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Ministry
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DESSEC-PolSec LE-JSC-WPNS@mod.uk

Defence Equipment & Support
Maple Oa #2043

MOD Abbey Wood

Bristol BS34 8JH

28-Feb-17 Our Reference: FOI2017/00418

Thank you for your e-mail dated 0™ January 2017 requesting the following information:

We have purchased the above detailed Alvis Shielder armoured vehicle which was recently released via your disposal
agents Witham Specialist Vehicles.

The vehicle has mechanical and electrical issues which need resolving and | therefore request if you could help with
any information you have in this respect. | believe that the information we need will be held in the relevant AESP
under the ‘302 — Technical Description’ section. If this is correct then could you please supply a copy of this
document if possible.

Any information would gratefully receive and would be for personal use as described. Electronic copies of any
available information would be preferable but paper copies would be acceptable.

| am treating your correspondence as a request for information under the Freedom of Information Act 2000 (FOIA).

A search for the information has now been completed within the Ministry of Defence, and | can confirm that all the
information in scope of your request is held.

The information you have requested can be found attached below, but some of the information falls entirely within the
scope of the absolute exemption provided for at section 40 (Personal Data) and qualified exemption provided for at
section 26 (Defence), of the FOIA and has been redacted and withheld.

Section 40(2) has been applied to some of the information in order to protect personal information as governed by the
Data Protection Act 1998. Section 40 is an absolute exemption and there is therefore no requirement to consider the
public interest in making a decision to withhold the information.

Section 26, is a qualified exemption and is subject to public interest testing which means that the information requested
can only be withheld if the public interest in doing so outweighs the public interest in disclosure.

Section 26(1)b has been applied to some of the information because it contains details which are operationally sensitive
and would prejudice the capability and effectiveness of our armed forces by providing information that could assist a
potential enemy. The balance of public interest was found to be in favour of withholding the information given that, over
all, the public interest is best served in not releasing these details. This would prejudice the security of UK personnel
serving abroad and would provide tactical advantage to our enemies. ltis for these reasons | have set the level of
prejudice against release of the exempted information at the higher level of “would” rather than “would be likely to”.
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If you are not satisfied with this response or you wish to complain about any aspect of the handling of your request, then
you should contact me in the first instance. If informal resolution is not possible and you are still dissatisfied then you
may apply for an Independent Internal Review by contacting the Information Rights Compliance Team, Ground Floor,
MOD Main Building, Whitehall, SW1A 2HB (e-mail cio-foi-ir@mod.uk). Please note that any request for an internal
review must be made within 40 working days of the date on which the attempt to reach informal resolution has come to
an end.

If you remain dissatisfied following an Internal Review, you may take your complaint to the Information Commissioner
under the provisions of section 50 of the Freedom of Information Act. Please note that the Information Commissioner will
not investigate your case until the MOD Internal Review process has been completed. Further details of the role and
powers of the Information Commissioner can be found on the Commissioner's website, http://www.ico.org.uk.

Yours Sincerely

DE&S Secretariat Land Equipment &ISTAR
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PREFACE

Sponsor: DDOR (Engr and NBC)
File ref: D/DOR/34/10/1
Publication Agency: ATSA, TS 3.2a
Project No: 95/32d/0i/(126)

File ref: ALP (MPG) 124

INTRODUCTION

1 Service users should forward any comments on this publication through the channel prescribed in AESP
0100-P-011-013. An AESP Form 10 is provided at the end of this publication; it should be photocopied and
used for forwarding comments on this AESP.

2 AESPs are issued under Defence Council authority and where AESPs specify action to be taken, the
AESP will in itself be sufficient authority for such action and also for the demanding of the necessary stores,
subject to the provisions of Para 3 below.

3 The subject matter of this publication may be affected by Defence Council Instructions (DCls), Standard

Operating Procedures (SOPs) or by local regulations (LRs). When any such Instruction, Order or Regulation
contradicts any portion of this publication they are to be taken as the overriding authority.
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RELATED AND ASSOCIATED PUBLICATIONS
Related publications
4 The octad for the subject equipment consists of the publications shown below. All references are

prefixed with the first eight digits of this publication. The availability of the publications can be checked by
reference to the relevant Group Index (see AESP 0100-A-001-013).

