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ADDENDA

SEcTION A PAGE 4
1. General

Series two cars carry prefix EB on chassis number plate.

SeECcTION E PAGE 2
12. Removing the Radiator

Drain radiator and remove top and bottom hose connections. Disconnect
the two leads to thermostat in header tank of radiator and unscrew radiat6r
mounting set-screws. Withdraw radiator upwards and rearwards from
slot in front bulkhead.

SectioN F PAGE 16
20. Removing Engine, Clutch and Gearbox from the Chassis

Disconnect oil pressure line at the engine also fuel lines, tachometer cable,
speedometer cable and throttle connections.
Disconnect water thermometer capillary.

SectioN H PAGE 7
10. Slave Cylinder

Removal.

Attach a rubber tube to the bleed screw and open the screw three quarters
of a turn. Pump the clutch pedal until all the fluid has been drained into
a clean container. Unscrew the pressure pipe union. Withdraw push rod,
then remove the two bolts and spring washers securing the cylinder to the
clutch housing. The cylinder may now be removed from the vehicle.

SectioN 1 PAGE 2-
4. Removing the Propeller Shaft

Remove the bolts securing the propeller shaft to the rear axle flange.
Remove tank as outlined in Section M7 and differential unit in Section J1.
The shaft can now be removed from the car downwards and rearwards.
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SECTICN A

TECHNICAL DATA

1.

GENERAL

Date of commencement of manufacture series two—May, 1960

Series two cars carry prefix E on chassis number plate.

It is essential to quote engine and chassis numbers in all enquiries or correspondence concerning the vehicle. Plates
secured to bulkhead.

Certain components are the subject of pending patent applications and granted patents in the United Kingdom and
Overseas,

2. FRAME

Unitary chassis/body construction. Completely original and extremely strong chassisless structure of glass reinforced
Epoxide and Polyester resin; this combines the important advantages of exceptional strength and resistance to corrosion,
very good impact resistance, first class sound dampening and good thermal insulation. Two-seat, two-door coachwork
offering spacious accommodation for two persons with provision for luggage in separate compartment. Windscreen
washers fitted as standard. Wrap round laminated glass windscreen and side windows with hinged quarter lights for
ventilation, Large wrap round rear window.

3. FRONT SUSPENSION
Independent front suspension by top arm incorporating anti-roll bar and lower wishbone;
coil spring damper units reacting through a single attachment point at each end.

4. REAR SUSPENSION

Independent rear suspension by latest Chapman Strut type system, incorporating combined coil spring/damper units,
triangulated radius arm and double articulated fixed length drive shaft giving lateral location as developed on Lotus
racing cars. This system has been expressly designed to offer a certain amount of camber change with increase in load,
to maintain good handling characteristics under all conditions.

5. BRAKES
Hydraulically operated on Girling caliper 93" disc brakes, outboard at the front inboard at the rear; scuttle mounted
handbrake operating on the rear discs thlough cables.

springing by combined

1#

6.

STEERING

Lightweight rack and pinion steering gear.

7. POWER UNIT
Engine is water cooled and has large steel crankshaft of fully counter-weighted design with a large overlap between

crankpins and main journals, carried in 3 x 24" diameter and 1” )
alumininm pistons are fitted with plated top rings, connecting rods are split diagonally, big-end bearings
high mechanical efficiency is provided by a piston speed of 2,500 ft. per min.
cylinder head is heat-treated aluminium; valves of XB steel; shrunk in austentic iron seatings, chain

strip type;
are renewable, lead-bronze strip type;
at 5,750 r.p.m.;

wide main bearings of lead bronze steel backed thin

drive from jack-shaft to camshaft, the latter operates the valves direct through piston type cast iron tappets which

virtually eliminates wear in the valve guides;

tappet clearances are maintained over long periods;

a normal spur

gear type oil pump with built-in relief valve is used; renewable element type full flow oil filter.

8. ENGINE SPECIFICATION

Number of cylinders 4,

Bore in mm. .. 76:2.

Bore in inches 3.

Stroke in mm, 66-6.

Stroke in inches 2:625.

Cubic capacity in c.c. 1216 (74:25 cu. ins.)
Type of Valve Gear O.H.C.
Compression ratio (stauddrd) 10 : 1

Optional Stage 3 11:1

9, MECHANICAL SPECIFICATION .
Make and type of carburetters .. S.U. Model H.4 (single or twin).
Make and type of fuel pump fitted A.C.
Methods of ignition timing control Centrifugal Advance and retard
Make and type of engine oil filter Purolator Full flow.
Maximum Gross (S.A.E.) power developed by engme
(B.H.P.) 80.
. Maximum NET power as installed in car (B H. P) 15
Corresponding t.p.m. 6,100,
Make, type, and size of clutch Borg and Beck single 8" dia. dry plate hydraulically
operated.
Ad LOTUS ELITE WORKSHOP MANUAL
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TECHNICAL DATA SECTION A

Mechanical Specification—continued

Overall gear ratios B.M.C. Z.F. 84-12

Top ol 1:1

3rd 1.32:1 123 : 1

2nd 2:20 : 1 1:71 : 1

Ist 367 : 1 2:53: 1

Reverse . 367 :1
Gears with synchromesh . 2nd, 3rd, and top 1st, 2nd, 3rd, and top.
Make and type of propeller shaft - Hardy Spicer
(Standard) type and ratio of final drive gear 4-55 : 1 Hypoid Unit or 4-22 : 1.
Type of brakes fitted ; Disc hydraulically operated 94" dia.
Make and type of shock absorbers  Front ... Armstrong telescopic.

Rear e Armstrong telescopic.

Make and type of steermg gear ... Alford & Alder lightweight rack and pinion.
Size of tyres .. 4-80 x 15 4-ply rating. Firestone high performance

nylon cased.

135 x 15 or 155 x 15 Michelin X.
155 x 15 Pirelli Cintura.

500 x 15 Dunlop R5.

1¢. COOLING SYSTEM _
Tube and gill radiator with integral header tank. Thermostatically controlled cooling fan. Cut in temp. 90—95°C.

11. FUEL SYSTEM
Rear mounted fuel tank, total capacity 63-gallons. AC fuel pump fitted as standard.

12. ELECTRICAL

Special heavy duty 12-volt 57-amp/hr. battery, weight 24-1bs; belt driven dynamo; fuse box mounted under bonnet.
Recessed Lucas 7" F700 headlamps. Separate side lamps; separate flasher units; twin stop lights; twin rear number
illumination lights; twin stop-tail lights; twin high frequency horns. Instrument lighting with brightness control.
Two-speed electric screen wiper. ‘

13. EQUIPMENT
Centre point, expanding type Jack supphed
Contents of tool kit § One copper hammer.

Pair of pliers.
Plug spanner (Box).
Screwdriver.
Adjustable spanner.
3 spanners ranging from %" A.F. down to 4 B.A.
One Jack handle.

Circuit-breaker One circuit-breaker incorporated in the light switch
Fuse-Box ... Wipers, Flashers, Fan.
Windscreen wipers used ... i Lucas twin 2-speed self-parking.
Windscreen washing sprays used Tex.
Instruments fitted ... 4" Tachometer.
0-8,000 r.p.m.

4" 0-140 m.p.h. Speedometer.
Oil pressure gauge, petrol gauge, water temperature
gauge and Ammeter.

Warning lights provided ... Flashers, High Beam and Ignition.
Ignition keys lock drivers door and boot
Glove shelves provided ... One.
Map pockets provided One on inside of each door and rear of each seat.
Parcel shelves provided ... . One at rear end of car over spare wheel.
Type of interior heater provided . Smiths as optional extra.
Upholstery material used ... Leather cloth.
Floor covering material used Carpet (light grey).
How many exterior colours or colour Combmatlons are
(a) standardised P031.02300 Metallichrome, 1.C.1. PO30.3328, Cirrus
White, 3244 Taslaic Red, 3173 Conway or Sunburst
Yellow.
(b) available at extra cost ... Any colour £50 extra.
Extras approved for this model ... Heater and Demister.

Masco or Delaney & Gallay type harness seat belts.
Smiths Radio.

LOTUS ELITE WORKSHOP MANUAL A5




SECTION A TECHNICAL DATA

14. WHEELS AND TYRES

“Knock on” 15" wire wheels with identical rims front and rear fitted 4-80 x 15 Firestone, 135 x 15 Michelin ‘X,
155 x 15 Michelin “X’, 155 x 15 Pirelli Cintura tyres front and rear. Spare wheel mounted at rear of bodywork (pro-
vision for two spare wheels to be carried if necessary).

15.

16.

17.

WEIGHT
Standard Elite with fuel

MAINTENANCE DATA

Engine oil sump capacity ...

S.A.E. oil grades (summer and winter rccommended)
Gear box oil capacity BMC

S.A.E. oil grade 40/50 ZF

Final Drive gear oil capacity

S.A.E. oil grades (summer and wmter) 1ecommended
Steering gear lubricant recommended

Cooling system water capacity

Drain taps provided in cooling system

Chassis lubrication by grease gun

Type of Sparking Plugs recommended

Static ignition timing ..

Correct sparking plug gap

Correct contact breaker gap

Correct Tappet Clearances

Tappet valve timing (degrees)

Correct wheel toe-in
Front camber angle...
Castor-angle ;
Swivel pin inclination.
Turning Circle .
Rear camber angle
Tyre pressures
Michelin 135 x 15
High Speed
Low Speed
Michelin 155 x 15
High Speed
Low Speed

12 cwt.

Imperial U.S.

8 pints. 93 pints.
20/30 20/30.
44 pints 6 pints.
| pint. 14 pints.
1§ pints. 24 pints.
90 Expee.

Calcium based grease.

12 pints.

Drain plug on bottom of radiator.
14 nipples greased every 1,500 miles.
Champion N.3.

2° to 3° B.T.D.C.

018",

014" to -016".

004 "—-005" Inlet and Exhaust.
Inlet opens 12° B.T.D.C.

Inlet closes 56° A.B.D.C.

Exhaust opens 56° B.B.D.C.
Exhaust closes 12° A.T.D.C.
1"—+&" Front. 0"—+" Rear.
14° to 15" at normal ride level.

77

9°,

35

Minus 1°—32° at normal ride level.

27 1b. per sq. in Rear.
21 1b. per sq. in. Rear.

19 Ib. per sq. in. Front;
15 1b. per sq. in. Front;

26 1b. per sq. in. Rear.
17 Ib. per sq. in. Rear.

18 1Ib. per sq. in. Front;
12 Ib. per sq. in. Front;

Pirelli Cintura 155 x 15 and Firestone Nylon Sports 480 x 15

High Speed
Low Speed
Type of brake fluid
Type of clutch fluid
Type of battery
Miscellaneous Servicing Points

\

DIMENSIONS

Wheel base

Front track ...

Rear track

Overall length

Height to roof

Overall width

Normal ride ground clearance

25 lb. per sq. in. Rear.
23 Ib. per sq. in. Rear.

21 1b. per sq. in. Front;
19 1b. per sq. in. Front;
Girling Crimson normal.
Girling Crimson normal.
Lucas special duty 12-volts 57-amp. hour.

Car should only be jacked up by the jacking points.
provided.

The wheels should be checked and balanced at
frequent intervals, depending on conditions and

- nature of use.

7" 41"
3 11”
4.’ O_Lﬂ
12 3”.
311"
4" 104",
6%!’

The specification refers to the touring car. When it is mtended to race, the section on racing should be studied and
closely adherred to.

A6
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TECHNICAL DATA SECTION A

18. RUNNING IN THE CAR
The following table of speeds in gears will give the owner a guide to the limitations which should be imposed on the

car during the first 500 miles of its life.

In order to assist running in, and in particular to assist the bedding-in of piston rings and cylinder bores, fairly
high loading on the engine is necessary. Because of the extreme lightness of the car this is best obtained by running
in top gear from 2,500 r.p.m. in a series of long periods of acceleration up to 4,500 r.p.m. rather than allowing the car
to idle at constant speeds within the r.p.m. range given in the table.

Speeds and loading may be increased gradually over the next 1,000 miles until the full performance of the car

1s available.

Standard Gearbox—4-55 : 1 Final drive. '\\
Max. r.p.m. Max. m.p.h. Min. r.p.m.‘ ' Min. m.p.h.

Ist 4,500 18-7 — —

2nd 4,500 32 1,500 10-7 |
Ird 4,500 533 2,000 | 95 7
Top 4,500 70 _ 2,500 39-0 L_,,

we s 11
G
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SERVICE INFORMATION SECTION B

SECTION B

SERVICE INFORMATION

SERVICING SCHEDULE Chapter
Initial Service 500 miles ... |
“A” Service every 1,500 miles (2,400 km.) ... 2
“B’* Service every 3,000 miles (4,800 km.) ... 3
“C” Service every 6,000 miles (9,600 km.) ... 4
“D™ Service every i2,000 miles (19,200 km.) 5
Body inspection schedule ... 6

LOTUS ELITE WORKSHOP MANUAL Bl




SECTION B SERVICE INFORMATION
SERVICING SCHEDULE
1. Initial Service 500 miles
This is a free service; materials only are chargeable.
Lubrication: Electries:

1. Drain engine, gearbox and diff, unit and refill,

2. Grease or oil all lubrication points.

3. Change filter element.

Engine:

4. Check and adjust tappets.

5. Check alt water hose connections and radiator
level.

6. Check carburetter, slow running, mixture adjust-
ments and oil dash pot, SAE 20.

7. Check all manifold, exhaust system, engine
mounting and distributor fitting for security.

Clutch:
8. Check correct operation of clutch.
9. Check clutch fluid reservoir level.

Brakes:
10. Check braking system for operation.
11. Check braking system lines for security.
12, Check brake fluid reservoir level.
13.  Check and tighten disc retaining nuts.
Steering:
14. Check all steering connections for security.
15. Check steering rack and pinion mounts for
security.

16. Check headlamp adjustment.

17. Check all functions electrical system.

18. Check battery for security, leaks and cleanliness.
18.  Check condition of fuse.

Transmission:

20. Check tighten U/J bolts and half shaft bolts.
21.  Check rear hub and cross pin bearings.

Suspension:
22, Check all front and rear suspension mounting
bolts and units for tightness.

Body:
23. Check door and door lock operation.
24, Check boot and bonnet catch operation.
25. Check seat adjustment operation.
26. Check body condition overall.
27. Check tyre pressures and tightness of wheel nuts.
28. Check body condition generally (for detailed
information see Chapter 6).

N.B.—All inconsistancies must be noted and Br‘ought to
the service manager’s notice,

2. ““A” Service every 1,500 miles (2,400 km.)

Lubrication:

i. Change engine oil.

2. Grease or oil all lubrication points.

3. Check and top up if necessary diff. and gearbox
levels.

Engine:
4. Lubricate throttle linkages.
5. Check radiator level.
6. Add a few drops of oil to carburetter dash pot(s).

Church:

7. Check clutch fluid reservoir level.
8. Check clutch operation and lines.

Brakes:
9. Check brake fluid reservoir level.

10. Check brake lines and brake operation.
Steering:

11, Check steering assembly for general condition.
Electrical:

12.  Check battery for condition and level.

13. Check operation of all circuits.

General:
14, Check tyre pressure and hub nut tightness.

N.B.—All inconsistencies must be brought to the service
manager’s notice.

3, “B* Service every 3,000 miles (4,800 km.)

“A’ Service plus the following:—

Engine:
1. Check water pump belt. _
2. Check all manifold, exhaust system engine
mounting and distributor fittings for security.
3. Change oil filter element.

Electrical:
4. Clean and inspect condition of sparking plugs.
5. Check distributor settings and lubricate cam,
distributor shaft and counter weights.

B2

Transmission.
6. Check general conditions and tightness of ali
bolts and mounting parts.

Body:
7. Lubricate door locks and bonnet and boot catch
mechanism.
8. Check body condition generally.
9. Change round all road wheels.

Steering:
10. Tighten 4 bolts on bottom rubber coupling.

LOTUS ELITE WORKSHOP MANUAL




SERVICE INFORMATION SECTION B

4. ““C” Service every 6,000 miles (9,600 km.)

Electrical:

“A” and “B” Service plus the following:—
Check voltage regulator operation.

Lubrication: 13,
1. Change diff. and gearbox oil. LIy
Transmission:

2. R k front hubs.
GRENE IR 14.  Check rear hubs and cross pin bearings.

Engine: , 15. Check condition of fluid drive assembly.
3. Lubricate water pump.

4. Check valve clearances. Suspension.
5. Clean air filter and crankcase breather. 16. Check all front and rear suspension mounting
6. Clean carburetter and fuel pump filter. bolts for tightness.
7. Tighten cylinder head stud nuts. 17. Check suspension for wear.

Clutch: 18. Check front wheel alignment.
8. Check clutch operation.

Brolees: Body: . .

ragles Adjust hand brake. 19. Check seat adjustment operation.

20. Lubricate all boot, bonnet and door hinges.

10. Check cali ti Its fi ity. i : !
sele-aliger mpting bults10r Seeurty 21. Check condition of side screens and quarter lights

11.  Check brake pads for wear.

Steering:
12. Check all steering parts and connections for N.B.—AIll inconsistencies must be brought to the service
security. manager’s notice.

5. “D* Service every 12,000 miles (19,200 km.)

“A”, “B” and “C” Service plus the following:— Electrical:
Engine: 8. Fit new sparking plugs.
1. Remove sump, clean and reassemble. 9. Check battery specific gravity readings.
2. Remove carburetter, strip, clean, fit new gaskets, 10. Check head lamp adjustment.

check condition reassemble. 11. Check dynamo and starter brushes.
3. Check condition of distributor for wear. 12. Lubricate dynamo bearing.
4. Check condition of all engine components.

Brakes: General:
5. Check for wear on clutch master cyl. linkage and 13. Inspect body for any damage and condition of
pedal bearings. windscreen and rear screen seals.
6. Check for condition of calipers and all units 14. Inspect all body units for tightness.
including stop light switch.
Steering: N.B.—All inconsistencies must be brought to the service

7. Check steering for wear. manager’s notice,

6. Body Inspection Schedule (to be conducted at Initial Service and *‘B’* Service)

1. Check differential housing with particular refer- fractures or cracks. If there is any movement in
ence to mountings. Remove differential (dipstick) the bobbin, or there are any cracks visible on the
cover and rock car gently forwards and back- top of the socket housing, advice should be sought
wards with 2nd gear engaged. Any movement from distributors or manufacturer.
local to the back mounting face or moulded
attachment points thereon should be investigated. 3. A thorough jnspection should be made of the
(For details of the differential repair scheme, see exhaust system to make sure that there is no
Section O.) contact between the pipe and bodywork. Scorch

marks on the surface of bodywork adjacent to

2. Drop front attachment points of rear radius the forward end of exhaust pipe indicate a

arms and with rear end of car lifted, inspect
attachment bobbins and ball/socket housings for

LOTUS ELITE WORKSHOP MANUAL
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LUBRICATION SECTION C

SECTION C
LUBRICATION
Chapter
Lubrication Chart 1}
Lubrication Diagram ... R 2
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SECTION C LUBRICATION
1. LUBRICATION CHART
REFF. A B C D Bl
Engine Engine Gearbox Rear Axle . Wheel Hubs and
Summer Winter Grease Points
Touring Esso Extra Esso Extra Esso Extra Esso Expee Esso Multi-
40/50 20W/30 20W/30 Compound 90 Purpose Grease H
Racing Esso Extra Esso Extra Esso Extra Esso Expee Esso Multi-
40/50 40/50 40/50 Compound 90 Purpose Grease H
Touring Castrol Castrolite Castrolite Castrol Castrolease
XXL Hypoy M
Racing Castrol Castrol Castrol Castrol Castrolease
XXL XXL XXL Hypoy M
Touring Mobil Oil Mobil Oil Mobilube Mobilube Mobilgrease
Special Special GX90 GX90 MP
Racing Mobiloil Mobiloit “Mobilube Mobilube Mobilgrease
BB BB GX90 GX90 MP
Touring Shell Shell Shell Spirax Retinax
X-100-40 X-100-20/20W X-100-40 90EP A
Racing Shell Shell Shell Spirax Retinax
X-100-50 X-100-50 X-100-30 90EP A
Touring Energol Energol Energol Energol Energrease
SAE 40 SAE 20W SAE 40 SAESOEP L2
Racing Energol Energol Energol Energol Energrease
SAE 50 SAE 50 SAE 50 SAE 90 EP L2

c2
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LUBRICATION

o

SECTION C

ANTI-ROLL BAR :
Lubricate with grease (Ref.

o)

SWIVEL PIN :
Lubricate nipple with grease
(Ref. D)

FRONT HUB BEARINGS :
Remove hub cap and repack
with grease (Ref. D)

OIL FILTER :
Fit new element

CRANKCASE :

Check level daily

Drain when hot and refill
with fresh engine oil to
(Ref. A)

GEARBOX :

Check level every 1,000 miles
Drain when hot and refill
every 6,000 miles with oil
(Ref. B}

REAR HUB BEARINGS :
Lubricate sparingly every
5,000 miles with grease (Ref.
D)

NEARSIDE REAR

UNIVERSAL JOINTS :
Lubricate with grease (Ref.
D)

REAR AXLE :

Check level with dipstick
every 500 miles. Drain when
hot and refill every 6,000
miles. Use oil (Ref. C})

KEY
Engine Qil Ref. A
Gearbox Ref. B
Rear Axle Ref. C
Grease Points and
Wheel Hubs Ref. D

(See page C2 for recommended
fubricants)

LOTUS ELITE WORKSHOP MANUAL C3

MILES
500

1500

3000

1500

6000

6000

| 500

6000

2. LUBRICATION DIAGRAM
for the
LOTUS ELITE

MILES

1500 SWIVEL PIN :
Lubricate nipple with grease
(Ref. D)

6000 FRONT HUB BEARINGS :
Remove hub cap and repack
with grease (Ref. D)

12000 DYNAMO—(OIL) :
Lubricate with engine oil
(Ref. A)

T 3000 DISTRIBUTOR :

Lubricate sparingly with
engine oil (Ref. A} (See
distributor maintenance—
Section D, Chapter 6)

1500 BRAKE RESERVOIR :
Check level every 1,000
miles. Top-up when neces-
sary with brake fluid (see
below)

1500 CLUTCH RESERVOIR :
Check level every 1,000
miles. Top-up when neces-
sary with brake fluid (see
below)

1500 UNIVERSAL JOINTS :
Lubricate with grease (Ref.

D)

6000 REAR HUB BEARINGS:
Lubricate sparingly every
5,000 miles with grease (Ref.
D)

1500 OFFSIDE REAR
UNIVERSAL JOINTS :
Lubricate every 1,500 miles
with grease (Ref. D}

GENERAL NOTES CAPACITIES (IMPERIAL)
Oil Can Lubrication: Lubricate every 1,500 miles the door locks, Engine: 8 pints.
hinges, bonnet catch, boot handle and throttle linkage. Gearbox: 4% pints.
Radiator Pratection: Add 3 pints of any reputable make of Anti-Freeze Rear Axle: 14 pints plus
to the radiator to give winter protectien down to 47; Frost (—I5;F.). Cooling: 12 pints plus
Brake Fluid: Use any reputable make of brake fluid which conferms to | pint for
SAE 70 R.L Heater.
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ELECTRICAL EQUIPMENT ' SECTION D

SECTION D

ELECTRICAL EQUIPMENT

Chapter
Wiring Diagram ({lfustratiorn)
Description ... 1
Electrical Component Nos
Battery Maintenance ... 3
Topping up
Storage
Initial filling and charging
Starting Motor Model M35G ... 4
General
Routine maintenance
Performance data
Servicing
Starter Drive “SB” Pattern (inboard) 5
General
Routine maintenance
Dismantling and re-assembly

Distributor Model D3AH4 6
General
Routine maintenance
Design data
Servicing
Generator Model C39PVR-2 (22296) 7
General
Routine maintenance
Performance data
Servicing
Ignition Coil Model HA12 8
Fuse Unit Model SF5 ... 9
Switches, Ammeter, Relays 10
Instructions for checking and setting the elcctncal adjustments of Lucas
Current-Voltage Control Box Model RB310 ... 11
General
Voltage regulator
Cut-out relay
Cleaning contacts
Current regulator
Facia Controls (Illustration)
Key to facia controls 12
Horn Model W.T.618 ... 13
General information
Adjusting horns
Windscreen Wiper Model DR3 ... 14
General information .
Maintenance
Data
Fault diagnosis
Flashing Lamp Direction-Indicators incorporating Flasher Unit Model

FL.5 15
General
Servicing
Lighting i 16
Headlamps

Bulb renewal
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ELECTRICAL EQUIPMENT

T e ]

SECTION D

1. GENERAL DESCRIPTION

The 12-volt electrical equipment incorporates compen-
sated voltage control for the charging circuit. The
positive earth system of wiring is employed.

The dynamo is mounted on the right of the cylinder
block and driven by endless belt from the crankshaft
pulley. A rotatable mounting enables the belt tension
to be adjusted.

The voltage control unit adjustment is sealed and
should not normally require attention. The fuses are
carried in external holders mounted in an accessible
position on the engine bulkhead together with spare fuses.

The starter motor is mounted on the flywheel housing
on the left-hand side of the engine unit and operates on
the flywheel through the usual sliding pinion device.

The headlamps employ the double-filament dipping
system. Both lamps are fitted with double-filament bulbs,
both dipping either vertically or to the left according to
the regulations existing in the country concerned.

2. ELECTRICAL COMPONENT Nos.

Below are listed the main components with their
respective part numbers.

LUCAS LOTUS
Battery (12v 57 amp FRV9A) 54098357 ES8058
Generator (C39PVR-2) .. . o 22296 E8049
Distributor (D3AH4) . 1 A : 5 EB051
Starter Motor (M35G) .. v iz E8050
Ignition Coil (HA12) is - ‘s E8017
Fuse Units (SF5) .. .. .. .. E8020
Flasher Unit (FL5) E8063
Coolant Fan (Smiths 12v FHMS442[01) Motor E5015
Fan E5016

Headlamp (RH Drive P700 Le Mans) .. 38500 E8007/a

(LH Drive European) .. 58560 E8007/8

(LH Drive American) 58554 E8007/c

(RH Drive (P L: ) Specxal Equ1p) E8007/p
Side Lamps - 52449 E8009
Tail Lamps . .. 53819 E8011

Rear Flasher Lamp (LH Dr1vu) .. 53861 E8012/L

(RH Drive) 7 52462 E8012/r

Front Flasher Lamp (LH Drive) E8008/L

(RH Drive) E8008/r

540941221 E8001
44946580 E8002/r
54946581  E8002/L
52463A E8010

Wiring Harness (Basic) ..
(RH Drive Loem)
(LH Drive Loom)
MNumber Plate Illuminator

Interior Lamp (London Bankside Products) EBO013
Horns (High Tone) n o 3% 69047 E8014
(Low Tone) s i 69046 E8015
Screen Wiper Switch (PRS7) s 54031941 EB8029
Switch Headlamp .. . 33209 E8036
Horn Relay .. .. .. .. 33188 E8060
»Starter Solenoid .. s - 313 76445 E8031
Flasher Switch ; s 5403308  EB062
Stoplight Switch (G]Ilmg 398003) .. E4024
Interior Lamp Switch . . 5403387  E8032
Ignition and Starter Switch o %0 318467 E8034
Switch Horns Headlamps i s - 31910 E8037
Screen Wiper Motor = ‘s i 37196 E8021

3. BATTERY MAINTENANCE

In order to keep the battery in good condition a
periodical inspection must be made: the cell specific
gravity should be checked and the electrolyte should be
topped up if necessary.
Topping up

Remove the filler plug from each cell and examine the
level of the electrolyte. Add distilled water as required
to bring the level of the electrolyte in each cell just above
the separators.

LOTUS ELITE WORKSHOP MANUAL

NOTE.—Do not use tap-water and do not use a naked
light when examining the condition of the cells. Wipe away
all dirt and moisture from the top of the battery.

Testing the condition of the battery

Every 1,000 miles (1600 km.) examine the condition of
the battery by taking hydrometer readings. There is no
better way of ascertaining the state of charge of a battery.
The hydrometer contains a graduated float on which is
indicated the specific gravity of the acid in the cell from
which the same is taken.

The specific gravity readmgs and their indications are
as follows:

Climates normally below 90°F. (32°C.)
1:270 to 1-290  Cell fully charged.
1-190 to 1-:210 Cell about half-discharged.
1-110 to [-130 Cell completely discharged.

Climates frequently above 90°F. (32°C).
1-210 to 1-230 Cell fully charged.
[-130 to 1-150 Cell about half-discharged.
1-050 to 1-070 Cell completely discharged.

These figures are given assuming an electrolyte tem-
perature of 60°F. (16°C.). If the temperature of the
electrolyte exceeds this ‘002 must be added to hydrometer
readings for each 5°F. rise to give the true specific gravity.
Similarly -002 must be subtracted from hydrometer
readings for every 5°F. below 60°F.

The readings of all the cells should be approximately
the same. If one cell gives a reading very different from
the rest it may be that the electrolyte has been spilled
or has leaked from the cell or there may be an internal
fault. In this case it is advisable to have the battery
examined by a battery specialist. Should a battery be in
a low state of charge, it should be recharged by taking the
car for a long daytime run or by charging from an external
source of D.C. supply at a current rate of 4 amps. (5 amps.
for nine-plate batteries) until the cells are gassing freely.

After examining the battery check the vent plugs,
making sure that the air passages are clear, and screw
the plugs into position. Wipe the top of the battery to
remove all dirt and moisture,

Storage

If a battery is to be our of use for any length of time
it should first be fully charged and then given a freshening
charge about every fortnight.

A battery must never be allowed to remain in a dis-
charged condition as this will cause the plates to become

sulphated.

Initial filling and charging

The specific gravity of the electrolyte necessary to fill
a new battery which has been supplied dry and uncharged
and the specific gravity at the end of the charge are as
follows:
S.G. at end
of charge

S.G. of
filling acid

Climate (corrected to 60°F. [16°C.])
Normally below 90°F.

(32°C) ... 1270 1270 to 1-290
Frequently over 90°F .

270w 1-:210  1-210 to 1-230
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The electrolyte is prepared by mixing distilled water
and concentrated sulphuric acid [-835 S.G. The mixing
must be carried out in a fead-lined tank or a suitable glass
or earthenware vessel. Steel or iron containers must not
be used. The acid must be added slowly to the water
while the mixture is stirred with a glass rod. Never add
the water to the acid, as the severity of the resulting
chemical reaction may give dangerous consequences.

Heat is produced by the mixture of acid and water,
and electrolyte should, therefore, be allowed to cool
before it is poured into the battery, otherwise the plates,
separators, and moulded container may be damaged.

The temperature of the filling-in acid, battery, and
charging room should be above 32°F. (0°C.).

To produce electrolyte of the correct specific gravity:

Add 1 part by volwme of

To obtain specific gravity 1-835 8.G. acid to distilled
(corrected to 60°F. [16°C.]) water by volume as below
1270 2:8.

1210 4

Carefuily break the seals in the filling holes and half-
fill each cell in the battery with dilute sulphuric acid
solution of the appropriate specific gravity (according to
temperature) (see tabie). The quantity of electrolyte
required to half-fill a two-volt cell is # pint (-215 litre} or
1 pint (-28 litre} for nine-plate batteries. Allow to stand
for at least six hours, then complete the filling of the cells
by the addition of more diluted acid of the same specific
gravity as before until the level reaches the bottom of the
filling holes, and atlow the batiery to stand for at least
another two hours before commencing the first charge.

Charge at a constant current of 2-5 amps. {3-5 amps.
for nine-plate batteries) until the voltage and temperature-
corrected specific gravity readings show no increase over
five successive hourly readings. This period is dependent
upon the length of time the battery has been stored since
manufacture, and will be from 40 to 80 hours, but usually
not more than 60.  not more than 69. .

Throughout the charge the acid must be kept level
with the tops of the separators in each cell by the addition
of acid solution of the same specific gravity as the
original filling-in acid.

If, during charge, the temperature of the acid in any
cell of the battery reaches the maximum permissible
temperature (for climates normally below 90°F, i32°C.i
the maximum permissible temperatures i 100°F. i37-7°C.i
whilst for climates frequently above 90°F. i32°C. the
maximum permissible temperature is 120°F, i48-8°C.i),
the charge must be interrupted and the battery tem-
perature allowed to fall at least 10°F. (5:5°C.) before
charging is resumed.

At the end of the first charge, i.e. when specific gravity
and voltage measurements remain substantially constant,
carefully check the specific gravity in each cell to ensure
that it lies within the limits specified. 1f any cell requires
adjustment the electrolyte above the plates must be
siphoned off and replaced either with acid of the strength
used for the original filling in, or distilled water, accord-
ing to whether the specific gravity is too low or too high
respectively. After such adjustment the gassing charge
should be continued for one or two hours to ensure ade-
guate mixing of the electrolyte. Re-check, if necessary,
repeating the procedure until the desired result is obtained.
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4. STARTING MOTOR MODEL M35G

General

This electric starting motor is a four-pole four-brush
machine having an extended shaft which carries the
engine engagement gear, or starter drive as it is more
usually named. The diameter of the yoke is 317,

The starting motor is of similar construction to the
generator except that heavier gauge conductors are used
in the construction of the armature and field coils. The
field coils—which are formed from aluminium strip—
are parallel-connected between the field terminal and
the insulated pair of brushes.

SERJES—PARALLEL

SPRING

Fig. 2 Checking brushes
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SECTION D

Routine Maintenance

About every 12,000 miles take the cover band off the
starting motor and carry out the following procedure:

(@)

(b

()

(d)

Check that the brushes move freely in their holders
by holding back the brush springs and pulling gently
on the flexible connectors. 1f movement is sluggish,
remove the brush from its holder and clean its sides
with a fluffless petrol-moistened cloth. Replace the
brush in its original position. Brushes which are
worn to less than 57 in length must be renewed.
Check the tension of the brush springs using a
spring scale. The correct tension is 30-34 oz. New
springs must be fitted if tension is low,

Fig. 3
Checking brush spring tension

The commutator must be clean and have a polished
appearance. If necessary, clean it by pressing a fine
dry cloth against it while the starter is turned by
applying a spanner to the squared extension of the
shaft. Access to the squared shaft is gained by
removing the thimble-shaped metal cover. If the
commutator is very dirty, moisten the cloth with
petrol.

Keep all electrical connections clean and tight. Any
which may have become dirty must be cleaned and
the contacting surfaces lightly smeared with petrol-
eum jelly.

Performance Data

Lock torgue:
Torque at 1,000 r.p.m.:

Light running current:

77 1b.-ft. with 330-350 amp.
at 7:5-7-1 volts,

4-5 1b.-ft. with 215-235 amp.
at 9-1-8-7 volts.

45 amps. at 9,500-11,000
r.p.am.

