank and bleed
system. 37
Loss of compression See “'Low Compres-
sion’’ —
Cirt in injector or fuel Investigate and clear. —
system.
Air in fuel system. Bleed system. 37
Water in fuel system. Crain, flush, fill with
correct fuel and bleed
systemn. . 37
High Qil Consumption Valve guides worn Change guides or fit
new cylinder head 60
S
Engine Overheati}wg Cooling air recirculating | Check that cooling air
inlet and outlet are not Sect 1
obstructed.
Air cleaner or exhaust Clean. 89

choked.

Injection retarded.
insufficient lubricating
oil.

Engine overioaded.

Retime fuel pump.
Check leval.

Reduce load.

| R o S |




Section Seven |
SPECIAL SERVICE TOOLS

INTRODUCTION NOTES:
Spanners are supplied with each engine. This The use of a large amount of force is not
section describes the special service tools that are required to fit or remove plain bearings,
available for particular servicing operations on these particularly camshaft bearings.
engines.
The fitting of a ball race bearing (approx.

Due to constant development and improvement it 19mm/3/4" internal dia.) under the head of the
is quite possible that any tool purchased may not bolt of the bearing tool will ease the effort
completely resemble that described or illustrated in required to turn the bolt.

this section of the book, however the principle will
remain the same.

MAIN BEARING AND CAMSHAFT BUSH 6 A
WITHDRAWAL AND ASSEMBLY TOOL

TL 98

Plug

Sleeve

Bearing Locating Ring

Ball Bearing {not part of tool)
Washer

Spacer

Plate

Bolt

PNOORWN

Fig. 131 Components of Main Bearing and Camshaft Bush Tool
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SECTION 7

SPECIAL SERVICE TOOLS

Removing Main Bearing (Fig. 133)

{a) Fit correct bearing location ring (3} on to plug
(1.

Note: Four bearing rings are available for
standard and undersize bearings.

{b) Insert plug with bearing ring intoc main bearing
shells until bearing ring is located completely in
the bearing shelis.

(c) Fit sleeve (2] inside crankcase with the locating
lug pasitioned in the thrust washer locating
grocve in crankcase.

{d)  Push bolt (8) through ball bearing (if available)
and through centre of spacer (6! with recessed
face of spacer nearast the head of bolt.

{e) Fit bolt from inside crankcase through sleeve
and screw into plug.

(f)  Maintain a grip on knurled flange of plug and
tighten bolt until main bearing shells are pushed
fully into sleeve of tool.

_ Tsus,

Fig. 132 Fitting Gear End Main Bearing (rigged
for demonstration purposes).

Note: The spacer {6) which was designed for the ST
engine has insufficient depth to allow the bearings to
be pulled fully home, therefore place 3/8'" distance
pieces between the spacer (6) and the crankcase
face. Use Bearing tool sleeve (2) 317-00584 with
the existing ST tool for engines with the larger thrust
washers.

NOTE: The top gear end main bearing shell has
an oil groove but ne locating lug, and when
fitting, care must be taken to ensure location of
the shells (See Item 2 Fig. 114]). Otherwise oil
restriction or starvation may occur.

Fig. 133 Removing Gear End Main Bearing

Fitting Main Bearing (Fig. 132)

fa} Position siesve (2) with locating lug dacing
downwards on a flat surface. Slide the two
haives of the new bearing (8} into the top of the
sleeve together. .

(b} Fit correct bearing locating ring (3} on to pilug
(1),

Note: Four bearing rings are available for
standard and undersize bearings.

{c)  Fit plug into sleeve with bearing ring located
campletely in the bearing shells,

{d) Place assembly into crankcase with locating fug
on sleeve positioned in slot in crankcase.

(e} Place ball race bearing {10} (if available) on to
beolt (8} followed by spacer (8) with plain face
towards bolt head.

{ft  Push bolt into crankcase, locate spacer
squarely against outside of crankcase; screw
beit into plug.

(g} Tighten bolt until bearing shells are drawn inte
position. (See note).
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SPECIAL SERVICE TOOLS

Main Bearing Housing

The removal and fitting ¢f bearing shells in the
main bearing housing is carried out by the same
method. The bearing housing should be held
securely in a vice or refitted to the engine.

The oil seal assembly should first be pushed out
from the centre of the housing; new ol seal refitting
instructions for earlier engines can be found on page
103.

The top half of the plain bearing in the main
bearing housing has a locating tongug which must
be fitted into the groove of the fitting sleeve {item 2
Fig. 131] 10 ensure the tongue locates into its recess
in the main bearing housing, when fully fitted.

Intermediate Main Bearings
Instructions for the removal and fitting of

32,

- Tsna

Fig. 134 Fitting Main Bearing to Housing
{rigged for demonstration purposes)

intermediate main bearingis) can be found on page

.

;

§
i
i

B | SRR &) <
Fig. 135 Removing Main Bearing from Housing
{rigged for demonstration purposes)

o e A s

- TS120

;
H
P
=
i

Fig. 136 Fitting Main Bearing
{tool exptoded)




SECTION 7

SPECIAL SERVICE TOOLS

Removal of Centre Camshaft Bush (Fig. 138}

{(a) Place sleeve over plug with locating lug
towards plug head.

(b) Piace sleeve and plug into gear end camshaft
bush hole. The chamfer on the sleeve will assist
in aligning ihe ool

{c) Insert bolt through flywheel end camshaft

bearing hole, place washer over boit with flat
face towards bolt head, and screw into plug
until washer abuts the centre camshaft bush,
{d) Checking carefully for tool alignment tighten
bolt, pushing the washer and bush through the
centre web of the crankcase.
(e} Remove complete tool and bush.
Note: The washer must be the same diameter
as the centre bearing bush.

_..Tsns,

Fig. 137 Fitting Centre Camshaft Bush (rigged
tor demonstration purposes).

Fig. 138 Removing Centre Camshaft Bush.

Fitting Centre Camshaft Bush (Fig. 137)

(a}l Pilace sleeve over plug with locating lug
towards plug head.

{b} Place sleeve and plug into gear end camshaft
bush hole. The chamfer on the sleeve will assist
in aligning the tool.

{¢) Insert bolt through flywheel end camshaft hale,
place washer and tush over boit with flat face
towards bolt head, and screw into plug until
bush and washer abuts centre camshaft
bearing haole.

{d) Checking tool and bhush alignment very
carefully, gently screw bolt until centre bearing
is fully located in centre web bearing housing.

fel Remove complete tool.




SECTION 7 SPECIAL SERVICE TOOLS

Removal of Flywheel End Camshaft Bush
{Fig. 139)

ia} Place plug against bush.

ib) Insert boit with plate through gear end
camshaft bearing housing and screw into plug.

(¢} Place plate in correct position on centre web
and tighten bolt.

{d} Ensure tool correctly lined up, tighten bolt untl
bush is fully removed,

ey Unscrew plug and remove tool and bush.

Fig. 139 Removing Flywheel End Camshaft
Bush.

Fitting Flywheel End Camshaft Bush (Fig. 140}

{a} Start bush by gently tapping bush into hole
using copper or hide faced hammer.

{b) Place plug against bush.

{c) Insert bolt with plate through gear end
camshaft bearing hole and screw into plug.

{d} Place plate into correct position on centre web
and tighten bolt.

{e} Ensure tool is correctly ined up, tighten bolt
until bush is correctly located.

{fi  Unscrew plug and remove tool.

TS,

- - JIPSONE S e

Fig.140 Fitting Flywheel End Camshaft Bush
{rigged for demonstration purposes}.




SECTION 7 SPECIAL SERVICE TOOLS

ROTARY OIL SEAL (Early engines only) 5. Fit assembly C (felt and cover) into the
To Remove (See also Section 4) ‘ centre of the bearing housing until flush with
end face using the tool shown in Fig. 143.

1. Remove flywheel.

Note: the use of this tool ensures the correct
clearance of 0.05 to 0.50 mm between the
impeller and the felt seal cover.

2, Remove Main Bearing Housing retaining
bolts and alternator stator. Fit two M8
setscrews into the two tapped holes in the
Main Bearing Housing.