Category/Sub-category Information Level
1 2 3 4
User/ Unit Field Base
Operator Maintenance Maintenance Maintenance
0 Purpose and Planning Information 101 101 101 101
1 1 Equipment Support Policy Directives 111 111 111 111
0 Operating Information 201 * * *
2 1 Aide Memoire 211 * * *
2 Training Aids 221 221 221 221
3 Technical Description 201 302 302 302
1 Installation Instructions * * * *
4 2 Preparation for Special Environments * * * *
1 Failure Diagnosis 201 512 512 512
5 2 Maintenance Instructions 201 522 523 524
3 Inspection Standards * 532 533 533
4 Calibration Standards * * * *
6 Maintenance Schedules (Army) 601 * * *
1 lllustrated Parts Catalogues 711 711 711 711
2 Commercial Parts Lists * * * *
7 3 Complete Equipment Schedule, Production * * * *
4 Complete Equipment Schedule, Service 741 741 741 741
Edition (Simple Equipment)
5 Complete Equipment Schedule, Service * * * *
Edition (Complex Equipment)
1 Modification Instructions + * * *
g | 2 General Instructions, Special Technical + * * *
Instructions and Servicing Instructions
3| Service Engineered Modification Instructions * * * *

* Category/Sub-category not published

Nov 06 (Amdt 6)

+ Category/Sub-category produced when required
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Associated publications

5 The following publications are associated with this publication.

Reference Title
AESP 2540-C-100-302 Vehicle Body Heaters.
EMER T&M A028 Chap 650 Inspection and Testing of Lifting Equipment.
A.C. 61393 User Handbook, Radio Station UK/VRC 353.
A.C. 61172 User Handbook, Clansman Radio Control Harness.
AESP 5820-H-210 Series Command, Control and Communications Installations (Csl) in ‘Shielder'.
A.C.71276 Standing Orders for the Safety of Crews of AFV's.
AESP 2350-T-125-601 Maintenance Schedule.
AESP 1005-N-510-201 General Purpose Machine Gun 7.62 mm L7A2 and Derivatives.

AESP 1095-G-100-Series Mine Launcher Equipment.
ABBREVIATIONS

6 The following abbreviations are used in this publication:
FWD....... Forward

REV........ Reverse

LH .. Left Hand
RH ....... Right Hand

CAUTION
SOLVENT VAPOURS. When carrying out functional tests the NBC system must not be operated

in a vicinity in which painting is taking place, or where vapours from solvents such as Benzine,
or CTC, etc are present. Such vapour can seriously shorten the life of the filters.
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CHAPTER 1
ENGINE
CONTENTS
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1 Introduction
3 Engine
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7 Crankshaft and main bearings
12 Flywheel assembly
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26 Rocker box cover
27 Timing gear case and gears
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31 Pre-cleaner
33 Air filter - second stage
34 Service indicator
35 Charge air cooler
39 Exhaust system
41 Waste gate
43 Turbocharger
Fig
1 Engine general three quarter view -driveend .............
2 Engine general three quarter view - coolant pump end
3 Cylinderblock .......ccviiiiiiii it
4 Crankshaftassembly ............ .. ... it
5 Piston and connectingrodassembly ....................
6 Cylinderheadassembly ................ccoviiiiienn.
7 Rocker shaftassembly . ........ ... ... ... ... .. ...
8 TimiNg gears ..ot i e e e
9 Timing gear case and drive assembly ...................
10 Filtration unit-schematic ........... ... ... ... ... ...
11 Chargeaircooler ...........coiiiiiiiiiiiininnnnnnn.
12 Wastegate ..........coiiiiiiiiii i i
13 Turbocharger ..........oiiiiin it ittt
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5

16

5149C
1 Cylinder head 9 Oilfilter and cooler assembly
2  Exhaust manifold 10 Coolant inlet
3  Lifting bracket 11 Turbocharger lubrication return pipe
4  Fuel leak-off pipe 12  Starter motor
5  High pressure fuel pipes 13  Flywheel
6  Turbocharger lubrication feed pipe 14  Engine speed probe
7  Thermostat housing 15  Engine wiring harness
8  Oil pressure switch 16  Temperature gauge transmitter
Fig 1 Engine general three quarter view - drive end
Chap 1
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2

20

13

16
1 Rocker covers 12
2  Turbocharger 13
3 Cold start device 14
4  Turbocharger wastegate capsule 15
5 Airinlet connection 16
6  Hour meter 17
7 OQilfiller cap 18
8  Oil dipstick 19
9 Cold start device fuel pump 20
10  Fuel filter 21
1 Fuel control lever 22

10

n

12

5146C

Fuel lift pump
Crankcase breather
Throttle dip solenoid

Oil sump

Engine mounting
Timing gear case
Vibration damper and crankshaft pulley
Fuel injection pump
Coolant pump drive belt
Coolant pump

Belt tensioner

Fig 2 Engine general three quarter view - coolant pump end

Chap 1
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1 Cylinder head gasket
2 Pushrod
3 Cam follower
4  Rear cover gasket
5 Rearcover
6 Oil seal
Chap 1
Page 4

Push rod cover

Push rod cover gasket
Cylinder block

Main bearing cap
Main bearing shells

-
- O WO~

Fig 3 Cylinder block
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INTRODUCTION

1 This chapter gives a technical description of the Cummins B series engine, fitted to the Shielder vehicle.

2  Throughout this chapter the following terms are used to describe the location of components on the
engine, as the engine is fitted in the vehicle:

2.1 Drive end - the end from which the drive is taken, ie the flywheel end.

2.2 Coolant pump end - the non-drive end.

ENGINE

3 The engine is an in line, six cylinder, overhead valve, liquid cooled, 5.9 litre, turbocharged, direct
injection, four stroke diesel.