LOTUS ELITE WORKSHOP MANUAL

Servicing
(a) Testing in Position

If the starting motor does not operate or fails to
crank the engine when the starting button is used,
switch on the lamps (or connect a moving-coil 0-20
voltmeter between the battery terminals) and again
use the starting button.

i. The lamps dim (or the voltmeter reading falls
appreciably) but the motor does not crank the
engine.

This may be caused by the starter drive pinion
being jammed in mesh with the engine flywheel.
The pinion can usually be freed by removing the
cap and applying a spanner to the -squared
extension of the shaft at the commutator end.
It is advisable to remove the starting motor from
the engine and inspect the starter drive as
described in para. 4 (e).

Sluggish action of the starting motor may be
due to a discharged battery. Check by dis-
connecting the existing cables and reconnecting
the motor to a battery known to be fully charged.
If the starting motor now gives normal cranking
of the engine the vehicle battery must be
examined,

If the starting motor still does not operate
satisfactorily, it must be removed from the
engine and the starting motor and starter drive
examined, see para. 4 (b).

it. The lamps do not dim (or the voltmeter reading
remains unaffected) and the motor does not crank
the engine.

Check by means of a voltmeter or battery-
voltage test lamp that the circuit up to the supply
terminal on the motor is in order.

If no voltage is indicated {or the test lamp doees
not Tight), check the circuit from battery to’
motor via the starter switch. Ensure that all
connections are clean and tight. If the switch is
found to be faulty, a replacement must be fitted.
A reading of battery voltage (or the test lamp
lighting with full brilliance) at the supply
terminal jndicates that the starting motor has
an internal fault and must be removed from the
engine for examination.

If the motor operates but does not crank the
engine, the starter drive is in needs of cleaning
or may have develeped some other fault. In
either event the motor must be removed from the
engine.

(b} Bench Testing.

8

5

1. Removing the starting motor from the engine:

Disconnect the earth terminal on the battery
to avoid any danger of short circuits.

Remove the heavy cable from the starting
motor.

Remove the mounting bolts and withdraw the
starting motor from the engine.

. Measuring the light running current:

Secure the starting motor in a vice. Connect
the starting motor in a series with a starter
switch, an ammeter capable of carrying 600
amperes and an appropriate voltage supply. Use
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i,

cables of similar size
to those in the vehicle
starting motor circuit.
A fixing lug on the
drive end bracket is a
suitable earthing point
on thestarting motor.
Connect a voltmeter

MEASURING

HOLES FOR J5 DIA.
CLAMPING BOLTS

LOCK TORQUE

YOME CLAMP MADE FROM
3" CHANNEL [RON MACHINED
TO SUIT ANY PARTICULAR YOKE

SPRING
SCALE

CENTRE LINE

between the terminal

and voke.
Operate the switch
and check the speed

S __;ﬂ_ 12

%‘"CLEAHANCE

PRING

of armature rotation,
nsing a tachometer, :
and the reading given H

¥ 5P
¥

UNHL... .

Aol ©) X 85F THREAD

by the ammeter. The
speed should be 9,500-
11,000 r.pm.,, and ¥
the current 45 amp.

DRIVING [PINION

{approx.).

While the starter
motor is running at
speed, examine the
brushgear and commutator for undue sparking
or excessive brush movement.

Measuring lock torque and lock current:

With the starting motor firmly clamped in the
vice, attach an arm to the driving pinion, see
Fig. 4 for details. Connect the free end of this
arm to a spring scale.

Operate the switch and note the current con-
sumption, the voltage and the spring scale
reading.

The lock torque of the starting motor, cal-
culated from the spring scale reading, should be
7-7 Ib.-ft. with a current of 330-350 amp. and a
voltage of 7-5-7-1 volts.

The measure of torque can be calculated by
multiplying the reading on the spring scale in
pounds by the length of the arm in feet.

(c) Fault Diagnosis.

D6

An indication of the nature of a fault or faults

may be deduced from the results of the no-load and
lock torgue tests,

Speed and current

Armature does not

STARTING MOTOR

Fig, 4
Measuring lock torque

Short-circuited field coils.

consumption

high, torque low. ]

Open-circuited armature or
field coils. If the com-
mutator is badly burned
there may be poor con-
tact between brushes and
commutator.

rotate, no current
consumption.

Armature does not
rotate, high
current consump-
tion.

Excessive brush
movement.

Excessive arcing at

Earthed field winding,
armature prevented
mechanically from rotat-
ing.

Low brush spring tension,
worn or out-of-round
commutator. ° Thrown’
or high segments on com-
mutator.

Defective armature wind-

Symptom
Speed, torque and
current consump-
tion correct,
Speed, torque and
current consump-
tion low.

Speed and torque
low, current con-
sumption high.

Probable Fault

Assume motor to be in
normal operating con-
dition.

High resistance in bursh-
gear, e.g. faulty con-
nections, dirty or burned
commutator causing gad
brush contact.

Tight or worn bearings,
bent shaft, insufficient
end play, armature foul-
ing a pole shoe, or crack-
ed spigot on drive end
bracket.

Short-circuited armature,
earthed armature or
short-circuited field coils.

(d)

the commutator. ings.
If any fault is indicated, the starting motor must

be dismantled, and a further check made,

Dismantling.

i.

il.

iii,

1v.

Remove the cover band, hold back the brush
springs and lift the brushes from their holders.

Remaove the nuts from the terminal post which
protrudes from the commutator end bracket.

Unscrew the two through bolts from the com-
mutator end bracket and remove the commutator
end bracket from the yoke.

Remove the driving end bracket with armatuare
and drive from the starting motor yoke.

If it is necessary to remove the drive end bracket
from ‘the armature it can be slid off after the
drive has been dismantled.

LOTUS ELITE WORKSHOP MANUAL
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Fig. 5 Starting motor dismantled

(e) Bench Inspection.

After the starting motor has been dismantled,
individual items must be examined as follows:

Brushgear:

Where necessary, the brushes and brush-holders
must be cleaned using a clean fluffless petrol-
moistened cloth.

To prevent damage to the commutator, brushes
must be replaced when worn to %" in length.

To replace the brushes, proceed as follows:—

Insulated Brushes:

Cut off the original brush flexible 4" (3 mm.
approx.) from the aluminium.

Clean up and tin the original resistance-brazed
joint.

. Open out the loop of the replacement brush
flexible,

Tin the loop, taking great care not to allow any
solder to run towards the brush.

Place the original joint within the loop.

Squeeze up and solder.

Note: Providing the necessary equipment is
available for refitting and tightening the pole shoes,
the above operations will be found easier to carry
out if the field coils are removed from the yoke.

Earth Brushes:

Unsolder the brush flexible from the clip located
beneath the brush box mounting. Open up the clip,
insert the replacement flexible, squeeze up the clip
and re-solder.

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

Check the brush spring tension using a spring
scale (see para. 2 (b) ).

Check the tension of any new spring and ensure
that it makes contact with the centre of the brush top.

Commutator:

A commutator in good condition will be smooth
and free from pits and burned spots.

Clean the commutator with a petrol-moistened
cloth. If this is ineffective, carefully polish with a
strip of fine glass paper, while rotating the armature.

LOTUS ELITE WORKSHOP MANUAL

To remedy a badly worn commutator, dismantle the
starter drive and remove the armature from the end
bracket.

Mount the armature in a lathe, rotate at a high
speed and take a light cut with a very sharp tool.
Do not remove any more metal than is necessary.
Finally polish with very fine glass paper.

The insulators between the commutator segments
MUST NOT BE UNDERCUT.

Armature:

Check for lifted commutator segments and loose
turns in the armature winding. These may be due
to the starting motor having remained engaged
while the engine is running, thus causing the
armature to be rotated at excessive speed. A
damaged armature must always be replaced—no
attempt should be made to machine the armature
core or to true a distorted armature shaft. An
indication of a bent shaft or a loose pole shoe may
be given by scored armature laminations.

To check armature insulation, use an ohm meter
or a 110-volt a.c. test lamp. A high reading should
be shown on the meter when connected between the
armature shaft and the commutator segments. If a
test lamp is used, it must not light when connected
as above. Faulty insulation will be indicated by a
low ohmic reading or by lighting of the test lamp.
If a short circuit is suspected, check the armature on
a ‘growler’. The motor overheating may cause
blobs of solder to short circuit the commutator
segments. If an armature fault cannot be located
and remedied, a replacement armature must be
fitted.

Field Coils:
Continuity test:

Connect a battery and suitable bulb in series with
two pointed probes.

If the lamp fails to light in the following test, an
open circuit in the field coils is indicated and unless
a yoke assembly is available the starting motor must
be replaced.

When the probes are placed on the brush tappings,
the bulb should light.
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Fig. 6
Testing field coils for continuity

Lighting of the lamp does not necessarily indicate
that the field lighting coils are in order. 1t is possible
that a field coil may be earthed to a pole shoe or to
the yoke.

Tnsulation Tests:

Connect an ohm meter or a 110-volt a.c. fest
lamp between the terminal post and a clean part of
the yoke.

FIELD COIL INSULATION TEST USING LOW- VOLTAGE AC MAINS

1oV, AC. ‘
MAINS

D8
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Fig. 7
Testing field coil insulation

Lighting of the test lamp or a low ohmic reading
indicates that the field coils are earthed to the yoke
and the assembly (or complete unit) must be
replaced.

Again using the 110-volt test lamp, check the
soundness of the insulation on the two insulated
brush boxes, see Fig. 8. Wipe clear from the boxes
all dust and dirt before testing in this fashion.
Replacing the field coils:

Unscrew the four pole-shoe retaining screws using
a wheel-operated screwdriver.

Remove the insulation piece which is fitted to

INSULATED
BRUSH BOXES

BRUSH -BOX  INSULATION TEST USING LOW-VOLTAGE ~

AC MAINS

NEON BULE

11OV, AC.MAINS

Fig. 8
Testing brush box insulation

prevent the inter-coil connectors from contacting
with the yoke.

Mark the yoke and pole shoes in order that they
may be refitted in their original positions.

Draw the pole shoes and coils out of the yoke
and lift off the coils.

Fit the new field coils over the pole shoes and
place them in position inside the yoke. Ensure that
the tapping of the field coils is not trapped between
the pole shoes and the yvoke.

Locate the pole shoes and field coils by lightly
tightening the fixing screws.

Replace the insulation piece between the field coil
connections and the voke.

Finally, tighten the screws by means of the wheel-
operated screwdriver.

Bearings:

Bearings which are worn to such an extent that
they will allow excessive side play of the armature
shaft must be replaced.

To replace the bearing bushes proceed as follows:

i. Press the bearing bush out of the end bracket.

ii. Press the new bearing bush into the end bracket
using a shouldered, highly polished mandrel of
the same diameter as the shaft which is to fit in
the bearing. Porous bronze bushes must not be
opened out after fitting, or the porosity of the
bush may be impaired.

Before fitting a new porous bronze bearing
bush it should be completely immersed for 24
hours in clean thin engine oil. On occasions of
urgency this period may be shortened by heating
the oil to 100°C. (212°F.) for two hours, then
allowing to cool before removing the bearing
bush.

LOTUS ELITE WORKSHOP MANUAL
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SECTION'D

Starter Drive:

The pinion must move freely along the splined
sleeve. If there is any dirt or foreign matter on the
sleeve, the starter drive must be washed in petrol
or paraffin and a light film of machine oil smeared
on if. :

(f) Reassembling.

This is, in the main, a reversal of the procedure

outlined for dismantling the starter.

5. STARTER DRIVE
“SB’* PATTERN (Inboard)

General

The pinion is carried on a barrel type assembly which
is mounted on a screwed sleeve. This sleeve is carried on
splines on the armature shaft and is arranged so that it
can move along the shaft against a compression spring
to reduce the shock loading at the moment engagement
takes place.

When the starier switch is operated, the armature
shaft and screwed sleeve rotate. Owing to the inertia of
the barrel assembly, the latter is caused to move along
the sleeve until the pinion comes into engagement with
the flywheel ring. The starter will then turn the engine.
As soon as the engine fires and commences to run under
its own power, the fiywheel will be driven faster by the
engine than the starter. This will cause the barrel
assembly to be screwed back along the sleeve, so drawing
the pinion out of mesh with the flywheel teeth. In this
manner the drive safeguards the starter against damage
due to being driven at high speeds.

A pinion restraining spring is incorporated in the drive.
This spring prevents the pinion vibrating inte mesh
when the engine is running.

Fig. 9
Drive assembled

Routine Maintenance

If any difficulty is experienced with the starting motor
not meshing correctly with the flywheel, if may be that
the drive requires cleaning. The barrel assembly should
move freely on the screwed sleeve; if there is any dirt
or other foreign matter on the sleeve it must be washed
off with paraffin.

In the event of the pinion becoming jammed in mesh
with the flywheel, it can vsvally be freed by turning the
starter motor armature by means of a spanner applied
to the shaft extension at the commutator end. This is
accessible by removing the cap which is a push fit.

LOTUS ELITE WORKSHOP MANUAL

AND BARREL NUT RING

PINION CONTROL  RETAINING BUFFER SHAFT  SPLIT

WASHER NUT  PiN

C)

P

MAIN SPRING

CORRUGATED
SPRING WASHER

SPLINED
WASHER

RESTRAINING SLEEVE

Fig. 10
Drive dismantled

Dismantling and Reassembly

Having removed the armature as described in the
section dealing with starting motors, the drive can be
dismantled as follows:

Remove the split pin (A) from the shaft nut (B} at
the end of the starter drive. Hold the squared starter
shaft extension at the cominutator end by means of a
spanner and unscrew the shaft nut (B).

Lift off the main spring (C) drive retaining cap and
buffer washer (D) and remove the retaining ring (E)
from inside the end of the pinion and barrel assembly (F).
Corrugated washer (L), control nut (G}, sleeve (H) and
restraining spring (J) will now slide off. Withdraw the
splined washer (K) from the armature shaft and remove
the pinion and barrel.

The reassembly of the drive is a reversal of the dis-
mantling procedure,

Note: Should either the control nut or screwed sleeve
be damaged, then a replacement assembly of screwed
sleeve and control nut must be fitted. These components
must not be renewed individually,

6. DISTRIBUTOR MODEL D3AH4

General

Mounted on the distributor driving shafi, immediately
beneath the contact breaker, is an automatic timing
control mechanism. It consists of a pair of spring-loaded
governor weights, linked by lever action to the contact
breaker cam. At low engine speeds, the spring force
maintains the contact breaker cam in a position in which
the spark is slightly retarded. Under the centrifugal
force imparted by high engine speeds, the governor
weights swing out, against the spring pressure, to
advance the cam and thereby the spark, to suit engine
conditions at the greater speed.

Specially designed for use where exposure is en-
countered the D3AH4 distributor incorporates a metal
dust-excluding plate, which fits over the cam spindle.
In its central hole is a felt sealing ring, thus affording a
moisture and dust-proof enclosure for the contact
breaker mechanism and automatic timing control.

Routine Maintenance
In general, lubricating and cleaning constitute normal
maintenance procedure.

(a) Lubrication—every 3,000 miles or 100 hours running.
Take great care to prevent oil or grease from
getting on or near the contacts. :
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Fig. 11

Distributor, dismantled

Lift off the rotor arm and apply to the spindle a
few drops of thin machine oil to lubricate the cam
bearing. It is not necessary to remove the exposed
screw, since it is either drilled or affords a clearance
to permit passage of oil,

Lift off the dust-excluding plate. Lightly smear
the cam with a small quantity of Mobilgrease No. 2,
or clean engine oil, and apply a drop of oil to the
top of the pivot on which the contact-breaker lever
works. A few drops of thin machine il should be
applied, through the hole in the contact-breaker
base through which the cam passes, to lubricate the
automatic timing control mechanism. Replace the
dust-excluding plate. Replace the rotor arm care-
fully, locating its moulded projection in the keyway
in the spindle and pushing it on as far as it will go.

D10
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LIGHTLY SMEAR
WITH SMALL
AMOUNT OF
MOBIUSREASE Naz2
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Fig. 12
Lubrication details

(b) Cleaning—every 6,000 miles or 200 hours running.

Thoroughly clean the moulded distributor cap,
inside and out, with a soft dry cloth, paying par-
ticular attention to the spaces between the metal
electrodes. Ensure that the small carbon brush
moves freely in its holder.

Examine the contact-breaker. The contacts must
be quite free from grease or oil. If they are burned
or blackened, clean them with a very fine carbor-
undum stone or emery cloth, then wipe with a
petrel-moistened cloth. Cleaning is facilitated by
removing the contact-breaker lever. This can be

Fig. 13
Contact breaker cleaning
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done by removing the two outer nuts on the terminal
post, together with the spring washers, plain washer

. and rubber grommet; a 2 B.A. box spanner can
then be used to slacken the third securing nut, and
the spring lifted off.

After cleaning, check the contact breaker setting.
Turn the engine by hand until the contacts show
the maximum opening. This should measure 0-014"
to 0-016". If the measurement is incorrect, keep the

Fig. 14
Contact breaker gap setting

engine in the position giving maximum opening,
slacken the two screws securing the fixed contact
plate and adjust its position to give the required
gap. Tighten the screws. Recheck the setting for
other positions of the engine giving maximum
opening.

Design Data

(a) Firing Angles: 0°, 90°, 180°, 270°, +1°

Closed Period: 60°, +3".
Open Period: 30°, +3°.
(b) Contact breaker gap: 0-014"-0-016".
(c) Contact breaker spring
tension measured at
contacts: 28-34 oz.

(d) Condenser Capeity: 0-2 microfarad.

(e) Centrifugal timing control:

' Centrifugal advance commences at 300 R.P.M.
Maximum centrifugal advance: 18°-20° at 1,800

R.P.M.

LOTUS ELITE WORKSHOP MANUAL

Check at the following decelerating speeds:
1,150 R.P.M., advance to be 17°-19°.
850 R.P.M., advance to be 14°-16°".
700 R.P.M., advance to be 104°-134°.
450 R.P.M., advance to be 2°-5°.

Servicing

Before starting to test, make sure that the battery is
not fully discharged, as this will often produce the same
symptoms as a fault in the ignition circuit.

(a) Testing in position to locate cause of uneven firing.

Run the engine at a fairly fast idling speed.

Short circuit each plug in turn with, say, the
blade of an insulated screwdriver, or a hammer
head, placed across the terminal to contact the
cylinder head. Short circuiting the defective plug
will cause no noticeable change in the running note.
On the others, however, there will be a pronounced
increase in roughness. Having thus located the
defective cylinder, stop the engine and remove the
cable from the sparking plug terminal.

Restart the engine and hold the cable end about
%" from the cylinder head. If sparking is strong and
regular, the fault lies with the sparking plug, and it
should be removed, cleaned and adjusted or a
replacement fitted.

If, however, there is no spark, or only weak
irregular sparking, examine the cable from the plug
to the distributor for deterioration of the insulation,
renewing the cable if the rubber is cracked or
perished.

Clean and examine the distributor moulded cap
for free movement of the carbon brush. If tracking
has occurred, indicated by a thin black line, usually
between two or more electrodes, a replacement
distributor cap must be fitted. 5

(b) Testing in position to locate cause of ignition failure.

Spring back the clips on the distributor head and
remove the moulded cap. Lift off the rotor, carefully
levering with a screwdriver if necessary. Remove
the dust-excluding plate.

(c) Low tension circuit—jfault location.

Switch on the ignition and, whilst the engine is
slowly cranked, observe the reading on the vehicle
ammeter or on an ammeter connected in series with .
the coil supply cable. The reading should rise and
fall with the closing and opening of the contacts
if the low tension wiring is in order. When a reading
is given which does not fluctuate, a short circuit,
contacts remaining closed or a faulty capacitor is
indicated. No reading indicates an open circuit in
the low tension circuit, or badly adjusted or dirty
contacts.

Check the contact for cleanliness and correct gap
setting. Ensure that the moving arm moves freely
on its pivot. If sluggish, remove the arm and
polish the pivot pin with a strip of fine emery cloth.
Replace the arm and lubricate with a spot of clean
engine oil.

i. No reading in ammeter test:
Refer to wiring diagram and check circuit for
broken or loose connections, including ignition
switch. Check the ignition coil by substitution,
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ii. Steady reading in ammeter test:
Check capacitor (either by substitution or on
a suitable tester).
Check the ignition coil by substitution.
Examine insulation of contact breaker.

(d) High tension circuit

(e)

D12

If, after carrying out these tests, the fault has not
been located, remove the high tension lead from the
centre terminal of the distributor. Switch on the
ignition and turn the engine until the contacts close.
Flick open the contact breaker lever while the high
tension lead from the coil is held about " from the
cylinder block. If the ignition equipment is in good
order, a strong spark will be obtained. If no spark
occurs, a fault in the secondary winding of the coil
is indicated and the coil must be replaced.

The high tension cables must be carefully
examined, and replaced if the rubber insulation is
cracked or perished, using a 7 m.m. (p.v.c. or
neoprene covered) ignition cable. To replace the
cables remove the cover and slacken the screws on
the inside of the moulding. Cut the new cables to
the length required and push firmly home in the
holes in the moulding. Tighten the screws, which
will pierce the rubber insulation to make good
contact with the cable core. The connection to the
centre terminal is made accessible by removing the
small carbon brush.

The cables from the distributor to the sparking
plugs must, of course, be connected in the correct
firing order.

Dismantling.

Before dismantling, carefully note the positions in
which the various components are fitted, in order
to ensure their correct replacement on reassembly.
If the driving member is offset, or marked in some
way for convenience in timing, note the relation
between it and the rotor electrode, and maintain
this relation when reassembling the distributor.

Spring back the securing clips and remove the
moulded cap.

Lift the rotor off the top of the spindle. If tight,
carefully lever off with a screwdriver. Remove the
dust-excluding plate, together with the felt seal.
The contact-breaker base can be lifted out, together
with the lever, contact, etc., by proceeding as
follows:

i Remove the washer and two nuts on the low
tension terminal.

ii.  Remove the insulating grommet.

iii.  Slacken and remove the three securing screws,
with serrated washers, at the edge of the plate,
and lift out the complete contact breaker
assembly

iv.  Slacken the remaining nut on the low-tension
terminal and lift off the contact-breaker lever,
its insulating washer and the capacitor. With-
draw the two screws with spring and plain
washers, securing the fixed contact plate, and
remove the plate.

Remove the driving dog from the shaft.
Remove the cam, automatic timing control and

(g)

shaft assembly from the distributor. Take out the
screw from inside the top of the cam spindle. Lift
off the cam, affording access to the automatic timing
control.

Bearing replacement.
i. Bearing Bush:

Remove the bearing bush at the lower end
of the shank by using a hand press and mandrel
of suitable diameter.

Invert the distributor body and press the new
bearing bush into the lower end of the distributor
shank, using a shouldered mandrel in the hand
press, the mandler being of the same diameter
as the distributor shaft.

Before the new bush is fitted it must be com-
pletely immersed in thin engine oil for 24 hours.
In cases of emergency, this process may be
shortened by heating the oil to 100°C., when
the period of immersion can be reduced to 2
hours.

Under no circumstances should the bushes be
overbored by reamering or any other means,
since this will impair the porosity and thereby
the effective lubricating quality of the bushes.

ii. Ball bearing:

The ball bearing fitted to the distributor shaft
can be removed by means of an extractor. The
ball bearing can be fitted by means of a sleeve
which locates over the distributor shaft and bears
on the inner journal of the bearing.

Reassembly.

Before reassembly, the automatic advance mec-
hanism distributor shaft and the cam spindle must
be lubricated with thin engine oil. Pack the new
bearing on the distributor shaft with high-melting-
point grease.

Assemble the automatic timing control, taking
care that the parts are fitted in their original positions
and the control springs not stretched. Two holes
are provided in each toggle: the springs must be
fitted to the inner hole in each case. Place the cam
on the spindle and locate the two pegs on the cam
foot in the holes in the toggle levers. Secure the cam
by replacing the fixing screw and tightening.

Fit the shaft in its bearings and replace the
driving member.

Reassemble the contact-breaker by reversing the
appropriate dismantling procedure described above.
Adjust the contact-breaker gap to within 0:014” to
0-016" when the contacts are fully opened. Replace
thel dust-excluding plate, carefully locating the felt
seal.

Note: If it is necessary to renmew the contacts, a
set comprising both fixed and moving contacts must
be fitted.

7. GENERATOR MODEL C39PVR-2 (22296)

General
The generator is a shunt-wound two-pole two-brush

ventilated machine, arranged to work in conjunction

with a Lucas regulator unit.
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To render it suitable for racing duties this machine
incorporates several features some of which are listed as
follows:

Ball race bearing at commutator end.

Field coil assembly “cemented in”, i.e. rubber-resin

bonded to yoke.

Armature winding slots fitted with laminated plastic

wedges.

“Windowed” yoke and cast-iron end brackets.

Routine Maintenance
(a) Inspection of Brushgear and Commutator.

Every 12,000 miles inspect the brushgear and
commutator. Access to the brushgear is gained by
slackening the metal band cover securing screw and
sliding the cover back along the yoke.

Check that the brushes move freely in their
holders by holding back the brush springs and pull-
ing gently on the flexible connectors. If a brush is
inclined to stick, remove it from its holder and clean
its sides with a petrol-moistened cloth. Be careful
to replace brushes in their original positions in
order to retain the “bedding™. Brushes which have
worn to less than 4" in length must be renewed.
The commutator should be clean, free from oil or
dirt and should have a polished appearance. If it
is dirty, clean it with a fine dry cloth. If the com-
mutator is very dirty moisten the cloth with petrol.

(b} Belt Adjustment.

Occasionally inspect the generator driving belt, If
necessary, adjust to take up any undue slackness by
turning the generator on its mounting. The belt
should have just sufficient tension to drive without
slipping,

See that the machine is properly aligned, otherwise
undue strain will be thrown on the generator
bearings.

Performance Data

Cutting-in speed, 1,200 (max.) r.p.m. at 13:0 generator
volts. Maximum output—I9 amps. at 2,150 (max.}
r.p.m. at 135 generator volts (when connected to a
resistance load of 0-71 ohm). Field resistance 6-1 ohms.

Servicing
(a) Testing in position to locate fault in charging Circuir,
In the event of a fault in the charging circuit,
adopt the following procedure to locate the cause of
trouble.
L. Inspect the driving belt and adjust if necessary,
see Para. 2(b).
it.  Check that the control box is correctly con-
nected to the generator. Control box terminal
‘F* must be connected to the small generator
terminal, and the large generator terminal to
control box terminal ‘D’,
iit.  Disconnect the cables from terminals of the
generator and connect the terminals with a short
. length of wire.
iv.  Start the engine and set to run at normal
- idling speed.
v.  Clip the negative lead of a moving coil type

LOTUS ELITE WORKSHOP MANUAL

(b)

(c)

volt-meter, calibrated 0-20 volits, to one of the
two linked penerator terminals and the other
lead to a good earthing point.

vi.  Gradually increase the engine speed, when the
volt-meter reading should rise rapidly and with-
out fluctuation. De not allow the volt-meter
reading to reach 20 volts and do not race the
engine in an attempt to increase the voltage. It
is sufficient to run the generator up to a speed
of 1,000 r.p.m.

If there is no reading, check the brushgear
and commutator as described in para. 2(a). If
there is a reading of approximately & volts the
armature winding may be at fault, see para.
4(d). If there is a low reading of approximately
41 volt, the field winding may be at fault, see
para. 4(e).

vii. Test the brush spring tension with a spring
scale. The tension of the springs when new is
22-25 oz. In service it is permissible for this
value to fall (due to ageing and brush wear) to
16 oz., below which figure performance may be
affected. Fit new springs if the tension is low.
If the commutator is blackened or dirty, clean
it with a petrol-moistened cloth. Re-test the
generator as in (vi); if there is still no reading
on the volt-meter, there is an internal fault and
the complete unit, if a spare is available should
be replaced. Otherwise the unit must be dis-
mantled (see para. 4(b) for internal examination).

vili. If the generator is in good order, remove the
link from between the terminals and restore the
original connections as described in para. 4(a)ii).

To Dismantle.

i. Take off the driving pulley.

it.  Unseal, unscrew and withdraw the two through
bolts. The commutator end bracket can now be
withdrawn from the generator yoke. The driving
end bracket together with the armature can now
be lifted out of the yoke.

iii.  The driving end bracket need not be separated
from the shaft unless the bearing is suspected
and requires examination, or the armature is to
be replaced; in this event the armature should
be removed from the end bracket by means of a
hand press.

Commutator.

A commutator in good condition will be smooth
and free from pits or burned spots.

Whilst the C39 Generator was designed to
accommodate a commutator of fabricated con-
struction, later production also includes machines
having commutators of the recently-developed
moulded type. Moulded commutators can- be
recognised by the exposed end being quite smooth
unlike that of fabricated commutators from which
a metal roll-over and an insulating cone protrude.

A moulded commutator can be re-skimmed
during service but care must be exercised to ensure
that the finished diameter is not less than 1-450".
The process of re-skimming consists of rough
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Fig. 15 Generator, dismantled

turning, undercutting and diamond-turning—in that terminals, The ammeter reading should be approxi-
order. mately 2 amperes.

Whether or not rough turnming is carried out Zero reading on the ammeter, or an “Infinity”
depends upon the severity and unevenness of wear ohm meter reading, indicates an open circuit in the
which has taken place. If a moulded commutator field winding. Current readings of much more than 2
cannot be completely cleaned up without going amperes, or ohm meter readings much below 6
below the specified diameter the armature should ohms, are indications that the insulation of one of
be replaced. The width of the undercut slots must the field coils has broken down.
not exceed 0-040" with a depth of 0-020-"0-035". It In either case, unless a replacement yoke assembly
is important to see that the insulating material is 1s available, the generator must be replaced.
cleared from t{le sides of each slot to a minimum (f) Bearings.
depth of 0-015". Bearings which have worn to such an extent that

To remedy a badly-worn fabricated commutator,

" undercut the insulators between the segments to a

depth of 4", then take a light skim with a very

sharp (preferably diamond-tipped) tool. If a non-

diamond-tipped tool is used for machifing the

commutator should afterwards be lightly polished
with a very fine glass-paper—never emery cloth.

they will allow side movement of the armature

shaft must be replaced. The ball bearing at the -

driving end is replaced as follows:

1. Bend back the tag washers, remove the nuts
and withdraw the bolts which secure the bearing
retaining plate to the end bracket and remove

the plate.
(d) Armature. o . H.  Press the bearing out of the end bracket and

The testing of the armature winding requires the remove the corrugated washer, felt ring and
use of a volt-drop test and growler. If facilities are retaining cup.
not available check the armature by substitution. iii.  Before fitting the replacement bearing see that
Do not attempt to machine the armature core or it is clean and pack it with high melting point
to true a distorted armature shaft. grease.

To remove the armature shaft from the drive end iv.  Place the felt ring retaining cup, felt ring and
bracket and bearing, support the bearing retaining corrugated washer in the bearing housing in the
plate firmly and press the shaft out of the drive end end bracket.

bracket. When fitting the new armature, support

the inner journal of the ball bearing whilst pressing V. Locate the bearing in the housing and press

it home.
the armat_ture shaft firmly home. vi. Fit the bearing retaining plate in the same
(e) Field Coils. manner as hitherto, ensuring that the tag washers
Measure the resistance of the field coils by means are peened over into the end bracket windows.
of an ohm meter connected between the small The commutator end bearing can be with-
generator terminal and the yoke of the machine. drawn from the armature shaft by means of a
The ohm meter should read 61 ohms. If an ohm hand press or extractor, The inner race of the
meter is not available, connect a 12 volt d.c. supply replacement bearing must be supported during
with an ammeter in series between the same two fitment.
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(g) Reassembly.

In the main, the reassembly of the generator is a
reversal of the operations described in para. 4(b).
When reassembling, the commutator end bracket
should be refitted to the yoke as described in
para. 2(a).

8. IGNITION COIL MODEL HAI12

The ignition coil should be kept clean, particular
attention being paid to the terminal moulding. Renew
the high tension cable if it shows sign of perishing or
cracking. To do this, remove the defective cable taking
care not to lose the split washer. Thread the new cable
through the terminal nut and bare the end of the cable
for about +”. Thread the exposed strands through the
split washer and bend them back radially. Refit the
moulded nut into the terminal moulding.

9. FUSE UNIT MODEL SF5

The fuse unit carries one live and one spare fuse.
When changing a blown fuse use only a 35 amp. replace-
ment {Lucas Part No. 188218).

10. SWITCHES, AMMETER, RELAYS

The switches that control the various circuits, the
ammeter and the horn and lighting relays, require no
maintenance in service.

11, INSTRUCTIONS FOR CHECKING AND
SETTING THE ELECTRICAL ADJUSTMENTS OF
LUCAS CURRENT-VOLTAGE CONTROL BOX
MODEIL: RB310

General
{(a) Preliminary Checking of Charging Circuit.

Before disturbing any electrical adjustments,
examine as under to ensure that the fault does not
lie outside the control box:

i, Check the battery by substitution or with an
hydrometer and a heavy discharge tester.

ii.  Inspect the generator driving belt. This should
be just taut enough to drive without slipping.

iti. Check the generator by substitution or by
disconnecting the generator cables and linking
large generator terminal ‘D’ to small terminal
‘F’ and connecting a voli-meter between this
link and earth and running the generator up to
about 1,000 r.p.m. when a rising voltage should
be shown.

iv.  Inspect the wiring of the charging circuit ana
carry out continuity tests between the generator,
control box and, when fitted, the ammeter.

10TUS ELITE WORKSHOP MANUAL

v.  Check earth connections, particularly that of
the control box.

vi. In the event of reported undercharging,
ascertain that this is not due to low mileage.
Note: Should the control box fail to respond
correctly to any adjustment given in the following
instructions, it should be examined at a Lucas
Service Depot or by an official Lucas Agent.

CURRENT ALJLUSTMENT SCREW VOLTAGE ADJUSTMENT SCREW

P 3=

-~

FH

B .\
PRk

FIT CROCODILE CLIP
HERE WHEN SETTING
J cn

VOLTAGE
-\ REGULATCR

CUT-0OUT
RELAY

CUT-IR ADJ USTMENT SCREW

CURRENT
REGULATOR

FIXED GONTAGCT POST (s‘rnmc.u'rcu TC RAISE DROP-OFF VOLTAGE, 2OW TO
REDUCE DROP-OFF VOLTAGE]

Fig. 16
Control Box, Model RB 310, with cover removed

Voltage Regulator
{a) Open Circuit Settings.

Ambient Temperature Yoltage Setting

10°C. (50°F.) 15:1-157
20°C. (68°F.) 14-9-15:5
30°C. (86°F.) 14-7-15-3
40°C. (104°F.) 14-5-15-1

(b). Method of Adjustment.