3.  Jack off the housing taking care to retain
any shims which may be fitted.

4. Drift the complete seal assembly out of the
housing taking care not to damage the main
bearing shells.

Fig. 141 Fitting Felt and Seal Cover.

Fitting New Qil Seal (See also Section 4)

1. With centre bearing dowel remaoved {it Main
Bearing Housing and check the crankshaft
end float.

2. Fit mushroom headed guide tool into the
end of the crankshaft.

3. Check that the impeller A is for the correct
rotation and fit over the shaft with direction
arrow visible. Fit spacer B and using tool
illustrated in Fig. 741, drive the impeller
onto the shaft. ‘

4. Lightly Iubricate the felt and fit inside the s o e
seal cover. Fig. 143 Fitting Qil Seal Impeller
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SPECIAL SERVICE TOOLS

WARNING: If the crankshaft is moved towards
the flywheel end the crankshaft thrust washer
at the gear end could become detached from its
recess. This can be avoided by removing the
gear end cover and placing two suitable strips
of metal {1.5mm thick) between the crankshaft
pinion and the crankcase. To prevent the thrust
washer at the flywheel end becoming detached
from the Main Bearing Housing whilst jacking
off the housing turn the engine until the No. 1
cylinder js at the BDC position.

TS18

Fig. 144 End Cover Oil Seal Tool

Loosening Flywheel from Crankshaft {See also
Section 4)

1. Lock the flywheel.

2: Loosen flywhee! retaining setscrew by two

-turng {approx.)

Fit the flywheel loosening tool {Fig. 145).

"4, Turn the three bolts progressively and in
- sequence until the flywheel is Joosened on

the shaft.
5. ~ Remove the extractor tool.

w

Note: If the flywheel extractor tool has a centre
bolt, secure the tool with the three circumference
bolts, then screw up the centre bolt.

Note: If a flywheel extractar tool is not available
a flywheel end extension shaft may be used with
egual success.

End Cover Dil Seal Tool (See also Section 4)
To protect the lip seal fitted te the crankcase end
of the starting handle sleeve of the eng cover
intraduce the oil seal tool through the lips of the seal
and then remove or replace the end cover as
required. Remove the tool after use. The tool may
also be used to replace the seal in the end cover.

TS46

Fig. 145 Flywheel Loosening Tool
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SPECIAL SERVICE TOOLS

Fig. 146 Removing Flywheei

Remove Crankshaft Pinion Gear (Fig. 147}
1. With end cover removed loosen central
screw of the pinion remaval 1ool,
2. Place pad (nat visible) into the crankshaft.

3. Place removal tool in position over the
pinion and screw up central screw to just
haold the pad.

4. Fit and tighten the three securing bolts into
the pinion.

5. Screw in central screw until the pinion has
been removed.
6. Remove crankshaft key.

Flywheel Removal Mandrel {Fig. 146)

After loosening flywheel (as already described)
remove flywhesl retaining setscrew and replace with
rmandrel. This will enable the flywheel to be removed
without damaging the stator and will help prevent
injury to the hands.

TS138 b,

Fig. 147 Removing Crankshaft
Pinion Gear
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SPECIAL SERVICE TOOLS

FLYWHEEL LOCKING TOOL (Fig. 149

1.
2.

3.

Remove perception head blanking plug.
Screw brass adaptor into perception head
haole.

Drop flywheel locking teol into starter ring
gear teeth through the adaptor centre hole.

Note: Aiways ensure the flywheel locking tool is
removed after use and blanking plug replaced.

STUB SHAFT TOOL (Fig. 148)
To remove stub shaft
1. Screw small end of adaptor into the screw
thread of the stub shaft and tighten,
2. Preferably place the cylinder head into a vice,
and screw slide harmmer tool on to adaptar.
3. Grip slide hammer in one hand and strike the
sleeve in the required direction until the stub
shaft has been removed.
4. Remove rocker arm.

To refit stub shaft

1. See Section 4 'Valve Rocker Stub -Shafts’
before attempting to refit stub shafts.

2. Fit small end of adaptor into the screw thread
of the stub shalt and tighten.

3. Place cylinder on its side on a bench and
Dlace the rocker arm into position for refitting

“stub shaft.

4. Fit slide hammer tool on to adaptor and {see
Sect. 4) correctly fit stub shalt into stub shaft
hole.

5. Grasp slide hammer with one hand whilst
positioning rocker arm with the other and refit
stub shaft by striking the end of the tool
nearest the cylinder head with the siide
hammer.

Note: If ths rocker lever bush is not correctly lined
up and is preventing the stub shaft being rafitted
gently strike either end of the tool with the slide
hammer whilst repesitioning the rocker arm.
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SPECIAL SERVICE TOOLS

VALVE GUIDE TOOL {Fig. 150)
To remove valve guides

1. Prelerably place cylinder head on its side in a

vice.

2. Place sleeve over the tool and locate spacer (if

required) into sleeve. '

3. Place mandrel into tool and insert mandrel

through guide.

4. Screw on threaded sleeve.

Note: If it is intended to withdraw the quides from
the valve seat end, the tapered adaplor must be
fitted inte the sleeve and located into the valve seat.

5. Holding the sliding handle firmiy to prevent

rgtation, turn the double handled lever
clockwise until the guide is withdrawn
through the head.

Note: If the valve guides are difficult to start on
removal, a sharp tap with a copper hammer should
break the seal.

15142 |

_— e e

Fig. 180a Fitting Valve Guide

TS141
Fig. 150b Valve Guide Tool

Threaded Sleeve
Mandrel

Sleave
Extractor/Fitting Too!
Bevelled Adaptor
Spacer

Depth Stops

MmO Ow»

To fit valve guides

1. Fit mandrel into valve guide hole from the
cylinder head end.

2. Place valve guide over mandrel in the top
plate.

3. Place depth stop over mandrel and screw on
mandrel sleave.

4. Fit ool complete with tapered adaptor onto
mandrel.

5. Holding the sliding handle firmly tc prevent
rotation, turn the double handled lever
clockwise until the depth stop prevents any
further movement.

Note: At this point the guide will protrude the

correct distance above the cylinder head (See Sect.
4),




SECTION 7
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Fig. 151 Valve Spring Remaval Tool

VALVE SEAT AND RECESS CUTTING TOOL

{Fig. 152)
1.

2.

3.

Fit correct adjustable mandrel into valve guide
and ensure snug fit.

Select correct cutting tool and assemble to
‘T" handle.

Fit over mandrel and adjust individual blades
to correct diameter and rotate in a clockwise
direction  until  valve  seatirecess s
satisfactory. (Sse ‘Table of Clearances for
limitations).

VALVE SPRING REMQVAL TOOL (Fig. 151]

;
{
H
.

1.

2.
3.

4,

Fit adaptor into cylinder head cover holding
down screw hole.

Screw pivet into adaptor.

Adjust width of bridge piece to suit vaive
spring carrier and locate.

Push down on lever until collets can be
removed/replaced.

Note: It is easier t0o remove the valves with the
rocker arms removed.

R -]

Fig. 152 Valve Seat and Recess Cutting Toaol —

moom>

Exploded

Adjustable Mandrels
Cutting Tools

T. Handle

Adaptar

Allen Key
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e oo, e e b s s b o o e i ncn B2

o TS146 |

Fig. 152a Valve Seat and Recess Cutting Tool

OVERSIZE/UNDERSIZE ITEMS

Oversize pistons and piston rings, and undersize big end and main bearing shells are available. Reference
should be made to an up to date Parts List for accurate numbars. The variaticns from standard dimensions
are as follows: —

0.010° (0.264mm), 0.020"" {0.508mm}, 0.030" (0.762mm), 0.040" (i 016mm)

RAL does not undertake the reboring of cylinders or the regrinding of crankshafts.

Non-standard sizes are marked as a suffix to the part number and in the following locations: —

a. Piston rings—+0.010", stampad an the face of the ring.

b. Pistons—201-80157 0.010", stamped on the top surface.

¢.  Bearings—202-80600 US 0.010", stamped on the steel nutside surface of the bearing.