Cylinder block and liners

4  The cylinder block (Fig 3 (9)) is made of cast iron and is integral with the crankcase and the auxiliary
drive housing.

5  The cylinder bores are machined directly into the cylinder block, no liners being fitted.

6  Ifthe bores are found to be worn over the acceptable limits (see Category 532 - Inspection Standards),
they can be bored oversize to accept oversize pistons, and ultimately dry liners to utilise standard pistons.

Crankshaft and main bearings

7  The crankshaft (Fig 4 (6)) is a balanced, forged steel unit which runs in seven pre-finished replaceable
shell bearings (4, 5, 7).

8 End float of the crankshaft is controlled by the main bearing between number 3 and 4 cylinders. The
upper half shell (5) has flanges to form thrust pads which bear against machined faces on the crankshaft.

9  For maximum permissible crankshaft end float see Category 532 - Inspection Standards.

10 The crankshaft has a pulley (2) fitted at the coolant pump end of the engine. The pulley carries a belt
to drive the coolant pump. The crankshaft gear (3) drives the camshatt, lubricating oil pump and fuel injection
pump via the timing gears. These are further described in Para 27. A dowel (10) locates the gear accurately
on the crankshaft.

11 The drive end of the crankshaft has a flange which carries the flywheel.

Flywheel assembly

12 The flywheel assembly consists of the flywheel (Fig 1(13)) and starter ring gear, and is secured to the
crankshaft flange by eight capscrews.

13 The starter ring gear is shrunk on to the flywheel.

14  The starter motor and two metacone engine mountings are secured to the engine mounting plate which
is bolted to the drive end of the engine.

Chap 1
Jan 98 UK RESTRICTED Page 5
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Connecting rods and pistons
15 The piston and connecting rod assembly is shown in (Fig 5). Shell bearings (9) are fitted to the big ends
and bushes (7) to the small ends. The piston (6), connecting rod (8) and cap (10) should be kept together as

an assembly with the relevant big end shell bearings.

16 The small end and bush are drilled to allow the passage of oil. Therefore when the bush is fitted to the
small end the oilway holes must be aligned.

17 Similarly it must be ensured that the upper half of the shell bearings are correctly located in the big ends
and the tabs fit in the shell recesses.

18 The piston is secured to the small end by means of a fully floating gudgeon pin (5). The connecting rod
cap (10) is secured by two setscrews (11).

8
9
5021X
1  Setscrew 6 Crankshaft
2 Vibration damper and Polyvee pulley 7 Lower main bearing shell
3 Crankshaft gear 8 Main bearing cap
4  Upper main bearing shell 9 Main bearing cap setscrew
5  Thrust main bearing shell 10 Dowel
Fig 4 Crankshaft assembly

Chap 1
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19 The pistons are cast from aluminium and have annular grooves for three piston rings.

2350-T-125-302

20 The top ring (4) is of the wedge type. The middle ring (3) is of rectangular cross section with a chamfered
upper inner edge. Both top and middle rings are compression rings. The bottom ring (2) is the oil control ring
and is of the spring loaded type.

21 When the piston rings are fitted the ring gaps are equally spaced around the piston and the gaps are not
in line.
4
3 |
L
5
2 \®
1
N
1
K\% ]
PN
7
|
|
8
9
1
& 10
1
™.
1 Circlip .
2  Oil control piston ring
3 Compression piston ring
4  Compression piston ring 5023X
5 Gudgeon pin
6 Piston 9 Shell bearings
7 Small end bush 10  Connecting rod cap
8 Connecting rod 11 Setscrew
Fig 5 Piston and connecting rod assembly
Chap 1
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Valve spring retainer

Valve spring

Valve stem seal

Rocker arm assembly

Inlet manifold cover plate

Inlet manifold cover plate gasket
Cylinder head

Exhaust manifold gasket

1 Exhaust manifold 10
2 Gasket 11
3  Split collets 12
4  Rocker cover gasket 13
5 Rocker cover 14
6 Rocker cover securing screw and washer 15
7  Setscrew 16
8 Setscrew 17 Valve
9 Fuel injector 18
Fig 6 Cylinder head assembly
Chap 1
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Cylinder head

22 The cylinder head (Fig 6) is a one piece, crossflow design with two valves per cylinder. The head
features integrally cast valve guides with induction hardened valve seats, an integral intake manifold and
thermostat housing.

23 Each combustion chamber is machined to accept a fuel injector (9).

24 Each valve is closed by a spring (11) held by a retainer (10) secured by conventional spilit collets (3).
A seal (12) is fitted over the valve stem.