Checking and adjusting should be completed as
rapidly as possible to avoid heating errors,

1. Disconnect control box terminal ‘B’

ii.  Connect a first-grade 0-20 moving-coil voli-
meter between control box terminal ‘D’ and a
good earthing point.

ii.  Start the engine and run the generator at
3,000 r.p.m.

iv.  Observe the volt-meter pointer.

The volt-meter reading should be steady aud lie
between the appropriate limits given in para. 2(a),
according to the temperature. An unsteady reading
may be due to unclean contacts. If the reading
occurs outside the appropriate limits, an adjustment
must be made. In this event, continue as follows:

v.  Stop the engine and remove the control box
cover.

vi. Re-start the engine and run the generator at
3,000 r.p.m.

vii. Turn the voltage adjustment screw (clockwise
to raise the setting or anti-clockwise to lower it)
until the correct setting is obtained.
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viii. Check the setting by stopping the engine and
then again raising the generator speed to 3,000
r.p.m.

ix, Restore the original connections and refit
the cover.

Current Regulator

(a) On-Load Setting.
The current regulator on-load setting is equal to
the maximum rated output of the generator.

(by Method of Adjustment.

The generator must be made to develop its
maximum rated output, whatever the state of charge
of the battery might be at the time of setting. The
voltage regulator must therefore be rendered
inoperative and this is the function of the crocodile
clip used in 3(b)(ii} to short out the voltage regulator
contacts.

i Remove the control box cover.

ii.  Place a crocodile clip between the insulated
fixed contact bracket of the voltage regulator
and voltage regulator frame.

iii.  Disconnect the cable {from control box
terminal ‘B’ and connect a first-grade 0-40
moving-coil ammeter between “this cable and
terminal *B’.

iv.  Start the engine and run the generator at
4,000 r.p.m. _

v.  Observe the ammeter pointer.

The ammeter pointer should be steady and
indicate a current equal to the maximum rated
output of the generator, i.e. 00 amperes. An
unsteady reading may be due to unclean contacts.
If the reading is too high or too low, an adjustment
must be made. In this event, continue as follows:
vii. Turn the current adjustment screw (clockwise

to raise the setting or anti-clockwise to lower it)
until the correct setting is obtained.

viit. Switch off and restore the original connections.

ix.  Refit the cover.

Cui-out Relay

(a) Electrical Settings.
i Cut-in Voltage: 12-7-13-3.
ii.  Drop-off Voltage: 9-5-11-0.
(b) Method of Cui-in Adjustment.
Checking and adjusting should be completed as
rapidly as possible to avoid heating errors.
i. Connect a first-grade 0-20 moving-coil volt-
meter between control box terminal ‘ID” and a
good earthing point.

ith Switch on an electrical load, such as the
headlamps.

iii.  Start the engine and slowly increase the engine
speed.

iv.  Observe the volt-meter pointer.

Closure of the contacts, indicated by a slight drop
in the volt-meter reading, should occur between the
limits given in para. 4(a)(i). If the cut-in occurs
outside these limits, an adjustment must be made.
In this event, continue as follows:
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v.  Remove the control box cover.

vi. Tumn the cut-out relay adjustment screw
{clockwise to raise the setting or anti-clockwise
to lower it) until the correct setting is obtained.

vii. Restore the original connections and refit

the cover.
(¢) Method of Drop-off Adjustment.
1. Disconnect the c¢able from control box

terminal ‘B’ and connect a first-grade 0-20
moving-coil volt-meter between this terminal and

earth,

ii.  Start the engine and run up to speed.

iii.  Slowly decelerate and observe the volt-meter
pointer.

Opening of the contacts, indicated by the volt-
meter pointer dropping to zero, should occur
between the limits given in para. 4(a)(ii). If the
drop-off occurs outside these limits, an adjustment
must be made. In this event, continue as follows:
iv.  Stop the engine and remove the control box

cover.

v.  Adjust the height of the fixed contact post by
carefully bowing or straightening the legs of the
post to reduce or to raise the drop-off voltage,
respectively.

vi.  Repeat (i) and (iii) and, if necessary, re-adjust
until the correct drop-off setting is obtained.

vii. Restore the original connections and refit
the cover.

Cleaning Contacts

(a) Regulator Contacts.
To clean the voltage or current regulator contacts,

use fine carborundum stone or silicon carbide paper
followed by methylated spirits (denatured alcohol).

(b} Cut-out Relay Contacts.
To clean the cut-out relay coniacts, use a strip
of fine glass paper—never carborundum stone or
emery cloth.

13. HORN MODEL W.T.618

General Information

Horns are adjusted to give their best performance
before being passed out of the Works and are designed
to give long periods of service without further attention.

When a horn fails or is unreliable, it does not neces-
sarily follow that the horn itself is defective. The trouble
may be due to a discharged battery, loose connection or
break in the wiring to the horn. A short-circuit in this
wiring will cause the fuse to blow and silence both
horns. In this event, the wiring should be examined
before the fuse is renewed. If a fault is not due to a
blown fuse, the horn and any adjacent fixtures should
be checked to see that they are rigidly secured to their
mountings.

If the battery, wiring and fixtures are satisfactory the
horn may need re-adjusting, although this should not be
necessary unless the horn has been in service for a long
period.
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Adjusting Horns

Adjustment serves to take up wear of moving parts, 1t
does not alter the pitch of the note emitted by the horn.

If adjustment has to be made, the supply to one horn
should be disconnected when attending to the other, care
being taken to prevent the end of the disconmected
cable from contacting any earthed part of the vehicle.

If a horn fails to sound after adjustment, release the
horn control at once.

Withdraw the single cover securing screw and remove
the domed cover and the cover retaining strap.

LOCK NUT

ADJUSTING NUT

Fig. 17
W.T. 618 Horn with cover removed

Slacken the locking nut on the fixed contact stem and
rotate the adjusting nut until the contacts just separate
{indicated by the horn failing to sound when the horn

button or ring is depressed). Rotate the adjusting nut

one-half turn in the opposite direction and secure it in
this position with the locking nut. Refit the cover.

14. WINDSCREEN WIPER MODEL DR3

General Information

The Lucas windscreen wiper model DR3 15 a two-
speed, thermostatically protected, self-parking, cable rack
unit, The cable rack comprises a flexible inner core of
steel wire wound with a wire helix. The rack passes
through protective tubing from an underbonnet mounted
motor to a pair of scuttle mounted wheelboxes. A
reciprocating motion is mmparted to the rack by a crank
in the wiper gearbox and transmitted to the wiper arm
spindles by engagement of the rack with a gear in each
wheelbox.

The motor i1s controlled by a switch giving Park,
Normal and High speed operation. The higher speed is
intended to be used when driving fast through heavy
rain or light snow. It should not be used in heavy snow
or with a dry or drying windscreen. If overloaded, the
maotor windings will over-heat and cause the thermaostat
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TERMINAL SLEEVE

ADJUSTING

to trip and isolate the motor from the supply. Provided
the obsctruction or other cause of excessive heating is
removed, normal working resumes automatically when
the temperature falls to a safe value.

Maintenance

Efficient wiping is dependent upon having a clean
windscreen and wiper blades in good condition.

Use methylated spirits (denatured alcohol) to remove
oil, tar spots and other stains from the windscreen.
Silicone and wax-based polishes should not be used for
this purpose.

Worn or perished wiper blades are readily removed
for replacement.

CROSSHEAD CONNECTING ROD

CABLE
RACK

PROTECT IVE
TUBING

NUT

FINAL GEAR

Motor with gearbox cover removed

When necessary, adjustments to the self-parking
mechanism can be made by turning the knurled nut
near the cable rack outlet. Turn the nut only one or
two serrations at a time and test the effect of each setting
before proceeding.

Failure of the motor to stop after the panel switch
has been turned “off ” indicates an incorrect limit switch
setting, This, also, can be corrected by the above
adjustment.

Data

Wiping Speed:
Normal: 45-50 cycles per minute.
High: 60-70 cycles per minute.

Light Running Current:
Normal Speed:
High Speed:
Stall Current (motor hot):

Control Switch:

Initial Production:

Later Production:
Maximum permissible force
to move cable rack in pro-
tective tubing with motor,
arms and blades disconnected: 6:0 pounds.

2-7-3-4 amperes.
2-6 (or less) amperes.
10-11 amperes.

PRSS.
PRS7.
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Fault Diagnosis
Poor performance can be electrical or mechanical in
orlgm and not necessarily due to a faulty motor, e.g.

i.  Low voltage at the motor due to poor connections
or to a discharged battery.

ii. Cable rack binding in protective tubing.
iii. Excessive loading on the wiper blades.
iv. Wheelboxes loose, out of alignment or spindles
' binding in the bearing housing.
Testing:

Unless the origin of the fault is apparent, proceed as
follows to determine the cause of failure,

tubing must be renewed., Any bends of less than 9"
radius must be reformed.

At the wheelboxes the flared ends of the intermediate
tubing should be located in the inner wide slots of the
wheelbox clamp plates but the end of the main tubing
should be located in the outer narrow slot.

The cable rack should be well lubricated with Duck-
hams HBB grease.

Checking Wheelboxes:

Check the wheelboxes for misalignment or looseness
and rectify as required.
Renew seized wheelboxes.

15. FLASHING-LAMP DIRECTION-
INDICATORS INCORPORATING
FLASHER UNIT MODEL FL.5

ORANGE

DR3

BLUE
GREEN

General

The Flasher Unit model FL5 js
housed in a small cylindrical con-
tainer. Inside, the alternate heating
and cooling of an actuating wire
causes the operation of a main

A4 3

Fig. 19 Motor connections with PRST control switch

Measuring Supply Voltage:

Using a first-grade moving-coil voltmeter, measure
the voltage between the motor supply terminal (to which
the green cable is connected) and a good earthing point.
This should be 11'5 volts with the wiper working
normally. If the reading is low, check the battery,
switch (by substitution), cabling and connections.

Measuring Light Running Current:

If the normal running terminal voltage is correct,
disconnect the cable rack at the wiper gearbox and
measure the light running current with a first grade
moving coil ammeter connected in the supply cable,

As this involves removing the gearbox cover, the
opportunity can be taken to observe the speed of opera-
tion by counting the revolutions per minute of the final
gear.

The light ruaning current must not exceed 3-4 amperes
at Normal speed (45-50 c.p.m.). If it does, fit a new
windscreen wiper motor.

Checking Cable Rack and Tubing:
The maximum permissible force to move the cable

rack in its protective tubing is 6 pounds with the wiper .

arms. blades and motor disconnected. The measurement
can be made by hooking a spring balance in the hole in
the cross-head (into which a pin on the connecting rod
is normally located) and withdrawing the rack with the
balance.

"Binding of the rack can be due to kinked or flattened
tubing or to faulty installation. Minor faults can be
cleared with a suitable test mandrel sold specifically for
checking wiper installations. Badly kinked or flattened
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GNFFION SWITCH

armature and associated pair of
contacts in the flasher lamp supply
circuit, At the same time, a second-
ary armature operates pilot contacts
which cause a warning light to flash
in unison with the indicator lamps
when the system is functioning correctly. Failure of this
warning fight to flash will indicate a fault in the system,
such as failure of one of the indicator bulb filaments.

Servicing

Flasher Units cannot be dismantled for subsequent
reassembly. A defective unit must therefore be replaced,
care being taken to reconnect as the original.

(a) Checking Faulty Operation.

In the event of trouble occurring with a flashing
light directton-indicator system, the following pro-
cedure should be followed:

L. Check the bulbs for broken filaments.

il.  Refer to the vehicle wiring diagram and check
all flasher circuit connections.

iti.  Switch on the ignition.

iv. Check with a volt-meter that Flasher Unit
terminal ‘B’ is at 12 volts with respect to earth.

v.  Connect together Flasher Unit terminals ‘B’
and ‘L’ and operate the direction-indicator
switch. If the indicator lamps now light, the
Ilasher Unit is defective and must be replaced,

(b} Replacement of Flasher Unit—Precautionary Note.
Flasher Units must be handled with care. Factory-
made setting, though satisfactory for conditions of
normal automobile duty, can be thrown off balance
by rough handling,
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RESISTOR
/

3
{
%
ACTUATIN Gi"'/
WIRE y

MAIN STEEL SECONDARY

ARMATURE CORE ARMATURE Bulb Renewal
AKRD AN D AND PILOT
CONTACTS coit CONTACTS Headlamps

Remove the clip-on rims and dust excluding rubber
rings as described under Beam Setting. Press the Light
Unit inwards against the three spring-loaded adjustment
screws and turn it anti-clockwise to disengage it through
the kevhole slots.
Release the bayonet-fixed bulb holder (a press-in,
anti-clockwise motion) and withdraw the defective bulb.
Fit the replacement bulb. Refit the bulb holder and |
Light Unit, and check the headlamp setting. |

i/

TO LAMPS FROM 0 T PiLOT
VIA SWITCH BATTERY . LAMPISY
OR RELAY

Fig. 20

Symbolic representation of internal connections ofFlashér'
Unit model FL5

6. LIGHTING

When bulb replacement becomes necessary use only
bulbs of the correct rating. These are as follows:
Headlamps: 12-volt 50/40-watt. Lucas No. 414.
Sidelamps: 12-volt 6-watt. Lucas No. 989.

Stop Tail Lamps: 12-volt 6/21-Watt. Lucas No. 380.
Rear Flasher: 12-volt 21-Watt. Lucas No. 382,

No. Plate Lamp: 12-volt 6-Watt. Lucas No. 989,
Flasher Warning Light: 12-volt 2:2-Watt. Lucas No. 987.

Headlampsl LIGHT UNIT VERTICAL SETTING
Beam Setting \ _ ADJUSTMENT SCREW

\ | " ™S )

Headlamps should be set so that when the car carries'©
its normal load, the driving beams are projected straight
ahead, parallel with each other and with the road surface.

Many garages possess a Lucas Beam Setter.

Many parages possess a Lucas Beam Setter. These
are scientific instruments enabling accurate beam setting
to be effected. The car owner is strongly advised to
make use of this service whenever possible. When such
facilities are not available, the lamps can be set by
marking off a smooth wall or screen and shining the
lamps on it from a distance of twenty-five feet.

Remove the clip-on rim by using a screwdriver or
similar tool to prise the lower edge of the rim away
from the lamp body.

Lift off the rust excluding rubber ring. This is approxi-
mately L-shaped in section and is intended to be position-
ed with the toe of the ‘L’ facing rearwards.

Cover one lamp while adjusting the other. Vertical

[

trjmming jS eﬁ-ected by SCFBWng il'l (01‘ Out) the top RUEB)(BCEIEJD%BST BULB HOLDER RiM RETAINING RHORIZONTAL SETTING
. . - . - cLIP ADJUSTMENT SCREWS
spring-loaded screw. Horizontal trimming is effected Fie. 21 :
with the two side screws and the top screw, g

No focusing is necessary. Headlamp assembly showing method of adjustment
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Side Lamps

Remove the screw securing the retaining rim and lift
off the rim and lens. The bulb is a bayonet fit in the
rubber mounted bulb holder.
Front Flasher Lamps

Peel back the rubber body moulding to release the
chromium-plated rim and lens. The bulb is a bayonet
fit in the rubber-mounted bulb holder.
Stop Tail Lamps and Rear Flasher Lamps

Press the rim and lens assembly inwards and turn it
anti-clockwise to release. The bulb is a bayonet fit in
the bulb holder. The double filament stop tail lamp
bulb is non-reversible by virtue of offset pins on the cap.
Flasher Warning Light

Withdraw the push-fit bulb holder from the rear of
the warning light body.

The bulb is screwed into the bulb holder.

SUDE RING  EARTHING SLEEVE BULB HOLDER

Y
METHOD OF

FITTING CABLE
TO FERRULE

RUBBER SEALING GASKETS

Fig. 22 .
Components of the front flasher lamp unit

FEED TO REAR
LIGHT FILAMENT

’ FEED TO STOP
BULB HOLDER EARTH CABLE LIGHT FiLAMENT

Fig. 23
Components of the siop/tail lamp unit
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COOLING SYSTEM

Chapter
General 1
Cooling capacity 2
Thermostat ... 3
Filler Cap B 4
Thermostat Switch 5
Fan 6
Draining the Cooling System ... | 7
Flushing . 8
Filling the Cooling System 9
Cold Weather Precautions 10
Removing the Water Pump 11
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SECTION E

COOLING SYSTEM

1. General

Circulation of cooling water is assisted by a water
pump driven by belt from the engine crankshaft. The
pump is bolted to the left hand side of the timing cover
and cylinder block. Attachment is by three bolts, the
holes for the lower two being elongated to provide means
of adjustment for the belt.

Water is drawn from the radiator and supplied via a
rubber hose to the top left hand side of the cylinder
block. After circulating round the cylinder liners, the
water then passes to the cylinder head. It is returned

through the outlet elbow situated at the rear right hand

side of the cylinder head, through the thermostat to the
radiator header tank.

2. Cooling Capacity

Radiator 44 pints
Engine . 7 pints
Total cooling system (including hoses) 12 pints
Heater installation ... 1 pint
Total capacity of cooling system with

heater installation (including hoses) 121 pints

3. Thermostat

Engine operating temperature is controlled by a
bellows type thermostat contained in a plastic cover
inserted into the top hose between the cylinder head and
header tank.

The valve is closed when the engine is cold and the
water short-circuited round the cylinder head and
liners. As the engine heats up the valve opens, permitting
a full flow of water to the radiator.

Opening temperature: 80°C, or 176°F.

4. Filler Cap

Great care must be taken in removing the water
filler cap when the engine is hot. The cap is fitted with a
two stage lock and must be carefully turned anti-
clockwise to the first stage to release steam and pressure
before fully opening. It is advisable to cover it with a
rag to protect the hand whilst removing the cap.

5. Thermostat Switch

The thermostat switch is located in the back face of
the header tank. The contacts close at 95°C., operating
the fan unit. When the coolant drops to 85°C., the
contacts open and the fan ceases to function.

E2

6. Fan
The fan is driven by an electrically controiled motor.
The motor is sealed and requires no maintenance,
except to check and clean the contacts.

7. Draining the Cooling System
Remove the radiator filler cap.
Open the drain tap at the bottom of the radiator.
Further drain taps are at the bottom of the water
pump body and on the cylinder block near the oil filler.

8. Flushing

A certain amount of scaling and sediment will be
produced in the radiator. Due to this, it is advisable to
flush the radiator periodically with clear running water,

Water should be allowed to flow through the system,
until clear water flows out of the taps.

Should serious scaling or “furring up™ in the radiator
be suspected, remove the radiator and with the radiator
inverted, reverse the flow of water from the bottom to
top hose connections.

9. Filling the Cooling System

Close the radiator and cylinder block taps.

Check all hose connections for tightness.

Fill up the system with soft water until the level can
be seen in the header tank.

Start the engine and run until hot.

Top up the water until the level is within an inch of
the bottom of the filler neck.

Screw on the filler cap, ensuring that it is firmly in
position,

10. Cold Weather Precautions

It is always advisable to drain and flush the radiator
before adding anti-freeze to the coolant. Check all
connections for tightness.

Only antifreeze of the ethylene glycol or glycerine type
should be wused, as manufactured by well-known,
reputable, antifreeze solution manufacturers.

A quantity of three pints of antifreeze added to the
coolant will give protection down to 47° of frost (~15°F.).

This will prevent freezing under most normal winter
conditions and will counteract the artificially induced
low temperature created by the ram effect of the cold
air on the radiator when the car is at speed on a frosty
morning.

11. Removing the Water Pump
See engine section.
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SECTION F

LEADING PARTICULARS—F.W.E. ENGINE

Engine designation

Type of engine

Firing order ...

Bore

Stroke

Capacity

Weight, dry, complete

Compression Ratio

Valve clearance, inlet and exhaust, cold

Valve timing

Inlet valve opens
Inlet valve closes
Exhaust valve opens
Exhaust valve closes

Ignition timing
Sparking plug type
Normal plug gap

Distributor type
Distributor contact breaker gap

Dynamo type

Starter type ...

Carburettor type

Oil sump capacity

LOTUS ELITE WORKSHOP MANUAL

12° B.T.D.C.
56° A.B.D.C.
56° B.B.D.C.
127 AT

Type F.W.E.

4 cyl., 4 stroke, single
0.H.C.

1,3, 4,2

30",

2-625".

1220 c.c. (7425 cu. in.).
210 lbs. approx.

10 : 1.

0-006” (Inlet) and
0-008" (Exhaust)..

Nominal 0-01" clear-
ance inlet and exhaust
(low lift cams).

2° to 3° B.T.D.C.
Champion N-3.
0-018".

Lucas D.3AH 4A.
0-014" to 0-016".

Lucas C.39-PVR2
(Desp. No. 22258).

Lucas M.35G
(Desp. No. 25022F),

S.U.H4.

& pints.
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THE COVENTRY CLIMAX TYPE F.W.E. ENGINE

(By kind permission of “The Autocar™)
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SECTION F

GENERAL DESCRIPTION

Constructional Details

Crankshaft
The steel crankshaft has integral counterweights and
is carried in steel-backed, thin strip type bearings.

Connecting Rods.

The steel connecting rods, which are split diagonally
for easy removal, have lead-bronze strip type big-end
bearings, while the small-ends have Clevite bushes.

Pistons.

The pistons are of aluminium and have two com-
pression rings and one scraper ring, all fitted above the
gudgeon pin. The compression rings are of the pressure-
locked Dykes type, the top ones being chromium plated
for wear reduction. Gudgeon pins of high-tensile steel
are a push fit in the pistons and float in the small-end
bushes. They are held in position by circlips.

Cylinder block.

The aluminium cylinder block, which incorporates
the crankease, is fitted with dry, renewable, slip-fit liners,

Cylinder head.

The cylinder head is of heat-treated aluminium with
efficient wedge-shaped combustion chambers, giving
controlled combustion, and easy-flowing ports for high
volumetric efficiency.

Jaclkshaft.

The cast-iron jackshaft is carried in two bi-metal
bearings, and is driven by the crankshaft via the crank-
shaft and jackshaft gears. The jackshaft incorporates a
skew-gear driving the shaft operating the oil pump and
distributor. In addition, a chain at its forward end is
used to drive the overhead camshaft.

Camshaft.

The cast-iron, direct-acting overhead camshaft is
driven from the jackshaft via a tensioned duplex chain.
The tensioner is of the Weller type, and is fitted on the
slack side to damp out vibration. There are three
white-metal bearings for the camshaft,

Valve gear.

The steel valves work in renewable guides, and are
operated by the action of the camshaft on the valve
tappets, which work in guides surmounting the valve
springs and are adjusted by means of shims. Austenitic

LOTUS ELITE WORKSHOP MANUAL

steel valve seat inserts are shrunk into the cylinder head
This type of valve operation ensures lack of wear in the
valve guides by eliminating all side thrust, and tappet
clearances are maintained over very long periods.

Flywheel,

The steel flywheel is accurately balanced and bolted
to a flange integral with the crankshaft. The flywheel and
rear engine mounting plate are scribed to indicate T.D.C.

Lubrication System

The gear type oil pump is mounted on the bottom of
the crankcase and picks up oil from the sump via a
floating pick-up filter, passing it to an externally mounted
renewable element filter.

A relief valve is built into the body of the pump and
passes oil which is surplus to the engine’s requirements
back to the inlet side of the pump. Thus, oil passes more
slowly through the filter and the possibility of aeration
is reduced.

From the filter, oil is conveyed by a pipe to a drilling
in the crankecase, whence it passes to the oil gallery.
Further drillings in the crankcase carry the oil to the
three main bearings and to the external pipe which feeds
the rear camshaft bearing.

The centre main bearing feeds the crankpins and
lubricates the big-ends,  splashed oil lubricating the
cylinder walls and small-end bushes.

From the rear camshaft bearing, oil passes along
the centre of the camshaft to the remaining camshaft
bearings. The tappets are lubricated from a trough
formed integral with the tappet guides and camshaft
bearing block, so that the cams constantly dip into oil
spilled from the camshaft bearings.

The oil pressure will normally be in the region of
55 1b. per sq. in., with the engine running at full speed
and warmed up.

An engine breather is fitted on the oil filler tube on
the side of the crankcase.

Induction System

A single 147 throttle semi-down draught ‘S.U.” H4
carburetter mounted on an aluminium induction pipe, is
fitted as standard equipment. Carburetter needle B.F.
Carburetter jet :090”. Twin S.U. H4 carburetters and
manifold are fitted to stage 11 models.

Ignition System

Ignition is by coil. A Lucas Type D.3AH 4A dis-
tributor is fitted as standard equipment.
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THE ENGINE

SECTION F

PERIODICAL

ATTENTION

(references to be found in Engine Overhaul Section)

1. After the First 500 Miles

Drain the oil from the sump and refill with clean oil.
To do this, remove the sump drain plug, preferably with
the engine warm, and drain out the old oil. Clean and
replace the drain plug. Lift off the breather from either
of the two oil fillers (which are situated on the cam box
cover and the right-hand side of the cylinder block
respectively) and add 8 pints of S.A.E. 30 oil.

Tighten the cylinder head stud nuts (see Chapter 12).

Check the valve clearances (see Chapter 9), and adjust
if necessary.

Check the contact breaker gap (see Chapter 7), and
adjust if necessary.

2. Every 250 Miles

Check the engine oil level. Remove the dipstick,
which is mounted on the right-hand side of the cylinder
block, and is marked ‘High’ and ‘Low’. Add S.A.E. 30
oil to bring the level up to the ‘High’ mark. Never let
the level fall below the ‘Low’ mark.

3. Every 1,500 Miles

Drain the engine sump and refill with fresh oil. (See
‘After the first 500 miles” above.)

Purolata and Tecalemit oil filters are fitied as standard
equipment.

CENTRAL FIXING BOLT
PLAIN WASHER

RUBBER JOINT WASHER
RELIEF VALVE

FELT CLEANING ELEMENT
BODY

CIRCLIP

PRESSURE PLATE
SPRING

STEEL WASHER

FELT WASHER

CIRCLIP

PRESSURE PLATE

FELT WASHER

RUBBER JOINT RING
HEAD
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Fig

.1
The Tecalemit external oil filter

4. Every 3,000 Miles

Grease the distributor cam (see Electrical Section).

Oil the distributor shaft (see Electrical Section).

Oil the automatic timing counterweights (see Electrical
Section.)

Remove and clean the sparking plugs and re-set the
gaps. The normal gap is 0-018",

Fit a new oil filter element (see Fig. 1). Two alternative
types of oil filter are fitted, namely the Purolator and
the Tecalemit. Ensure that the correct type of element is
used. - The Purolator element is No. 26A, and that for
the Tecalemit bears the part No. FG. 2344,

5. Every 6,000 Miles

Remove the two breathers, swill them in a shallow
bath of paraffin, and allow them to dry. The mesh of
the breathers should then be slightly re-oiled with clean
engine oil, allowing any surplus cil to drain off before
re-fitting them.

Tighten the cylinder head stud nuts (see Chapter 12).

Check the valve clearances (Chapter 9) and adjust if
necessary.

Add oil to the carburetter dashpot (see Chapter 1).

Check the contact breaker gap (see Chapter 7), and
adjust if necessary.

Clean the distributor cap (see Electrical Section).

Oil the rocker arm pivot (see Electrical Section).

Check the tension of the water pump and dynamo
driving belt. There should be 1” of free movement in
the middle of the belt run. Adjustment may be made
by slackening the attachment nuts and moving either
the dynamo or the water pump.

6. Every 12,000 Miles

Lubricate the dynamo bearing (see Electrical Section)-

Remove and clean the sump (see Chapter 16).

Check the dynamo and starter brushes (see Electrical
Section).

Fit new sparking plugs.
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I. Carburetter—Maintenance Attention

The S.U. carburetter is of the controllable jet type.
This carburetter is fitted with a damper, which consists
of a plunger and non-return valve attached to the oil
cap nut. The damper operates in the hollow piston rod,
which is partly filled with oil, and its functions are to
give a slightly enriched mixture on acceleration by
controlling the rise of the piston, and to prevent piston
flutter.

Approximately every 6,000 miles the carburetter oil
cap should be unscrewed and a small quantity of light
machine oil poured into the dashpot.
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Fig. 1
An enlarged view of the jet assembly

2. Single Carburetter Adjustments

The carburetter should be checked to ensure that the
piston is perfectly free and the jet is correctly centred.

Run the engine until it attains its normal working
temperature.

Adjust the throttle abuiment screw to such a position
that the engine idles at a moderate speed.

Adjust the jet to give a richer mixture by screwing
the jet adjusting nut upwards, still keeping the jet head
in contact with it, until the mixture is obviously too rich,
as indicated by “hunting” and a sooty exhaust. Then,
screw the adjusting nut upwards, still keeping the jet
head in contact with it, until it brings the jet to the
position where the engine idles with an even exhaust and
runs at the best possible speed for the throttle openning.

Test for correct mixture by lifting the piston with a
4" rod so that it rests on the rod. When this is done the
engine should run slightly faster.

If it runs appreciably faster and continues to do so
when the piston is further lifted, the mixture is too rich.

If the engine stops when the piston is lifted the mixture
is too weak.

F10

(A) is the screw which adjusts the degree of interconnection
between the mixture control and throttle, and (B) regulates
the idling speed

Fig. 3
Adjusting the jet

3. Defects in Operation
Tn the case of unsatisfactory behaviour of the engine,
before carrying out a detailed examination of the
carburetter check that the trouble is not due to one of
the following points:
i.  Ignition fault, such as incorrect contact breaker gap
or dirty or pitted peints.
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it. Loss of compression on one or more cylinders.
iii. Incorrect plug gaps or dirty or oily plugs.
iy. Sticking valves.
v. Worn inlet valve guides.
vi. Defective fuel pump or choked filter.
vii. Damage at joint between carburetter and manifold
or between manifold and cylinder head.
If none of the above defects is present to any great
degree the carpuretter should be examined for the
following possible faults:

(1) Piston Sticking.

The piston assembly consists of a suction disc and
piston forming the choke, into which is inserted the jet
needle. This engages in a bearing in the centre of the
suction chamber and in it is inserted the jet needle. The
piston rod running in the bearing is the only part which
is in actual contact with any other part, the suction disc,
piston and needle all having suitable clearances to prevent
sticking.

If sticking does occur, the whole assembly should be
cleaned carefully and the piston rod lubricated with a
drop of thin oil. No oil must be applied to any part
other than the piston rod. In order to ascertain whether
the piston is sticking, remove the dashpot damper by
unscrewing it, insert a finger into the air intake and lift
the piston. It should come up quite freely and fall back
smartly on to its seating when released. On no account
should the piston return spring be stretched or its tension
altered in an attempt to improve its rate of return.

(2) Incorrectly centred jet.

Tt is essential for the correct functioning of a car-
buretter that the jet is correctly centred, i.e. that it is not
eccentric to the jet aperture in the carburetter body.
Eccentricity may cause sticking of the piston.

Fig. 4
An incorrectly centred jet
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To centre the jet, remove the clevis pin at the base of
the jet which attaches the jet head to the jet operating
lever. Withdraw the jet completely and remove the
adjusting nut and the adjusting nut spring. Replace the
adjusting nut without its spring and screw it up to the
highest position. Slide the jet into position until the jet
head is against the base of the adjusting nut. When this
has been done, feel if the piston is perfectly free by lifting
it up with the finger, with the dashpot piston removed. If
it is not free, slacken the jet holding screw and manipulate
the lower half of the assembly, including the projecting
part of the lower half jet bearing, adjusting nut and jet
head. Make sure that this assembly is now slightly loose.
The piston should then rise and fall quite freely, as the
needle is now able to move the jet into the required
central position, The jet holding screw should now be
tightened and a check made to determine that the piston
is still quite free. If it is found to be not so, the jet
holding screw should be slackened again and the
operation repeated.

When complete freedom of the piston is achieved the
jet adjusting nut should be removed, together with the
jet, and the spring replaced. The adjusting nut should
be screwed back to its original position.

(3) Float chamber flooding.

If this occurs, petrol flows over the float chamber and
drips from the air inlet. It is generally caused by grit
between the float chamber needle and its guide, To cure
it, remove the float chamber lid and clean the needle
and guide.

{4y Water or dirt in carburetter.

A blockage due to water or dirt in the carburetter can
very often be cured by starting the engine, opening the
throttle and blocking up the air infet momentarily with-
out shutting the throttle, keeping it open until the engine
starts {o race,

Should the above method not clear it, the only
alternative is to remove the jet. This, however, should
on no account be done unless it is absolutely necessary,
as the jet has to be carefully centred when re-fitting (see

2)).

(5) Float needle sticking.

If the engine stops, apparently through lack of fuel,
when there is plenty of fuel in the tank and the pump is
working properly, the probable cause is a sticking float
needle. An easy test for this is to disconnect the pipe
from the fuel pamp to the float chamber, and to turn the
engine over and check if fuel is delivered: if it is,
starvation has almost certainly been caused by the float
needle sticking to its seating. The float chamber lid
should be removed and the needle and its seating cleaned
and re-fitted. At the same time it will be advisable to
clean out the entire fuel feed systemn, as this trouble is
caused by foreign matter in the fuel, and unless this is
removed it is likely to recur,

(6) Leakage from jet bottom.

If persistent slow leakage is observed in the neighbour-
hood of the jet head, it is probable that the jet gland
washer and its lower counterpart, together with the
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locking screw washer, require renewal. To do this, the
jet lever should first be detached from the jet head, the
locking screw removed, and the entire jet and jet bush
assembly removed. On re-assembly, great care should
be taken to ensure that all parts are replaced in their
correct positions.

Re-centring the jet will, of course, be necessary after
this operation.

(7) Sticking jet.

Should the jet and its operating mechanism become
unduly resistant to the action of lowering and raising by
means of the enrichment mechanism, the jet should be
lowered to its fullest extent, and the lower part thus
exposed should be smeared with petroleum jelly or
similar lubricant, Oil should also be applied to the
* various linkage pins in the mechanism, and the jet raised
and lowered several times in order to promote the passage
of the lubricant upwards between the jet and the
surrounding parts.

4. Changing a Needle

Should it be necessary to change a needle, this can be
done by removing the three screws holding the suction
chamber, and lifting off the suction chamber after mark-
ing its position te ensure that it is re-fitted in its original
position. The piston and return spring can now be
removed. At the side of the piston will be found a set-
screw. When this is slackened off the needle can be with-
drawn, and the new needle fitted. The correct position of

SHOULDER

Fig. 5
The shoulder of the needle should be flush with the under
Jace of the piston. Two types of shoulder are in use, and
the correct datum point for each is shown
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the needle is with the shoulder flush with the face of the
piston. Figure 5 shows the correct position for the two
types of needle which are in use.

When replacing, care should be taken that the key-
way at the side of the piston registers with the key in the
body, and that the return spring is fitted correctly. Great
care should also be taken to see that all machined faces
and parts are kept scrupulously clean.

Fwin Carburetter Adjustments, efc.
(See Stage Two Tuning).
5. Carburetter—Removing and Replacing

To remove the carburetter, disconnect the throttle and
choke cables.