When cylinders are rebored the lower skirt should be etched or painted with the amount of over-size.
The standard initial dimensions are given-in the “Table of Clearances.”
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Fig. 152b Slide Hammer with Injector Removal
Tool

Injector Removal Tool

Remove the screw from its sterage hole. Place the
injector removal tocl over the injector and insert
screw through the hole in the tocl and into the fuel
inlet hole in the injector. Now fit the slide hammer 10
the tool to assist in the removal of the injector.

Fig. 152¢ Slide Hammer and Injector Removal
Tool exploded.
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Fig. 152d Tool for Torque Loading Gear End Fig. 152e Crankshaft Extension
Drive

See Page 82 Crankshaft Drives at Gear £nd,

Fig. 152g Crankshaft Extension
Crankshaft Extension.
Special Stud.
Qil Seal.
End Cover Joint.

Fig.152f Tool for Torque Loading Gear End
Crankshaft Extension

P W=

Bames 111



Table of Clearances and
Dimensions of Wearing Parts

TS 2/3ENGINES — DIMENSIONS OF WEARING
PARTS

ENGINE WEAR. The following information is given
as a guide 1o the extent by which compenents may
reaschably be expected to wear, without
appreciable loss of performance. To maintain the
engine in good running order it is therefore
recommended that when the "“maximum advisable
clearance” figure is reached, one or more
companents affecting the clearance be replaced.

The wear to be allowed in parts refitted to an
engine depends on the life required to the next
overbaul and the relative cost of labour to materials.
If labour costs are high it may pay to replace parts
before the maximum wear condition is reached, in
order to avoid further work before the next
scheduled overhaul.

MAXINMUM
INITIAL INITIAL ADVISABLE
COMPONENT DIMENSION CLEARANCE CLEARANCE
mm in. mm in. mm in.
Cylinder bore 95.30 3.762
(See Note 1) 95 27 3.751
0.262 C.0103
0.271 0.0083 0.3b 0.0138
Piston dia at bottom
of skirt — 95.065 3.743
across thrust face 95 039 3.742
Fire Ring Gap 0.5b 0.0217 0.70 0.0276
0.35 0.0138 0.41 0.0161 (.98 0.0386
Campression ring qap 0.40 0.0157 0.656 0.0217
0.20 0.0079 0.26 0.0102 0.85 0.0335
Scraper ring gap 0.5C 0.0197 0.65h 0.0256
Q.30 0.0118 0.36 0.0142 (.85 0.0335

MNMe = 119



CLEARANCES

NOTE 1: The maximum advisable piston to cylinder
clearance given above is the clearance between the
bottomn of 1he piston skirt {(across thrust faces) and
the cylinder hore measured in the region of travel of
that part of the piston, i.e. NOT at the top of the
bare.

NOTE 2: Initial dimensions given for piston ring gaps
assume the use of a gauge exactly equal to the
norinal cylinder bhore. The gaps given under “initial
clearance’ are those to be anticipated when
checking rings in a new bore. For every 0.0Tmm hy
which the actual bore size exceeds the "as new"’
dirmension, the ring gap will increase by
approximately 0.03mm.

MAXIMUM
. INITIAL INITIAL ADVISABLE
COMPONENT DIMENSION CLEARANCE CLEARANCE
mmm in. mm in. mm in.
Fire ring width This may be measured with a new ring. The side clearance is from O to 0.06mm
Groove width (0 to 0.0024in.] when the face of the ring is level with the top land of the piston.
In an acceptable worn groove this clearance could be up to 0.100mm (0.0039in.).
Normally special gauges are required to measure the groove.
Compreassion ring 2.380 0.093
width 2,356 0.092
0.18 0.0071 0.23 0.0081
Groove width . 2.527 0.099 0.13 0.0051
2.502 0.098
Scraper ring width 4.763 0.188
4.737 0.1886 0.10 0.0039 0.15 0.0059
Groove width 4.838 Q.190 0.05 3.0020
4813 0.189
" Small End 33.381 1.3142
Bearings diameter 33.393 1.3417 0.0606 | 0.0024 0.085 0.0033
Gudgeon Pin dia 33.3375 1.3125 0.0435 | 0.0017
33.3324 1.3122
Big End Bore 67.221 2.6464
{in rod) 67.208 2.6459
Bearing shell 1.826 0.071¢ 0.08 0.0031 0.14 0.0055
thickness 1.835 0.0722 0.04 0.0016
Crankpin dia 63.500 2.5000
63.487 2.4895

P B )



CLEARANCES

TS 2/3 ENGINES — DIMENSIONS OF WEARING

PARTS
MAXIMUM
INITIAL INITIAL ADVISABLE
COMPONENT DIMENSION CLEARANCE CLEARANCE
mim it. mm in, mim in.
Main bearing 67.221 2.646
housing bore 67.195 2.645
Bearing sheil 1.835 0.0722 0.0 0.0035k 0.16 0.0063
thickness 1.826 0.0719 0.04 0.0016
Crankshaft journal 63.50 2.5000
diameter 63.47 2.4988
0.229 0.009 (.305 0.012
Thrust bearing - 2.36 0.092 0.305 0.012
thickness 2.3 0.080 CRANKSHAFT END FLOAT — ADJUSTABLE
’—Camshaft bush bore 44 56 1.7643
gear end linner & 4453 1.75631 ‘
outert & centre 0.23 0.009 0.28 0.011
0.18 0.007
Camshaft journal 44.35 1.74861
diameter 44 .34 1.7457
Camsnaft bush bore 44 51 1.7524
flywheel end 44.49 1.7516 0.15 0.005¢ 0.23 0.009
Camshaft journal 44 .3b 1.7461 014 0.0055
diameter 44 34 1.7457

NOTE: A mandrel of 44 4170mm {(1.7487 in.} diameter and the length of the crankcase must just
pass through all camshaft bearings, but a mandrel of 44.4055 (1.7482 in.) diameter must fall through
freely when the crankcase is inclined at an angle of 45°.

Camshaft bush
length, gear end
{inner)
Camshaft bush
length gear end
{outer)

Camshaft gear hub
width

27.9
27.66

40.61
40.36

26.99
26.94

1.0988
1.0980

1.5988
1.5890

1.062
1.060

0.561 0.020
0.13 0.005 0.63 0.0248
END FLOAT END FLOAT

FPBaoanmne 114
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TS 2/3 ENGINES — DIMENSIONS OF WEARING

PARTS
MAXIMUM
INITIAL INITIAL ADVISABLE
COMPONENT DIMENSION CLEARANCE CLEARANCE
mm in. mm in, mm in.
Fuel pump tappet 24,593 0.968
diarmeter 24 568 0.967 Q.06 0.0024 0.10 0.0039
Tappet guide bore 24.632 0.9698 0.01 0.0004
24 806 0.9687 .
Qil pump tappet 15.850 0.6240
diameter 15.830 0.6232 C.070 0.0028
Crankcase bore 15.800 0.626 0.026 0.0010 012 0.0047
16.875 0.625
Qil pump plunger 29.960 1.179
diameter 29.9356 1.178 0.098 0.0039 0.13 0.0051
Qil Pump Cylinder 30.000 1.1811 0.04 0.0016
diameter 30.033 1.1824
Valve spring free 52 approx 2 approx — — 3% SET
length
Valve guide bore 8.751 0.3445 :
{inlet & exhaust)*® 8.731 0.3437 .10 0.0039 0.13 0.0051
Valve stem dia 8.663 0.3411 0.07 0.0028
8.650 0.3406
Valve rocker bush 25.462 1.0024
bore 25.475 1.0030 0039 | 0.0015 0.07 0.0028
Valve rocker 26.444 1.0017 0.018 0.0007
shaft diameter 25.436 1.0014
Backlash between — .13 0,00561 0.20 0.0079
gears — 0.02 0.0008

* EXHAUST GUIDES ARE COUNTERBQRED




Section Eight
ELECTRICAL EQUIPMENT

ELECTRIC STARTING/CHARGING SYSTEM
(Figs. 153-155)

A 12724V electric starting systerm may be fitted to
TS engines. The 12V charging system consists of a
flywheel alternator which supplies electrical power
1o a 12V battery. 24V starting systems do not have
a charging system.