25 A separate rocker shaft assembly is provided for each cylinder. The rocker shaft assembly (Fig 7)
comprises two rocker arms (6) and (8) mounted on the rocker shaft and retained with washers (3) and circlips
(2). The rocker shaft forms a sub-assembly (5) with a supporting pedestal. Drillings in the pedestal and
rocker shaft route oil to the rocker arms. The axial drilling through the rocker shaft is sealed at each end by
expansion plugs (1). An adjusting screw (4) with locknut (7) in each rocker arm enables the valve clearance
to be adjusted.

N
)
2
3
4
3
2
1
5022C
1 Expansion plug 5 Rocker shaft and pedestal
2 Circlip 6 Inlet valve rocker arm
3 Flat washer 7  Nut
4  Adjusting screw 8 Exhaust valve rocker arm
Fig 7 Rocker shaft assembly
Chap 1
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Ia
C

5019X
1 Lubricating oil pump gear 4  Fuel injection pump gear
2 Idler gear 5 Crankshaft gear
3 Camshaft gear

Fig 8 Timing gears

Rocker box-cover

26 Each cylinder has an individual rocker box cover. The rocker box covers (Fig 6(5)) are each secured
to the cylinder head (16) by a single setscrew (6) and washer positioned in the centre top of the cover. A
replaceable gasket (4) ensures an oil tight seal between the cover and cylinder head.

Chap 1
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Timing gear case and gears

27 The timing gear case (Fig 9(3)) is secured to the engine by capscrews. A gasket (2) between the timing
gear case and crankcase forms an oil tight seal. The timing case also provides a support for the fuel injection
pump and the timing pin which is used for setting the engine timing.

28 The timing gears are shown in Fig 8. They include a camshaft gear (3), an idler gear (2), lubricating oil
pump gear (1) and the fuel injection pump gear (4), all driven from the crankshaft gear (5). Provision is made
for the incorporation of an auxiliary drive gear, should this be required.

29 When the engine timing is set by the manufacturer, markings are made on the crankshaft gear (5) and
the camshaft gear (3) with the engine set with No 1 piston at Top Dead Centre (TDC) on its compression
stroke, to ensure correct tooth engagement.

NOTE

No 1 piston is at the coolant pump end of the engine.

INDUCTION SYSTEM
Air filtration unit

30 The two stage filtration unit comprises a cyclone type pre-cleaner and pleated element second stage filter
(Fig 10). The filters are mounted in a fabricated which forms the air trunking between them. The
air intake is connected via a fabricated plenum (1) to the air inlet. Air is drawn into the pre-cleaner (5) via an
intake louvre (2), A grille is fitted to the louvre to prevent the ingress of debris,
leaves etc.

Pre-cleaner

31 The Pre-cleaner Filter unit (5) is a cyclone type, a term which describes the manner in which air is forced
to flow through it. The unit is housed at the foremost section of the filtration assembly and comprises a stack
of extractor tubes (4) which act as tunnels for incoming air. Spiral vanes (3) inside the tubes impart a rotary
motion to the air flow. Heavy dust particles in the air stream are flung outwards under the influence of the
centrifugal forces. The air in the centre of the tubes thus becomes depleted of heavy particles, and then
passes to the second filter stage via conical tubes (6). The dust particles fall into the gravity discharge valve
(10) below.

32 The gravity discharge valve is held closed while the engine is running, but opens when the engine is not
running, allowing the deposited particles to be discharged into the engine compartment.

Air filter - second stage
33 The pre-filtered air from the pre-cleaner stage is drawn via trunking (7) through the pleated filter element

(8), which removes fine particles and any remaining contamination etc. from the air stream. The final filtered
air passes into the outlet plenum chamber (9) and through pipework (11) to the turbocharger compressor inlet.

Chap 1
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5018C
1 Fuel injection pump 9 Washer 17  Crankshaft gear
2 Gasket 10 Bolt 18 Idler gear
3 Timing gear case 11 Timing gear cover gasket 19  Oil pump drive gear
4  Camshaft thrust plate 12  Timing gear cover 20 Oil pump
5 Setscrew 13  Access plug 21  Camshaft
6 Fuel injection pump drive gear 14  Oil seal 22 Dowel
7 Washer 15 Setscrew 23 Camshaft gear
8 Nut 16  Idler gear spindle
Fig 9 Timing gear case and drive assembly
Chap 1
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v
v
20"

<

AR 4"

2195D
A UNFILTERED AIR 5 Pre-cleaner
B HEAVY DUST PARTICLES 6 Conical tubes
C PRE-FILTERED AIR 7  Trunking
D FINAL FILTERED AIR 8 Airfilter-second stage
1 Airintake plenum 9 Outlet plenum
2 Intake louvre 10 Gravity discharge valve
3 Spiral vanes 11 Pipework (compressor inlet)
4  Extractor tubes

Fig 10 Filtration unit - schematic

Service indicator

34 A filter service indicator is mounted on the outlet plenum chamber and is sensitive to the pressure
variations within the induction system. During normal service with the filter element clean the indicator shows
low pressure readings. As the filter becomes gradually blocked with the filtered contaminant during service,
the induction depression rises - this being indicated by the service indicator. When the service indicator
reading rises to 25 in H,0 continuous, a filter change is necessary. When the element has been changed,
the indicator is reset by pressing the button on the top of the unit.