Disconnect the petrol line at the union.

Undo the two nuts securing the carburetter to the
manifold and remove carburetter off the studs.

Before re-fitting the carburetter renew the joint
washers if they are imperfect.

6. Induction Manifold—Removing and Replacing

To remove the induction manifold, first remove the
carburetter (Chapter 5.) Take off the six securing nuts
and washers and lift off the induction manifold.
This will expose the two joint washers.

When replacing the induction manifold, make sure
that the joint washers are in perfect condition, and that
air leaks cannot occur.

7. Distributor—Removing and Replacing

To remove the distributor, disconnect the plug leads
from the plugs and remove the two nuts, bolts and
washers securing the distributor securing plate to the
distributor mounting bracket. The distributor may then
be lifted out. Note the felt washer in the mounting
bracket.

The driving dog on the distributor shaft and the recess
for it in the distributor and oil pump drive shaft are
off-set so that the distributor can be reconnected to the
drive shaft in one way only.

When replacing the distributor, insert the felt washer
(fitting a new one if necessary) into the mounting bracket
and replace the distributor, which will go into position
without difficulty if it is being replaced with the driving
dog and its recess in their correct relative positions. Re-fit
the attachment nuts, bolts and washers and tighten.

If the distributor securing plate has.not been removed
or any part of the distributor mechanism disturbed, the
ignition timing will still be approximately correct, and
the timing may be finalised as follows:

Ensure that the distributor points are set to the correct
gap (see Electrical Section) and turn the engine clockwise
until the T.D.C. mark on the flywheel is level with the
mark on the engine mounting plate. -In this position both
the T.D.C. mark on the flywheel is level with the mark
on the engine mounting plate. In this position both
No. 1 and No. 4 pistons are on T.D.C., but one is at the
end of its compression stroke and the other at the end of
its exhaust stroke. The position required for timing is
with No. | cylinder on compression, i.e. with its valves
closed. If necessary, turn the engine 360° to obtain this
condition,
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Now turn the fiywheel clockwise until it is at § to 7°
before T.ID.C., which corresponds to a distance of 0-600”
along the periphery of the flywheel, Slacken the dis-
tributor securing plate clamp bolt, remove the distributor
cap and turn the distributor body until the points are
just about to open with the rotor arm pointing to No. |
pick-up point. Tighten the clamp bolt. Re-connect the
plug leads. Alternatively, this adjustment may be
obtained by slackening the screws attaching the securing
plate to the mounting bracket. The holes in the securing
plate are elongated and allow 7+° of adjustment to be
made.

For the maximum power cutput from the engine, the
actual ignition timing required may be anything from
2 to 7° B.T.D.C. The optimum figure may be ascertained
on the test bed.

{Contact breaker gap 0-014" to 0-016").
For Routine Maintenance, etc. sce Electrical Section.

8. Cam Box Cover—Removing and Replacing

To remove the cam box cover, undo the six Nyloc
nuts, which have plain washers. The cam box cover
may then be removed.

When replacing the cover, fit a new joint washer if
necessary. Clean the joint surfaces but do not use
grease or jointing compound.

The oil filler is secured to the cam box cover by three
bolts and spring washers, one of which also secures the
breather chain. If the oil filler is removed, a recess in
the cover holding a set of grease-packed shims will be
revealed (see Chapter 11).

9. Valve Tappet Clearance—Checking

To check the valve tappet clearance, first remove the
cam box cover as in Chapter 8.

A feeler gauge may then be inserted between the cams
and the valve tappets in order to measure the clearances,
which must be 0-006" for all valves.

‘When measuring the tappet clearances ensure that the
correct gap is obtained by turning the engine until the
valve being worked on is at the bottom of 1ts travel, and
then turning the engine one complete revolution.

Make a note of the clearance for each valve in turn.
Owing to the method of valve operation featured on the
engine, it will run for long periods without the need for
tappet adjustment, but should adjustment be necessary
the procedure outlined in Chapter 11 must be followed.

10. Camshaft and Tappet Block—Removing and Replacing

The camshaft must be removed before the tappet block
can be taken off. To remove the camshaft, first take off
the cam box cover (Chapter 8), and then knock back
the tabwasher on the camshaft sprocket. Remove the
bolt attaching the sprocket to the camshaft and move
the sprocket clear. Unscrew the six nuts and spring
washers and lift off the camshaft bearing caps. The
camshaft may now be removed.

All the camshaft bearings are located in position by
tags, ensuring that they are assembled correctly.

The tappet block is secured by eight nuts and spring
washers and may be lifted off after these have been
removed. Leave the valve tappets resting on top of the
valve spring assemblies. If they are taken off for any
reason, take great care to put them on one side in a
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particular order so that it is known to which valve each
tappet belongs, and so that each tappet retains its own
shim.

Note that there is a dowel locating the tappet block,
and also a connecting sleeve. The connecting sleeve is
hollow to allow the passage of oil, and has a sealing ring.

When replacing the camshaft and tappet block,
reverse the above procedure. Do not forget the dowel,
connecting sleeve and sealing ring. Fit a new camshaft
sprocket bolt tabwasher. Re-tighten the camshaft bearing
cap nuts with a torque spanner to 160 to 180 Ib. ins., and
the tappet block holding down nuts to 130 to 140 1b. ins.

Before re-fitting the cam box cover, check the valve
timing as in Chapter 23.

11. Valve Tappet Clearance—Adjusting

The valve tappet clearances are set during manufacture
by the fitting of special shims between the valve stems
and the valve tappets. If adjustment is necessary during
service, different sized shims should be fitted under the
appropriate tappets to correct the clearances.” For this
purpose, a set of shims from 0-096” to 0-104” in thickness
1s supplied packed into a recess in the cam box cover
(see Chapter 9).

A typical example of valve adjustment is as follows:
When measuring the clearance of a valve it was found to
be 0-0057, and the shim fitted to the valve tappet was
0-099”. Therefore, to bring the clearance to its correct
value, which is 0-006” for all valves, the shim must be
replaced by one of 0:098”. Thickness of new shim
required=0ld valve clearance + % Thickness of old
shim - Correct valve clearance.

It may be found when calculating the thickness of
shim required that a shim thinner than 0-096” is needed.
In this case the correct shim should be obtained from
Coventry Climax Engines Limited, who will supply shims
in thicknesses down to 0-075” in steps of 0-001 ",

If it is inconvenient to obtain the correct shims from
the above source, it is permissible to grind the existing
shims down to the required thickness, providing that
equipmment is available to do so accurately to a finish of
I5 to 20 micro inches. It must be noted that in no
circumstances must shims be ground to less than 0-075"
in thickness,

In the absence of suitable equipment to carry out the . "

above operation, the valves stems may be ground to

give the correct clearances, The end faces of the stems 7 00

must be square to the axes and of fine ground finish. The
valves can be removed for this purpose as in Chapter 13,

¥2. Cylinder Head—Removing and Replacing

Before removing the cylinder head, ensure that there
is no water in the cooling systern. There aré two drain
plugs, one on the cylinder block near the oil filler, and
the other at the bottom of the water pump body.

Remove the carburetters (Chapter 5), the induction
pipe (Chapter 6) and the cam box cover (Chapter 8).
Take off the water outlet pipe, which is secured by nuts,
spring washers and plain washers, and the outlet joint
washer. No jointing compound or grease is used on this
joint. Remove the belt which drives the water pump and
dynamo, and take out the three npts and bolts and
remove the dynamo.
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Fig. 6 The order of tightening the cylinder head stud nuis

Unscrew the banjo bolts from the camshaft feed oil
pipe and the cylinder head oil drain pipe, and move the
pipes clear.

Remove the camshaft and tappet block (Chapter 10).
Remove the nuts dand spring and plain washers from the
two studs attaching the cylinder head to the timing cover.
Slacken the eighteen nuts and plain washers on the
remaining cylinder head studs, a turn at a time.

Remove the nuts when loose, and gently tap the
‘cylinder head with a mallet to break the joint. When it
is loose, lift it off. There is no need to remove the chain
tensioner shoe runner or the timing chain damper unless
they are to be renewed.

When replacing the cylinder head, reverse the above
procedure. Fit a new gasket if the old one is dented,
scratched or broken. Clean the jointing surfaces and give
a thin coat of jointing compound. Re-tighten the
cylinder head nuts in the order shown in Fig. 6, a turn at
a time, finishing with a torque spanner giving 240 to 250
1b. ins.

13. Valves—Removing and Replacing

Remove the cylinder head as in Chapter 10. The
valves may be removed by means of a valve spring
compressor, which should bear on the valve head and the
valve spring collar. Compress the valve spring and take
off the valve cotters, which will enable the valve, valve
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spring, valve spring collar and valve spring cup to be

removed.

Before replacing the valve springs if is most important
to check them for loss of efficiency.” This is done by
applying varying loads to the springs to ascertain what
load is required, in the case of the outer springs, to
compress each of them to -9107 overall length. If the
load required is less than 60 1b., then the valve spring in
question must be renewgd. In the case of the inner
springs, find the load reguired to compress them to
0-686" length. If the load required is less than 20 Ib.,
renew the spring in question.

The valves must be fitted into their original guides,
and for identification purposes they are numbered 1 to 8
commencing at the timing end. If one of the valves is
renewed, stamp the correct number on the new valve
before fitting it.

Replacement is a reversal of the method of removal,
the valve stems being smeared with grease or oil before
re-fitting, A little thick grease placed on the valve stems
will be of assistance when the cotters are being replaced.

14. Valve Guides—Renewing _ :

Owing to the fact that the pressure exerted on the
valve stems by the valve operating mechanism is devoid
of side thrust, it is extremely unlikely that enough wear
will take place to mecessitate the valve guides being
renewed.
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In the unlikely event of renewal being necessary, the
worn guides should be removed with the aid of a drift,
which must be approximately 0-5” in diameter in order
to pass through the valve guide bore in the cylinder head.
It is an advantage for the drift to have a spigot 0-3” in
diameter on its end to locate in the valve guide. The
guide will come out more easﬂy if the head is heated to
about 150°C,

It is also necessary to heat the cylinder head to 150°C.
in order to fit the new guides. The inlet guides are
shorter than the exhaust guides and their chamfered ends
are fitted uppermost. A special location bar, part No.
MT.282 may be obtained from Coventry Climax Engines
Limited. This is in the form of a shouldered drift which
ensures that the guides are inserted into the head with
the correct amount of projection, which is 0-350” above
‘the machined recess in the cylinder head into which the
valve spring cup-fits.

Fig. 7
Fitting the valve guides, using tool No. MT.282

5. Decarbonising

When decarbonising the engine, remove the cylinder
head (Chapter 12) and the valves (Chapter 13).

Remove and clean the sparking plugs and set the
gaps to 0-018".. Fit new gas-tight copper washers.

Carefiully clean the old jointing compound from the
joint surfaces.

Scrape away all carbon from the inner side of the
cylinder head, using a blunt tool. Do not use emery cloth.
Polish the combustlon chambers and ports with metal
polish.
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Turn the engine to bring two of the pistons to the top
of their travel and put rag in the other two cylinders and
the waterways to keep out carbon dust. Scrape the
piston crowns with a blunt tool—do not use emery cloth
—and polish with metal polish. Leave a ring of carbon
for approximately 4" round the outside of the piston
crowns. An old piston ring placed on top of the piston
will facilitate this. Turn the engine half a revolution and
repeat this procedure on the other two pistons.

Clean the carbon dust from the valve guides and the
cylinder head.

To grind in the valves, smear a little grinding paste
on the face of the valves and then rotate them backwards
and forwards by means of a suction-type valve-grinding
tool. As soon as an even, matt-surfaced appearance is
obtained, stop grinding. Any distorted or badly pitted
valve must be renewed. After grinding, wash the valves
with paraffin and clean out the ports with a rag moistened
with paraffin. Great care must be taken not to leave
grinding paste or carbon in the ports, valve guides or
cylinder head. If the valve seats are very badly pitted,
they may be trued by the use of valve seat cutters. A
30° cutter is needed for the inlet valves and a 45° cutter
for the exhaust valves, mounted on a " mandrel in
both cases.

Fit a new cylinder head gasket, using a little jointing
compound.

Replace the vales and cylinder head as described in
Chapters 12 and 13, checking and if necessary adjusting
the tappet clearances. —

When re-starting the engine, it is a good idea to run it
at idling speed for about a minute before re-filling the
cooling system with water. This will prevent water leak-
ing past the gasket before it has a chance to expand and
bed down. }

When the engine has run for about 30 minutes, stop
it and tighten all cylinder head nuts.

After a few hours running, check the tappet clear-
ances, as the valves have a tendency to bed down after
the engine has run for a time.

16. Sump—Removing and Replacing

Before removing the sump, drain the oil system.
Take off the fifteen nuts, plain washers and spring
washers. The sump may then be removed.

Before replacing the sump, clean the drain plug and
wash the sump in paraffin and dry thoroughly. Fit a
new joint washer if necessary.

17.  Oil Pump—Removing and Replacing

To remove the oil pump, first take off the sump as in
Chapter 16.

Remove the two bolts, spring washers and plain
washers from the flange at the oil pump end of the pipe
which connects the oil pump to a connection on the
cylinder block for the external oil filter. Remove the two
nuts and spring and plain washers securing the oil pump
to the cylinder block, and lift off the pump and floating
filter.

To take off the floating filter, remove the split pin.

To remove the oil sump tray, first slacken the nuts and
bolts securing the pipe which connects the oil gallery to
the connection for the external filter. Take out the five
bolts (and spring washers) and remove the tray.
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Re-fitting the tray and pump is a reversal of the above
procedure, but the floating filter should be cleaned in
paraffin and thorcughly dried before replacement.

18. Oil Pump—Maintenance Attention

To dismantle the o1l pump, remove the four nuts,
spring washers and plain washers, and lift off the pump
cover, exposing the driving and driven gears, which may
be lifted out.

If the bushes in the pump body and cover are badly
worn, push them out and insert new ones. The cover
bugh must be reamed in position to 0-4724" to 0-4735"
dia., and the body bush to §-7188" to 0-7198" dia.

Fig. 8
Checking the oil pump gear end clearance

Measure the clearance between the pump gears and
the cover by placing a straight-edge across the body, with
the gears in position, and using a feeler gauge. If this
clearance exceeds 0-009°, a new pump body must be
fitted. _ :

If the gears have worn appreciably into the cover,

the cover must be renewed.

Try the fit of the driven gear on the idler shaft, and if
it is looser than a normal running fit, examine the idler
shaft and driven gear for wear. If the idler shaft is worn,
knock out the Mills pin from the pump cover in the
direction away from the end of the cover bearing the
cover plug. Fit a new shaft and Mills pin, inserting the
pin towards the end bearing the cover plug.

The relief valve assembly may be taken out after

‘removing the spring abutment plug. The relief valve

plunger should be a free fit in the pump body, and as
Iong as its shoulder is seating correctly it need not be
renewed, even if it is a fairly loose fit.
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It is extremely unlikely that the relief valve spring will
need attention, since it is very lightly loaded, but in the
event of fajlure having taken place, fit a new onc.

Before re-assembling the pump, clean all the com-
ponents. .

When tightening the four cover nuts, it will be found
helpful if the oil pump and distributor drive shaft is
inserted into the driving gear. It may then be used to
turn the gears and ensure that they are free to rotate.

19. Water Pump—Maintenance Attention

The water pump may be removed from the engine as
described in Chapter 24,

It is unlikely that any attention will have to be given
to it, but if after very long periods of service the water
pump seal becomes ineffective, water may leak out
through the hole in the bottom of the bearing housing.
In this case, the pump may be dismantled as follows:

Remove the three nuts, plain and shakeproof washers
and separate the pump body from the bearing housing.
Note that two of the bolts attaching the body to the
bearing housing are dowel bolts, and that the remaining
bolt goes into the hole between these two.

Pull off the water pump pulley, which is pressed on
to the bearing shaft. This will give access to the bearing
locating screw, which must be removed. The bearing unit
may then be drifted out from the impeller sufficiently to
enable a puller to be put under the impeller to pull it off,
This will reveal the seal.

When the pump is dismantled, it is advisable to check
the bearing for play. It is pre-packed with grease and
does not require further Iubrication, but should it be
faulty, fit a new complete bearing and shaft unit,

When re-assembling the pump, first clean the casting
flanges. Insert the bearing unit into the bearing housing
so that the hole in it for the locating screw lines up with
the hole in the bearing housing. Fit the seal over the
bearing shaft, and press the impeller on. When fitted,
the edge of its boss must be level with the end of the shaft.
Screw in the locating screw. Press the pulley on so that
its end is level with the end of the shaft, and check that
the assembly will rotate freely.

Re-fit the bearing housing to the pump body, fitting a
new joint washer. Use a little jointing compound. Fit
and tighten the three nuts and washers.

206. Removing Engine, Cluich and Gearbox from the
Chassis

Engine, clutch and gearbox are removed as one unit
from the chassis.

Undo two bolts on each bonnet hinge bracket and
remove bonnet from the car.

Disconnect the battery.

Drain water and gearbox oil.

Remove radiator, top and bottom water pipes.

Disconnect exhaust pipe at the manifold.

Remove starter lead from the solenocid, dynamo leads
distributor lead and earth wire from the rear of the
engine,

Disconnect oil pressure line at the engine and the fuel
line at the pump. :

Disconnect water thermometer capillary.

Undo the two clutch slave cylinder retaining bolts
and move it on to one side.
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Remove front engine mounting bolts and gearbox
mounting bolts,

Remove gear lever and hoist engine forwards and
upwards out of the engine bay.

‘When engine is clear of the bay disconnect speedometer
cable from the gearbox.

21. Separating the Gearbox

With the engine, clutch, gearbox unit on the bench
undo 2 < 37 nuts and bolts holding the starter motor in
position and remove starter

Undo 6 bolts holding the gearbox to the engine

mounting plate.

Pull tne gearbox straight back. Take care to keep the
box in line with the engine until the clutch shaft is free
of unit.

centre. Turn the crankshaft 180° and repeat this pro-
cedure on the other two big-ends.

The connecting rods and pistons may now be with-
drawn upwards through the liners, or alternatively may
be taken out complete with the cylinder liners, as follows:

Using a soft metal drift, tap the lower ends of the liners
to lift their upper flanges clear of the cylinder block.
The liners may now be lifted out, complete with the
pistons and connecting rods.

With the aid of a cylinder gauge, check the cylinder
liner bores and if the diameter at any point throughout
the length of piston travel exceeds 2-8587, a mew liner
will be required. For details of fitting new pistons, see
Chapter 23.

To replace a comnecting rod, piston and liner, place
the piston and connecting rod in the liner, and insert as

Fig. 9 The crankcase, showing the big-end markings

22. Cylinder Liners, Pistons and Connecting Rods—
Removing and Replacing
Take off the cylinder head (Chapter 12), sump (Chapter
16) and oil pump {Chapter 17).
Turn the crankshaft to bottom dead centre on two
of the pistons. Knock back the tabwashers and undo the
big-end bolts on the two connecting rods at bottom dead
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an assembly from the top of the cylinder block, Drive
home with a wooden block interposed between the
hammer and liner. '

If the liners have been left in the block, insert the
connecting rod and piston from the top of the block,
compressing the rings with a piston ring clamp.

Note that the big-end bearing caps and connecting
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rods are each stamped either 1, 2, 3, or 4. When re-
assembling these items, the stamped numbers must be
towards the right-hand:side of the engine, looking from
the flywheel end (see Fig. 9). The big-end bearings have
a tag on them so that they can only be fitted in the correct
way. Fit new tabwashers and tighten the big-end bolts
with a torque spanner to 220 to 230 1b. ins.

Details of crankshaft re-grinding and fitting of under-
sized bearings are given in Chapter 29.

23. Pistons and Connecting Rods-—Dismantling and
Assembling

To remove the pistons from the connecting rods, take

out the gudgeon pin circlips with the aid of a pair of

circlip pliers, heat pistons in warm water or oil, and push

e crankshaft and jackshaft gears, showing the timing marks

out the gudgeon pins by hand.

[f the small-end bushes are worn, they must be pushed
out and new ones fitted. The new bushes must be
reamed in position to 0-750" + 0-0002" diameter.

Before re-fitting old pistons, check the side clearance
of the rings in the grooves. Note that the two com-
pression rings, the upper one of which is chromium-
plated, can only be fitted in one way. The scraper ring
may be fitted either way up. The correct clearances are
in the Fits and Clearances Schedule. Ensure that the
rings are a free fit in the grooves, and clean out any
carbon. Old broken rings are useful as scrapers. Check
that the gaps of the rings in the bores are correct. If they
exceed the figures given in the Fits and Clearances
Schedule, fit new rings.

When fitting gudgeon
pins, warm the pistons to
80-100°C., which will enable
them to be inserted easily.

Owing to the fact that the
engine is fitted with renew-
able cylinder liners, oversize
pistons are never required.

When replacing pistons—
note that the valve cut-out
on piston crowns is always
on manifold side.

24. Timing Cever—Remov-
ing and Replacing

Before removing the tim-
ing cover it is essential to
remove the camshaft and
tappet block (Chapter 10)
and slacken the cylinder
head stud nuts (as in
Chapter 12), so that all
strain is taken off the
cylinder head studs.

Next, loosen the hose clips
on the water pump end of
the rubber hoses, Take off
the water pump drive belt
and remove the three nuts,
plain washers and shake-
proof washers securing the
water pump, which may
now be taken off. Unscrew
the starting dog and with-
draw the crankshaft pulley,
which is keyed to the crank-
shaft.

Take off the nuts from the
two studs which attach the
timing cover to the cylinder

’head. i :

‘- i:Remove the eleven nuts,
plain washers and spring
washers and take off the
timing cover.

Replacement of the timing
cover is a reversal of the
above process,
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25, Valve Timing

With the timing cover removed (Chapter 24), turn the
crankshaft to T.D.C. on Nos. 1 and 4 pistons, and mesh
the crankshaft and jackshaft gears so that the markings
on them are positioned as shown in Fig. 10. Replace the
timing cover, re-tighten the cylinder head stud nuts and
re-fit the camshaft and tappet block (Chapter 10). Pull
the timing chain up through the front of the cylinder
head. Set the camshaft so that the valves of No. 4
cylinder are just rocking. Place the chain over the
camshaft sprocket, which must be removed from the
camshaft for this purpose, and turn the flywheel slowly a
little in each direction to enable the camshaft sprocket
to be engaged by its dowel. Secure it by means of the
sprocket bolt and tabwasher.

To check the timing, turn the flywheel clockwise a
few degrees, and then turn it anit-clockwise (looking
from the flywheel end), and see that the inlet valve of
No. 4 cylinder just commences to open when the flywheel
is coming up to the T.D.C. mark.

26. Distributor and Qil Pump Drive Shaft—Remoaving
and Replacing ‘

To remove the distributor and oil pump drive shaft,
take off the distributor as in Chapter 7. Remove the two
nuts, plain washers and spring washers and take off the
distributor mounting bracket. The drive shaft may then
be taken out.

If the drive shaft bush is worn, it should be removed
by drifting out from underneath the crankcase, which
entails removal of the sump (Chapter 16) and oil pump
(Chapter 17). The bush may be inserted from above.
No reaming is required.

Replace the distributor and oil pump drive shaft so
that when the drive shaft gear is fully meshed with the

driving gear on the jackshaft and with the T.D.C. mark -

on the flywheel in line with the corresponding mark on
the mounting plate, the driving dog is positioned as
shown in Fig. 11. This will ensure that for correct
distributor timing the earth connection on the D3AH4A
distributor is clear of the cylinder block.

LARGER SIDE
OF DRIVING
DOG

AFLANGE FOR

DISTRIBUTOR

MOUNTING

BRACKET

Fig. 11 The distributor driving dog in the correct position
Jor timing (see Chapier 26)

CYLINDER BLOCK
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27. Jackshaft—Removing and Replacing

To remove the jackshaft, take off the timing cover
(Chapter 24) and remove the distributor and oil pump
drive shaft (Chapter 26.)

Disengage the timing chain from the jackshaft chain
wheel. Knock back the tabwasher and remove the bolt
and shakeproof washer and take off the jackshaft chain
wheel. This wheel and the jackshaft gear, which should
now be pulled off, both have Woodruftf keys. Remove
the two bolts and shakeproof washers and take off the
jackshaft locating plate. The jackshaft may then be
withdrawn from the cylinder block.

If required, remove the oil pump driving gear from
the jackshaft. It is secured by a circlip and is located by
a Woodruff key.

Replacement of the jackshaft is a reversal of the above
process. The valve and ignition timing must be re-set
as in Chapters 7, 25 and 26.

28. Crankshaft—Removing and Replacing -

When removing the crankshaft, first remove the six
bolts and tabwashers and take off the flywheel. Next,
take off the thirteen nuts and plain washers securing the
mounting plate and remove the plate. Take off the timing
cover (Chapter 24) and the sump (Chapter 16) and oil
pump (Chapter 17). Disconnect the connecting rods
from the crankshaft (Chapter 22). Take off the oil
thrower, which is fitted with its dished side towards the
engine, and, if required, pull off the crankshaft gear.

Take off the sealing blocks, which are secured by
Allen screws.

Knock back the tabwashers from the main bearing
cap nuts and unscrew the nuts. Lift off the bearing caps.

The crankshaft may now be lifted out.

Before replacing the crankshaft, clean out all oil
passages and put a little engine oil on all bearing surfaces.
The centre main bearing has two semi-circular thrust
bearings, which are fitted into the crankcase half of the
bearing with the oil grooves facing away from the centre
main bearing.

Measure the end-float of the crankshaft by inserting
a feeler between a thrust bearing and the corresponding
crankshaft cheek. The clearance should be 0-002" to
0-010". If the clearance exceeds 0-0107, fit new thrust
bearings. )

The six main bearings halves are identical, but when
re-fitting old bearings, replace them in their original
positions. They are located by means of tags.

Replacement of the crankshaft is a reversal of its
removal. Tighten the main bearing stud nuts with a
torque spanner to 440 to 450 lb. ins. Fit new sealing
block packings to the sealing blocks. Before fully
tightening the sealing block Allen screws, ensure that the
outermost edges of the sealing blocks are flush with the
end faces of the cylinder block.

29. Crankshaft—Re-grinding

Measure the diameter of the main and big-end journals
with a micrometer. If the smallest diameter of any
journal is more than 0-004” undersize according to the
diameters given in the accompanying table, the crank-
shaft should be re-ground and new bearings fitted. The
re-grind sizes for all journals are 0-010”, 0-020", 0-030"
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and 0-040” under standard sizes.

radii are 0-115" to 0-125",

New bearings are supplied ready for fitting,

and no scraping must be carried out.

Fig. 12

Lifting out the crankshaft

All fillet

GRADE AMOUNT MAIN JOURNAL MAIN BEARING BIG-END JOURNAL | BIG-END BEARING

UNDERSIZE DIAMETER PART NUMBER DIAMETER PART NUMBER

Standard Nil 2-1235" FWA._ 1014/5 1-8745" FW. 1015

2-12425" 1-8740"

Ist 0-010" 2-1135” FWA. 1014/6 1-8645" FW. 1015/1

Re-grind 2-11425" 1-8640"

2nd 0-020" 2:1035" FWA. 1014/7 1-8545" FW. 1015/2

Re-grind 210425 1-8540"

3rd 0-030” 2-0935" FWA. 1014/8 1-8445" FW. 1015/3

Re-grind 2-09425" 1-8440"

4th 0-040” 2-0835" FWA. 1014/9 1-8345” FW. 1015/4

Re-grind 2-08425" 1-8340"

F20
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Fig. 13 Checking the crankshaft end-floar

30. Replacing Engine, Chitch and Gearbox in the Chassis
Suspend engine above and forward of its chassis
position and connect speedometer cable.
If -the propelter shaft has not been removed during
service the following points must be observed:
i.  Lightly grease the gearbox splines.
i,  Put gear lever into fourth gear position.
iii. Remove propeller shaft tunnel inspection plate.
iv. Lower the engine into position in the engine bay.

LOTUS ELITE WORKSHOP MANUAL

When gearbox and propeller shaft splines almost meet,
place a lever through propeller shaft inspection hole
and lever up the end of the gearbox. During this opera-
tion, the engine must be as low as possible in the engine
bay. When the splines meet, rock the car gently until
the splines slide in, Push gearbox mounting bolt through
propeller shaft tunnel into mounting bobbins and bolt up.

Thereafter, the reverse process of dismantling may be
used.
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FITS AND CLEARANCES

The following table of ¢clearances allowed in the working parts when new, is given to facilitate

examination for wear.

Description
Clearance between crankshaft and main bearing ...
Clearance between crankshaft and conn. rod bearing
Crankshaft end-float ...
Clearance between camshaft and camshaft bearing
Clearance between tappet and tappet block
Valve tappet clearance ... inlet
exhaust

Clearance of valves in guides
Piston ring gap (in position in cylinder liner)—

Compression tings

Oil ring ...
Clearance of piston in cylinder liner—

Bottom of skirt (thrust face) ...

Top of skirt (thrust face)
Side clearance of rings in grooves—

Compression ring {top, plain pattern)

Compression ring (lower, plain pattern)

Qil ring ...
Clearance of gudgeon pin in piston (obtained by selective assembly)
Clearance of gudgeon pin in small-end bush
Clearance of jackshaft in jackshaft bearings
Clearance of distributor and oil pump drive shaft—

In oil pump cdver bush

. In distributor drive bush

In oil pump body bush

Clearance of o0il pump driven gear on idler shaft ...

Contact breaker gap (fully open)

Minimum Maximom

0-001” 0-00275"
0-002" 0-0035"
0-002" 0-010”

0-0005" 0-002”
0-0007 " 0-0021"
0-006"

0-008"
0-0015”" 0-0024"

0-014" 0-019"
0-008" 0-013"

0-0033” 0-0053"
0-0034" 0-0074"

0-0015" 0-0035”
0-0015" 0-0035”
0-0015” 0-0035"

0-0001"
Nil 0-0004"
0-0005" 0-003"

0-0018" 0003~
0-0018”" 0-003”
0-0018" 0-003"
0-0015” 00032
0-014" 0-016”
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The Gearbox and Remote Control in Section ( IHustration)
Description

Separating the Gearbox

Dismaﬁtling the Gearbox

Dismaniling the Rear Extension

Dismantling.the Third Motion Shaft (Mainshaft)
Assembling the Third Motion Shaft {Mainshaft)
Dismantling the Layshaft Gear

Assembling the Layshaft Gear

Dismantling and Assembling the First Motion Shaft
Asseiﬂblin:g the Gearbox

Assembling the Rear Extension

Special Tools ...
‘ _E_xploded view 6f Gearbox Compoenents (HHusiration)

Key to the Gearbox Components
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1. Description

The gearbox has four forward speeds and one reverse.
Top gear is obtained by direct drive, third and second by
gears in constant mesh, and first and reverse by sliding
spur gears.

A sliding joint of the reverse spline type is fitted to the
rear end of the third motion shaft and is lubricated from
the gearbox.

2. Separating the Gearbox

With the engine, chutch, gearbox unit on the bench
undo 2 x #" nuts and bolts holding the starter motor in
position and remove starter.

Undo 6 bolts holding the gearbox to the engine
mounting plate.

Pull the gearbox straight back. Take care to keep the
box in line with the engine until the clutch shaft is free
of unit.

3. Dismantling the Gearbox

Remove the rear power unit mounting.

Unscrew the speedometer drive, but do not withdraw
the pinion from the bush unless absolutely necessary,
or damage to the oil seal may result on replacement.

Unscrew the set screws and remove the gear lever
tower and joint washer.

Unscrew and remove the six bolts and the rear
extension cover and joint washer. Remove the interlock
arm and bracket from the aperture in the rear extension.

Unscrew the three countersunk screws and the seven
hexagon-headed set screws holding the gearbox cover;
remove the cover.

Remove the two nuts and six set screws securing the
gearbox extension to the gearbox. Pull the extension
from the gearbox, at the same time manoeuvring the
remote control shaft selector lever down and out from
the selectors. .

Cut the locking wire and unscrew the three change
speed fork set screws. Release the three locknuts and
slacken the fork locating screws.
~ Unscrew the two set screws and remove the shifter
shaft locating block with shifter shafts from the gearbox;
note the two dowels in the block. If the rods are with-
drawn from the locating block take care to catch the
three selector balls and springs.

Withdraw the forks from the box in the following
order: reverse, top and third, and first and second.

Unscrew the clutch lever pivot nut; extract the pivot
bolt and remove the lever with the thrust bearing.

Unscrew the nuts and remove the gearbox front cover
complete with oil seal; note the bearing shims between
the cover and the front bearing. Tap out the layshaft,
allowing the gear unit to rest in the bottom of the box.

Unscrew the retaining set screw and remove the reverse
shaft and gear.

Withdraw the third motion shaft (mainshaft) assembly
to the rear. _

Withdraw the first motion shaft and drive gear.

Note: Retrieve the 18 spigot needle rollers. Lift out
the layshaft gear unit and the two thrust washers.
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4. Dismantling the Rear Extension

Remove the rear remote control rod selector arm set
screw and withdraw the selector arm and key; unscrew
the set screw at the forward end and remove the front
remote control selector arm and key.

Withdraw the remote control rod from the rear
extension.

To remove the oil seals from the extension use the
special tool 18G389 and adaptor [8G389B (see Fig. 1)

Fig. 1
Removing a rear oil seal assembly with special tools
18G389 and 18G389B

Should it be necessary to remove the sliding joint bush,
this must be drawn from the extension and not driven
inwards. :

5. Dismantling the Third Motion Shaft (Mainshaft) -

Remove the following items in this order: baulk ring,
top and third synchromesh sleeve and hub, second baulk
ring. If the synchromesh sleeve is removed from the hub
take care not to lose the three locating balls and springs
that will be released in consequence.

Press down the third speed cone thrust washer locating
plunger; rotate the thrust washer to align its splines
with those on the shaft and remove the washer.

‘Withdraw the third speed gear and its splined bush.

Withdraw the bush interlocking washer to release the
second speed gear with its bush and baulk ring.

Remove the rear thrust washer from the splines on the
shaft and withdraw the first speed gear and second speed
synchronizer; if it is necessary to slide the gear from
the synchronizer take care not to lose the three balls and
springs.

Tap up the locking washer and unscrew the rear
retaining nut: withdraw the washer, speedometer drive
gear and key, and the distance sleeve from the shaft.

Press the rear bearing and its housing from the shaft.
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6. Assembling the Third Motion Shaft (Mainshaft)
Assemble from the front end.

i, Locate the rear thrust washer on the front end of
the splines, ground face to the fromnt.