Charging System

The 12V alternator stator is attached to the
alternator adaptor by setscrews which is in turn
attached to the main bearing housing. The 12V
stator is positioned within the magnetic ring roter,
which is a press fit into the rear centre of the
flywheel and fixed with Loctite 601. Coloyr coded
leads pass through the fanshroud and are connected
to the rectifier/regulator unit, The rectifier/regulator
is usually fitted to the fanshroud and is secured by
two setscrews and safety washers.

Wiring Diagrams
Wiring diagrams for both starting and charging
systems are to be found in this section.

Warning -

When running engine with alternator system
disconnected from battery, disconnect stator leads
from rectifierfregulator and tape up separately.

Battery Charge Indicator Light
The battery charge indicator light will always be

switched on to indicate a charging fault. The light

will also be switched on with a fully sarviceable

systerm under the following circumstances:

(a) If the charge rate drops below 2 amps at normal
engine speed and the battery is fully charged.

(bl When the charge rate drops below 4 amps at
idling engine speed.

ELECTRIC STARTING INCORPORATING
LUCAS ALTERNATORS

The following points must be strictly observed
when an alternator is fitted otherwise serious
damage can be done.

{a) NEVER disconnect the battery whilst the
alternator is running.

(b} NEVER disconnect a lead unless the alternator
is stopped and all switches are in the ""OFF”
position.

{c) ALWAYS ensure that leads are fitted to their
correct terminals. A short circuit or reversal of
polarity will ruin the dicdes or transistors.

{d) NEVER connect a battery into the system
without checking that voltage and polarity are
correct.

(e} NEVER ‘flash’" the connections to check
current flow.

{fi  NEVER experiment with adjustment ar repairs
to the system.

SERVICING ELECTRIC STARTING/
CHARGING SYSTEMS

A battery charge indicator will indicate the state of
the charging circuit by operating a red light. The light
will go aut when the charging circuit is operating
satisfactorily, and will come on in the event of a fault
in the system. The charging circuit uses solid state
components which should give trouble free service.
No periodic servicing is required on any part of the
system other than keeping the rectifier/reguiator unit
clean, failure to do this may cause averheating of the
unit. In the unlikely event of any running troubles
clean the wiring connectors and check for broken or
frayed wire. If the fault persists the easiest repair
technique is ta replace individual units, starting with
rectifier/regulator, until the fault has been remedied.
NOTE: If a problem develops in tha battery charge
indicator, it can be bypassed without affecting the
performance of the system.

The DC resistance of the starter windings should
be as follows:
{a) Black to black 0.275 chms +20%
(b) Red to red 2.50 ohms +20%

P
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ELECTRICAL EQUIPMENT

Coid Cranking Battery Performance Tabhle
(See BS3911:1982)

This table defines the recommended minimum
cold cranking performance required from lead acid
batteries, when tested at an ambient temperature of
- 18°C (0°F). For temperatyres below -—18°C
{0°F), high discharge, iow resistance Arctic or
Alkaline batteries must be used.

Refer to the table and select engine type, system
voltage and ambient temperature band. Read off
value in amps. e.g. & TS2 with a 12V system at
—-B°C (21.2°F) would require a battery with a
minimum cold cranking rating of 239A. Should that
same engine have a 24V system it would require a
minimum rating of 210A.

ENGINE OPERATING AMBIENT TEMPERATURE
ENGINE SYSTEM
TYPE VOLTAGE | °C 27 min 26 10 1 0to-8 -9to ~18
°F 81 min 79 10 34 32 10 18 16 10 0
TS2 12 104A 1514 2394 400A
24 118A 158A 210A 3724
TS3 12 1254 181A 2584 416A
24 1394 1704 2394 393A

Starter Motor Cranking Current
Current Requirements {See B53911: 1982)

This tahle defines the current required by the
engine starter motor to crank an éngine at the stated

temperature.
ENGINE OPERATING AMBIENT TEMPERATURE
ENGINE SYSTEM .
TYPE VOLTAGE | °C 27 min 26 to 1 0to-8 ~91t0 —18
oF 81 min 79 to 34 3210 18 16 10 0

TS2 12 1504A 200A 250A 280A

24 1704 210A 220A 290A
7S3 12 180A 12404 270A 290A

24 [ 200A 225A, 2504 275

RECOMMENDED BATTERY CAPACITIES

10Hr rate 67 AH|
20Hr rate 75 Am |

Advisory only.

See cold cranking pertarmance c¢hart

NDeamea 1 9=
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ELECTRICAL EQUIPMENT

@

37/0-50

BLACK T
[ ~
BLACK A \OAC
RED I
RED REG
BAT | BAT.
NEG. YREGY-
35/030 4]
g
141030 F-—-
35/030
35/0.30
742 -00405 65/0-30 TS 123
Fig. 153 Basic Electric Start
[8]
@ 28/030 !
® %
BLACK | I
BLACK O AC \W\OAC
RED |
RED REG @
BAT. BAT. =
T NEG. *REG. g g
+ - 19
35/0.30 4] —i l- -f T .
1] 5 g
14/030 - — - —
35/030
35/0.30
65/0-30
28/0-30
742-00405 TS124

Fig.

Electric Start with Fuel Control Solenoid
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INDEX OF COMPONENTS
1. Flywheel Alternator Stator.
2. Control Keyswitch.
4. Fuel Control Solenaid Circuit Fuse.
5.  Fuel Control Solenoid.
6. Battery Charge Indicator.
8. Rectifier/Regulator.
10.  Starter Battery.
11. Starter Motor.
12. Terminal Block (Applicable to control panel
only},
13. Warning Lamp.

NOTES:

1. All cables to be P.V.C. insulated automobile cable to B.S.6862. Cable sizes given relate to cables hetween
loose control panel or loose components and engine being a maximum fength of 1.5 metres, and cables
between battery and engine being a maximum length of 0.94 metres.

2. [ This denotes cable identification number.
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( 14/0.30
@ 14/030
28,

BLACK | N
\'wmc hoac
RED |
Z RED REG

GAT. , BAT
?iEG. +REG.
35/030 4]
] L
I 14030
A5/030

L 351030
65/030
L 28/0-30

14/030
742-00405 14/030 : TS125

RED(small}

t

Fig. 185 Electric Start with Fuel Control Solenaid and Protective Switches

INDEX OF COMPONENTS
1.  Flywheel Alternator Stator.

2. Control Keyswitch.

3. Engine Temperature Switch.

4. Fuel Control Sofenoid Circuit Fuse.

5. Fuel Control Solenoid.

6. Battery Charge Indicator.

7. Qil Pressure Override Pushbutton.

&. 0il Pressure Switch.

9. Rectifier/Regulator.

10. Starter Battery.

11.  Starter Motor.

12. Termina! Block (Applicable 1o control panel only).
13. Warning Lamp.

14. Protective Switch Relay.

NOTES:

1. All cables to be P.V.C. insulated autcmobile cable to B.S.6862. Cable sizes given relate to cables between
loose control panel 'or loose components and engine being a maximum length of 1.5 metres, and cables
between battery and engine being a maximum length of 0.94 metres.

2. [1] This denotes cable identification number, :

3. If itern 3 is used as an air temperature switch it must be wired in irradiated p.v.c. 'cable {suitable for
temperatures up to 120°C/248°F).
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BLACK ] N
BLACK AC No A
RED
RED REG
BAT | BAT.
NEG. TREG.

-~ +
#oo 1 l' "' 35/030

742 —-00406 | TS159

Fig. 165a Charge Windings less Starter Motor

37/0-90 , 65/0-30

35/030

742-00406 TS160

Lucas 2M 113 Starter Motor (12 volt) and Keyswitch

Fig. 155b
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35/0-30
35/0-30
35/030
(:) 65/030
@ ' 37/0-90
BLACK
BLACK A
-Q AC \O AC
RED
RED "OREG
BAT,  BAL.
NEG. *REG.
35/0-30
742-00406
Charge Windings,12 volt Starter Motor and Keyswitch
Fig. 155¢

65/0-30

35/0-30
35/0-30

742-00406 ' ' TS162

CAV. CA45 Starter Motor (24volt)and Keyswitch

Fig. 155d
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ELECTRICAL EQUIPMENT

COMMISSIONING AND FITTING OF
BATTERIES

Storage

Dry batteries should he stored in a cool, dry place
and protected from the floor by a wooden pallet ar
suitable thick cardboard sheet.