Charge air cooler

35 The charge air cooler (Fig 11), fitted as part of the engine cooling system, is an air-to-air heat exchanger

which cools the compressed air leaving the turbocharger to within 20 or 30 deg C above the ambient cooling
air being drawn over it.

36 The heat exchanger is constructed entirely of non-ferrous materials and comprises inlet (3) and outlet
(11) tanks, header plates (1), finned air tubes (5) and side plates (8).

Chap 1
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37 Theinlet and outlet tanks, fabricated from sheet brass, are fitted with inlet (2) and outlet stubs (10) and
are assembled using silver solder. The header plates (1), fabricated from brass sheet, are assembled
between the inlet and outlet tanks and finned air tubes (5). The air tubes are made from solid drawn brass
and carry the hot compressed air between the inlet and outlet tanks. Cooling fins (6) inside the air tubes
collect heat from the charge air and conduct this heat into the flat walls of the tubes. The outer cooling fins
(4) conduct heat away from the air tubes for dissipation into the cooling air flow. All cooling fins consist of
copper foil, coated with soft solder. The stainless steel side plates (8) are stud mounted to the inlet and outlet
tanks as main structural members and carry the mounting points (9) for the heat exchanger. Tie screws (7),
fitted between the side plates, clamp the heat exchanger matrix to prevent deformation by internal pressure.

38 Only minimal maintenance is required for the charge air cooler and is normally confined to cleaning the
cool side airways to remove any dirt and debris drawn in with the cooling air. Hot side cleaning should not
be necessary, except after any oil leakage resulting from turbocharger oil seal failure.

9
10
5275D
1 Header plate 7 Tie screws
2 Inlet stub 8 Side plate
3  Inlet tank 9 Mounting point
4  Outer cooling fins 10 Outlet stub
5 Finned air tubes 11 Outlet tank
6 Inner cooling fins 12 Lifting handle
Fig 11 Charge air cooler
EXHAUST SYSTEM

39 The exhaust manifold comprises a cast iron assembly flanged to fit the cylinder head outlet ports. A
flanged elbow at the centre of the manifold forms a mounting for the turbocharger with integral waste gate.

40 The turbocharger outlet exhaust elbow connects up to the exhaust pipework via a fabricated steel
expansion bellows. The expansion bellows allows for movement of the exhaust pipework and fittings due to

the high temperatures generated within the system. From the bellows the exhaust pipe is routed directly to

Chap 1
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5020X
1 Wastegate capsule
2 Mechanical linkage

3 Bypass valve

Fig 12 Wastegate

Chap 1
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Waste gate

41 The waste gate (Fig 12) is fitted to reduce the amount of exhaust gas available to drive the turbine of the
turbocharger at the higher engine speeds and thereby reduce the boost pressure.

42 Boost pressure is communicated to the wastegate capsule (1) through a flexible pipe from the inlet
manifold. As the boost pressure increases, a diaphragm inside the capsule opens a bypass valve (3) via
mechanical linkage (2). When the valve opens, some of the exhaust gas bypasses the turbocharger turbine
and passes directly to the exhaust pipe downstream of the turbocharger. Less exhaust gas is available to turn
the turbine and the speed of the turbine decreases. As the turbine is connected directly to the compressor
wheel of the turbocharger, the compressor output, and consequently the boost pressure, is reduced.

Turbocharger

43 The turbocharger (Fig 13) comprises an axial/radial flow compressor (8) mounted on a common
turbine/shaft assembly (14).

44 The compressor chamber is a cast aluminium alloy assembly comprising a compressor housing (7) with
an integral outlet duct for connection to the charge air cooler pipework. The chamber is connected to the
compressor backplate (6) by a locking ring (11).

45 The bearing housing (15) houses the main bearings (4). These are supplied with oil through a flexible
hose connected between the oil filter head and an oil inlet connection (5) in the housing. Drillings carry the
oil to the bearings. Drain oil is routed into the base of the housing and through a flanged oil outlet connection
(13) to the sump. The compressor backplate (6) is bolted to the housing. Seal rings (16) and (12) prevent
exhaust gas and compressed air respectively from entering the bearing housing.

46 The turbine housing (2) is manufactured in close grain, cast iron with a flanged intake to attach to the
exhaust manifold. The high tensile steel turbine/shaft assembly (14) has a stepped shaft with two case
hardened bearing surfaces and an annular groove at the turbine end for location of a seal ring (16). The cast
aluminium alloy compressor wheel (8) is fitted against a shoulder on the shaft, secured by a locknut (10) and
washer (9). A shroud (3) protects the bearing housing from heat of the exhaust gases in the turbine.