#i.  Push the longer phosphor-bronze bush up to the
splines with the dogs towards the front. The bush
is a tight fit on the shaft and must be immersed in
warm oil to facilitate fitting, The oil hole in the
bush must register with the hole in the shalt.

iti. Fit the second speed baulk ring and gear onto the
bush with the plain side of the gear towards the
front.

iv. Slide on the bush interlocking washer and the
shorter-splined bush, locating the dogs of both
bushes in the interfocking washer. Immerse the
bush in warm oil to facilitate fitting.

v. Insert the spring and plunger into the hole in the
shaft.

vi. Fit the third speed gear onto the bush with the cone
towards the front.

Fig. 2
The arrow indicates the third speed thrust washer and
locating peg

vii. Thread on the front thrust washer, machined face
towards the gear, while holding down the plunger
by means of a thin punch through the hole in the
gear cone, and push the washer over it; turn the
washer to allow the plunger to engage in one of
the splines,

viii. Fit the three springs and balls to the third speed
synchronizer and, with the aid of special tool
18G223, push on the synchronizer sleeve (striking
dog}.

ix. Push on the top and third gear synchromesh
assembly hub with its two baulk rings, The plain
side of the hub faces the rear.

G4

Assemble the following items from the rear:

i.  Insert the three balls and springs in the second gear
hub and, with the aid of special tool 18(G222, push
the synchronizer sleeve (striking dog) into position
on the hub.

ii. Fit the first speed gear and synchromesh hub
assembly and the baulk ring to the splines on the
shaft.

iii, Press the rear bearing inte its housing and fit it to
the shaft, the flange of the housing to the rear.

iv. Push on the distance sleeve, speedometer drive gear,
and key and secure with the lock washer and nut.

7. Dismantling the Layshaft Gear

Extract one of the circlips from the layshaft gear and
push out the bearing and distance tube assembly; there
are three needle races and one distance tube spaced in
the layshaft gear which are retained by a circlip at each
end, two races being fitted at the front end and one at
the rear.

8. Assembling the Fayshaft Gear

The following method for refitting the layshaft gear
bearing assemblies is suggested.

Fit a circlip to the innermost groove in the gear.

Hold the shaft vertically in the vice; assemble a roller
bearing on the shaft against the vice jaws and then slide
the gear over the shaft and the bearing with the large
gear downwards.

Remove the shaft from the vice and push the bearing
into the pear against the circlip. Fit a circlip, the end
roller bearing assembly, and the retaining circlip.

Slide the distance tube into the other end of the gear,
followed by the other end bearing and circlip. Remove
the gear from the shaft.

9. Dismantling and Assembling the First Motion Shaft

Unlock and remove the securing nut and withdraw the
locking washer. -

Press the bearing from the shaft and remove the circlip
from the bearing.

Re-assembling

Fit the bearing to the shaft with the spring ring away
from the gear. Replace the locking washer and tighten
the retaining nut; bend over the locking washer to
secure the nut.

10. Assembling the Gearbox

Place the layshaft gear in the gearbox complete with
the end thrust washer but do not fit the layshaft; use
dummy layshaft 18G471 to retain the thrust washers
in position. Replace the first motion shaft and insert
the 18 needle-roller bearings., Insert the third meotion

shaft assembly from the rear of the gearbox: enter the

spigot in the needle rollers of the first motion shaft. Use
the gasket fitted between the gearbox and the rear
extension to position the dowel and bearing housing.
Push the shaft right home. Fit the layshaft, lining up
the cut-away portion of the front end with the locating
groove in the front cover.
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Locate the remote control rod in the rear extension.

Fit the front and rear selector levers to the remote
controf rod; note that they are secured and located by
keys and set screws.

Fit the rear extension to the gearbox, locating the
control rod selector arm in the shifter rod selectors.

Fit the interlock arm to the rear extension and refit
the cover. .

Bolt the gear lever tower to the rear extension.

Place the two halves of the brass gear lever snug on the
lower end of the lever and secure with the circlip. Fit
the lever to the tower and secure it with the cover,
spring, and circlip.

Replace the side cover, using a new joint as necessary.
Fit the speedometer drive gear assembly, drain plug,
and breather.

Fill with ¢il to Ref. Section B to the level indicated

‘1. Pilot. 2. Layshaft. on the dipstick.

Fig. 3
. Using tool 18G471 as a pilot when installing the layshaft

Fit the reverse gear and shaft; tighten the set screw
and secure with the locking washer.

Refit the front end cover, replacing the bearing shims
that were removed on dismantling.

Refit the clutch lever and fork.

Position the gear change forks in the gearbox in the
following order: first and second, third and top, reverse.

Bolt the shifter shaft locating block to the rear face
of the gearbox; replace the balls and springs and push
the shifter shafts through the block into their respective
change speed forks. Inmsert, tighten, and lock the three
locating screws.

Position the selectors on the rear end of the shifter
shafts; insert, tighten, and wire up the set screws.

11. Assembling the Rear Extension

Fit the rear extention oil seal, using service tool 18G134
with its adaptor 18GI34N,

Fig. 4
Installing a new oil seal assembly with special tools 18G134
and 18G134N
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12. Speciﬁ} Tools

18G222. Synchromesh Unit Assembly Ring.

Designed te facilitate the assembly of mated syn-
chronizer and sleeve by enabling the springs and balls
to be inserted quickly and easily.

18G223. Syrchromesh Unit Assembly Ring.

18389, Gearbox Rear Oil Seal Remover (basic tool )

This basic tool together with the appropriate adaptor
is essential for removing the gearbox extension oil seal
easily without damage and without removing the gearbox
from the vehicle. The appropriate adaptor for use with
the basic tool is supplied separately.

18G389B. Gearbox Rear Oil Seal Remover — Adapior.

Used in conjunction with basic tool 18(G389 it screws
into the end of the oil seal and withdraws it without
damage to the rear extension.

18G134. Bearings and Oil Seal Remover and Replacer
(basic tool ).
Used with adaptor 18G134N it enables oil seals to be
fitted to the gearbox extension without removal from
the vehicle.
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18G134N. Gearbox Rear Oil Seal Replacer—Adaptor.
For the correct and easy replacement of the gearbox
extension oil seal. Use in conjunction with 18G134.

18G471. Dummy Layshaft.

A pilot for lining up the gears and retaining the thrust
washers in position prior to inserting the layshaft proper,
it being necessary to drop the laygear for the first motion
shaft to be inserted.

18G41. Selector Fork Rod Guide.
This tool greatly assists the assembly of the selector
balls and springs.

18G4. First Motion Shaft Assembly Replacer.
For the correct and easy replacement of the first
motion shaft assembly.

18GS5. First Motion Shaft Nut Spanner.
This sturdy spanner provides ample leverage to move
the tightest nut.
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SECTION H

THE CLUTCH

THE CLUTCH COMPONENTS

O

H2

Description
Cover—<clutch.
Lever—release.
Retainer—lever.
Pin—Tlever.
Spring—anti-rattle,
Strut.

Eyeholt with nut.

Description
Plate—bearing thrust.
Plate—pressure.

Spring—pressure plate,

. Plate assembly-—driven.

Lining.
Ring assembly—thrust,

Ring—carbon.

No.

15,
16.
17.
18.

21,
22,

Description
Retainer.
Washer—spring—cover screw.
Screw—cover to flywheel.
Lever—withdrawal.
Bushes.
Bolt for lever.
Nut for bolt.
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SECTION H

1. Removing the Clutch

Remove the power unit as detailed in Engine Overhaul
Section, Chapter 20,

Remove the clutch housing bolts and withdraw the
gearbox from the engine, taking care to support the
gearbox until the first motion shaft is clear of the driven
plate and release lever plate.

Loosen each of the hexagon bolts securing the clutch
to the flywheel by slackening them a turn at a time until
spring pressure is released. The clutch cover can now
be disengaged from the flywheel dowels and the whole
assembly lifted from the flywheel.

2. Refitting the Clutch

Position the driven plate assembly on the flywheel,
taking care to place the larger-chamfered spline end of
the driven plate hub away from the flywheel.

Centralize the driven plate by means of the alignment
bar (special tool 18G279) which fits the splined bore of
the driven plate hub and the pilot bearing in the flywheel.
As an alternative a spare first motion shaft can be used.

Locate the cover assembly on the flywheel dowels and
secure with the bolts, tightening them a turn at a time
by diagonal selection. Do not remove the clutch align-
ment bar until all the bolts are securely tightened.

Remove the clutch alignment bar and refit the gearbox.
The weight of the gearbox must be supported during
refitting in order to avoid strain on the shaft and distor-
tion or displacement of the release plate or driven plate
assembly.

3. Servicing the Clutch
Spring pressure.

A tolerance of not more than 10 to 15 1b. (45 to 68
kg.) pressure is allowable on the compression load of
the operating springs when at their assembled height,
and all clutch springs are tested for this before assembly.

The clutch operating springs are not aflected by high
clutch temperatures, as the pressure plate absorbs heat
rapidly, the springs have only line contact, and a draught
is continually passing under them when the engine is
running.

Tolerances.

Wear on the working faces of the driven plate is about
001 in. (02 mm.) per 1,000 miles (1600 km.) under
normal running conditions. The accuracy of the align-
ment of the face of the driven plate must be within
015 in. (-38 mm.).

Driven plates,

It is important that neither oil nor grease should
contact the clutch facings.

Lubrication of the splines of the driven plate is
provided at assembly only, when CS881 graphite grease
or zinc-based Keenol is used,

ftis essential to install a complete driven plate assembly
when renewal of the friction surfaces is required. If the
facings have worn to such an extent as to warrant
renewal, then slight wear will have taken place on the
splines and also on the torque reaction springs and their
seatings. The question of balance and concentricity is
also involved. Under no circumstances is it satisfactory
to repair or rectify faults in clutch driven plate centres,
and we do not countenance this as manufacturers.

LOTUS ELITE WORKSHOP MANUAL

Condition of clutch facings in service.

It is natural to assume that a rough surface will give
a higher frictional value against slipping than a polished
one, but this is not necessarily correct. A roughened
surface consists of small hills and dales, only the ‘high-
spots’ of which make contact. As the amount of useful
friction for the purpose of taking up the drive is depen-
dent upeon the area in actual contact, it s obvious that a
perfectly smooth face is required to transmit the maxi-
mum amount of power for a given surface area.

Since non-metallic facings of the moulded asbestos
type have been introduced in service the polished surface
is common, but it must not be confused with the glazed
surface which is sometimes encountered due to conditions
to bhe detailed subsequently. The ideally smooth or
polished condition will therefore provide proper surface
contact, but a glazed surface entirely alters the frictional
value of the facing, and will result in excessive clutch
stip. These two conditions might be simply illustrated
by a comparison between a piece of smoothly finished
wood and one with a varnished surface; in the former
the contact Is made directly by the original material,
whereas in the latter instance a film of dry varnish is
interposed between the contact surfaces and actunal
contact is made by the varnish.

If the clutch has been in use for some time under
satisfactory conditions the surface of the facing assumes
a high polish through which the grain of the material
can be seen clearly. The polished facing is of light colour
when in perfect condition.

Should oil in small quantities gain access to the clutch
and find its way onto the facings, it will be burnt off as
a result of the heat generated by the slipping occurring
under normal starting conditions. The burning of this
small quantity of lubricant has the effect of gradually
darkening the facings, but provided the polish of the
facings remains such that the grain of the material can
be distinguished clearly, it has little effect on clutch
performance.

Shonld increased quantities of oil obtain access to the
facing, then one or two conditions, or a combination of
these, may arise, depending upon the nature of the oil.
i.  The ocil may burn off and leave a carbon deposit

on the surface of the facings, which assume a high
glaze, producing further slip. This is a very definite,
though very thin, deposit, and in general it hides
the grain of the material.

ii. The oil may partially burn and leave a resinous
deposit on the facings. This has a tendency to
produce a fierce clutch, and may also cause excessive
‘spinning’ due to the tendency of the face of the
linings to adhere to the surface of the flywheel or
pressure plate.

iii. There may be a combination of conditions (i) and
(ii) which produces a tendency to ‘judder’ on such
engagement.

Still greater guantities of oil produce a dark and
soaked appearance of the facings, and the result will be
further slip, accompanied by fierceness or ‘juddering’.

If the conditions enumerated above are experienced
the clutch driven plate should be replaced by a new one.
The cause of the presence of the oil must be traced and
removed. It is, of course, necessary for the clutch and
flywheel to be cleaned out thoroughly before assembly.

H3




SECTION H

THE CLUTCH

Where the graphite release bearing ring is badly womn
in service either a complete replacement assembly or a
new graphite ring should be fitted. These graphite rings
are inserted into their metal cup by heating the metal
cup to a cherry red, then forcing the graphite ring into
position. Immediately the ring is forced into position
the whole should be quenched in oil. Aligninent of the
thrust pad in relation to its face and the trunnions should
be within -005 in. (-12 mm.).

In almost every case of rapid wear on the splines of
the clutch driven plate misalignment is responsible.

Looseness of the driven plate on the splined shaft
results in noticeable backlash in the clutch. Misalign-
ment also puts undue stress on the driven member, and
may result in the hub breaking loose from the plate,
with consequent total failure of the clutch.

It may also be responsible for a fierce chattering or
dragging of the clutch, which makes gear changing
difficult. In cases of persistent difficulty it is advisable
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Fig. 1

A. Pressure plate, 1. Release plate.

B. Struts. 1. Graphite release bearing.

c. Floating pins. K. Release bearing cup.

p. Eyebolts. L. Thrust coil springs.

E. Adjusting auts. M. Clutch cover.

F. Anti-rattle springs. N. Driven plate.

G. Release levers. ¢. Securing bolts.

M. Lever retainer springs. p. Flywheel.

juw
N

to check the flywheel for truth with a dial indicator.
The dial reading should not vary more than 003 in.
(-07 mm.) anywhere on the flywheel face.

4. Description

The clutch is of the single-plate dry-disc type operated
hydraulically. No adjustment for wear is provided in
the clutch itself; individual adjustment is provided for
locating each lever during initial assembly. The adjusting
nuts are locked in place and must never be disturbed

“untess the clutch is dismantled.

Driven plate assembly.

This consists of a splined hub and flexible steel driven
plate (N), to the outer diameter of which are fixed the
annular friction facings. This plate is attached to the
splined hub by a spring mounting which provides a
torsional cushion.

Withdrawal bearing assembly.

This comprises the graphite release bearing (7) mounted
in a cup attached to the throw-out fork and a release
plate (1) attached to the inner ends of the release levers
(¢) by means of the retainer springs (H). Release is
accomplished by moving the release bearing forward
into contact with the release plate and thus applying
pressure to the release levers.

Cover assembly.

Each release lever is pivoted on a fleating pin (¢),
which remains stationary in the lever and rolls across a
short flat portion of the enlarged hole in the eyebolts (D),
(see Fig. 1). The outer ends of the eyebolts extend
through holes in the clutch cover and are fitted with
adjusting nuts () by means of which each lever is located
in its correct position. The outer or shorter ends of the
release levers engage the pressure plate lugs by means of
struts (B8) which provide knife-edge contact between the
outer ends of the levers and the pressure plate lugs,
eliminating friction at this point. Thus the pressure
plate (A) is pulled away from the driven plate (),
compressing the six thrust coil springs (L) which are
assembled between the pressure plate and the clutch
cover (M),

When the foot pressure is removed from the clutch
pedal the clutch springs force the pressure plate forward
against the driven plate, gradually and smoothly applying
the power of the engine to the rear wheels.

Hydraulic operation

A master cylinder is mounted on the engine side of
the bulkhead and operated directly by the clutch pedal,
Fluid pressure is transmitted to the slave cylinder,
moving the piston, push-rod, and clutch lever to dis-
engage the clutch.

Master cylinder.
The clutch master cylinder is of the Girling type C.V.
with integral supply tank. '

Slave cylinder.

This is bolted to the clutch housing and normally
requires no maintenance; its assembly is similar to that
of the front wheel brake cylinder. If the system is
drained of fluid it will be necessary to bleed the cylinder
after reassembly and refilling,

LOTUS ELITE WORKSHOP MANUAL
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5. Dismantling the Clutch
Two methods are possible in dismantling the clutch:

(@) using the clutch assembly gauging fixture 18G99A,
and (b) using a press and blocks of wood.

Using the clutch assembly gauging fixture (Fig. 2)

Consult the code card to determine the correct spacers
for the particular clutch. Place the spacers on the base
plate in the positions indicated on the code card and
place the clutch on the spacers. Screw the actuator into
the central hole in the base plate and press the handle
to clamp the clutch. Screw the set bolts fixmly into the
base plate. The clutch can now be compressed or released
as required.

Fig. 2
Using the actuator to compress the clutch springs for
dismantling or setfing the assembly

Compress the clutch with the actuator and remove the
adjusting nuts gradually to relieve the load of the thrust
springs. Lift the cover off the clutch and carry out
whatever additional dismantling may be necessary.

Using a press and wood blocks (Fig. 3)

Place the cover on the bed of a press with the pressure
plate resting on wood blocks so arranged that the cover
is left free to move downwards. Place a block or bar
across the top of the cover, resting it on the spring bosses.

Apply pressure to the cover with the spindle of the
press and, holding it under compression, remove the
three adjusting nuts. The pressure from the press may
now be released gradually until the clutch springs are
fully extended.

While stripping down the cover-plate assembly the
parts should be marked so that they may be reassembled
in the same relative position to each other to ensure that
the correct balance is maintained, When a new pressure
plate is fitted it is essential that the complete cover and
pressure plate assembly be accurately balanced, and it is
not a practical proposition to fit new pressure plates
unless balancing facilities are available.

All parts are available for inspection when the cover
is lifted off.

To remove the release levers grasp the lever and eyebolt
between the thumb and fingers so that the inner end of

LOTUS ELITE WORKSHOP MANUAL
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Fig. 3
Compressing the springs with wood blocks and press

the lever and the threaded end of the eyebolt are as near
together as possible, keeping the eyebolt pin seated in
its socket in the lever. The strut can then be lifted over
the ridge on the end of the lever, making it possible to
lift the eyebolt off the pressure plate. It is advisable to
renew any parts which show signs of wear.

6. Assembling the Clutch

Lay the pressure plate on the wood block on the bed
of the press (or on the bhase plate of the clutch assembly
gauging fixture) and place the springs on it in a vertical
position, seating them on their small locating bosses.
Clean all parts and renew any which show appreciable
wear.

Assemble the release levers, eyebolts, and eyebolt pins,
holding the threaded end of the eyebolt and the inner
end of the lever as close together as possible. With the
other hand insert the strut in the slots of the pressure
plate lug just sufficiently to allow the plain end of the
eyebolt to be inserted in the hole in the pressure plate.
Move the strut upwards inte the slots in the pressure
plate lugs, over the ridge on the short end of the lever,
and drop it into the grooves formed in the lever.

Lay the cover over the parts, taking care that the
anti-rattle springs are in position as shown in Fig. 1 and
that the springs are directly under the seats in the cover.
Also make sure, if using the original parts, that the
eyebolts, evebolt nuts, pressure plate lugs, and cover
are fitted in their correct relative positions, as marked
when dismantling, to ensure correct balance being

maintained.

Compress the springs either by the actuator, if the
gauging fixture is being used, or by the use of a wooden
block across the cover and a press. Take care to guide
the eyebolts and the pressure plate lugs through the
correct holes in the cover. Make sure also that the thrust
springs remain correctly in their seats.

Replace the eyebolt nuts on the eyebolts and release

‘the pressure compressing the cover assembly.

H3




SECTION H

THE CLUTCH

7. Adjusting the Release Levers

Satisfactory operation of the clutch is dependent upon
accurate adjustment of the release levers so that the
pressure plate face is maintained parallel to the flywheel
face. This cannot be accomplished by setting the levers
parallel to the face of the release bearings after the clutch
has been assembled to the flywheel because of the
variations in the thickness of the driven plate.

Fig. 4
Checking the setting of the release levers

For an accurate adjustment the universal gauging
fixture must be used.

Using the clurch assembly gauging fixture.

After carrying out any necessary servicing reassemble
the parts on the clutch pressure plate, and place the
cover on it and the whole assembly on the base plate of
the gauging fixture. It is essential that the correct spacers
be used, as indicated on the code card.

Bolt the cover to the base plate and screw the adjusting
nuts onto the bolts until the tops of the nuts are flush
with the tops of the bolts. Screw the actuator into the
base plate and work the handle a dozen times to settle
the mechanism. Remove the actuator. Screw the pillar
firmly into the base plate and place the appropriate
adaptor (see code card) on the pillar with the recessed
side downwards; place the gange finger in position.

Turn the adjusting nuts until the finger just touches
each release lever, pressing downwards on the finger
assembly to ensure that it is bearing squarely on the
adaptor. Remove the finger and the pillar and replace
the actuator; operate the actoator several times. Re-
check with the finger assembly and make any necessary
further adjustments.

Lock the adjusting nuts.

8. Special Tools
18G279. Clutch Centralizer.

This tool is essential when bolting the clutch cover
assembly to the flywheel to centralize the driven plate.

Hé6

18G279

It ensures that when fitting the gearbox to the engine
the first motion shaft passes easily through the clutch
driven plate hub and locates in the spigot bearing in the
end of the crankshaft.

Alternatively 18G39 may be used.

18GI9A

18G99A. Clutch Assembly Gauging Fixture.

With the use of this tool a clutch assembly can be
quickly dismantled, rebuilt, and finally adjusted with a
high degree of accuracy. This is a universal tool for
clutch assemblies from 61 ” to 117 (159 mm. to 279 mm.)
diameter.

9. Master Cylinder
Description.

The inner assembly of the master cylinder is made up
of the push-rod, circlip, dished washer, plunger, end
seal, plunger seal, spring thimble, plunger return spring,
valve spacer, spring washer, valve stem, and valve seal.
The open end of the cylinder is protected by a rubber
dust seal.

Removal.

Extract the split pin and withdraw the clevis pin from
the push-rod yoke. Disconnect the pressure pipe union
from the cylinder and remove the two screws and spring
washers from the master cylinder mounting flange. The
master ¢cylinder may now be withdrawn from the vehicle.
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Dismantling.

Remove the retaining cirelip with a pair of Tong-nosed
pliers and extract the dished washer and push-rod. When
the push-rod has been removed the plunger with seals
attached will be exposed; remove the plunger assembly
complete. The assembly can be separated by lifting the
thimble leal over the shouldered end of the plunger.
Depress the plunger return spring, allowing the valve
stem to slide through the elongated hole in the thimble,
thus releasing the fension on the spring. Remove the
thimble, spring, and valve complete. Detach the valve
spacer, taking care of the spacer spring washer which is
located under the valve head, and remove the seal from
the valve head.

Examine all parts, especially the seals, for wear or
distortion and fit new parts where necessary.

Assembly.

Replace the valve seal so that the flat side is correctly
seated on the valve head. The spring washer should
then be located with the domed side against the ander
side of the valve head, and held in position by the valve
spacer, the legs of which face towards the valve seal.
Replace the plunger return spring centrally on the spacer,
insert the thimble into the spring, and depress until the
valve stem engages through the elongated hole of the
thimble, ensuring that the stem is correctly located in
the centre of the thimble. Check that the spring is still
central on the spacer. Fit a new plunger seal with the
flat Tace of the seal against the face of the plunger. Refit
the plunger end seal using a new seal if necessary.

5158C

Fig. 5
The arrow indicates the thimble leaf

The master cylinder.

Insert the reduced end of the plunger into the thimble
until the thimble leaf engages under the shoulder of the
plunger. Press home the thimble leaf.

Smear the plunger assembly with the recommended
fluid, and insert the assembly into the cylinder bore,
valve end first, carefully easing the plunger seal lips into
the bore. Replace the push-rod, with the dished side of
the washer under the spherical head, into the cylinder,
followed by the circlip, which engages in the groove
machined in the cylinder body.

LOTUS ELITE WORKSHOP MANUAL
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Fig. 6
The clutch mastercylinder components

1. Master cylinder body. 10.  Valve seal.

2. Plunger. 11. Push-rod.

3. End seal. 12. Retaining washer.

4. Plunger seal. 13, Circlip.

5. Spring thimble. 14. Dust cover,

6. Spring. 15. Outlet.

7. Valve spacer. 16. Cap washer.

8. Spring washer. 17.  Filler cap.

9. Valve stem. 18. Air vent.
Replacement

Locate the master cylinder on the mounting bracket
on the bulkhead and fit the bolts, washers, and seli-
locking nuts. Replace the rubber dust cover. Line up
the push-rod fork with the hole in the clutch pedal lever,
insert the clevis pin, and secure it with a new split pin.
Finally, bleed the system as detailed in Chapter 11.

0. Slave Cylinder
Description.

The slave cylinder is of simple construction, consisting
of an alloy body, piston with seal, spring, and bleed
screw. The open end is protected by a rubber dust cover,
Two bolts with spring washers secure the slave cylinder
to the clutch housing.

Removal.

Attach a rubber tube to the bleed screw and open the
screw three-quarters of a turn. Pump the clutch pedal
unti] all the fluid has been drained into a clean container.
Unscrew the pressure pipe union and remove the two
bolts and spring washers securing the cylinder to the
clutch housing. The cylinder may now be removed from
the vehicle, leaving the push-rod attached to the clutch
fork.

Dismantling.

Remove the rubber dust cover, and with an air-line
blow out the piston and seal. Extract the spring.
Examine all parts, especially the seal, and renew if worn
or damaged.
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Assembly.

Place the seal on the stem of the piston with the back
of the seal against the piston (see Fig. 7). Replace the
spring with the small end on the stem, smear well with
the recommended fluid, and insert into the cylinder.

Replacement.

Replace the rubber dust cover on the cylinder and
locate the cylinder in its correct position on the clutch
housing, ensuring that the push-rod enters the hole in
the rubber boot. Replace the two mounting bolts and
spring washers. Refit the pressure pipe union, taking
care to fit the copper washers correctly, and bleed the
system.

3 4 5 6

Fig. 7
The clutch slave cylinder components
1. Spring. 4, Body.
2. Seal 5. Dust cover.
3. Piston, 6. Circlip.

HS8

11. Bleeding the Clutch System

Open the bleed screw on the slave cylinder three-
quarters of a turn and attach a tube, immersing the open
end in a clean receptacle containing a small quantity of
the recommended hydravlic fluid. Fill the master
cylinder reservoir with fluid. The use of Girling Hydraulic
Brake Fluid is recommended, but if this is not available
an alternative fluid conforming to Specification S.A.E.
70.R1 should be used. Using slow, full strokes, pump
the clutch pedal until the fluid entering the container 1s
completely free from air bubbles. On a downstroke of the
pedal tighten the bleed screw and remove the bleed tube.
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SECTION 1

THE PROPELLER SHAFT

Description
Lubricating the Universal joints ...
Testing for wear

. Removing the propeller shaft
Dismantling the propeller shaft ...
To examine and check the wear ...
Reassembling the shaft

Replacing the propeller shaft
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" SECTION |

THE PROPELLER SHAFT

1. Description

The propeller shaft and universal joints are of the
Hardy Spicer type with needle-roller bearings.

A single shaft connects the rear axle and the gearbox.
To accommodate fore and aft movement of the axle
a sliding joint of the reverse spline type is fitted between
the gearbox and the front universal joint flange. Each
joint consists of a centre spider, four needle-roller bearing
assemblies, and two yokes,

‘ml"’””‘ .

Fig. 1
Where to apply light blows to the yoke afier removing the
retaining circlip

2. Lubricating the Universal Joints

A lubricator is fitted to.each front and rear spider,
and should be charged fully after overhauling and
subsequently given three or four strokes with the grease
gun every 1,000 miles (1600 km.). The correct lubricant
is grease to Ref. D (Section C).

I a large amount of grease exudes from the oil seal
the joint should be dismantled and new oil seals fitted.

_ The sliding joint Is antomatically lubricated from the

gearbox.

3, Testing for Wear

Wear on the thrust faces is ascertained by testing the
lift in the joint either by hand or with the aid of a length
of wood suitably pivoted.

Any circumferential movement of the shaft relative to
the flange yokes indicates wear in the needle-roller
bearings, or in the splined shaft in the case of the forward
joint.

4.  Removing the Propeller Shaft

Before removing the bolts and nuts securing the
propeller shaft universal joint flange to the rear axle
flange carefully mark the flanges to assist in refitting
them in their original positions. This is important.

Remove the bolts securing the propeller shaft to the
rear axle flange. The shaft can now be removed from
the car downwards and rearwards.
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5. Dismantling the Propeller Shaft

Remove the enamel and dirt from the snap rings and
bearing faces. Remove all the snap rings by pinching
their ears together with a pair of thin-nosed pliers and
prising them out with a screwdriver.

It a ring does not slide out of its groove readily tap
the end of the bearing race slightly to relieve the pressure
against the ring. Remove the lubricator from the journal
and, holding the joint in one hand, tap the radius of the
yoke lightly with a copper hammer (Fig. 1). The bearing
should begin to emerge; turn the joint over and finally
remove with the fingers, If necessary, tap the bearing
race from inside with a small-diameter bar (Fig. 2),
taking care not to damage the bearing face, or grip the
needle bearing race in a vice and tap the flange yoke clear.

Be sure to hold the bearing in a vertical position, and
when free remove the race from the bottom side to avoid
dropping the needle-rollers.

Repeat this operation for the opposite bearing.

Fig. 2
When dismantling a universal joint the bearings may be
tapped out with a small-diameter rod from the inside as
shown. Take care not to damage the roller races

Rest the two exposed trunnions on wood or lead
blocks to protect their ground surfaces, and tap the top
lug of the flange yoke to remove the bearing race.

Turn the voke over and repeat the operation.

6. To Examine and Check the Wear
The parts most likely to show signs of wear after long

usage are the bearing races and the spider journals. . = :
Should looseness, load markings, or distortion be -
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SECTION 1

observed, the affected part must
be renewed complete ; no oversized
journals or races are provided.

It is essential that the bearing
races are a light drive fit in the
yoke trunnions. In the event of
wear taking place in the yoke
cross-holes, rendering them oval,

the yokes must be renewed. In
case of wear in the cross-holes in
the fixed yoke, which is part of the
tubular shaft assembly, it should
be replaced by a complete tubular
shaft assembly.

Fig. 4

The sliding joint, showing the oilways which conduct oil

Fig. 3
When replacing the gasket retainer use should be made of
a hollow drift to tap it into place without damage

LOTUS ELITE WORKSHOP MANUAL

from the gearbox

7. Reassembling the Shaft

See that all the drilled holes in the journals are
thoroughly cleaned out and free of grease.

Assemble the needle-rollers in the bearing races and
fill with grease. Should difficulty be experienced in
retaining the rollers under control, smear the walls of
the races with grease to Ref. D (Section C) to retain the
needle-rollers in position while reassembling.

Insert the spider in the flange yoke, ensuring that
the Iubricator boss is fitted away from the yoke. Using
a soft-nosed drift, about % “ (-8 mm.) smaller in
diameter than the hole in the yoke, tap the bearing into
position. Repeat this operation for the other three
bearings. Replace the circlips and be sure that these are
firmly located in their grooves. If the joint appears to
bind, tap lightly with a wooden mallet: this will relieve
any pressure of the bearings on the end of the journals.

It is always advisable to replace the cork gasket and
the gasket retainers on the spider journals by means of a
tubular drift shown in Fig. 3. The spider journal
shoulders should be shellacked prior to fitting the retain-
ers to ensure a good oil seal.

8. Replacing the Propeller Shaft

Wipe the faces of the flanges clean and place the
propeiler shaft in position on the car. Ensure that the
flange resisters engage correctly, that the components are
replaced in exactly the same relation as before removal,
and that the joint faces bed down even lyall round
Insert the bolts and tighten the self-locking nuts.
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REAR SUSPENSION, DIFFERENTIAL AND FINAL DRIVE

_ Chapter

. Removal of rear suspension differential and final drive !

Renewing the pinion oil seal . ... 2

Removing the differential pinions 3

" Replacing the differential pinions 4

Dismantling the crown wheel and pinion ... 5

© Assembling and setting the crown wheel and pinion 6

Setting the pinion position 7

Adjusting the pinion bearing preload g

Setting the crown wheel position 9

Adjusting the backlash 10

. Special tools ... I}
| Rear suspension differential and final drive components {(Hlustration)

Key to rear suspension differential and final drive components 12
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SECTION J

REAR SUSPENSION, DIFFERENTIAL & FINAL DRIVE

1. Removal of Rear Suspension, Differential and Final
Drive

Jack up car, remove rear wheels.

To remove the rear suspension, differential and final
drive from inside the boot of the car, undo petrol tank
straps and remove filler neck and battery cover. Dis-
connect fuel line at pump. Slide the tank back a few
inches and disconnect the fuel line and float unit wires.

Remove the tank (see page M3).

Drain the differential. Disconnect the rear brake hose
at the union and disconnect the handbrake cable. Undo
the propeller shaft retaining bolts. Undo and remove
the four bolts retaining each disc and remove the discs.
Undo the 4 differential mounting bolts, leaving the two
lower bolis until last; the differential can then be re-
moved.

Remove the locking wire and two bolts retaining the
cup on the inboard end of the radius arm. Undo the
two nuts holding the radius arm to the strut and with-
draw the spindle, at the same time noting the position of
the flat washers. Remove radius arm,

Undo the top nut of the damper unit from inside the
car and remove the suspension unit.

The suspension unit on the opposite side of the car
can be removed in a similar manner.

Replace the hub cap and holding the strut casting, hit
the hub cap on the end face with a wooden mallet to
loosen hub taper cone. Remove hub cap and the sleeve
can be removed and the hub withdrawn from the strut
casing. Remove the inner bearing track by use of a
parallel drift through the holes provided in the casting.
The outer bearing track is removed in a similar manner.

Press the inner race off the stub axle.

Compress the road spring and withdraw the tension
pin. Decompress the spring and draw off cap and spring.

Remove the top pick up metacone by undoing the
locking wire and the two bolts holding it to the pick up
moulding and the mecatone will fall away. Renewal of
damper units can only be done at the factory and mist
be returned complere with strut casing.

Remove the inboard drive shaft by extracting the
outer circlip and using extractor tool, withdraw the drive
shaft complete with bearing.

Remove the inner circlip and pull offl the bearing.
Remove the O-ring oil seal from the differential casting.

The reverse process may be used for reassembly,
remembering that all O-rings and Nylos seals must be
renewed.

During re-fitting of the rear radius arm cups take care
not to overtighten the retaining bolts which could, in
extreme cases, result in loosening the bonded-in metal
insert in the body.

No adjustment for track or camber angle is necessary
or provided for.

2. Renewing the Pinion Qil Seal

Mark the propeller shaft and pinion shaft driving
flanges so that they can be replaced in the same relative
positions and disconnect the propeller shaft, carefully
supporting it. :

Knock back the lock washer and unscrew the nut in
the centre of the driving flange. Remove the nut and
washer and withdraw the flange and pressed-steel end
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Fig. 1
Using special tool 18G4ATC and adaptors 18G4TT to
remove the differential bearings

cover from the pinion shaft.