FILLING A DRY CHARGED BATTERY

1.
2.

Check for physical damage.

Remave the vent plugs and break any seals (if
present) taking care not to damage the
separators.

Fill the cells to 6-12mm (% - 2 in.) above the
top of the separators, at a temperature of 16° -
32°C (B0° - 90°F), with pure sulphuric acid of
standard B.5.3031 and a specific gravity of:
{a) Temperate climates. 1260 S.G.

(h) Tropical climates 1220 S.G.

Allow the battery to soak for 30 minutes, then
adjust the acid level {see para. 3 above).
ANY FURTHER TOPPING UP SHOULD BE
CARRIED OUT WITH CLEAN DISTILLED
WATER ONLY.

COMMISSIONING CHARGE

1.

Commence commissioning charge ideally 1
hour after filling with acid, (but not less then 30
minutes and not more than 8 hours).

Charge at the bench charge rate {see battery
manufacturers catalogue). If it is not possible to
charge at the bench charge rate then charge for
a longer period of time at a lower current to
achieve the same arpere hour input,

Ensure that the battery temperature does not
rise above 43°C (110°F).

Ensure that the vents are in position during
charging.

Check the levels and top up with DISTILLED
WATER {if necessary) and replace vents.

FITTING WITHOUT CHARGE

1.

It is not recommended but if it is essential that
the battery be fitted without a commissioning
charge, the specific gravity fall in all cells should
be less than 30 points, that is with a normal
specific gravity of 1260, the minimum
acceptable hydrometer reading wouid be 1230.
The engine to which the battery has been fitted
must be run immediately for approximately 1
hour to ensure adequate charging of the battery.

Fitting the Batteries to Engines

1. Check that the batteries are fully charged and
have correct acid tevels, ensure the vents are
firmly in position and that the batteries are dry
and clean.

2. CHECK THAT THE TERMINAL POLARITIES
ARE CORRECT, as even momentary reversal of
connections can cause damage 1o the anging
electrical system.

3. When the batteries are mounted in a tray or
frame, tighten the battery clamp(s) or holding
down bolts firmly, but be carefu! not to
overtighten.

4. Connect the battery cables on to the battery
terminals, ensuring that the earth lead is
connected tast. Cover connectors and terminals
with petraleum jelly and replace any protective
covers.

5. On 24 Volt systems connect the two 2 Volt
batteries as shown below.

+ - B S— — -
Starter Slarter
Motor Moo

Posite Negatwe

Fig. 155e Series Connection for Batteries.

SAFETY PRECAUTIONS
1. Do not smoke near the batteries.
2. Keep sparks and flames away from the batteries.
3. Batteries contain sulphuric acid — if the skin or
eyes have been splashed flush with water.
4. Keep the top of the battery well ventilated when
charging.

5. Disconnect earth lead first and re-connect last.

6. Switch off- charge before disonnecting any
charge leads.

7. Never “flash’ connections to check current flow.

8. Never experiment with adjustments or repairs to
the system.

9. Never use a damaged battery.

10. KEEP CHILDREN WELL AWAY FROM THE
ENGINE.
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FLYWHEEL 18 Rectifier & Requlator
1 Flywheel Assembly Comprises 19 Brass Terminal Bolt—0.19""UNC x 1/2"
2 Flywheel 20 Spring Washer
3 Gear Ring 21 Plain Washer
4 Rotor 22 Terminal
SEAL%':DW KEY SWITCH
6 Setscrew—M8 x 1.25-6g x 256mm ; ge"sw'mh
. onnector
7 Spring Washer
3 Cover
8 Stator 4  Connector
9 Cheess Head —Screw—0.19"LUINF x 1 3/4" 5
; Cover

10 Spring Washer
11 Stator Cable—Strap
12 Taptite Screw

RECTIFIER & REGULATOR
13 Reciifier & Regulator Cover
14 Stud

15 Nut

16 Spring Washer

17 Plain Washer

Fig. 166 Flywheel, Stator
Rectifier and Regulator

BATTERY CHARGE INDICATOR

13
14

Battery Charge Indicator
Assembly Cemprises
Battery Charge Indicator
Lamp Holder
Connector
Cover
Connector
Cover
"Cable
Lens
Bulb—12v 100mA

Fig. 157 Key Switch, Battery Charge Indicator
and Lamp
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STARTER CONTROL PANEL

—_
O QO ~D O WM

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Starter Control Panel
Assembly Comprises
Control Panel
Battery Charge Indicator & Lampholder
Assembly Comprises
Battery Charge Indicator
Ltamp Holder
Connector
Insulating Cover
Cable
Connector
insulating Cover
Key Switch
Helvin Button
Terminal Black
Screw
Nut

Washer

Spring Washer
Screw

Spring Washer
Nut

Washer
Nameplate 32

Self Tapping Screw 4\9

Label
Label

Lens : 120
Bulb—12v x 100mA
Screw—2BA x 3/8""
Plated Nut—2BA
Rear Cover
Terminal
Connector Supplied
Insulation Cover Loose
Insulation Cover
Connector

Fig. 158 Starter Control Panel
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Fig. 159 Fuel Control Solenoid
{tenergised to run) Fig. 161 12V Starter Motor

. KEYSWITCH

‘ The keyswitch is contained in a box together with
a press button and waming light. The starter switch
has four selections — 'Off’ and position ‘1" are
positive selections, whilst positions '2" and '3’ are
spring loaded back to position *1'. The selections are

as follows: —
‘Off” — Electrical isolation.
‘1" — Activates warning light which will come on

when alternator is not charging.
‘2" — Activates starting aid {not used}.
‘3" — Start engine.

Note: when the engine has been stopped the
warning light will stay on until the keyswitch is
selected to the ‘Off’ position.

The override button is pressed on ‘start up’ to
override the low oil pressure protection device {if
e B fitted). Release tha button when the engine is ‘on

Fig. 160 Key Switch speed’.
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Power Absorbed hy Flywheel
Mounted Charging Alternators

1.

The alternator nas a 17 arnp capacity, and
charging at 1 amp or less absorbs:-

0.3 hp at 2500 r/min or lower speeds.

0.6 hp at 3000 r/min

When the alternator is charging at more than 1
amp, &n additional deduction in power is to be
made at the rate of 0.1 hp per 50 watts
electrical foad.

Example:-
TS engine, running at 3000 r/imin and charging
at 6 amps:-

Base power absorbed at 1 amp = 0.6 hp
{see para 1)

Power absorbed for remaining 5 amps

0.1 x b amps x 12 volis/b0 = 0.12 hp

Total power to be deducted = 0.72 hp

Fig. 160a Electric Start Panel plus two gauges
{Also see agglometer)

Fig. 160b Rectifie

r casing as fitted to later
engines.




APPENDIX A
TS2/3 BUILDS

BUILDS *Minimum permissible full load speed 1500 rev/min

BUILD Neo. 61

General purpose model-close coupted with hand starting, variable speed governor.
Fuel pumps set to ‘No Overload’

Governor set at 2500 revimin

Gavernor range 1300-1949" (outside 10% governing limits)

Te BS5514 1850-3000 (within 10% governing limits)

BUILD No. 02

General purpose model-close coupled with hand starting, variable speed governor.
Charge windings in the flywheel. Fue! pumps set to ‘No Overlcad’.

Gavernor set to 2500 rev/min

Governor range 1300-1948™ (outside 10% governing limits}

To BSEbH14 1950-3000 (within 10% governing limits)

BUILD No. 03

General purpose model-close coupled with hand starting, varniable speed gavernor.
High speed flywheel. Fuel pumps set to 'No Overload’.

Governor set to 3000 revimin.

Gavernor range 1300-192458" {outside 10% geverning limits)

To BSb514 1950-3000 (within 10% governing limits)

BUILD No. 04

General purpose model-close couplied with hand starting, variable speed governor.
High speed flywheel. Charge windings in flywheel. Fuel pump set to 'No Overload”.
Governor set to 3000 revimin.

Governor range 1300-1849* (outside 10% governing limits)

To BSHE514 1950-3000 (within 10% governing limits!