47 Aflanged connector (1) bolted to the turbine housing facilitates the connection of the exhaust system to
the turbocharger.
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5084C
1 Flanged connector 9 Washer
2 Turbine housing 10 Locknut
3  Shroud 11 Locking ring
4 Bearing 12  Sealring
5 Oil inlet connection 13  Oil outlet connection
6 Compressor backplate 14  Turbine/shaft assembly
7 Compressor housing 15 Bearing housing
8 Compressor wheel 16 Sealring
Fig 13 Turbocharger
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GENERAL

1 The fuel tank (Fig 1(20), is filled via a large diameter filler pipe (12). Air is vented from the tank during
refuelling through a pipe (10) connected between a boss on top of the tank and the filler pipe at a point just
below the filler cap. A separate breather (14), which incorporates a non-return device to prevent the escape
of fuel if the vehicle should overturn, is connected by another pipe (13) to a second boss on top of the fuel
tank.

2 A gauze type strainer (1) is fitted into the filler bowl (2).

3  Fuel is drawn from the tank by the fuel lift pump (25) through a dip tube mounted on a fuel tank block
(21) that is secured to the front face of the tank. The fuel flows via the sedimenter (22) and a two-way tap
(23), through the feed pipe (7) to the engine mounted lift pump. The fuel then flows through a filter (26) to the
fuel injection pump (27) which supplies the fuel injectors. Surplus fuel from the filters and injectors is fed
back to the fuel tank via the return pipe (8). Fuel can be drained from the tank when necessary via the tap
(23) and drain pipe (24), the end of which is situated adjacent to an armoured access plate beneath the
engine. A pipe (9) supplies fuel from the tank to the commander’s compartment heater.
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5054C
1 Strainer 10  Fuel vent pipe 19 Fuel gauge sender unit
2  Filler bowl 11 Fuelfiller 20 Fuel tank
3 Outer seal 12 Fuelfiller pipe 21 Fuel tank block
4  Inner seal 13  Fuel breather pipe 22 Fuel sedimenter
5 Filler cap 14  Fuel breather assembly 23 Fueltap
6 Sealing ring 15  Breather plunger 24  Fuel drain pipe
7 Fuel feed pipe 16  Non-return needle valve 25 Fuel lift pump
8 Fuel return pipe 17  Breather body 26 Fuelfilter
9 Crew heater fuel pipe 18  Fuel tank mountings 27 Fuel injection pump
Fig 1 Fuel system
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DESCRIPTION
Fuel tank

4 The fuel tank (Fig 1(20), is a single unit fabricated from stainless steel, with a total capacity of

The tank is secured to the vehicle by three flexible mountings (18). The
tank is fitted with a fuel gauge sender unit (19) and connectors for the feed and return pipes, vents and
breathers.

Fuel filler

5  The fuelfiller (Fig 1(11)) comprises a cap and a handle assembly with latch. The arms and links of the
cap pivot on steel pins to secure or release the cap, as the handle is rotated. A sealing ring (6) is fitted in the
upper central recess of the cap; lower outer and inner seals (3) and (4) seal the cap to the filler neck. The cap
is loosely attached, by a retaining chain and ring assembly, to the filler neck.

FUEL IN

\

! TO DRAIN

-~

TO ENGINE

5058C

Fig2 Fuel tap
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Strainer

6  The strainer (Fig 1 (1)) consists of a flanged brass tube with locating pin and a 40 mesh/inch woven wire
brass gauze tapered filter. The complete strainer assembly is approximately 309.9 mm (12.2 in) in length and
has an upper flange diameter of 71.1 mm (2.8 in).

Fuel tap

7  The fuel tap (Fig 2) is a two-way ball valve. The tap consists of a steel body machined to accept three
threaded unions which connect with the pipes that carry fuel in from the sedimenter and out to the engine or
to drain. A ball with a right angled drilling turns under the control of the operating handle to connect the ‘fuel
in’ port to either the drain or the engine fuel system.

Fuel drain

8  The fuel drain system comprises the fuel tap (Fig 2) and various pipe sections terminating in a drain plug
which has blanking plug and retaining chain. The fuel drain pipe section from the fuel tap is connected to a
bulkhead union at the engine/commander’s compartment bulkhead. Further pipes connect the bulkhead union
to the drain plug (Fig 3 (2)) which is located under the engine adjacent to an armoured inspection cover. The
fuel is drained by removing the blanking plug and connecting a pump which draws fuel from the tank and
discharges into a container.

Fuel sedimenter

9  The fuel sedimenter (Fig 4) is mounted at the rear right hand side of the commander’'s compartment. The
sedimenter consists of a head (1) with tapped bosses to accommodate the fuel inlet and outlet pipes, an
element (5), transparent bowl (6) and a base (9) with drain plug (8). A centre tube (10 ) and bolt (2) secure
the parts, which are assembled with sealing rings (7), (11) and (12). Any water and sediment trapped within
the transparent bowl can be released via the drain plug.