Extract the oil seal from the casing.

Press a new seal into the casing with the edge of the
sealing ring facing inwards.

Replace the driving flange and end cover, taking care
not to damage the edge of the oil seal, and tighten the
nut with a torque wrench (special tool 18G372) to a
reading of 140 Ib. ft. (£9-3 kg. m.).

Reconnect the propeller shaft, taking care to fit the
two flanges with the locating marks in alignment.

3. Removing the Differential Pinions

Drain the oil from the axle and remove the axle shafts
as detailed in Chapter 1.

Mark the propeller shaft and pinion shaft driving
flanges so that they can be replaced in the same relative
positions; unscrew the self-locking nuts and disconnect
the joint.

Unscrew the eight nuts securing the bevle pinion and
gear carrier to the axle banjo.

Withdraw the carrier complete with the pinion shaft
and differential assembly.

Make suore that the differential bearing housing caps
are marked so that they can be replaced in their original
positions, then remove the four nuts and spring washers.
Withdraw the bearing caps and the differential assembly.

Tap out the dowel pin locating the differential pinion
shaft. It must be tapped out from the crown wheel side
as the hole into which it fits has a slightly smaller
diameter at the crown wheel end to prevent the pin
passing right through. It may be necessary to clean out
the metal peened over the entry with a 7 drill to
facilitate removal of the dowel pin. Drive out the differ-
ential pinion shaft when the pinions and thrust washers
can be removed from the cage.

4. Replacing the Differential Pinions

Examine the pinions and thrust washers and renew as
required.

Replace the pinions, thrust washers, and pinion shaft
in the differential cage and insert the dowel pin. Peen
over the entry hole.
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SECTION 1}

Reassembly is a versal of the instructions given in
Chapter 1,

Refill with fresh oil to Ref. D (Section C).

Note: If it proves necessary to fit any new parts other
than those detailed in Chapters |, 2 and 4 the axle
assembly must be set up as in Chapter 6.

5. Dismantling the Crown Wheel and Pinion

Remove the differential assembly as detailed in
Chapter 1.

Fig. 2
The bevel pinion flange wrench 18G34A used to hold the
flange against rotation while securing nut is slackened or
tightened

Remove the differential bearings from the differential
cage, using the differential bearing remover 18G47C
together with the adaptors 18G47T. Note that the thrust
face of each bearing is marked with the word ‘THRUST’
and that shims are fitted between the inner ring of each
bearing and the differential cage.

Knock back the tabs of the locking washers, unscrew
the nuts from the bolts securing the crown wheel to the
differential_,and remove the crown wheel from the
differentiakicage.

Unscrew the pinion nut, using a bevel pinion flange
wrench (special tool 18(GG34A) to prevent the flange from
turning during this operation.

Remove the driving flange and the pressed-steel end
COVET.

Drive the bevel pinion rearwards through the carrier,
using a soft-metal drift.. The pinion will carry with it
the inner race and rollers of the rear bearing, distance
piece, and shims, leaving the outer race and the complete
front bearing in position,

The inner race of the front bearing may be removed
with the fingers and the outer race of both the front and
rear bearings removed with the special bevel pinion
bearing: outer race remover (special tool 18G264),
together with the adaptors 18G264E and 18G264F (see
Fig. 3).
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Slide the distance piece and shims from the pinion
shaft and withdraw the inner race, using the bevel pinion
mner race remover and replacer 18G285 (see Fig. 4).

6. Assembling and Setting the Crown Wheel and Pinion
Apart from the fitting of components as detailed in
Chapters 1, 2 and 4 it is not permissible to fit any new
parts (e.g. crown wheel and pinion bearings, differential
bearings, etc.) to the axle assembly without working
through the procedure given in this Section. Further-
more, if a new crown wheel or a new pinjon is needed,
a mated pair—crown wheel and pinion—must be fitted,
Fitting a new crown wheel and pinion involves four
distinct operations:
i.  Setting the position of the pinion,
ii. Adjusting the pinion bearing preload.
iti. Setting the crown wheel position.
iv. Adjusting the backlash between the gears.
The following special service tools are required to
enable these operations to be carried out correctly:
i.  Bevel pinion and differential setting gauge,
ii. Bevel pinion inner race remover and replacer.
iii. Bevel pinion outer race remover and replacer.
iv. Bevel pinion preload gauge.

Fig. 3 -
Both front and rear bearing outer races may be removed,
usitg special tool 18G264 with adaptors 18G264E and
18GG264F

7. Setting the Pinion Position

1. Fit the bearing outer race to the gear carrier, using
the special pinion race replacing tool.

i, Smooth off the pinion head with an oil-stone but
do not erase any markings that may be etched on
the pinion head.

iii.  Assemble the pinion and rear bearing with a washer
of known thickness behind the pinion head.

iv. Position the pinion in the gear carrier without the
shims, bearing spacer, and oil seal.

v. Fit the inner ring of the front bearing and the
universal joint driving flange and tighten the nut
gradually until a bearing preload of 10 to 12 1b. in.
(*12 to -14 kg. m.) is obtained.

vi. Remove the keep disc from the base of the magnet.
Adjust the dial indicator to zero on the machined
step ‘B’ of the setting block.

3
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Fig. 4
Using special tool 18G285 to remove the bevel pinion
bearing inner race

Fig. 6
The special tool in position on the pinion with the dial
indicating the variation of the setiing from standard

the unbracketed pinion head figure (if any) the

following calculation can be made.

() If the clock reading is minus add the clock
reading te the pinion head marking, the
resuliing sum being minus. Reduce the washer
thickness by this amount.

Example:
Clock reading . —002 in.
Pinion marking —-005 in.
Variation from nominal ... —-007 in.

Reduce the washer thickness by this amount.

: . Fig. 5 ) (b) If the clock reading is plus and numerically less
Settmg the gauge to zero on the SP@C!&I block _fOJ‘ derer- than the pinion markings reduce the washer
miination of the pinion position. The arrow indicates the thickness by the difference. '
extension of the contact foot Example:
Pinion marking —005 in.

vii, Clean the pinion head and place the magnet and dial
indicator in position (Fig. 6}. Move the indicator
arm until the foot of the gauge rests on the centre
of the differential bearing bore at one side and
tighten the knurled locking screw.

Obtain the maximum depth reading and note any

Clock reading . . —+-003 1in.

Variation from nominal 002 in.

Reduce the washer thickness by this amount.

variation from the zero setting. Repeat the check {¢) If the clock reading is plus and numerically
in the opposite bearing hore. Add the two variations greater than the pinion marking increase the
together and divide by two to obtain a mean washer thickness by the difference.

reading. _ S Example:

viii. Take into consideration any variation in pinion Clock reading +-008 in.
head thickness. This will be shown as an un- Pinion marking — 003 in.
bracketed figure etched on the pinion head and will -
always be minus (—). If no unbracketed figure Variation from nominal ... 1--005 in.
is shown the pinion head is of nominal thickness. ' -

Using the mean clock gauge reading obtained and Increase the washer thickness by this amount.
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The only cases where no alterations are required
to the washer thickness, are when the clock reading
is plus and numericaily equal to the unbracketed
pinion marking, or the clock reading is zero and
there is no unbracketed marking on the pinion head.

ix. Allowance should then finally be made for the
mounting distance marked on the pinion head in a
rectangular bracket as fellows:

If the marking is a plus figure, reduce the washer

thickness by an equal amount.

If the marking is a minus figure, increase the

washer thickness by an equal amount.

A tolerance of -001 in. is allowed in the thickness
of the washer finally fitted.

8. Adjusting the Pinion Bearing Preload

A washer of the thickness indicated by use of the tool
and calculations should now be fitted under the pinion
head and the pinion assembled with bearings, pinion
bearing distance piece, shims to the value of approxi-
mately -012 in. (-30 mm.}, oil seal, and universal joint
flange. Prevent the universal joint from turning and
tighten the pinion nut gradually to a torque spanner
reading of 140 Ib. ft. (194 kg. m.). Checks should be
made during the tightening to ensure that the pinion
bearing preload does not exceed 15 Ib. in. (-173 kg, m.).
‘When the nut is correctly tightened it should provide a
pinion bearing preload of 13 to 15 1b. in. (-149 to 173
kg. m.). The shim thickness must be increased if the
preload is too great or reduced if it is insufficient. When
the correct preload is obtained no further attention is
needed so far as the pinion is concerned.

Fig. 7
Variations from the standard dimensions -between the
registers indicated are stamped on the differential carrier
oF cage
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9. Setting the Crown Wheel Position

Before fitting the crown wheel and differential assembly
to the differential carrier it is necessary to calculate the
amount of shim thickness. To assist in the calculations
of the thickness of shims to be fitted behind each differ-
ential cage bearing, variations from the standard
dimensions are indicated by stamped numbers on the
carrier adjacent to the bearing bores. The variations to
be considered are shown in Fig. 7, {a) being the distance
from the centre-line to the bearing register of the carrier
on the left-hand side and (B) the distance from the centre-
line to the bearing register of the carrier on the right-hand
side. The (c) dimension is from the bearing register on
one side of the cage to the register on the other side,
while the (D) dimension is from the rear face of the
crown wheel to the bearing register on the opposite side,
Any variation from standard on the {a) dimension will
be found stamped on the carrier adjacent to the bearing
bore, and similarly with the (B) dimension. The (¢) and
(D) variations are stamped on the machined face of the
differential cage.

It is possible to calculate the shim thickness required
on the left-hand side by the use of the following formula:
AL D007 in.

Substituting the actual variations shown, this formula
gives the shim thickness required to compensate for the
machining tolerances plus the extra -002 in. to give the
necessary bearing pinch. In addition, allowance must be

Fig. §
To measure variations in bearing thickness first zero the
gauge on the portion of the gauge block marked ‘B’

I5




SECTION J

REAR SUSPENSION, DIFFERENTIAL & FINAL DRIVE

Fig. 9 Checking the variation in bearing thickness

made for variations in bearing thickness in the following
Tnanner.

Rest the bearing, with the inner race over the recess
and outer ring thrust face downwards, on the small
surface plate of the bevel pinion and differential bearing
setting gauge. Drop the magnet on the surface plate and
zero the clock gauge to the small gauge block on its step
marked ‘B’ (see Fig. 8. This is the thickness of the
standard bearing.) Swing over the indicator until it rests
on the plain surface of the inner race and, holding the
inner race down against the balls, take a reading (Fig. 9).
Normally the bearing will be standard to —003 in.,
though in some cases variations may be from standard
to —005 in. A negative variation shown by this test
indicates the additional thickness of shimming to be
added to that side of the differential cage.

The formula for the right-hand side is:

B—Dp+-006 in.
and here again final allowance must be made for variation
in bearing thickness.

When a framed number is marked on the back of the
crown wheel, e.g. +2, it must be taken into account
before assembling the shims and hearings to the differen-
tial cage. This mark assists in relating the crown wheel
with the pinion.

If, for example, the mark is +-2, then shims to the
value of ‘002 in. (-05 mm.) must be transferred from the
left-hand side (the crown wheel side) to the right-hand
side. If the marking is —2, then shims to the value of
002 in, (-05 mm.) must be moved from the right-hand
side to the left~hand side.

10.. Adjusting the Backlash

Assemble the bearings (thrust faces outwards) and
shims as calculated to the differential cage.

J6

Bolt the crown wheel to the differential cage but do
not knock over the locking tabs. Tighten the bolts to a
torque wrench reading of 60 1b. ft. (8-3 kg. m.).

Mount the assembly on two “V’ blocks and check the
amount of run-out of the crown wheel, as it is rotated,
by means of a suitably mounted dial indicator. The
maximum permissible run-out is -002 in. (-05 mm.) and
any greater irregularity must be corrected. If there is
excessive run-out detach the crown wheel and examine
the joint faces on the flange of the differential cage and
on the crown wheel for any particles of dirt.

When the parts are thoroughly cleaned it is unlikely
that the crown wheel will not run true.

Tighten the bolts to the correct torque wrench reading
and knock over the locking washers.

Fit the differential to the gear carrier., Replace the
bearing caps and tighten the nuts to a torque wrench
reading of 65 1b. ft. {8-99 kg. m.). Bolt the special tool
surface plate to the gear carrier flange and mount the
clock gauge on the magnet bracket in such a way that an

Fig. 10 )
Measuring the crown wheel backlash with special rool
I8G191B
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1

PINION HEAD
THICKNESS

MAX - -0 07 INs
..... - — { Noke - NEVER+

/

CROWNWHEELS/ .
PINION

MARKED HERE
e PINIONS
) MARKED HERE. D MOUNTING DISTANCE

’ MAY +-004Ns

1 pax 1-oogins |

/ 4_‘ CROWN WHEEL

'r""'Ef MOUNTING DISTANCE .
MAX+ -O0S5iNs MAX- -QO5iNs

Fig, 11 Crown wheel and pinion markings

accurate backlash figure may be obtarned (see Fig. 10).
The recommended backlash will be found etched on the
rear face of the crown wheel. The minimum backlash

allowed in any circumstances is -005 in. (-127 mm.) and -

the maximum is -007 in. (-178 mm.).

A movement of -002 in. (-05 mm.} shim thickness from
one side of the differential to the other will produce a
variation in backlash of approximately -002 in. (-05 mm.).
Thus it should be possible to set up the differential, even
though the backlash is incorrect, by removing the
bearings on one oceasion only.

Great care must be taken to ensure absolute cleanliness
during the above operations, as any discrepancies result-
ing from dirty assembly would aflect the setting position
of the crown wheel or pinion.

11. Special Tools

18G34A. Bevel Pinion Flange Wrench.

This wrench prevents the rotation of the bevel pinion
flange when releasing or tightening the flange securing
nut. The pegs of the holding wrench fit into the bolt
holes of the flange,
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- 18G47C
18G47C. Differential Bearing Remover { basic tool).
This standardized basic tool used in conjunction with

adaptors 18G47T permits easy and safe withdrawal of
the differential bearings.

 18G4TT

18G47T. Differential Bearing Remover— Adaptor.
For use with basic tool 18G47C.

18G207
18G207. Bevel Pinion Bearing Preload Gauge.
The movable arms of the tool are located in opposite
holes of the bevel pinion flange and the weight moved
along the rod to the poundage required.

- Special Toels (continued on J10)
- J7




’+‘

REAR SUSPENSION, DIFFERENTIAL & FINAL DRIVE SECTION J

REAR SUSPENSION & DIFFERENTIAL
AND FINAL DRIVE COMPONENTS

o ©

I8 LOTUS ELITE WORKSHOP MANUAL




DIFFERENTIAL & FINAL DRIVE

Ll

REAR SUSPENSION

SECTION J

1/0z0L |
020L H

£50F 3
or g

S0y d
950P
PSOP H
£vob A
voy 9

LSO H
9t0b d
9to¥ 4
L0y
0oL d
0L A
6t0L H
Lol d

874
810L 9

914

970L 9
¥C0L H

‘ON Stdod

sujoy

00 00 T et v = CE R IO SN OO T O S IO = O = O NN A O] = — W W

—

A

(1ods pax) [9eym peoy
(ods yoe)q) [9oym proy

o AIQUISSSE SYRIqpPUEH
AJqUIasse SeIqQPUEH

S[qEd SNeIqpUEH

19¥oRIq [qED YRIQPURL]
(1sod wotuny npy

1sod ooty

(uomn) jog

bnEuwmm o801 SYLIQ IBFY
adid ayeig

(1®q 9OUEB[EQ) TN

(deq souefeq) 1jog

Suirds wingar Jeq aoue[eg
Teq soue[eq INLIQPUEE]
MU Y1M MR10S PUE INT SYEIGPUEH
opddier pearg

uoiun Avs ¢

adid paory

urd 10814

‘VEHT “mN

oy g oturerd ‘sIausepp
Q_on Ew:@ 37 ,¥1 X 109 VHT
s1o8ury Sunnejar ped

mnu mEﬁdm@A\

AUOH u_d Eﬂm SISUSTAN
poxaigy,

Sunds Burdure))

{(Buof) 19407 Furdwe[)
(110ys) Yaas] Surdurerd
Alquuasse ped ayel puel

.mq LN, #1]0G Supunow rdie)

Jear A[quiasse ped
puey 1331 ‘1erdwod 1D adieD
_puey Ewa “a1e[dwo T Iadi[e)y
Tt 1yeys Iopadoly
o[xe 7-p ‘a0a1d as0N]
ajxe ¢.p “2001d asON
Fuises Eznuhu.m_ﬂ
nu g 901N AN L §
ysng Jrey udmm_m«u—z
T SIDUSBM
o 8uo] £
HUAN D \‘w Hoq mEE:oE (BRI
o yons dig
©+ (IayIwa1q pue Iy Sn[d) 21quy IYSEAN
uondriosacy

# ~

; SINANOdINOD HATHA TVYNIA ANV

£204 9
0L A
610L &
TE0L T
670L d
870L 9
1€0L |
€D
0£0L A
gc0v 9
Lo
£€0L H
£/sc0L A
Z/st0L 9
1/8€0L A
9t0L d
L£oL T
SE0L A
PE0L A
010z 9
62 d

LT O
(10T 4

S Ld
€007 A
€00z A
1002 A
000T I
00T 3
H/C00t °H
/200 °
H/zooT d
1007 5
800 H

600 H
8001 4
dg/sz01 A
HT0r A
AN |
voor d
T/4toL d
[41t4C ]
900Z 5
6t d
itd

ON 51D

smpoy

A}

[V Aot N N N Mo N R R N N B i R Eat Fa B RN N Nt Fat Nt B S K Rt Ka RE e s ot o Kot Nl loo R Mo £- - Hol f o ot Rt En Rl

-

Iayjealq pue a8y Snyd
A:_mbu mE& 31Q1 IBYSE AN
urelp Snpg

wur gg dippany

mEn :O: .Bp@:._ Suirsag

. Surreag

ww gy dioar)

8uop , 1 U0q AN L3
1JBUS 2ALIp piROGU]

T erq Xear osi(J
apeuad "IN L ¥ 1ION
JFEUS JIey paXig

c £00- +) (Bunieaq) 1eoeds
(,S100- -+) (Buneaq) 100uds
Q:mccﬁ& (3urreaq) Ja0udg
E.E Sureog

{835 SOJAN]

puey Emﬁ ﬂmzm QALIP 15N
uamﬂ ﬂu— ‘1JRUS DALIP IO
 ,£1/¢ urd uoisuay,

©o urerd am SIOUSEAN

d 2d41 "IN L N
JUOCOEIAW I3qgNI ysng

ma%oﬁaE Suol T x O'N'Q 9oq &

jusuIEqE doj,

aogm T doy uun_nmu uody

Supdg

jmun adurecy

T jusunRqR WONog

SATIp puey 1J9] ‘Feoeds une uosuadsng
QAHIp puey 1J2[ “fedrds ULIe UOISURdSNG

JALIp puey Em: ‘aoeds mrre vorsuadsng

o 1eq Jaqqig

: wiIe snipes dny

o ured 35 1oyusem

Juop X DN L siod

' pox unesoy

arddiu asealir)

COpURY 139] ‘[RIUSUNUOS ‘MU gn

puey g3 Jmuaoﬁﬁﬂoo .ﬁ.:._ quyg

puey 1191 Emunﬁm u:m qnyg

puey Ewﬁ PIEPUE]S “pnu gy

: Ie[oo Tade g,

mﬂmnoa Junreaq 1e5y

SUOQUSTAA

urerd ‘raysepn 3

L SOAN AN L F
vondisacr

TYLINTRIAAIA NOISNAISNS dVAd OL ATM 71

‘b1

Ll o]
——

meienfing o~ odch'g"

$

J9

LOTUS ELITE WORKSHOP MANUAL




SECTION J 1 g REAR SUSPENSION, DIFFERENTIAL & FINAL DRIVE

Special Tools (continued from 17)

18G285
18G285, Bevel Pinion Bearing Inner Race Remover and .

Replacer.

A tool which is essential when withdrawing or re-
placing the inner bearing race of the pinion shalft.

18G19iB

18G191B. Bevel Pinion and Differential Bearing Setting
Gauge.

Correct assembly and adjustment of the pinion and
differential gear is impossible without this special tool.
Alternatively 18G191 and 18G191A may be used.

J10 , LOTUS ELITE WORKSHOP MANUAL




FRONT SUSPENSION AND STEERING SECTION K =

SECTION K

FRONT SUSPENSION AND STEERING

Chapter
Dismantling the front suspension 1
Assembling the front suspension ... 2
Removing the steering column ... 3
Assembling the steering column ... 4
RACK AND PINION STEERING
Rermoval e 5
Dismantling 6
Inspection 7
Assembly 8
Front suspension and steering components (IHustration)
Key to front suspension and steering components ... 9
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SECTION K

FRONT SUSPENSION AND STEERING

1. Dismantling the Front Suspension

Jack the car up. Remove hub nut and wheel. Replace
hub nut to protect the thread.

Disconnect the brake hose.

Remove the nut on the end of the steering arm.
Separate the track-rod end from the steering arm.

Remove the nut, washer and rubber bush from the
end of the anti-roll bar and the nut and washer from the
outer end of the suspension arm. Separate the top
suspension arm from its taper in the top of the king-post,
when the hub and disc assembly will fall away and hang
on the lower wishbone.

Remove the securing bolts attaching the lower wish-
bones to their mounting brackets.

Pull the wishbone and hub assembiy away.

Remove the bolt securing the lower end of the spring’

damper unit to the wishbone.

Remove the spring damper unit.

Remove the bolt securing the lower wishbone to the
trunnion.

Unserew the trunnion from. the king-post.

Withdraw the two bolts holding the caliper to the
mounting bracket and remove the caliper.

Unscrew the hub cap, remove the grease cap from the
end of the hub. Withdraw the cotter pin from the
castellated nut enabling the complete hub and disc
assembly to be withdrawn from the stub-pin, tap cut the
bearings.

Undo the six bolts securing the disc to the Lhub. Part
the hub and disc.

Bend back the tab washers on the four bolts securing
the caliper mounting bracket, steering arm and disc
shield to the kingpost.

Remove the stub pin by slackening off the nyloc nut
on the inner end of the stub pin and tap the pin off the
taper.

Remove the nut and withdraw the stub pin,

Should the anti-roll bar have to be removed, remove
the screws on the forward face of the mounting blocks
and pull the bar away, noting that the threaded ends are
cranked so that they lie parallel with the ground line of
the car.

To dismantle the spring damper unit, compress the
road spring.

* Remove the slotted spring cap, decompress the spring
and draw it from the damper unit.

The suspension is now completely dismantled.

All bearings should be washed and inspected. All
parts should be cleaned and inspected for cracks. If the
car has suffered any impact, all parts should be electric-
ally crack tested and checked for alignment.

2. Assembling the Front Suspension

Assemble the suspension by reversing the process.

Should the trunnions become mixed, note that the
left-hand threaded trunnion fits on to the right-hand
king-post and vice versa.

Note: It should be noted in reassembly that before
tightening suspension atiachmeni points the weight of the
vehicle should be resting on the front suspension normal
assemblies. This will avoid imposing wundue torsional
stresses on the rubber mounting bushes. That could be
possible if units were tightened in their extended positions.
Brakes must be bled after re-assembiy.

K2

3. Removing the Steering Column

Remove steering wheel badge.

Remove steering wheel by undoing the six screws
round the steering wheel boss.

Remove the two tapers pins securing the boss to the
steering column and draw off the boss.

Unscrew the two nuts holding the upper securing
brackets to the footwell.

Undo the pinch bolt on the lower rubber joint and
draw the joint off the end off the splined shaft of the
steering box. _

Draw the stcering column out through the upper
steady bearing and remove the steering column out
through the bonnet.

4. Assembling the Steering Column
Assemble in the reverse order.

RACK AND PINION STEERING

5. Removal

Separate the tie rod ball joints from the steering arm
taper hole.

Remove the four nyloc nuts from the bottom of the
rack and pinion mounting brackets. Withdraw bolts
and separate the two halves of the rack and pinion
mounting brackets, (Note dowel in top half of bracket
nearest pinion box.)

Undo the pinchbolt securing the steering column to
the pinion shaft and withdraw the rack and pinion
assembly from the engine bay.

6. Dismantling

Slacken the rubber gaiter retaining clips, pull the inner
end of each gaiter from between the clip and rack tube,
then slide each gaiter towards the outer ball joint.

Slacken the locknuts and unscrew each outer tie rod
from the rack. Withdraw a coil spring from each end
of the rack.

Turn back taps of tabwashers, then slacken and
remove the sleeve nut, tabwasher and thrust pad from
cach outer tie rod inner ball joint.

Slacken the locknuts and unscrew each outer ball joint
assembly from their respective tie rods.

Remove the locknut, rubber, gaiter, clips, and cap nut
from each oufer tie rod.

Remove the locknuts and clips from each end of the
rack.

Slacken and remove the cap nut, shim pack, coil
spring and pressure pad.

Slacken and remove pinion retaining nut, shim pack -
and pinion shaft complete with bush and thrust washer. "%

Remove and discard the ‘O’ ring seal from the retain-
ing nut.

Withdraw the rack from the tube. "

Remove thrust washer and bush from the pinion
housing.

7. Inspection

Thoroughly clean all components,

Examine the bushes in the end of the rack tube for -
wear and damage. If necessary renew them, pressing the '
new bushes intc the tube, the first with the innermost

edge of the bush 1-75 in. (44-45 mm.) in, the second with ~ .
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FRONT SUSPENSION AND STEERING

SECTION K

the nearest edge of the bush flush with the end face of
the tube.

Fit a new ‘O’ ring seal to the pinion retaining nut.

Examine the rack and pinion for wear or damage.
Renew as necessary.

Examine the pinion thrust washers and bushes for wear
or damage. Renew as necessary.

Examine the thrust pad and inner ball joint of each
outer tie rod for wear or damage. Renew as necessary.

Examine the outer ball joint assemblies for wear or
damage. Renew as necessary.

Check each cap nut for wear or damage. Renew as
necessary,

Check that the rack tube or ounter tie rods are not bent.
Renew as necessary.

8.  Assembly

Insert bush and thrust washer into the pinion housing.

Insert the rack into the tube.

Insert pinion with thrust washer and bush into the
pinion housing.

Adjust pinion end float as follows:

(@) Fit the pinion nut with an excessive amount of
shims, screwing the nut until the pinion end float is
just eliminated.

(by Utilizing feeler gaupes, ascertain the clearance
between the inner face of the pinion nut head and
pinion housing,

(¢) Remove the pinion nut and remove from the shim
pack a number of shims equal in thickness to the
pinion nut/pinion body clearance plus -008 in.
(-2 mum.).

(d) Leaving the remainder of the shims in position, fit
and tighten the pinion nuts. The pinion should now
have -008 in. (-2 mm.) end float. If the float is
unsufficient or excessive, remove or add shims as
necessary.

Fit the pressure pad and cap nut, screwing down the
nut until pressure pad end float is just eliminated.

Utilizing feeler gauges, ascertain the clearance between
the inner face of the cap nut head and pinion housing.

LOTUS ELITE WORKSHOP MANUAL

Obtain a shim equal in thickness to the cap nut pinion
housing clearance plus -004 in. (-1 mm.).

Remove the cap nut and fit the shim pack to its
threaded shank.

Insert the spring into the pinion housing followed by
the cap nut, tightening the nut.

Slfrew a locknut and fit a clip onto each end of the
rack.

Smear the inside of each cup nut with grease and fit
them to their outer tie rods followed by the rubber
gaiters, clips and locknuts.

Screw the outer ball joint assemblies on to the outer
tie rods until the distance between the outer ball joint
centre and the tie rod ball joint centre on one side is
equal to that on the other, then tighten locknuts.

Fit a thrust pad smeared with grease, new tabwasher
and sleeve nut to each outer tie rod inner ball joint.
Tighten the sleeve nut, then bend over, alternate tab-
washer tabs to contact the sleeve nut and cup nut.

Insert a coil spring into each end of the rack. Screw
each outer tie rod assembly on to the rack so that the
tie rod ball centres are equally spaced on each side from
the end of the rack tube. Tighten locknuts.

Note: Maximum lift of ball in cup to be 002 in.
{05 mm.). Ensure that the ball joint moves freely.

Pull the inner end of each gaiter on to the rack tube
and retain in position by tightening the clips. Tighten
the clips that hold the gaiters to the outer tie rods.

Position the steering wheel in straight ahead position.

Rotate the pinion shafi throughout its whole move-
ment, from stop to stop, counting the number of revolu-
tions. Rotate the pinion from the stop, half the total
number of revolutions, thereby centralizing the rack in
relation to the pinion.

Fit the steering column, entering the splined pinion
shaft into the splined coupling.

Locate the rack and pinion assembly in the engine
bay onto the positioned mounting brackets. Place the
bracket cap with its locating dowel entered into the.
corresponding hole in the rack tube. Bolt up.

Connect up the ball joint tapers into the steering arms
and lock up with nyloc nuts.

K3
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SECTION L

THE BRAKES
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" SECTION L

THE BRAKES

1. General

All four brakes are Girling Disc Brakes and are oper-
ated hydraulically by a master cylinder connected
directly to the pendant foot pedal. The two rear brakes,
which are fitted each side of the differential housing have
additional pads and levers which are operated from the
handbrake levcr by a single cable,

When the brake pedal is depressed the hydraulic
pressure generated in the system moves the pistons and
clamps the disc between the pads with equal and opposite
force.

BLEED SCREW

CLUTCH BLEED
SCREW

Fig. 1 Lotus Elite Hydraulic System and Brake Layout

When the pressure is released the pads and the pistons
remain in a relaxed position with the pads in close
proximity to the disc ready for the next application. In
this manner adjustment for lining wear is automatic and
no manual adjustment is required.

The clutch is also hydraulically operated by a slave
cylinder bolted to the clutch housing, which is connected
by hose and a pipe to a master cylinder linked to the
clutch pedal. The supply tank for the clutch system is
cast integrally with the master cylinder, but for the brake
system the supply tank is a separate item which screws
into the top of the master cylinder. The reservoir of fluid
should be maintained to the level marked on the outside
of the casting.

The brakes on the front wheels and the main rear
brakes are self-compensating for wear and no manual
adjustment is needed, but regular inspection is required
to ensure that the linings are not worn too thin, The rate
of wear can be judged by the thickness of the linings as
seen in the caliper “window™, and the frequency of
future inspection can be estirnated.

2. Maintenance Instructions

The pads should be replaced when the lining is worn
to within + in. thick. and under no circumstances should
it be allowed to wear below +%” in thickness. The

L2

HANDBRAKE .
ADJUSTMENT POINTS was neglected,

handbrake pads are not self-adjusting and the movement
of the handbrake lever is an indication when adjustment
shouid be made.

The position of the handbrake cable adjusters are
shown on the brake layout diagram (Fig. 1) and they
should be adjusted so that there is not more than 003"
between the disc and each pad with the brake lever in the
“off 7 position. The foot pedal position can be altered
to suit individual requirements by loosening the locknut
on the master cylinder push-rod and screwing the jaw
end either way to alter the position of the pedal.

Regular inspection of the
Brake Supply Tank is needed
so that the level of fluid can
LE e be maintained to the mark
i indicated on the outside of

R {47 the casting. As the brake
pads wear the pistons in the
cylinders follow up and fluid
from the supply tank is
drawn into the system. The
cylinders are of large capac-
ity and the fluid level could
fall dangerously low if the
precaution of topping up
The fluid
that should be wused is
Castrol/Girling Brake and
Clutch Fluid, Crimson.

BLEED SCREW

3. Lining Pad Replacement

Jack up the front of the
car and remove the road
wheels, unscrew the bolis
securing the pad retaining
plates and swing the plates
round to clear the pad
window. Remove the wire retaining the pins which hold
the pads in position. Lift the worn pads out of the
caliper, open the bleed valve one turn, and with an even
pressure push the pistons to the bottom of the bores.
Some fluid will escape as the pistons are moved. Tighten
the bleed screw, place the new pads in position, swing
back the pad retaining plates, and tighten the set bolts.
Immediately the pads are fitted, and before the car is
driven, depress the foot pedal several times until a solid
resistance 1s felt. This ensures that the pistons are against
the pads in the correct operating position. Top up the
tank with Castrol/Girling Brake and Clutch Fluid and
road test.

4., Cylinder Maintenance

The caliper is made of a solid casting with the bores
machined from one side and sealed by a threaded plug,
disc, and sealing ring, shown in Fig. 2. This plug should
not be disturbed, and to avoid damage to the sealing
ring the caliper should never be cleaned by a mineral
based fluid such as trichloroethylene, petrol or paraffin,
ete.

To replace the rubber rings or seals it is necessary to
remove the caliper assembly from the vehicle. Drain
the fluid from the system by opening a bleed valve and
pumping the foot pedal. Disconnect the pipe from the

LOTUS ELITE WORKSHOP MANUAL
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hose and the hose from the bracket, remove the two
caliper fixing bolts and lift the caliper, with the hose
attached, from the mounting. Take note of shims
between the mounting faces of the caliper and bracket
so that they can be replaced in exactly the same manner
when refitting.

The brake pads should be removed in the manner
described, and instead of pushing the pistons to the

PAD RETAINING PINS

‘\'ﬁ"’%

DUST COYER

PAD ASSY.

DUST COVER

SEALING RING

PiSTON

Fig. 2
Wheel cylinder components and caliper

bottom of the bore withdraw them from the caliper
body, taking care not to damage the surfaces. The sealing
rings may then be lifted out, taking care not to damage
the locating grooves. Examine the bores and pistons
carefully for any signs of abrasion or ‘scuffing’.
It is important that in cleaning the componenis no
. petrol, paraffin, trichloroethylene or mineral fluid of any
kind should be used. Clean with methylated spirits,
allow to vapourise leaving the components clean and dry.
After cleaning and examining lubricate the working
surfaces of the bores and pistons with clean genuine
Girling Crimson Brake and Clutch Fluid.

5. Assembling

Fit new rubber seals into the grooves of cylinder
bore. Locate the rubber dust cover with the projecting
lip in the groove provided, the outer one, in the cylinder
bore. .

Insert the piston, closed end first, into the bore taking
great care not to damage the polished surface. Push
the piston right home then engage the outer lid of the
rubber boot in the groove.

The replacement of the lining pads as described will
retain the pistons in position.

Refit the caliper assembly to the support bracket by
means of the two securing bolts, confirming that the
disc passes between the two pads. If packing shims are
assembled between the caliper and the mounting face it
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is important to replace them as initial assembly.
Re-connect the hose and bleed the brakes.

0. Rear Brakes

The rear brakes are situated each side of the differential
housing and carry the handbrake mechanism (see Fig. 3).
The replacement of pads and the maintenance of the
cylinders is exactly as described for the front brakes, and
the handbrake adjustment, which has to be made
manually, is done as instructed under the heading
“(General Maintenance”.