BUILD No. 05

Fuil power hydraulic take-off from end cover.

Electric starting, variable speed governor.

Governor set to 2500 rev/imin. :

Governor range 1300-1949* (outside 10% governing limits)
To BSE514 1950-3000 {inside 10% governing limits)

BUILD No. 06

Hydraulic pump drive model-close coupled with hand starting, variable speed
governor. End cover to suit hydraulic pump.

Governor set to 2500 rev/min.

Governor range 1300-1949* (outside 10% governing limits)

To B55514 1950-3000 (inside 10% gaverning limits)

BUILD No. 07

Hydraulic pump drive model-close coupled with hand starting, variable speed
governor. End cover to suit hydraulic pump. Charge windings in the fiywheel.
Governor set to 2500 revimin.

Governor range 1300-1949" (outside 10% governing limits)

To BSbB14 1960-3000 (inside 10% governing limits)
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BUILDS — Contd. “Minimum permissible full load speed 1500 revimin

BUILD No. 08

50 Hz Gen Set build-close couplied with hand starting. T2 fitted with heavy fan.
Ciass A1 governing.

Governor set to 1500 revimin

Governar range to B55514 1400-1800" {within 5% governing limits)

BUILD No. 09

50 Hz Gen. Set build-close coupled with hand starting. TS2 fitted with heavy fan.
Charge windings in the flywheel. Class A1 governing.

Governor set to 1500 rev/min.

Governor range to BS5514 14C0-1800" {within B% governing limits).

BUILD No.10

60 Hz Gen. Set build-close coupled with hand starting. Class A1 governing.
Governor set to 1800 rev/min.

Governor range to BS5514 1700-1800* (within 5% governing limits).

BUILD No. 11

80 Hz Gen. Set build-close coupled with hand starting. Charge windings in the
flywheel. Class A1 governing. )

Governor get to 1800 rev/min.

Governor range to BSE514 1700-1800* (within 5% governing limits).

BUILD No. 12

50 Hz Gen. Set build-close coupled with hand starting. High speed flywheel. Ciass A1
governing.

Governor set to 3000 rev/min.

Governor range to BS5514 2050-3000 {within 5% governing himits)

BUILD No. 13

50 Hz Gen. Set build-close coupled with hand starting. High speed flywheel. Charge
windings in the flywheel. Class A1 governing.

Governor set at 3000 revimin,

Gevernor range to BS5514 2050-3000 (within 5% governing limits)




APPENDIX B
TS2/3 ACCESSORIES

CODE DESCRIPTION TS2 T53
A. AIR CLEANERS
AA Medium duty—Dry Type * *
AB —Foam element * *
AC Heavy duty—5 1/4' (133mm) * —
AD —6 112" (16bmm) (Above 1800 revimin TSZ) * *
AE —Gear end mounted (includes Pre-cleaner]
Requires AX * *
AF —5 14" {(133mm)—Loose | c¢/w 1m hose and * —
AG —B 1/2'" {165mm)—Loose | engine adaptor * *
Al Medium duty —Gear end mounted * *
Adaptor for remote air cleaner
AC —Spigot dia. 1 7/8"" (47.6mm) * -
AP —Spigot dia. 2 1/4" (57.Tmm) * *
AR Inlet manifold adaptor—LUse with AX * *
AX Inlet manifold—with gear end inlet * *
AY —with gear end inlet and tapped boss * *
AZ —with tapped boss * *
B. DRIVES
Flywhee! End
BA Shaft extension—40mm (1.57") dia * *
BC —Unmachined 50mm (27) * *
BE Overcantre clutch PTO
—7 12" {(190mm} to SAE J621d—SAE4 %* *
BG Automotive clutch PTO—8"' (203mm)—SAED * —
BH —9" (229mm)—SAE4 * *
BJ Reduction gear—2:1 * *
BK —3:1 * *
Fenner HRC Coupling
BL —Undrilled * *
BM —Without taper lock bush—with reverse taper * *
BO —Less taper lock bush * *
BP —32mm (1.25'") * *
B0 —3bmm {1.38"") Supplied with * *
BR —38Bmm {1.50"") taper lock bush * *
8BS —42mm (1.65"") * *
BT —48mm (1.89""1—Bored and keyed no taper lock * *
Gear End
BW* Shaft extension—40mm (1.57°") dia * W

*

Accessories not available in “Loose’” farm or for fitting by customers
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CODE DESCRIPTION TS2 TS3
C. CLOSE COUPLING ADAPTORS
CA Adaptor—SAE4/5—{5Tmm wide) (2°7) wide +* *
CB —SAE4/4—{5Tmm wide! {2'") wide * *
cC —SAE4/4—(80mm wide) (3.15"") wide * *
CE —Multi purpose unmachined * *
Automotive clutch Fittings (use with CA or CB)
CH —for 8 (203mm) dia. clutch plate * —
Cl —for 8 (229mm) dia. clutch plate #* *
Overcentre Clutch drive members
CL —For 7 1/2"" {19Cmm) Overcentre Anderton | Use
with * *
CN —For 7 172" {190mm) Overcentre Twin Disc | CA/CB * *
D. COOLING SYSTEMS
DA Air duct adaptor—Qutlet at 45° * *
E. STARTING SYSTEMS
EA Starting handle— Standard * -
EB —Long grip * *
EC —Gear end hydraulics * —
ED —Long grip gear end hydraulics * *
EET —Gear end hydraulic * —
EFY —Long grip gear end hydraulics * *
EJ Coupled decompressors * *
EK Starter motor— 12V Pre- d with * *
EL o4y re-engaged with spacer * *
EM Starter motor distance pisce—12.75mm (0.5 )—Lucas * *
EN —30.5mm (1.2"")—Delco * *
EP A115/36 Alternator (Build 05 only) * *
EU Cold start aids—0il cups * *
EV —Ether start {use with AY/AZ) * *
Ew?* —Lubricating oil sump heater * *
F. FUEL SUPPLY EQUIPMENT
FB Fuel Tank—Engine mounted—13.5 litre * *
FD —Loose —25 litre * *
FE Fuel iift pump * *
FE Fuel Agglomeratar * *
FG Self venting fuel system to suit std filter * *
FH Steei fuel pipes * *
G. GUARDS
GC Alternator drive guard for EP (Build 05 only) »* *

* Accessories not available in “'Loose’” form or far fitting by customers.

1 Supplied in kit form for cusiomer assembly.
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CQODE DESCRIPTION . TS2 TS3
H. HYDRAULIC PUMP ADAPTORS
Gear End
Adaptor for
HA —Pump 2P3000 {4 bolt) * *
HB —Pump 2P3000 (2 bolt) Build Qb * *
HC —Pump 1P3000 {4 bolt) only * *
HD —Pilot bored * *
HF —Pump 1P3000 (4 bolt} * *
HG —Pump 2P3000 (4 bolt} * *
Adaptor for
HH —Dowty 1P300C 4 bolt flange and tapershaft drive * ¥
HJ —SAE A 2 bolt flange and parallel shaft drive * o
HK —Dowty 2P3000 4 bolt flange and tapershaft drive * *
HL —SAE B 2 bolt flange and parallel shaft drive * *
HM —Pilot bored adaptor and cougling * *
4. PROTECTION DEVICES AND SOLENOIDS
JB Sensor—Cylinder head temperature (not with FB) * *
JC —Coaoling air temperature * *
J0 —Low lubricating ail pressure * +*
Solenoid
JE . — 12V lenergised to run) ) * *
JF — 12V to aliow for 2 speed control * *
JH — 24V {energised to run) * *
K. CONTROLS
KA Variable speed control —Cable and lever * *
KB —Engine mounted * %
KC Variable speed control adaptor less cabie and lever * *
KD Remote stop control—cable and lever + *
KE* Linkage for electronic governor pick up
—{Governar not supplied by RAL} * *
L. LUBRICATION EQUIPMENT
La* Long running system (see below) * +*
LB Remote locatian of oil filter * *
LC Extended ol filler and dipstick * *
LG Oil pressure distribution block—Flexible fuel pipe * *
LH* Long running equipmeni—wet sump—use with LJ/EW * *
LJ* Lang running—wet sump * *

NB 1f JB, JC andfor JD needs wiring to WA; WC or WD must be called far.
LA is supplied with all connections, but not with tank or piping.