6 7
O ;
. 9
I
(‘l‘) 2 3 4
? an
|
‘ =
TUTLON IO )
O 5055C
1 Chain assembly 5 Drain pipe 8 Engine/crew compartment
2 Drain plug 6 Tube nut bulkhead
3 Nut 7 Bulkhead adaptor 9 Drain connection
4 Bracket to fuel tap
Fig 3 Fuel drain
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12

11

10

9
8
2264C

1 Head 7  Sealing ring
2 Centre bolt 8 Drain plug
3 Screw 9 Base
4  Washer 10 Centre tube
5 Element 11 Sealing ring
6 Transparent bowl 12  Sealing ring

Fig 4 Fuel sedimenter

Fuel tank breather

10 The fuel tank breather (Fig 1(14)) is located on the top plate of the commander’s compartment. The
breather pipe from the fuel tank is connected by a union (Fig 5 (3)) to an adaptor (4) which is screwed into the
breather body (9). Screws (10) secure the breather body to the underside of the commander’s compartment
roof plate, with a gasket (12) to form a seal.

11 Abreather bolt (13) with top cover (2) is screwed into the roof plate. A joint washer (1) forms an airtight
seal. The breather is vented from beneath the cover to atmosphere.

12 A non-return needle valve assembly (7) is screwed into the bottom of the breather bolt. The valve
operating plunger (6) located within the breather body (9) is free to move under the influence of gravity.
Should the vehicle overturn, the plunger falls against the centre pin of the needle valve, closing the valve to
prevent the escape of fuel.
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2263C

1 Joint washer 8 Gasket
2 Top cover 9 Breather body
3 Breather pipe union 10 Screw
4  Adaptor 11 Washer
5 Seal 12 Gasket
6 Plunger 13  Breather bolt
7  Non-return needle valve

Fig 5 Fuel tank breather
Fuel lift pump

13 The plunger type fuel lift pump (Fig 6) is fitted on the side of the engine below and to the rear of the fuel
injection pump, and is operated by an eccentric on the camshaft.

14 The pump body (10) has two cylinders. One cylinder houses a piston (3) and return springs (4), and is
closed by the fuel inlet connection (5). The other cylinder houses a spring loaded plunger (7).

15 As the camshaft rotates, the eccentric forces the actuator (11) into the pump body, moving the piston (3)
into the cylinder and compressing the return springs (4). Check valve (6) closes and check valve (9) opens
due to the pressure generated within the cylinder. Fuel flows from the cylinder through check valve (9) into
the space between check valves (9) and (1). Further rotation of the camshaft moves the high point of the
eccentric past the actuator, allowing the return springs push the piston back down the cylinder causing check
valve (9) to close and check valve (6) to open, drawing fuel into the cylinder. The pressure between check
valves (9) and (1) rises, opening check valve (1) and forcing fuel into the outlet pipe (2).

16 The plunger (7) allows manual priming and bleeding of the fuel system. When the plunger is pressed,
check valve (9) prevents back flow and fuel is forced through check valve (1). When the plunger is released,
the spring (8) forces the plunger outwards. This action create a suction that causes check valve (1) to close
and draws fuel through check valves (6) and (9).
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5014X
1 Check valve 7 Plunger
2  Fuel outlet pipe 8 Spring
3 Piston 9 Check valve
4  Return springs 10  Pump body
5  Fuel inlet connection 11 Actuator
6 Check valve
Fig 6 Fuel lift pump

Fuel filter

17 The fuel filter (Fig 7) is mounted on the side of the engine adjacent to the fuel injection pump.

18 Fuel enters the filter head (1) from the lift pump through the fuel inlet pipe (5) and is forced through the
filter element (7). An O’ ring seal (6) is fitted between the filter element and filter head to ensure a leakproof
joint.

19  Fuel leaves the filter through the feed pipe (2). A bleed screw (3) is fitted into the banjo bolt of the fuel
outlet connection to allow bleeding of the fuel system.

20 Excess fuel from the injectors and fuel injection pump is returned to the filter through the spill pipe (4).
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s
5028D
1  Filter head 5 Fuel inlet pipe
2 Fuel feed pipe 6 ‘O’ring seal
3 Bleed screw 7  Filter element
4  Spill pipe

Fig 7 Fuel filter
Fuel injection pump

21 The fuel injection pump (Fig 8) is mounted on the right-hand side of the engine looking from the coolant
pump end, and is driven by a gear wheel in the timing gear case. The pump is a compact, oil tight unit,
lubricated throughout by engine oil.

22 The pump comprises a body (10) in the lower part of which is a camshaft with six lobes. The camshaft
is supported by roller bearings located in machined housings at each end of the pump body. Six cylinders in
a line at right angles to the axis of the camshaft house spring loaded plungers whose lower ends bear on the
lobes. As the camshaft is turned due to the action of the timing gears the reciprocating motion of the plungers
draws fuel oil into the cylinders and discharges it through delivery valves via the high pressure pipes (1) to
the injectors.