MAIN ADJUSTMENT
POINTS

Fig. 3
Rear Handbrake mechanism

7. Fitting New Handbrake Pads

Unscrew the adjustment nuts on the clamping levers
and swing the levers outwards. Unscrew the nuts and
withdraw the bolts securing the pad positioning arms.
Withdraw the arms and the pads can be removed, taking
care of the spring and washers, and noting their positions
so that they may be replaced correctly. Clean all parts
and apply Girling White Brake Grease where necessary,
making sure that no grease can touch the lined pads. Lift
out the worn pads and place the new ones in position and
re-assemble the parts in reverse order to dismantling.

Make sure that the handbreak is fully off and adjust
the cable so that there is -003“ between each pad and the
disc face. If it should be necessary to remove the levers
from the caliper casting the lever pivot pins have to be
removed, and they are retained in position by two pins
pressed into the casting. These can be seen in the
Fig. 4. On some later models both front and rear
calipers have been made by a different manufacturing
process, but the maintenance is exactly as described
above. On these later models the caliper is made in two
halves and bolted together by four bridge bolts, This is
done merely for manufacturing reasons and no advantage
is gained by separating the two caliper halves. In addition
the inner and outer pair of bridge bolis are tightened
with a different torque loading to meet the different
strain on the casting at these two positions and it is
unwise to disturb them.
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THE BRAKES

FIPE TO BLEED SCREW
PAD RETAINING PIN

RETAINING PIN CLIP

HANDBRAKE ARM
AND ACTUATING
SCREW (RT. HAND)

HANDBRAKE
ACTUATING NUT
(RT. HAND)

CLAMPING LEVER
{LONG )

HANDBRAKE
LINING PADS

) )iy ADJUSTING
PIVOT PIN r I J NUT
CLAMPING LEVER W
{SHORT)
NIPPLE

\mes PAD

RETAINING

FINGERS

CLAMPING SPRING

Fig. 4
Rear caliper and handbrake components

8. Discs

" To ensure that the brake functions at maximum
efficiency a check should be made to see that the disc
runs perfectly true between the pads. The maximum
run-out permissibfe on the discs is -004 in. If e cessive
run-out is present it will cause knocking back of the
pistons which may create judder and excessive pedal
travel. If there is any doubt concerning this condition
the disc should be replaced.

9. Bleeding the Hydraulic System

The process of removing air from the pipe line and
cylinders is known as “bleeding” and is necessary when-
ever any part of the system has been disconnected, or
the level of fluid in the supply tank has been allowed to
fall so low that air has been drawn into the master
cylinder.

‘When seals are worn it is possible for air to enter the
wheel cylinders without any sign of leaking fluid, and
cause a “spongy”’ pedal which is the usual indication of
bubbles of air in the system.

L4

It is vital that absolute cleanliness is maintained
throughout the entire bleeding operation, Never use a
rag-of linty texture and ensure that no dirt or grit enters
the system—especially at the supply tank. All equipment
to be used must be entirely free from petrol, paraffin, or
any form of mineral oil, as mineral contamination
spreads rapidly in the hydraulic system, causing a
dangerous deterioration of the rubber seals. Always
replace the rubber cap on each bleed screw to prevent
dirt entering the bleed tube during any subsequent
bleeding operation.

Pressure Bleeding methods are sof suitable for Girling
systems and are not recommended. For pressure bleeding
to be successful it must be accompanied by manual
bleeding.

16. Bleeding Procedure

Release the parking brake,

Remove the rubber cap from the bleed screw farthest
from the master cylinder (ie. rear, located beneath
differential) fit the bleed tube over the bleed nipple, and
immerse the free end of the tube in a clean jar containing
a little Girling Brake Fluid. Unscrew the bleed nipple
about three-quarters of a turn and commence bleeding
with a fairly fast fult stroke of the pedal. (The floor mat
should be removed if it prevents this complete move-
ment.}

As a C.V. master cylinder is fitted to this system the
pedal should be allowed to fly back freely.

One or two slightly faster applications may now be
made to advantage. Repeat this procedure until it is
apparent that all air has been excluded, closing the
screw during the last {(slow) pedal application.

Repeat with each wheel cylinder in turn, finishing with
the cylinder situated nearest the master cylinder (offside
front).

It is essential to ensure that at no time during the
bleeding operation shall the fluid reservoir fevel be
allowed to fall to a point where air may be admitted.

If the bleeding of any cylinder continues without
success for a considerable time it may be that air is being
drawn in past the bleed screw threads. 1n these instances
the bleed screw should be tightened at the end of each
downward stroke of the pedal and allowing the pedal
to return fully before re-opening. Close the bleed screw
finally during the last pedal application.

Never use fluid which has just been bled from the
system for topping up the supply tank., This fuid will
almost certainly be aerated and should be allowed to
stand for at least 24 hours before re-use.

11. Detecting the Presence of Air

For all practical considerations the fluid in the
hydraulic system is incompressible and movement of the
master cylinder plunger is transmitied without loss to
the wheel or slave cylinders. If air enters the system
part of the plunger movement will be used in compressing
the air and causes the “spongy” feel to the pedal move-
ment. This spongyness can be detected more easily by
hand pressure than by foot and indicates that “bleeding”
is necessary. A more certain test can be applied by the
following procedure:

Jack up the car, scotch the wheels, release the parking
brake. Slowly apply the foot pedal by hand, whilst an
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assistant rotates one of the wheels. When the pedal has
travelled approximately 11" drag should be felt and the
next +“ to 2“ of pedal travel should lock the wheel. 1t is
an increase in this distance of travel between drag and
lock which indicates the existence of air, due to its
compressibility.

12. The Brake Master Cylinder

The master cylinder is of the centre valve type and has
an alloy body with a polished finished bore, and reservoir.
The inner assembly is made up of the push rod, dished
washer, circlip, plunger, plunger seal, spring thimble,
plunger return spring, valve spacer, spring washer, valve
stem and valve seal. The open end of the cylinder is
protected by a rubber dust cover.

13. Dismantling

Disconnect the pressure pipe union from the cylinder
and remove the securing bolts and clevis pin from jaw
end. Remove the filler cap and drain out the fluid.

Pull back the rubber dust cover and remove the
circlip with a pair of long-nosed pliers. The push rod
and dished washer can then be removed. When the push
rod has been removed the plunger with seal attached will
then be exposed. Remove the plunger assembly com-
plete. The assembly can then be separated by lifung the
thimble leaf over the shouldered end of the plunger.
The seal should be eased off the plunger. Depress the
plunger return spring allowing the valve stem to slide
through elongated hole of thimble, thus refeasing tension
of spring. Remove thimble, spring and valve complete.

FILLER CAP

SUPPLY TANK

MASTER CYLINDER

VALVE SEAL SPRING
WASHER
VALVE STEM VALVE
SPACER

SPRING

Detach valve spacer taking care of the spacer spring
washer which is located under the valve head. Remove
the seal from the valve head.

Examine all parts, especially the seals, for wear or
distortion and replace with new parts where necessary.

14. Assembling

Replace the valve seal so that the flat side is correctly
seated on the valve head. The spring washer should
then be located on the under side of valve head, domed
side first, being held in position by the valve spacer, the
legs of which face towards the valve seal. Replace the
plunger return spring centrally on the spacer, insert the
thimble into the spring and depress until the valve stem
engages through the elongated hole of thimble making
sure the stem is correctly located in the centre of thimble.
Check that the spring is still central on the spacer. Refit
new plunger seal on to the plunger with flat of seal
seated against the face of plunger. Insert the reduced
end of plunger into the thimble until the thimble leaf
engages under the shoulder of the plunger. Press home
thimble Ieaf.

Smear the assembly well with Girling Brake Fluid,
and insert the assembly into the bore of cylinder valve
end first, easing the plunger seal lips in the bore. Replace
the push rod with the dished side of washer under the
spherical head into the cylinder followed by the circlip
which engages into groove machined in cylinder body.

Replace the rubber dust cover and refit the cylinder
to the chassis.

BOOT RETAINING BAND

RUBBER BOOT

PLUNGER

PUSHROD :
RETAINING WASHER

CIRCLIP

SPRING
THIMBLE

PLUNGER SEAL

TAPER END SEAL

LOCKNUT

Fig. 5 The brake master cylinder components
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Throttle controls 8
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FUEL SYSTEM

1. Description :

Fuel is drawn from the fuel tank by the AC Fuel Lift
Pump which is secured to the engine block and is driven
by an eccentric on the camshaft,

The AC pump consists of two main bodies which
clamp a diaphragm between their outer flanges.

The lower assembly comprises a rocker arm and body
link, both of which pivot on a pin located in the body,
attached to the Hnk is the pull rod incorporated in the
diaphragm assembly. To protect the diaphragm from
crankcase oil splash, an oil seal is located at the point in
the lower body where the push rod passes through. A
return spring is interposed between the underside of the

- diaphragm and the lower body, this spring determining
the pump output pressure. A further spring is ftted
between the rocker arm and the body for the purpose
of ensuring that the rocker arm is in constant contact
with the eccentric on the camshaft. Also incorporated
in the AC fuel lift pump lower body is the hand priming
mechanism.

Assembled in the upper body are two valve assemblies,
one being opened by suction, and the other by pressure,
both valves held in position by a common retaining
plate secured inside the upper body by two screws,

Both infet and outlet valve assemblies are identical in
construction and are renewable and interchangeable.

Also incorporated in the upper body is a filter gauze
which is held in position with a domed metal top cover
and gasket, which in turn is held by a centre screw
through the cover into the upper body.

2. To Test in Position

With the engine stopped and switched -off, the pipe
to the carburetter should be disconnected at the car-
buretter end, leaving a free outlet from the pump. The
engine can then be turned over by hand, when there
should be a well defined spurt of petrol at every working
stroke of the pump, namely, once every two revolutions
of the engine.

3. To Remove Fuel Pamp

i.  Disconnect the pipes from the inlet and outlet
bosses of the fuel pump. Seal off the ends of the
- pipes to prevent the ingress of foreign matter,
ii. Remove the two fuel pump retaining nuts or bolts
and lockwashers, and withdraw fuel pump and
engine pad gasket from engine block.

4, To Dismantie

i.  Before commencing to dismantle, clean exterior of
the pump and scribe a line across the lower and
upper body flanges of the pump for location pur-
poses during re-assembly.

ii. Remove domed top cover of pump also gasket and
filter gauze.

iii. Remove the five screws and spring washers securing
the Jlower and upper bodies together and separate
the two bodies, where an extension primer is fitted
to the pump, the priming lever bracket is held by
one of the five screws which hold the bodies together.

iv. Remove the two valve plate retainer screws and
remove retainer plate, valve assemblies, and gasket
from upper body.

M2

V.

vii.

viii.

i,

v.

From the lower body, remove the diaphragm and
pull rod assembly, first turning the assembly
through an angle of 90° in order to free the rod from
the link in the rocket arm assembly.

Note: The diaphragm and pull rod are a per-

manent assembly and no attempt should be made
to separate the two parts.
Lift out the diaphragm return spring and where
fitted, remove oil seal retaining washer and oil seal.
Providing that the rocker arm pin is held firmly in
the lower body it should not be necessary to remove
the focker arm pin or associated parts unless undue
wear is in evidence.

Should it be necessary to remove rocker arm

from body, the following procedure should be
adopted:
With the earlier type AC fuel pump, the rocker arm
pin passes straight through the lower body of the
pump and 1s retained by a spring clip at each end
of the pin. Remove one clip and with suitable
punch, drive the rocker arm pin through the lower
body and withdraw rocker arm, link assembly,
rocker arm return spring and spacing washer; with
the later type lower body assembly, the rocker arm
and associate parts are retained by two retainers
which are fitted into slots at engine face of casting,
the retainers in turn being held by punch indenta-
tions at each end of retaining pins. :

To remove the later type of rocker arm assembly,
hoid rocker arm firmly in suitable vice, leaving a
gap between casting and vice, and with two flat bars,
approximately 12” long, insert one in the gap each
stde of the casting and vice: lever the body away
from the rocker arm and pin.

Note: Care should be taken that the type of

removing bars used are flat to ensure that the body
machined face is not damaged.
On AC fuel pumps where priming levers are fitted,
the priming lever should only be removed if known
to be defective, when a complete new hand priming
assembly should be fitted on re-assembly.

To remove, it is necessary to file off the riveted
head of the pivot pin and tap it through the body.

Inspection and Overhaul

Thoroughly wash all parts in clean paraffin, ensuring
that valves are cleaned separately if being used again.
Check the diaphragm for hardening or cracking
and examine the lower extremity of the pull rod,
where it connects with the rocker arm link, for
wear. Renew the diaphragm assembly if any of
these signs are in evidence.
Check diaphragm return spring, if' coroded or
damaged, it should be replaced.
Visually check valve assemblies; if any doubt exists,
replacement valves should be fitted. The two valves
are identical and can be used for either application
by inverting their positions.
Examine the rocker arm pad face for wear. Slight
wear is permissable but should not exceed a depth
of 010 in. (-254 mm.).

Check rocker arm pin and link holes for wear,
also underside of link where diaphragm pull rod
engages for wear,
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Badly worn or damaged parts should be renewed.
Check rocker arm return spring.

vi. Discard old oil seal and gaskets.

vil. Examine upper and lower bodies for cracks or
damage. Ifeither the diaphragm or engine mounting
flanges are distorted, these should be Tapped to
restore their flatness.

Renew either if distortion is excessive.

viil, The upper and lower bodies can now be fitted
together as follows:

Push the rocker arm towards the pump body until
the diaphragm is level with the body flange.
Place the upper half of the pump body into its
correct position by aligning the scribed lines made
on the two flanges prior to dismantling,

Replace the five securing screw and spring washers
and tighten only until the heads of the screws just
engage the washess.

Release and push rocker arm away from the
pump so as to held the diaphragm at the top of
the stroke, and while so held, tighten the hody
screws diagonally and securely.

Important: After assembling in the manner described
above, the edges of the diaphragm should be about
flush with its two clamping flanges. :

Any appreciable protrusion of the diaphragm indicates
incorrect fitting in which case, special care should be
taken in maintaining downward pressure on the rocker
arm while the diaphragm screws are finally tightened.

Note: Where priming lever extension is fitted, one of
the flange screws also holds the priming lever extension
bracket.

6. To Reassemble

1.  Where the hand primer mechanism has been
removed, replace with new assembly, inserting pin
through the lower body together with the priming
lever. With the return spring in position, rivet over
exposed end of pin.

it. The re-assembly of the rocker arm into the old type
body is as follows:

Assemble link, packing washers, rocker arm and
rocker arm spring into lower body, at the same
time engaging the packing washers, link and
rocker arm. Then refit retaining clips into grooves
at the ends of rocker arm pin.
The rocker arm should be a tap fit in the body.
Note: The fitting of the rocker arm and associate
parts into the body can be simplified by using a
piece of 240" rod which, being a loose fit in the
body, would enable easier assembly. The rocker
arm pin can then be pushed through, removing the
temporary rod as the pin takes up the proper
position.
Assembly of the rocker arm in respect to the new
type body assembly:
Assemble rocker arm, link and spacing washers
onto rocker arm pin, place rocker arm return
spring into body and insert rocker arm assembly
mto body of pump ensuring that the rocker arm
return spring is properly engaged between locating
“pips’” on casting and rocker arm. Tap two new
pin retainers into slots in the body and while
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holding the retainers hard against the rocker arm,
pin punch over the end of the slots with a 1" pin
punch to prevent retainers woerking loose.
Note: When refitting rocker arm pins, always use
new service replacement retainers (coloured copper
for identification). These are slightly shorter than
the production type to allow for new staking.

ili. Fit a new oil seal washer and steel retaining washer
into the lower body, if required on the model fuel
pump being repaired.

iv. Place the diaphragm return spring in position over
oil seal retaining washer.

v. Place the diaphragm assembly over the spring, with
the pull rod downwards, and with the locating tab
on the diaphragm at the twelve o’clock position.
Press down on the diaphragm at the same time
turning the assembly to the left in such a manner
that the slot on the pull rod will engage the fork in
the link, ultimately turning the assembly a complete
quarter of a turn to the left, which will place the
pull rod in its correct working position in the link,
This will also permit the matching up of the holes in
the diaphragm with those on the pump body flange
and the tab will now be at nine o’clock position.

vi. Place the new valve gasket in the upper body round
the valve ports. Place valve assembly in inlet port
with spring facing outwards. Fit other valve in the
outlet port position with spring inside the port.

Refit the valve retainer plate and tighten screws
until the tension in the retaining plate is taken up.

vii. Refit filter gauze in top of upper body, alse domed
top cover with new cover gasket. Fit central holding
screw ensuring that fibre sealing washer is between
screw and cover.

7. To Remove Petrol Tank

1. Disconnect hose clips from inside of boot of car and
remove petrol filler cap.

ii. Unscrew the bolts on top of each retaining bracket.

iii. Unscrew the nuts on the underside of the boot
holding the lower ends of the retaining bracket
withdraw the bolts.

jv. Draw rubber hose off tank.

v. Disconnet petrol line at pump. Draw tank back a
few inches.

vi. Disconnect petrol line at tank.

vil. Disconnect the green lead from the top terminal and
the black lead from the lower terminal of the gauge
unit.

viii. Lift the tank backwards and outwards from boot
of car.

Replace the tank by lowering it into the boot. Conmnect
up the hose and gauge leads. Push the tank into position
and bolt up the brackets. Place the hose clips over the
filler neck. Push the hose into position on this filler neck
and the filler cap through the hole in the outer skin of
the body. Pull the hose clips up into position and
tighten up.

Note: When pushing tank forward into position after
connecting petrol pipe, it Is important that the petrol
pipe at the engine end is gently pulled forward with the
tank. Failure to do this can result in a kink in the pipe
and subsequent petrol starvation.
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8. Renewing the Petrol Pipe

Disconnect the pipe line at both ends. Draw off the
olives and pull the pipe out from the tank end.

Replace the line by guiding it up through the propeller
Shaft Tunnel. Slip the connector and olive on each end
and tighten up.

9. Throttle Controls

The accelerator pedal is pivoted on a bracket mounted
on the inner face of the footwell, which is secured by
two nuts and bolts,

The nipple of the inner cable fits into a slot and recess
in the top end of the pedal. The forward end of the
outer cable locates against a bracket adjacent to the
carburetter and the inner cable is locked to the throttle
lever. '

A.C.
No. Description Qry.  Parts No.
1. Head Screw 855493
fa. Head Screw .. .. .. . 1 856824
2. Head Screw Gasket . . - 1 851297
3. Filter Cover . .. .. 1 856820
4. Filter Gasket 1 7950272
3. Fitter Screen 1 856850
6. Upper Casting . .. .. .. 1 7950096
7. Outlet Connection -+ % %7 elbow union 1
8. Inlet Connection 5" X 47 straight vnion 1
9. Valve Gasket .. .. .. .. 1 1537404
10. Valve Assembly . 2 5591860
11. Valve Retaining Plate 1 1521956
12, Valve Retaining Screw 2 132696
13. Diaphragm Assembly . 1 1524631
14, Diaphragm Spring (Grey) 1 856829
15, Oil Seal Washer—metal 1 7950105
16. Oil Seal Washer—fabric . . 1 7950064
17. Cover Screw .. .. 5 132117
18. Cover Screw Washer 3 1146438
19. Body .. .. .. .. .. 1 856895
20. Rocker Arm Spring . .. . 1 856830
21. Link .. .. . .. 1 856817
21. Link and leaf spring Assembly 1 856902
22, Rocker Arm o .. .. 1 1524254
23. Spring Priming Lever .. .. 1 1524217
24, Rocker Arm Pin (Circlip Type) 1 856035
25. Rocker Arm Pin Washer .. .. 2 856828
26, Rocker Arm Pin Clip {used with 24) ., 2 1524112
28, Primer Parts Set .. .. .. . 1 1524223
Engine Pad Gasket 1 856794
Primer Type Pump Body . .. 1 856895
(Previous Ref. No, 7950076
Upper Casting .. .. .. .. 1 7950096
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BODY ADJUSTMENTS

1. Removing the Door Lock

Remove inner door and grab handle (where fitted).

Undo five 4 BA screws holding the trim to the inside
door panel and remove trim.

Undo the three screws securing the remote control
unit to the door and pull forward sufficiently to allow
the split pin holding the operating arm onto the remote
contrel arm to be removed. Withdraw the remote
conirel unit.

Undo three screws securing the door lock and with-
draw door lock and remote control arm out from the
rear face of the door.

The door lock is located by a five toothed rotor
engaging in a triple toothed rack and a stud on the
upper pertion of the lock locating in a female slide in

which is Incorporated a spring-loaded laterally sliding -

sintered iron wedge.

The rack can be adjusted laterally by loosening the
two screws holding it to the door frame and sliding it in
the required direction.

It may be necessary to remove the rack and elongate
the existing holes in the glass fibre.

Similarly the female slide is adjustable for up and
down movement.

FRONT AND REAR SCREENS

2. Removal and Replacement

The jomnt of the brightwork strip surrounding the
windscreen will be found in the centre of the lower haif
of the rubber shock pad in which the screen is encased.
The strip is of Tee-shaped section, fitting into a groove
in the rubber shock pad. Insert a suitable tool into the
joint and lever outwards until the end can be grasped.
Pull the strip out of the rubber pad and press the screen
and pad outwards over the bonnet of the car. It is
advisable to put a protective cover over the paint work
on the scuttle to prevent damage.

To replace the windscreen, locate the rubber shock
pad round the screen and press it into position on the
car. Ensure that the rubber lips are correctly positioned
both on the screen and on the flange provided for
location on the body of the car, and that the slot in the
pad faces the outside of the car as shown in the section.

Place the brightwork strip into the Special Tool (see
Fig. 1) so that the face side goes under the roller from the
handle side, up through the loop of the tool, with the end
of the strip directly below the roller.

Insert the loop of the tool into the slot in the shock
pad at the lower centre of the windscreen and push the
tool and strip along the slot. The slot will be separated
by the loop of the toel to allow the rib of the brightwork
strip to enter the slot and the roller will press the strip
into place.

Continue round the full periphery of the windscreen
until the tool butts up against the end of the located
strip. Skilful manipulation is required around the four
corner radii of the screen, and to prevent the flexible
strips from buckling it may be necessary to “run” the
section backwards and forwards a few times, or even to
soften it slightly by heating gently.

N2

Remove the tool from the slot and press the remaining
inch or so of the strip into place.

The procedure is similar for both front and rear
screens.

BODY FITTINGS
KEY TO COMPONENTS (opposite )

Bonnet release mechanism.
Suspension sub frame.
Foot pedal control bracket.
Accelerator pedal.

Clutch pedal.

Brake pedal.

Body frame hoop.
Windscreen brightwork strip.
Windscreen moulding.
Door handles {2).

Rear view mirror.

Boot hinges (2).

Rear bumper.

[ e

._..._.__.
Il

14, Door locks (2).

15. Door lock remote control units (2).
16. Body jacking peints (2).

17. Bonnet hinge assembiy (2).

18. Front bumpers (left and right hand).
19. Silencers (2).

20. Screen washers (2).

21. Windscreen wipers (2},

22, Electric radiator fan unit,

23, Exhaust pipe.

24. Filler cap.

25, Filler neck extension hosc.

26.  Filler neck extension clips (2).

27. Fuel tank.

28, Fuel tank straps (2).

29, Courtesy light limit switches (2).

Fig. 1
Windscreen Surround Tool
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EXTRAS

3. Heater Installation
All parts are supplied by Smiths Motor Accessories
except:
i.  Heater unit mounting brackets (L/H and R/II}.
ii. Water valve control mounting bracket.
iii. Heater outlet duct.
iv. Thermostat installation.
v. Hose and hose clips.
vi. Water valve mounting bracket.
A 45° Union must be obtained in addition to the above.

Fitting instructions:
. Heater unit in engine bay.

Using Bostik adhesive, glue 22" polyurathene
strip round the heater air inlet hole in the chassis
bulkhead.

Glue four 107 x £ polyurathene strips round
the edge of the heater unit as shown in sketch A,
leaving % “ overlap at the edge,

Cut away soundproofing felt over the reactangular
heater side holes in the bulkhead.

It is next advisable to fit the valve control mount-
ing bracket onto the bulkhead mounting (i.e.
gearbox right-hand side) before installing the heater
unit in the engine bay—as accessibility is restricted
afterwards.

Fit heater unit using the brackets provided, the
top belt to be used as the top bolt for the parcels
tray (passenger’s side) and the heater outlet duct
(driver’s side).

.  Water valve.

A 17 rubber hose is taken from the boss on the
L/H side rear of the water manifold across the back
of the engine and forward of the R/H water outlet
of the heater and connected to the underside of the
water valve provided (see sketch B).

Ensure that the operating arm of the water valve
is at right angles to the line of the car when the
valve is open.

The water mounting valve is secured to the
bulkhead by drilling two holes in the bulkhead and
locking the valve in place with two 2 B.A, nuts and
bolts.
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WATER VALVE
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i VALVE
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ONLY = NOT TO SCALE )

A further length of hose is connected between the

other outlet on the water valve and the R/H pipe

on the heater with hose clips.

jti.  Attachment of Petroflex mounting brackets to
parcel trays and valve control mounting bracket to
bulkhead.
The Petroflex mounting brackets are fitted over
holes bored in the heater outlet ducts (L/H and R/H)
as shown in sketch C.

IF NECESSARY
BLANK OFF
EXISTING
MOULDED TUBE

e
T
~3? PASSENGERS
PETROFLEX »7, 07 SIDE
MOUNTING BRACKE

The valve control mounting bracket is bolted to
the L/H side of the bulkhead under the parcel tray
with a +” UNF bolt 1" long and a Nyloc nut.
Drill hole in line with and horizontal to the car to
allow the cable to pass through. A continuation of
the hole needs to be taken through the trim.

The valve control cable is fitted to the mounting
bracket as shown and passes through the hole
drilled in the bulkhead into the engine bay and
connects to the water control valve,

iv. De-mister piping (L/H and R/H).

Petroflex hose is taken from the mounting bracket

up to the de-mister housing as shown in sketch D.

— | _/
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v. Final air sealing.

Check air sealing when the heater is installed with
the fan running. Seal any leaks behind the parcel
tray using pieces of trim felt, Bostik glue or Dum
Dum.

Any cable holes in the bulkhead should be sealed
with Dum Dum.

vi, Thermostat installation.

The thermostat is inserted in the top water hose
behind the radiator. It is secured by two pieces of
riubber hese and four hose clips, as shown in sketch
F. The top water pipe will require shortening to suit.

A length of 1" 1/d rubber hose is attached to the
bypass pipe on the thermostat and taken down
down to the bottom hose as shown in the sketch.

4. Delaney Gallay Safety Belt

Two floor buckles are provided with the kit of parts.
One only is used and both the back strap and belt strap
are attached to it. Both large plated are used.

Drill the floor as far back as possible centrally behind
the seat to accommodate the two threaded ends of the
floor buckle and cut the carpet to suit.

Attach both straps to the floor buckles as shown in the
illustration and place one of the large plates under the
carpet. .

Push the threaded ends of the floor buckles through
the carpet, plate and floor holes. Locate the second large
plate on the threaded ends where they appear on the
underside of the car and bolt up.

N6
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Fig. | The chassis-body unit basic components
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SECTION O

CHASSIS-BODY CONSTRUCTION:
RECTIFICATION AND REPAIR INSTRUCTIONS

1. Notes on Construction

The Lotus Elite is unigue in using glass-fibre reinforced
plastics structurally, and this fact must never be over-
looked when effecting repairs or assessing damage.

The basic principal employed is to make the car in six
major mouldings (and two minor ones) with two re-
inforcing metal frames, as shown in Fig. 1. Each
monulding in itself is very thin and light, but when they
are all bonded together to form numercus ‘‘box”
sections, the result is a light and rigid vet resilient
structure. [t is non-corrosive and free from drumming
or rattling and has the advantage over steel structures of
suffering only localised damage in minor or medium
accidents, thereby keeping repair costs to a minimum.

However, this radical design demands an equally
radical approach for the repair of structural damage.
The key throughout is:—*“It 1s not good enough for the
repair to just look good; it must be structurally sound
as well”. In fact, it is almost frue to say that a good
repair cannot be made invisible on both sides of a panel.

Although every attempt has been made in the following
notes to give clear and comprehensive instructions for
dealing with damage, efc., it is essential that structural
repairs can be undertaken only under the supervision of
experienced glass-fibre technicians.

- 2. Manufacturing Process

A high quality polyester resin is used for the hand-
layup of all components except the doors (and in some
cases the boot and bonnet lids), where epoxides are
used. For replacement laminates or repairs, any high
quality commercial grade polyester can be used, although
it should be of a type having a reasonably high heat
distortion point, particularly if the repair concerns an
area near the exhaust or the differential housing. The
average weight of most panels is 24 oz. chopped-strand-
mat but in places (i.e. large single-skinned areas of top
body, door sills, wheel arch lips, etc.) it is approximately
4 ozs. In a few more highly-stressed areas (e.g. areas
around engine, transmission and suspension mounting
points—and even door locks) the layup is increased to
6 or 9 ozs. It should further be noted that local build-ups
of considerable weight sometimes occur around the
various threaded metal inserts (this is more fully de-
scribed in Chapter 16) and that woven materials are used
in certain highly-stressed areas.

After curing, the polyester panels are abraded (sanded
or roughed up), swabbed with acetone to remove dust,
and bonded together using slate-filled polyester or
epoxide resin. As a general rule epoxide is used on the
reverse sides of all panels which are paint finished, in
order to avoid the distortion which would result from
the use of thick buildups of polyester. In some cases,
particularly the double-skinned wheel arches, where the
bonding materials also acts as a filler, Phenolic Micro-
Balloons are added to give bulk without weight. They
also give tensile strength far superior to chalk, vermiculite
or cork fillers,

It should be remembered that the bond is, in all cases,
provided by an adhesive or “glueing” action, and for
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this reason the efficiency of the bond will depend on the
following factors:

1. Surface preparation:

Polyester laminates (notably the ‘“‘rough” side)
cure with a “greasy” surface, usually caused by air-
inhibition of the resin. This is best removed by light
sanding of the greatest possible area, and thereafter
swabbing off the dust with acetone. It is of no
advantage to rough up with a toothed tool, leaving
the surface covered with fibre stubs as these will
have no tensile strength at all and combined with
loose dust can actually act as a barrier between the
bonding resin and the laminate.

When bonding to a moulded surface great care
must be taken to remove all parting agents, e.g. wax
or P.V.A. (Poly-vinyl-alcohol).

i, Swurface coverage:

As stated in the preceding paragraph, it is essential
to concentrate on preparing the greatest possible
area, but in point of fact it is vertually impossible
to achieve a 100 % bond, particularly when bonding
two rough surfaces of laminates together, as the
high-spots and build-ups vary considerably. For
this reason, the practice is to mix the bonding resin
to a “toothpaste” consistency, apply fairly thickly
(approximately £” in most cases), and apply
sufficient clamping pressure to squeeze as much
resin as possible out. .

At the edges of box sections (see fig. 1) it is best
to lay an extra thick “wall” of resin to ensure
closure and maximum strength of the box section.

BOND

...:--fa::-

Fig. 2
Box section showing resin honds

iil, Correctness of bonding mix:

Particularly with epoxides, great care has to be
taken to see that the percentages of curing agents
or hardeners are very carefully calculated. If this
is not done, the bonding material may remain
elastic or become too brittle, resulting in an inferior
bond.

Clamping pressure has to be maintained until the
material has set properly. The various types of
bond employed in the Lotus Elite are described in
the following section.
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3. Bonding Methods Used in Manufacture Ii.

1. Highly stressed bonds:

These are invariably in the form of flanged joints,
and therefore highly-stressed in the sense that one
or both of the bonding surfaces are only [” or 27
wide. It therefore follows that these require more
critical attention.

Fig. 3 shows the type of bond used on the tops of
the front and rear bulk-heads; Fig, 4 the type used
around the door aperture flanges; and Fig. 5 the
type used for the main joint across the back panel
of the car.

iil.

X a—a 3
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Fig. 3

Bulkhead bond

Fig. 4
Door flange joint

Fig. 5
Back panel joint

Another form of highly-stressed bond is known
as a lap joint. Fig. 6 shows this as used for the main
joint which runs from front to rear wheel arches
under the door apertures and Fig. 7 as used for the
main joint behind front and rear bumpers.

Lowly stressed bonds:

These usually take the form of double-skinned
areas, and Fig. 8 shows a section incorporating
“box’ reinforcement as found in the bonnet lid.

Fig. 8 Bonnet lid

Taped joints:

In this type of joint successive layers of woven
tape are laminated into the angle where the two
panels intersect. Fig. 9 shows this as used along
the engine-bay side-walls.

TAPE
LAYERS

Fig. 9 Engine bay side panel joint

Semi-wet bonded joints:

In this system, a cured moulding is pressed
against the wet layup of another moulding, so that
the bond is formed as the wet layup cures. Fig. 10
shows this system, which has been used experi-
mentally on a number of boot and bonnet lids,
when a cured polyester inner moulding has been
bonded to a wet epoxide outer moulding.

BOND

O\

Fig. 10 Boot{bonnet joint semi-wer

Wet-bonded joints:
This system is employed only on the doors using

epoxide resins. Fig. 11 shows how the flanges around
the door are clamped together when both laminates
are still wet.

DOOR
FLANGE

Fig. 6
Main lap joint

Fig. 7
Joint behind bumpers Fig. 11 Door flange wer-bonded joint
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Rectification of Minor Surface Defects
Pin-holes or air voids:

These are unfortunately quite inseparable from
the hand-layup system but provided the gel-coat is
thick enough they should cause little dificulty.
When they do, the only sclution is to ““dig them
out” and fill the holes with a polyester stopper or
filler. Fig. 12 below shows two commonly used
methods of filling these small holes. Generally
speaking, method A in which the holes are drilled
or routed out so as to leave a larger hole with near
vertical walls, will be found more satisfactory than
method B where the hole is enlarged by gouging or
“picking out”, as the latter procedure allows
feathering and flaking of the edges of the filler.

A 8

A D T T

ii.

Fig. 12
Pin-hole rectification

A common problem of repaired pin-holes is the
sinking of the paint surface some time after the
repair has been completed. This may result from
the nse of a cellulose paint stopper which has a
higher rate of shrinkage, or in the case of a polyester
stopper is usually caused by painting too scon after
effecting the repair, or in other words before the
filler is properly cured. Furthermore, the filled
areas should, on no account, be rubbed down until
the filler has fully cured, or sinking will obviously
result.

As a general rule epoxide panels, i.e. doors and
in some cases boot and bonnet lids should be
repaired only with a suitable epoxide filler, unless
cautious experimentation has shown that the type
of polyester filler being used adheres satisfactorily.
Epoxide filling should definitely be cured in warm
conditions and should definitely not be painted on
in less than 48 hours after application.