*Accessories not available in “‘loose’’ form or for fitting by customer.
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CODE DESCRIPTION TS2 TS3
F. EXHAUST EQUIPMENT
NA Silencer—Standard * *
NB —Heavy duty engine mounted (only with AX, Al, AY) * *
NC —Heavy duty remote fitied * ¥
ND Spark arrestor {use with NC) * *
NE Flexible exhaust pipe—1m long * *
NF Exhaust flange—1 1/2" BSP connection * *
NG Manifold adaptor for vertical discharge * *
NH Exhaust silencer bend—90° * *
NJ Forward sweep exhaust bend * +*
P. GAUGES
PA** Panel and mounting—for 2 gauge | Less * *
P —for 3 gauge | gauges * *
PC Gauge— 12V ammeter * *
PE —@il pressure reguires * *
PF —Air termperature PA, PB, PH, WA * *
PG —Running hour recorder— 12V/24V * *
PH* " Electrical Tachometer and panel
—with provision for 2 additional gauges * *
PK Running hour recorder—vibration * *
Q. MOUNTINGS
QA Holding down bolts * *
R. RECOMMENDED SPARES
Refer to Parts & Service
S. SUNDRIES
SA Paint finish—Primer * *
SB —Lister Green * *
SD Transfers: English, French, Norwegian, Spanish, ltalian, Dutch,
German, Portuguese * *
Parts Book: English only * *.
SE. Manuals: Operators Handbook: English, French, Spanish * *
SF Manuals: Workshop maintenance * *
SG Packing—Road base * *
SH —Export {not available UK customers) * *
Sd Toal kit * *
SK Packing—Export skid base * *
W. WIRING LOOMS AND LOOSE ELECTRICAL ACCESSORIES
WA Electric start panel
— 12V engine mounted and wired to starter{regulator with .
provision for 2 additional gauges (see PC to PG incl) * *
WC Wiring loom--For cylinder head temp and oil pressure switches * *
wD —For cooling air temp and o#l pressure switches * *
LOOSE ELECTRICAL ACCESSORIES
WK Starter Keyswitch * *
WL Battery Charge indicator * *
WM Remote electric start panel— 12V * *
WN Charge indicator for EP {Build 05 only) * *
W0 Battery leads

* *Customer to specify which gauge/s from options PC to PG incl. are required.

| i WP R W T




APPENDIX C
ENGINE STRIP AND REBUILD SEQUENCE

This appendix is included purely as an aide memoire and is in ne way intended as an instruction,

DISMANTLING AND ASSEMBLY INSTRUCTIONS
FOR TS ENGINES

Drain ali fuel and oil from the engine and disconnect

all services. Remave air filter, silencer and fuel tank
{if fitted).

1.

2.

10.

11,

12.

13.

14.

18,

i7.

Remove the bolts from the lifting eye and lift
it aff {see Page 54).

Remove the cylinder head covers (see Page
58).

Slacker both ends of the fuel pipes from the
purmps to the injectors and remove the pipes
{see Page 35).

Remove the injectar clamp (see Page 38).
Remove the injecter and leak off pipes. Note
that a washer is fitted over the nozzie of each
infector {see Page 38).

Remove the inlet and exhaust manifolds and
the two gaskets {see Page bb).

Unscrew and remave the caold start pots, if
these are fitted (see 19 & 92).

Ensure the fuel pipe from the filter to the
pumps is removed (see Page 32}, Remova
fuel lift pump if fitted. (See Page 93).
Remoave the fuel filier if engine mounted (see
Page B7).

Remove the gear end side shisld, the air
cowling and the flywheel end side shieid {see
Page b7).

Remave the valve rocker oil feed pipe and
unions from the crankcase and cylinder heads
(see Page 28]

Remove the four cylinder head nuts from No.
1 cylinder {see Page 60}.

Lift aff the cylinder head and place it on its
side on a bench. Remove the gasket and
shims if these have remained on the top of the
cylinder barrel {see Page 6G).

Remove the push rods and tubes. (see Page
61).

Fit a retaining tube over one cylinder head
stud and secure it with a hand tight nut. This
will prevent the cylinder fram rising if tha
crarkshaft is turned. (see Page 60).

Repeat Nos. 12-15 for Na. 2/3 cylindar.
Remaove air baffles. (See Page 57).

After removing plastic cap in the end cover
turn the crankshaft until the lacking pin of the
starter dowel'is visible through the hole in the
end cover. Use a suitable drift to tap the pin
out. (see Page 66).

18,
19.
20.
21,
22.

23.

24.
25,
26.

27.

28.

29.

30.
31.
32
33.
34,
3b.
36.
37.
38,

39.

4G.

Drift out the starting handle dowel (see Pags
67).

Fit the special toel and remove the end cover
{see Page 67 & 104).

Remove the thrust washer and shim from the
camshall {see Page §6!.

Remove all fuel pump inspection doors. (see
Page 69).

Disconnect the governor link frem all fuel
pump racks. (see Page 69).

Remove the two fulerum pins from the
gavernar lever assembly pivot supports.
Retain the loose spring and shims. (see Page
69).

Using long nosed pliers, remove the speeder
spring from its control. {see Page 34).
Remove the governor lever assembly
camplete. {see Page 68).

Remove the governor sleeve assambly from
the camshalt. (see Page 69).

Remaove the fuel pumps taking care 10 retain
the shims with the correct pump (see Page
355

Remove the fuel pump tappet and cap using
long nosed pliers. (see Page 701

Remove the fuel pump tappet guide locating
bolts from the side of the crankcase. (see
Page 70).

Remove the fuel pump tappet guide noting
which way it is fitted. {see Page 71}
Remove the oil dipstick. (see Page 24).
Stand the engine on its flywheel using a
suitable piece of timber hetween the recessed
flywheel and the plinth.

Remove the sump. (see Page 26).

Remove the oil pump and oil pump push rod. .
{see Page 26).

If necessary dismantle the oil pump. (ses
Page 271

Ensure the push rod cam followers are at their
highest positions to clear the camshaft.
Keeping the camshaft square gently ease it
out of the crankcase. (see Page 71}

Rotate the crankcase until No. 1 piston is at
BOC.

Remave No. 1 connecting rod bearing cap.
{see Page 75).

Rotate the crankcase uniil No. 1 piston is at
TDC.
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41,

42,

43,
44,

4b,
46,

47,
48.

49,

50.

51.

52.

b3.

54,

5b.

5é.

57.

B8.

59
60.

TS2/3

Remove the retaining tube and gently lift off
the cyiinder barrel, piston and connecting rod
as one unit. {see Page 75).

Replace the bearing cap on to the connecting
rad.

Repeat items 38-42 for No. 2/3 cylinder.
Remove the Allen screws and crankshaft
halance weights (see Page 75).

Remove the cam followers. {see Page 73).
Replace the sump holding it with four bolts
{one on each side).

Turn the engine to its normal position.
Unscrew the flywheel retaining bolt two turns
using a 85mm socket. {see Page 77).

Use the special tool and break the tapered
seal between the flywheasl and the crankshaft,
in an emergency tap the flywheel retaining
bolt with a copper hammer. [seg Page 104).
Use a crane if available and with the hook in
one of the flywheel fins just take the strain.
Remove the flywheel retaining bolt and fit
mandre! in its place. {see Page 105).
Keeping the flywheel square ease the
flywheel cut from the housing and piace it in
a safe position.

Remove the rectifier cover, (see Page 78).
Mark the four rectifier cables for identification
and remove them from their respective
positions. {see Page 78 & 116).

Remove the rectifier from the flywheel

~ housing. (see Page 78).

Remove the cable clip from inside the
housing.

Ramaove the stator gently easing the cable
through the housing as this is bheing deone.
isee Page 78).

Remove the fanshroud. {see Page 79).

Use a brass drift to remove the flywheel key.
Remove the intermediate bearing retaining
bolts from the side of the crankcase. {see
Page 81).

61.

B2,

63.

64.

65.

66.

Remove the intermediate bearing dowels by
screwing a long headed fuel pump holt into
the dowel and withdrawing it. The bolt should
be left in the dowel to identify the correct
assembly procedure as the dowel is threaded
an one end oniy. (see Page 81).