23 Speed control is maintained by a mechanical flyweight govemor assembly (3) and gives accurate control
of engine speed under all load conditions.
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24 The governor controls the effective stroke of the pump plungers. This in turn controls the amount of fuel
passed to the cylinders via the injectors. The stroke of the plungers is also controlled by the throttie control
mechanism which is operated by the driver via the cable operated throttle lever (6) in association with the
throttle dip solenoid (7) and throttle variable link (5).

25 The cable operated fuel cut-off lever (8) controls the supply of fuel to the plungers to enable the engine
to be stopped.

26 A timing pin housed beneath a screwed plug (9) is used in conjunction with the engine timing pin (11)
to accurately set the pump timing when a pump is replaced.

5056D
1 High pressure fuel pipe 5 Throttle variable link 9  Screwed plug
2 Fuel feed pipe 6 Throttle control lever 10  Injection pump body
3 Governor assembly 7 Throttle dip solenoid 11 Engine timing pin
4 Fuel filter 8 Fuel cut-off lever
Fig8 Fuel injection pump
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Fuel injectors

27 The straight through fuel injectors (Fig 9) are of conventional closed nozzle, hole-type design. High
pressure fuel from the fuel injector pump enters the injector through the fuel inlet passage (12) and is led to
the injector nozzle (8) by an internal drilling. The pressure of the fuel causes the needle valve (7) to lift against
the pressure of the spring (4) and admits the fuel to the combustion chamber as a spray.

28 Fuel that leaks past the needle valve passes through the intermediate plate (5), passes the pressure
spindle (10), spring (4) and shims (3), and enters the fuel leak off passage (2) in the nozzle holder (1). A
return pipe conveys the leak off fuel back to the fuel tank, together with surplus fuel from the fuel filter.

29 The injectors are retained by hold down nuts (11) that screw into the cylinder head. Sealing rings (9) are
fitted between the cylinder head and the injectors.

5015D
1 Nozzle holder 5 Intermediate plate 9 Sealing ring
2 Fuel leak off passage 6  Nozzle nut 10 Pressure spindle
3 Shim 7  Needle valve 11 Hold down nut
4 Pressure spring 8 Injector nozzle 12 Fuel inlet passage
Fig 9 Fuel injector
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Cold start device
30 The cold start device comprises a thermostart unit and a solenoid valve.

31 The thermostart unit (Fig 10) consists of a body (3) which is screwed into a boss on the air inlet elbow
which is in turn secured to the inlet manifold cover plate. Screwed into the centre of the body is a valve body
(1) which is surrounded by a heater coil (6) and houses a ball valve (7) and a valve stem (5). An igniter coil
(4) is attached to the inner end of the valve body. Terminals (2 and 8) are provided for the connection of
power supply and earth leads.

32 The solenoid valve, which is mounted on a bracket above the fuel filter, is connected to the thermostart
unit by a small bore pipe. Under normal running conditions and when the engine is stopped the solenoid valve
is closed, and is only energised when the engine start/thermo switch on the driver's switch panel is set to the
THERMO position. Fuel is then admitted to the thermostart unit.

33 The supply from the driver's switch panel is also supplied to the heater and igniter coils in the thermostart
unit. The heater coil causes the ball valve to lift and allow fuel to flow through the thermostart unit. This fuel
is ignited by the igniter coil. As the engine cranks, the burning fuel is drawn into the engine to aid starting.

6
7
8
5211D
1 Valve body 5 Valve stem
2 Terminal (-ve) 6 Heater coil
3 Body 7 Ball valve
4 Igniter coil 8 Terminal (+ve)
Fig 10 Cold start device
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INTRODUCTION

1 The cooling system (Fig 2) is designed to cool the engine, lubricating oil and gearbox oil. Coolant is
circulated around the engine, engine oil cooler (10) and gearbox oil heat exchanger (7) by a belt driven coolant
pump (11) and is subsequently cooled by passing through an air cooled radiator (4). Cooling air is drawn
through the radiator by a belt driven fan (3) mounted between the engine and transmission compartments.

2  Atemperature sensor incorporated in the system, relays information to an engine coolant temperature
gauge and waming light on the drivers instrument panel, to alert the driver should the temperature exceed the
permitted level.

DESCRIPTION
General

3  The cooling system is designed to cool the engine, lubricating oil and gearbox oil. Coolant is circulated
around the engine, engine oil cooler and gearbox heat exchanger by a belt driven integral coolant pump and
is subsequently cooled by passing through an air cooled radiator. Cooling air is drawn through the radiator
by a belt driven fan mounted between the engine and transmission compartments.
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COOLANT CIRCULATION

4  Coolantis introduced into the system via a header tank which accepts coolant due to expansion and
supplies coolant required due to contraction.

5 Coolant is drawn in through the coolant inlet (Fig 3(1)