Rernove the alternator adapior plate. (see
Page 79).

Screw two M6 bolts into the two holes in the
main hearing housing to jack it off the
crankshaft. {see Page 82).

Use the special tool to remove the crankshaft
gear. (see Page 105).

Gantly remove the crankshaft from the
crankcase. (see Page 81).

Remove the split thrust washers from inside
the crankcase at the gear end and from the
main bearing housing. {see Page 83).
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RE-ASSEMBLY

All spanner torques and iointing compounds are
given on pages 86-88.

Replace all joints and gaskets. Soray all moving parts
with oil during assembly.

1.

2.

10.

11.

12.

13.

14,

15.

Turn the crankcase on 1o its manifeld side
using a suitable piece of waood 1o support it.
Remove the sump (if fitted}. (sesc Page 26).
Grease the steel backs of the split thrust
washers and refit them intc the gear end of
the crankcase and the main bearing housing.
(see Page 81 & 82).

Replace the crankshaft taking care to ensure
the bearing locating dowsel hele is in line with
the hole in the crankcase before the bearing
enters its housing. If, on final assembly, the
holes are not in line use a brass drift to rotate
the bearing housing. Check exact alignment
by using a tapered red. (see Page 82}
Replace the Intermediate bearing dowe! with
a bholt fitted 10 ensure the threaded section is
facing outwards. {sez Page 82).

Refit the crankshaft balance weights in their
correct order with the larger flanges (and part
numbers) facing each other. {see Page 82).
Replace the crankshaft end float shims on to
the main bearing housing and rafit the
housing. (see Page 81, 85 and 88).

Secure the housing with two bolts 180°
apart.

Check, and adjust if necessary, the
crankshaft end float. {see Page 81).
Remove the two bearing housing bolts.
Replace the alternator adaptor making sure
the slot on the face is towards the top of the
crankcase. (see Pdage 79).

Remove the centre bearing dowel. (see Page
81).

Replace the oil seal in the bearing housing.
{see Page 103 if rotary il seal).

Replace the centre bearing dowel and the
dowel retaining bolt. (see Page 76).
Replace the flywheael kay.

16.

17

18.
19.
20.
21.
22,

23.

24

25.

26.

27,

28.
29.

30.

31.

32,

33.

Check that the key is in pasition on the
crankshaft. Heat the crankshaft pinion gear
and ensure the "0 timing mark is facing
outwards when the gear is refitted to the
crankshaft. {see Page 82).

Replace the sump with four boits (one each
side). {see Page 27).

Turn the crankcase the correct way up.
Replace the fanshroud. {see Page 78).
Replace the stator. (see Page 78).

Replace the cable clip.

Turn the crankshaft until the flywheel key is at
TDC and fit mandrel. {see Page 105).

Rub chalk over the flywheel timing marks to
aid identitication during later procedures.
Use a crane (if available} 1o replace the
fiywheel ensuring that it is offered up dead
square. {see Page 78),

Remove mandrel and replface the f{lywheel
bolt. Check that the key is still in position and
turn the flywheel to check for free movement.
Replace the rectifier, cables and cover. The
tw large cutouts in the cover ara towards the
bottoem of the rectifier. (see Page 78).
Stand the engine on its flywheel using a
suitable piece of timber between the recessed
flywheel and the plinth.

Remove the sump. (see Page 27,

Replace the push rod cam foliowers, a tool
with a rubber suction pad {as used to grind in
valves) can be used (o advantage. (see Page
731 -

Gently replace the camshaft, keeping it
square at all timas, and ensure that the 70"
timing marks on the camshaft and crankcase
gears coincide exactly with each other on
final assembly. {see Page 73}.

Replace the fuel pump tappet guides, the end
with the two flats enters the c¢rankcase first.
Replace the belt making sure a copper
washer is fitted under the bolt head. (see
Page 70).

Using the flywheel as a pivot rotate the
crankcase to TDC Na. 1 cylinder crankshaft
throw.

Replace No. 1 cylinder, connecting rod and
pisten, (see Page 761
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34.

35.

36.

37.

33
39.

40.

41.

42.

43.

44,

45.

45.

a7,

48.

49.
50.

b1

b2,
53.

b4,

55.

56.

Fit 2 retaining tube on to one of the cylinder
studs and secure it with a hand tightened nut.
{see Page B0).

Push down on the top of the piston as the
crankcase is turned untii the piston is at BDC.
Fit the cannecting rod bearing cap. (see Page
76).

Rotate the crankcase to check for free
movement and return to TDC No. 2 cylinder.
Repeat items 33-37 for No. 2/3 cylinders.
Replace the ail pump push rod and then the
pump. {see Page 27).

Replace the sump ensuring oil strainer fitted
cofrectly. {see Page 27).

Turn the engine the normal way up and
replace the oil dipstick. (see Page 24).
Replace the fuel pump tappets and tappet
caps. (see Page 71).

Refit the air baffles with the spring clip facing
the manifold.side. {see Page 57).

Replace the fuei pumps and shims, the long
headed balt is fitted nearest to the cylinder
barrels. {see Page 35).

Replace the governor sleeve assembly with the
spring ring facing outwards. It will be
necessary to open the governcr weights to
ansure the assembly is pushed fully on to the
shaft. {see Page 69).

Replace the governor lever assembly and both
fulerum pins. {see Page 69).

Measure and adjust as necessary, the end play
between pivot and lever assembly. {see Page
41 'E" adjustment).

Connect the governor interconnecting lever to
the fuel pump racks. (see Page 35!.

Adjust the fuel pump racks. (see Page 41).
Reconnect the speeder spring to its control.
{see Page 34).

Check the governor lever and rack for correct
operation. (see Page 41).

Set the governor. (see Page 41).

Replace the camshaft end float shim and then
the camshaft thrust washer. {see Page 66}
Replace the end cover using the special tool to
protect the ol seal. Check camshaft end float,
{sge Page 67).

Refit the starting dowe! and pin. {see Page
67}

Remove the
cylinder,

retaining tube from No. 1

57,

58.
bo.

60.

61.
62.

63.
64.
B5.
66.
67.

68.

69.

/0.

71.

72.
73.

74.

75.

78,
77.

78.

79.
80.

Replace the cylinder head and diagonaily
torque the nuts. {see Page 63).

Check cylinder head clearance. {see Page 64).
With the cylinder head removed, replace the
push rods and tubes. A very small amount of
grease added to the tube sealing rubbers will
ease the fitting of the heads. (see Page 61),
Replace the cylinder head complete with
gasket and shims making sure it is fully seated
and then replace the nuts hand tight only. (see
Page 63).

Repeat items 56-60 for No. 2/3 cylinders.
Replace a manifold with one nut on each
cylinder head. This will ensure the heads are
correctly aligned. {see Page 63).

Torgue the cylinder head nuts. {see Page 63).
Remove the manifoid.

Spill time the fuel pumps. (see Page 38).
Replace the side shields at the gear and
flywheel ends. (see Page 57).

Replace the air cowling with the gaskets on
the outside of the cowling. (see Page 56).
Replace both manifolds using the thick spacer
on the top studs between both manifolds, (see
Page 541.

Replace the valve rocker oil feed pipe to the
heads and crankcase. {see Page 28).

Turn the engine to TDC No. 1 ¢ylinder firing
siroke and set the inlet and exhaust vaive
clearances. (see Page 64}

With the engine still at TDC No. 1 firing stroke
set.the decompressors. {see Page 65).
Repeat items 70 & 71 for No. 2/3 cylinders.
Check and reset {if necessary) the fuel injector
settings. (see Page 39).

Replace the injectors and leak off pipes
complete. Ensure the washer is fitted at the
nozzle end. (see Page 38}.

Replace the fuel pump ta'injectar pipes leaving
the nuts finger tight. {see Page 351,

Replace the injector clamp. {see Page 38).
Replace the fuel pump inspection doors. {see
Page 69).

Replace the cylinder head covers. isee Page
58).

Replace e lifting eye. (see Page b4).

Refit air filter, silencer and fue! tank, reconnect
services and replenish fuel and oil supplies.
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