Gel-coat crazing:

There are various causes of gel-coat crazing, but
practically all are caused by flexing the laminate
beyond the peint of resistance of the unsupported
gel-coat. Typical causes are sharp impacts or
accident damage. During an accident some panels
may flex sufficiently to cause the gel-coat to craze,
without causing immediately apparent damage to
the paint surface. This crazing may not work its
way through the paint surface for some weeks, so
that it is necessary when assessing accident damage
to carefully examine all panels, particularly near
cracked or split bonds, and in cases of doubt it may
be possible to promote the appearance of the crazing
by applying gentle heat.

Crazing generally stops at the first layer of glass-
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v,

L.

fibre and is consequently not in itsell structuraily
serious, but extensive crazing near damaged areas
should be taken as an indication of over-stressing,
and the panel should be reizforced or replaced.

1t has not been found possible to cure crazing by
simply resurfacing with a further layer of resin. The
only solution is to rout out the crazed areas and fill
with a polyester filler as described in Chapter 4(i)
above, or of course to completely replace the
laminate concerned.

Wrinkling or distortion:

This phenomenon sometimes appears on panels
which were previously “perfect”, and it is usually
caused by exposure to severe heat. This can cause
the resin to soften slightly and in doing so give way
to any inbuilt or associated siresses. Similarly,
excessive heat can cause further curing and con-
sequent distortion. In all such cases technical
advice should be sought from the manufacturers.

Split bonds:

Small splits occur quite frequently, being caused
mainly by flexing of the panels or by vibration, and
they should be arrested before they can extend and
become serious. The split should be peeled open
slightly further, the mside flange surfaces should be
roughed up with a hacksaw blade, and the appro-
priate type of bonding resin should be inserted before
clamping up. Clamping pressure should always be
applied evenly using small strips of wood or metal,
if dimpling of the panel surface is to be avoided.

Accident Repairs—-General

Assessing accident damage:

{a) As stated previously, all body damage must be
considered as structural, apart perhaps from
minor damage to the front and rear extremities,
doors, ete,

(hy In order to assess damage 1t is obviously neces-
sary to study the basic form of construction,
nature and position of bonds, and for this
reason an exploded view of the body is provided
in Fig. 1 with the mating bonded areas indi-
cated. As a general rule however there should
be a bond wherever two panels touch or
wherever they enclose either the front sub- -
frame or the body jacking hoop, and it is
usually possible to check these bonds both
visually and physically for fractures or breaks.
If necessary, small inspection panels should be
cut in box sections or small holes drilled through
bonds for examination purposes.

{c) Ascertain the cause of damage and the direction
of impact and examine all panels or bonds
which may have been effected. A front end
impact, for example, may easily cause the
bond on top of the bulk-head to split without
the defect being normally visible, and so on.
Similarly, the front frame should be checked
for distortion (see further notes on this in
Chapter 6) and if the shock of the accident
was sufficient to move the engine, the gearbox
mounting parts should be carefully examined
for fracture.
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(a’) If necessary metal or other components should

{e)

(f)

(g)

be removed to facilitate examination.

Before the assessment can be completed it is
essential to decide on the repair method to be
followed, the sizes of replacement panels to
be ordered, etc., and the detailed instructions
provided hereafter should be carefully studied.
The extent of damage (and size of replacement
panels) should take into account the gel-coat
crazing mentioned in Chapter 4(ii).

Fire damage is one of the most difficult to
assess, but generally speaking the damaged
panels should be cut back much further than
would otherwise be the case, as the excessive
heat will most probably have had a permanently
damaging effect on the resin content,

Obtaining replacement panels:

(a)

(b)

(c)

Replacement components:

Replacement doors, lids and other loose
components are available from the manu-
facturers or distributor. These are generally
provided with base-paint finish only, as it may
be necessary to hand fit and trim the edges, etc.

Standard repair moulds:
Standard sectional moulds cater for the

.repair of damage to the most vulnerable areas

of the top body and undertray (see Fig. 18).

These are so designed that they can be used

individually or connected together for the

manufacture of the required section of the body,
or they can be used for locating new sections
correctly relative to the existing panels.

These moulds are deliberately left unframed
so as to accommodate slight discrepancies, and
have been made on a standard painted body
shell to allow for average paint thickness.

When laying up sections in these repair
moulds, it should be noted that the general
layup weight is 2% oz. chopped strand mat,
increased to 44 oz. chopped strand mat, at the
following points:

*Single-skinned area of front panel between
radiator intake and bonnet aperture.

*Entire scuttle area in front of windscreen and
sides of body from back of front wheel arch
to door apertures.

*Area between boot lid aperture and rear
windscreen.

*Upper section {approximately 67 wide) of
rear panel below boot lid aperture.

*All wheel arch lips and other flanges.

Replacement Sections:

Where the repair of a damaged section calls
for a replacement panel not catered for under
headings (g) and () above, replacement
sections are available from the manufacturer.
In the case of any severe damage to such highly-
stressed or important areas as the rear differ-
ential mountings, front suspension frame, gear-
box mountings, etc., it is definitely advisable

il

to have these repltaced with properly manu-
factured sections as detailed in the following
paragraphs.

Basic bonds and joints for repair work.
(@) Simple fracture, or insertion of new sectional
laminates:

The ideal way to repair a fracture is shown
in Fig. 13. The old laminates are tapered off for
3-4” on each side of the fracture line, a re-
inforcing layup comprising alternative layers of
chopped strand mat and fine woven cloth is

NEW LAYUP FRACTURE LINE

[

NEW LAYUP
Fig. 13

applied on both sides of the panel, providing
a “symetrical” repair of great strength. In most
cases it is naturally advisable to make the
reinforcing layup on the back side of the panel
considerably stronger than that on the outside.

Alternatively: When it is difficult to taper
both sides of the laminate, an almost equally
effective joint can be obtained as shown in
Fig. 14, in which the reinforcing layer is done
on the back side of the panel only.

FRACTURE LiINE

/

TIA LT T I

NEW LAYUP
Fig. 14

Alternatively: The method shown in Fig. 15
is also possible, but not very satisfactory as it
leaves a latent weakness on the old fracture line.
In this system the reinforcing layer is added only
on the back side, but with no tapering of the
old panels and with the crack line of the old
panel merely filled in.
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FRACTURE LINE

REINFORCING LAYER

Fig. 15

(b} Double-skinned area—single fracture:

This type of fracture usually occurs near the
perimeter of a double-skinned area (as shown
in Fig, 16) but the scheme should only be used
if the “bonding platform” available is at least

FRACTURE LINE

/

Fig. 16

27 wide. If the remaining skin “A” is very thin
as in the wheel arches, it should be reinforced
by an additional layer (on either side) before
the bonding operation is effected.

(¢) Double-skinned area—double fracture:

Where both skins are fractured a way must
be found to stagger the joint lines as shown in
Fig. 17. These joints should be staggered a
minimum of 47-6" if possible, and it will con-
sequently be necessary to obtained or make up
at least one replacement section to provide the
overlap as indicated in the sketch.

OVERLAP AREA
Fig. 17
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6. Front End Damage

The most critical requirement here naturally concerns
the front suspension frame.

Where the front ends of the “skids™ of the front
suspension sub-frame have been bent without disturbing
the portions of the frame which contain the lower
wishbone pickups, they can usually be cold-bent to their
original profile after the surrounding fibre glass has been
cut away.

Generally speaking, severe distortion of the front
frame will be of an obvious nature, and it should be
noted that it has been found far more practical and
economical to straighten or even rebuild the damaged
frame in situ whenever possible. In many instances parts
can be cold-bent to their original shapes, but it is
possible to electrically weld damaged areas provided the
fibreglass is removed for some inches around, and that
the metal where it disappears into the fibreglass panel is
kept cool by wet rags. It is always advisable to have a
fire extinguisher handy as well.

One point of distortion which it is important to check
and correct, and which is also sometimes difficult to
detect in cases of slight impact, ocours when the impact
has been localised to one side. In this case the “trape-
zoid” on one side of the frame may have been distorted,
usually thereby pushing the lower front wishbone pickup
upwards.

In case of any doubt, remove the entire sprung
assembly of both front wheels and check the alignment
of thelower pickups from one side to the other. This
can quite effectively be done by devising a simple pair of
checking rods which should be say 17 diameter and
approximately 18" long. Rest one of these rods between
the pickups on each side of the car and sight through
visually or by any more accurate method available to
ensure that these pickups are in line.

(It should be noted at this stage that an impact severe
enough to have moved the engine or badly distorted the
front frame has also quite likely caused damage to the
rear engine mounts under the gearbox. In this connection
see Chapter 10.)

If the damage has been severe enough to destroy
virtually the whole front end of the car, it is possible to
graft on a complete new section, an in this case it will
be necessary to obtain from the manufacturer the
following replacement sections indicated in Fig, 18.

(x) Undertray front section from rear edge of sump
hole to front extremity .

() Inner Mould front section from base of engine-bay
bulkhead to front extremity.

{z) Top body sections (usually obtainable from standard
repair moulds).

In view of the fact that in no two cases will damage
be exactly the same, it is only possible here to lay down
a few general rules, and for the remainder it is necessary
to follow the basic principles already laid down.

1. Before cutting away the damaged parts or ordering
replacement sections, work out the proposed method
of repair, positioning of joint lines, overlaps, ete:

ii. Remermber the need to determine a method for the
correct positioning of replacement sections, and
before cutting away damaged parts check on any
prominent features from which measurements can
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BOOT LID (compriere) (A} ROOF (O)

SCUTTLE AND BONNET
SURROUND MOULD (8}

TAIL PANEL
MOULD (B}

BONNET LID ! coMPLete) (A)

REAR WING MOULD (B)
{LEFT 0R  RIGHT HAND }
NOSE MOULD(B)

(INCLUDES PART OF
UNDERTRAY MOULDING)

DOOR { comrLere) { A

{LEFT OR RIGHT HAND)

SIDE PANEL MQULD (B)

(LEFT 0R RIGHT HAND }

WING MOULD (B)

(LEET OR RIGHT HAND)

INNER MOULD FRONT(C}

DIFF -BOX MOULD (D)

STRUT HOUSING MOULD ()

{ LEFT OR RIGHT HAND)

REAR RADIUS ARM
PICK-UP MOULD (C)

{ LEFT OR RIGHT HAND}

GEARBOX MOUNTING
MOULD (C}

(INCLUDING MOUNTING PARTS)

OTHER REPLACEMENT COMPONENTS (A} INCLUOE :-
REAR PARCEL SHELF FRONT UNDERTRAY (C)
FACIA PANEL AND HEADLINER {NCLUDING BOMDED-IN SUB-FRAME}
CONDUIT COVER

DOOR HINGE COVERS fLEFT 08 RIGHT HaNo)

PASSENGERS PARCEL SHELF (1677 o8 RickT Hanp (A} REPLACEMENT COMPONENTS
HEATER DUCT (oRIVERS SIDE ONLY, LEFT OR RIGHT HAND) (B) STANDARD REPAIR MOULDS
RADIATOR DUCT tsts Fica) (C) REPLACEMENT SECTIONS

BATTERY COVER

Fig. 18 Moulded repair sections
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be made and scribe these clearly on to the panels

which are to be left intact.

Use masking tape or chalk to define the lines on

which you propose to cut the panels away and

study these lines thoroughly to see that:

{g) You will not be removing an undamaged or
slightly damaged panel which would be useful
in the aligning of another major panel, e.g. it is
sometimes possible to replace the undertray
area containing a new front frame, and the
surrounding areas of the inner mould, whilst

. leaving the top body almost intact.

(») On single-skinned areas in particular, the pro-
posed cut line traverses longitudinal, lateral and
horizontal definition points to assist easy lining
up of the new panel in all three planes. (A
study of the differential box repair scheme will
make this requirement somewhat clearer.)

{¢) The proposed cut lines on doubled-skinned
panels, overlap by 6" where possible, to enable
the repair joint to be made as shown in Fig. 17.

In making cut lines of this type one is faced
with the problem of cutting through only one
of the skins, and this is best achieved by the
careful use of an oscillating saw of the type
used by surgeons for either bone or plaster
cutting, or by the careful use of a portable
grinder.

{d) One or both sides of the join line will be readily
accessible for doing the necessary reinforcing
layups. {Where this appears to be impossible,
for example on the side body panel behind the
front wheel arch, it may be necessary to cut an
access hole on an adjacent or opposite panel.
This should preferably be done on a flat surface,
in this case on the rear bulkhead of the front
wheel arch, by cufting a hole approximately
B" % 67)

After completing the necessary repair, this
access panel can be replaced by bonding one or
more strips of laminate approximately 2” wide
on the inside surface of the panel around the
access hole, so as to provide a seating for the

LIl i |

Fig. 19
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access panel which can then be secured per-
manently in place with resin, P.K. screws, etc,,
as shown in Fig. 19.

(e) Split bonds have been taken into account. For
example if a front wing has been damaged to
the extent of parting the top body from the
wheel arch area of the undertray completely, it
will be impossible to re-bond this satisfacterily
without completely removing the top panel by
cutting it on a line through the céntre of the
cavity behind the wheel arch, chipping away the
old bonding resin, and thereafter re-bonding
the wing panel or a replacement panel into
place.

Some bonded joints such as simple lap or
flange joints can easily be made good by adding
a reinforcing layer of the type shown in Fig. 20.

BROKEN FLANGE JOINT

l.....s

A

Fig. 20
Split bond repair

iv. Positioning replacement panels:

7.

Considerable care should of course be taken to
see that the replacement panels are trimmed exactly
to the line of those removed, or vice versa, and in
the absence of special repair jigs to hold replacement
panels in their correct positions, particularly around
the door and lid apertures, it is advisable to fix
the door or lid firmly in position and make sure that
the aperture concerned is being correctly made up.
The same applies where areas surrounding other
major components, e.g. windscreens or bumbers are
being replaced.

In addition, all replacement panels should be
offered up and held in place as follows before
commencement of laminating, This is because it is
invariably better to properly align major surfaces
even if it means the filling in at a later stage of
numerous bolt holes, etc.

(@) Line up flat surfaces (e.g. undertray or floor
area) using long wooden beams bolted to
undamaged area.

(b} Line up main contours (e.g. wing sections)
using splines and bolt in position with flat or
curved steel straps.

(¢) Line up minor or inside surfaces with small
alumimium plates screwed in place.

Damage Around Front Bulkhead
It is extremely difficult to replace the front bulkhead

completely; and comprising as it does mainly flat surfaces
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“iiwit s best repaired in situ using sheet metal “moulds™ if

necessary. In front end impacts the bonds along the top
of the bulkhead flanges frequently part, and in view of
their inaccessability, they should be repaired by removing
the felt from the inside of the car, roughing up and
cleaning the surfaces on both sides of the bulkhead, and
doing a reinforcing layup on both sides as shown in
Fig. 20.

8. Damage to Side Box-Sections

Where damage to the outside skin immediately behind
the front wheel arch or under the door apertures is too
serious to be repaired working from the outside, it is
necessary to follow the procedure detailed in Chapter
6. iii(d} above.

Where the damage involves only or primarily a split
bond along the main join which runs along the body
under the doors, this can sometimes be repaired by
removing existing bonding material and roughing up
with a hacksaw blade, injecting fresh bonding material
(preferably epoxide) drawing the two skins together with
pop rivets or P.K. screws, and later reinforcing the bond
with two layers of 6 oz. woven cloth and 1 oz, of chopped
strand mat “capping” the joint by several inches, and
fater fairing in,

9. Damage to Body Jacking Hoop

Since it is impossible to bodily replace the body
jacking hoop, welding or straightening must be effected
in situ taking the same precautions as advised for the
front sub-frame, and thereafter rebuilding the surround-
ing areas of fibreglass.

10. Gearhox (Rear Engine) Mounts

Damage to the gearbox mounting parts is usually
caused when the engine has moved back during an
impact. The mounting is comprised of two tubular
collars laminated in during manufacture of the undertray
and although damage, i.e. cracks can usually be detected
from underneath the car, it is necessary to remove the
engine for a proper examination.

If this area has been damaged it has to be replaced
completely, using a replacement laminate obtainable
from the manufacturers, which embodies the mounting
collars properly located and laminated in place. The
recommended procedure is as follows:

1.  Remove engine, battery, bonnet lid, drain fuel and
differential, and turn the vehicle bodily onto one
side, resting it full length on a well padded floor and
leaning it against a wall. Care should be taken dur-
ing lifting and resting to keep the loads well spread
and in particular to avoid concentrating loads
around the wheel arch lip areas which could easily
lead to cracked gel-coats or laminates.

ii. Before removing the damaged area, carefully mark
scribe lines on surrounding areas of the undertray
which will not be cut away, to enable accurate
fore-and-aft positioning of the replacement section.
(vertical positioning will be obvious, and lateral
positioning will be provided by exhaust trough.)

ili. Remove an area measuring approximately (see Fig.
21} the size and shape of the replacement laminate,
cutting right through the double skin of the floor
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iv.

vi.

Fig, 21
Marking out the damaged area

area, but taking care to cut no higher than is
necessary into the centre tunnel section of the inner
mould.

Clean off as much oil as possible inside the tunnel
and on the undertray using acetone, etc., and rough
up both inside of the tunnel and top and bottom
surfaces of the undertray floor. It is also advisable
to prepare the surrounding surfaces to give a good
mechanical key for the reinforcing laminate on the
underside by drilling a number of shallow 1" holes
at random every 1” or so.

It has to be remembered that this mounting carries
a considerable “weight load” and must accordingly
be well bonded in. To prevent it from dropping
out it is necessary to do a substantial layup on the
top as well as underneath, and a layap comprising
approximately four layers of woven rovings and
two of chopped strand mat is recommended on both
sides, with the best possible layup on to all presenting
faces inside the tunnel, working through from the
engine bay, gear lever hole, etc.

Druring laminating it will probably be advisable to
hold the section in place with metal straps, and it is
also advisable to bolt the gearbox mounting bush
and a washer approximately 5" thick in place
{using the standard bolt) between the collars to
ensure that they are not compressed out of their
correct position during assemnbly and laminating.
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As an exfra safeguard, the metal straps referred
to above can simply be left in place and laminated in.
vii. Finally, ensure that the area around the collars has
been made gas-tight to exclude engine fumes from
the passenger compartment.

11. Rear Radius Arm Pickunps

Slight damage to the boxes containing the rear radius
arm pickups can be repaired by cutting and peeling away
the double skin of the inner moulding above the pickups,
reinforcing as required and finally replacing the “access”
panel and laminating over the whole from inside.

If this area has been severely damaged it will be
necessary to obtain a new sectional laminate (left or
right hand side) embracing the box and the surrounding
area from the manufacturer, and having taken the
necessary precautions regarding location of the new
section to fix it in place in the same manner as has been
described for the gearbox mounts.

12. Differential Mountings of Diff. Box Area

This is one of the most highly stressed arcas on the
entire structure, and failure of or damage to any area
near the pickups can only be rectified by replacing an
area large enough to ensure that where the joins are
made the loads are fairly well dispersed,

In cases where the actual diff. mountings or the back
face of the diff. box only have been broken, it is possible
to replace the rear half of the box only.

However, where the damage extends in a sericus form
to the front half of the box or to the rear end of the
undertray where the propeller shaft emerges, it is possible
to insert a larger area.

In either case it is essential to use a replacement
laminate obtained from the manufacturer or distributor.
This is so because a special inter-laminating technique is
used for the construction of this area.

Only the former scheme will be described in detail
here, the latter being merely an “extended” version using
identical principles.

i. It is advisable, if not essential, to turn the car on its
side as described i Chapter 10 above, after remov-
ing the differential, rear suspension, fuel tank,
battery, spare wheel and boot lid, and draining
the engine completely. The fuel and hydraulic
brake lines and. preferably also the battery and
electric leads running through the conduit housing
on top of the diff. box should also be withdrawn.

ii. The replacement laminate is provided slightly over-
size and after ¢leaning off all oil from the relevant
area the proposed cut-line should be carefully
marked with tape or chalk as shown in Fig. 22,

As this shows, the line runs across the undertray,
behind the diff. mounting face approximately in line
with the leading edge of the rear silencer recesses,
forward along the inside walls of the exhaust
housings on each side, vertically up the sides of the
box through the centres of the half-shaft holes, and
finally on a line behind ‘the centre of the top face
of the box. It is at this point, and where it cuts
through the diagonal conduit, that care should be
talen to see that all the electric wires in the conduit
are not severed and also that the top skin, i.e. the
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Fig. 22
Marking out the damaged area

inner mould skin under the spare wheel bowl, is not
penetrated.

For guidance, the diff. box skin at this point is
approximately 1” to " thick, and there is between
" and & bonding material sandwiched between
it and the inner mould skin.

In this connection, reference should be made to

the instructions contained in Chapter 6, paragraph
iii.{c),
Before the defective diff. box can be prised away
from the body, it is necessary to cut away a certain
amount of the boot liner as illustrated in Fig. 23,
both to release the diff. box bonds and to provide
access for doing the reinforcing laminate at a later
stage.

Fig. 23
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Fig. 24
The damaged diff. box marking out from above

This cut line runs straight across the car approxi-
mately “from the front vertical walls”, forward
approximately “from the outside vertical walls”,
i.e. on the centre line of the exhaust recesses, up the
front vertical walls as far as the horizontal “ledge
or suage”, stopping where it reaches the spare
wheel bowl.

The cut line should also be continued down the
centre lines of the disc brake housing and acrosss
the base of the vertical liner panel below the diff.
bolt conical access holes.

It should now be possible to prise the diff. box and
two separate sections of the boot liner away from
the body (the one which is the aforementioned cover
panel containing all four diff. bolt access holes can
be discarded as it serves no structural purpose).
Proceed to offer the replacement section into place,
trimming the edges as necessary. If the cut line has
been correctly made, location in all three planes will
be “automatically” provided by various planes and
recesses, and when the new laminate fits readily
into place, preparation can be made to do the
reinforcing layup.

This is done by chamfering and roughing up
approximately 3" to 6" of the perimeter strip
adjacent to the join line on both the body and the
replacement laminate (as described in Chapter 3,
paragraph iii.). Smalt metal plates or strips should
be employed to serew the new box firmly into place.

The new box having now recetved its final fitting is
ready for bonding into place. The metal plates and
box are accordingly removed and a mix of epoxide
or polyester resin filled with slate or other suitable
filler to a fairly thick consistency should be liberally
applied to the top surface of the box and to the
mating area of the inner mould, using pop rivets or
P.K. screws to provide temporary clamping pressure
if necessary.

Vil

viii.

1X.

XI.

13.

- Fig. 25
The new diff. box in position

The remainder of the join should now be reinforced,
by doing a layup on both sides of the single-skinned
panels wherever possible, using several alternate
layers of heavy woven rovings and chopped strand
mat on each side.

In order to thoroughly rigidify the rear joint line, it
is recommended that two wood sections approxi-
mately 17 x 17 x 12" long be laminated in at right
angles to and symetrically across the join line so as
to provide two rigid “top hat” sections running
fore and aft.

Finally, the larger section of the boot liner should be
replaced, once again employing a reinforcing
laminate on either side of the panel wherever
possible, and using metal tags, etc., to ensure that
the rear join line across the floor of the boot will be
strong enough to support the fuel tank. Owing to
the extra thickness of the undertray laminate
directly behind the lower diff. pickups it may be
found necessary to amputate the lower portion of
the recess on the boot liner which normally mates
up at this point,

If there is any likelihood that the inner mould under
the spare wheel bowl has been cut or weakened it is
advisable to remove the interior trim and effect a
reinforcing layup over the entire area.

The necessary holes should now be cut for brake
and fuel lines, etc., before proceeding with normal
re-assembly.

Top Strut Pickups

These seldom suffer extensive accident damage, and
when they do, require individual attention. In extreme
cases replacement sections could be obtained provided
the requirements could be specifically enough defined,
but generally speaking, it will be found more satisfactory
to rebuild the damaged area in situ,

In cases of severe impact, the horizontal joint between
the headliner and intier moulds which runs approximately
37 above the bridge near the strut housings inside the
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passenger compartment may split open. This should be
rectified by normal procedure but since this area is
accessible from one side only the repair must be solidly
reinforced by laminating over it. The same applies to
any other cracks or fractures around this area.

14. Roof Damage

The severest damage to the roof structure usually
occurs when the vehicle has been rolled over. This can
impose a tremendous impact/shear load which frequently
results in a fractured bond, perhaps over a large area.
In many cases, the inner and outer panels return to their
original shape, but loose lumps of the fractured bonding
material may jam in place as shown in Fig. 26 causing
unsightly bulges on the interior headliner.

T T o ST T TR O o v

Fig. 26
Roof damage

This type of damage is best repaired by cutting one or
more small holes through the roof opposite the area
concerned, removing the lumps, and injecting a fresh
quantity of bonding material wherever the bond has
been broken.

This can best be achieved by using a fairly thin
polyester or epoxide mix in a steel syringe and injecting
it into a number of appropriately small holes drilled
through the top roof skin only. Itis sometimes necessary
to drill blow-holes at the extermities of the damaged
area to allow air to excape and the resin to penetrate.

Great care must of course be taken to wash the syringe
out immediately it has served its purpose.

15. Rear End Damage

Damage to the top and under body surfaces can usually
be repaired using the repair moulds, or in other cases
sectional laminates can be obtained.

It should be noted that in cases of damage to the back
panel or the join across same at bumper level, access can
be gained to the inside surface of the area but splitting
the bond across the top of the panel (if this has not
already happened), cutting away the tape or cloth
laminate which secures the wvertical joins between the
inside back panel and the rear wings, and flapping the
entire inside back panel forward.

In case of accident damage near the wheel arches,
ensure that the repair is made waterproof to exclude
water from the boot and in particular from the tool box
inside the left side rear wheel arch,

16. Metal Inserts

Throughout the Elite use is made of threaded metal
inserts, commonly known as “bobbins” because of their
shape, which provide strong and accurate attachment
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points for a variety of components. (Some, such as
those providing the bonnet lid hinge pivots, are un-
threaded.)

The three sizes of bobbins employed are ", <" and "
UNF respectively. The first are a generally used type,
the second are used solely for door hinge mounting
points and the latter solely for rear radius arm pickups
on Series Two cars.

= ———FAULT "A’
FAULT "B’
) =
p——
CORRECT ’ INCORRECT
BOBBIN LAYUP
fig. 27

Bobbin lay-up

Fig. 27 shows a typical hexagonal ended bobbin,
and indicates graphically the requirements for a well
laminated bobbin. Firstly, the laminates from the basic
mounting surface must overlap and interleave with the
laminates around the bobbin. Secondly, the laminate
must be well built up under the shoulder of the bobbin
to prevent the bobbin from pulling out in a downwards
direction.” Thirdly, one or two layers of tape or cloth
should be wound around the “barrel’” of the bobbin to
prevent the laminate around the bobbin from spreading
if any diagonal loads are applied. Finally, plasticine or
similar “plugs” should be used during laminating to
keep resin out of the bobbin threads.

The following advice is offered on dealing with bobbin
failures:

i.  Bobbins pulling out:

This could be caused either by faulty taying up
(see Fig. 27 above) or by overloading, e.g. accident
damage. Where the bobbin and its surrounding
area is accessible from the rough side of the laminate
either naturally (e.g. door hinge bobbins) or by
cutting of non-weakening access holes (e.g. rear
radius arm pickups on Series Two cars) the remedy
is to improvise a local mould in plaster or glass-fibre
of the area surrounding the “finished” side of the
bobbin. This is done by removing the component
which attaches to the bobbin, filling the bobbin hole
with plasticine or clay but leaving sufficient of the
hole definition for positioning purposes, and there-
after proceeding to take a cast or mould of the
surrounding area.

The bobbin should then be removed together with
the surrounding few inches of laminate, recovered
(unless a new bobbin is -available) and accurately
positioned on the improvised mould surface which
is then located against the body panel. The bobbin
can then be directly laminated on to the old mould-
ing wusing the techniques already described, and
overlapping the new laminate on to the old by
several inches wherever possible.

The only cases where the “back’ of the bobbin is
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not thus accessible, is in the boot and bonnet lids,
where a whole portion of the inner skin box section
must be removed, the bobbin layups repaired and
the section then “‘floated back™ into place using
bonding resin and finally an external reinforcing

layup.

Stripped threads:

Whilst their hexagonal ends will prevent these
bobbins from turning in normal usage, they may
start to turn and loosen if too much tightening
pressure is applied, or when an attempt is made
to tap them out to a larger diameter. If a thread is
damaged or stripped an attempt should therefore
be made to drill the thread clear and use a bolt and
lock-nut where possible to dvoid the need for
replacing the bobbin completely.

iii.

Turning:

This is often the outcome of using too much
force when the bobbin threads are blocked with
resin, or as described in the preceding paragraph, of
an attempt to tap out a stripped thread. In many
instances it is due simply to overtightening.

Generally speaking, and particularly if the
application is a critical structural one, the bobbin
should be replaced in the manner already described.
However, in a few instances, e.g. rear radius arm
pickups, it has been found possible to cut fairly
large access holes on the inner mould panel, elec-
trically weld tags to the top hexagonal end of the
bobbins and effect a very strong layup over same.
This procedure is naturally recommended only
where no tendency has developed for sideways or
vertical movement of the bobbin.
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INTRCDUCTION

It is not possible to give comprehensive general
instructions for preparing the Lotus Elite for competitive
events. What is suitable for one meeting may not
answer the requirements for another, and in any case,
it is assumed that owners who wish to improve the
performance of their vehicles already possess some
knowledge on this subject. Considerations to be born
in mind are the amount one wishes to spend in time,
parts, and extra fittings, as well as the exact purpose
the owner has in mind. In this connection, it has been
found that a number of owners are anxious to enhance
the performance of their Elites for road work only, but
whatever the object may be, it must be understood that
any increase in the power output of the engine must
inevitably carry with it a tendancy to reduce reliability.
Specific handling characteristics may alsc be enhanced
at the cost of sacrificing others. The standard specifica-
tion Is a compromise giving a good balance between
such factors as performance, longevity, comfort and fuel
economy. 1t is advisable for the owner therefore to fully
consider the main purpose of his vehicle and select the
appropriate stage he wishes to carry his modification to.

The Lotus Elite is produced in two versions:—The

Standard Serics Two and the Series Two Special Equip-

ment model.

The Standard Series Two model can be modified to
two stages: The twin carburetter or Special Equipment
conversion or to Stage Three.

The twin carburetter conversion, a mild form of tune
only, has been specifically introduced for the owner who
desires a little extra road performance consistant with,
complete reliability.

The Special Equipment conversion is an extention of
this. It provides a specification for ultimate road per-
formance compatible with tractability, whilst at the same
time the equipment gives it a useful track performance.

Stage Three conversion is a full racing specification and
it should be noted that this conversion almost precludes
its use on the road.

The equipment listed in this section can be fitted
before customer takes delivery. Alternatively, conver-
sion can be carried out at the 500 miles service. However,
the information provided here will enable the owner
with reasonable facilities and technicai experience to
modify his standard model.

TWIN CARBURETTER CONVERSION

1. General

This conversion comprises twin S.U,H4 ecarburetters
{see Fig. 1) on special manifold with a four-branch
specially tuned exhaust system which raises the standard
B.H.P. from 75 at 6,100 r.p.m. to 85 at 6,500 r.p.m. The
factory strongly recommend fitting 4-2 : 1 rear axle ratio
when this conversion is incorporated on the car. If the
rear axle ratio is changed from the standard 4-55: 1,
the appropriate speedometer head must be fitted.

P2

List of additional parts required.

H4 S.U. carburetter.
Twin inlet manifold set with balance pipe.
Manifold rubber O rings.
Balance pipe rubber O rings.
Carburetter flange gaskets.
Carburetter flange heat insulators.
Throttle W clips.
Throttle connection rod.
Long inlet manifold studs &7 dia.
2 Double spring washers £ " dia.
8 Flat washers.
Carburetter heat shield.
Four branch exhaust manifold with gaskets.
Double outlet banjo union.
18" length of flexible petrol hose.
Petrol pipe stems.
Petrol pipe nuts,
O clips.

B3 PO BT — = o— = O = B — B R P

Fig. 1
Twin carburetter installation
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DOTTED AREA MUST
ALSO BE REMOVED
ON LEFT HAND GRIVE
MODELS
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/
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Fig. 2

Cutiting hole for exhaust manifold

““EXHAUST
{ STAGE TW0)
APERTURE

REA

Open up the exhaust hole in the bottom of the engine
bay to comply with the specification given in Fig. 2.

Fit the four branch exhaust manifold to the engine.

Remove inlet manifold studs and replace with the
long ones provided.

Fit O rings to the manifolds and balance pipe and
place in position on the studs.

Place washers and spring washers over the studs in
compliance with the accompanying Fig. 3.

Fig. 3
Manifold stud set-up

Screw up the nuts until £” movement up and down
can still be felt on the end of the manifold.

Before placing the carburetters in position, remove the
float chambers and choke from one carburetter and
replace it so that both carburetters are on the outside
and both chokes towards the centre.

Connect up the throttle together with W clips and rod.

Connect the choke cable up to the front carburetter.

2. Tuning the twin carburetters

Before attempting to tune the carburetters it is
advisable to check all engine details which affect per-
formance, such as tappet clearances, plug gaps and
distributor gap, and to ensure that these are all correct.
The carburetters should then be checked (see Engine
Section) in order to ensure that the pistons are perfectly
free and that the jets are correctly centred. While the
suction chambers are off, see that the needles are located
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in the same position in both of the pistons and that the
jets are the same distance below the bridges of the
carburetters when they are pushed down hard against
their adjusting nuts.

Now slacken the clamping bolis on the universally
jointed connections between the throttle spindles so that
the throttles can be set independently, and disconnect
the choke control by removing the fork swivel pin.

Undo the throttle adjusting screws and screw back
until they will just hold a thin piece of paper inserted
between the adjusting screws and the stop lug, with the
screw on the throttle and mixture interconnection cam
slackened off. Next screw the two throttle adjusting
screws equal amounts in either direction, depending on
whether a higher or lower speed is required. To check
for exact synchronisation of the throttle openings listen
to the intake by hoelding one end of a piece.of rubber
tubing against the ear and the other end near the intake
of each of the carburetters in turn. If the hiss of one of
them is louder than the other, unscrew the throttle
adjusting screw until the intensity of the hiss is equal.
When this is achieved, the mixture should be adjusted by
screwing the adjusting nuts for the jets up or down to
exactly the same extent, pushing the jets hard up against
the nuts, until satisfactory running is obtained. As these
nuts are adjusted the engine will probably run faster,
and it will be necessary to unscrew the throttle adjusting
screws, each by the same amount, in order to reduce the
speed. When the mixture is correct on both carburetters,
adjust the throttle and mixture control interconnecting
screw so that it is just out of contact with the intercon-
necting cam when the jet has been rasied to its normal
running position and the throttle is shut back to its
normal idling position, as determined by the throttle
stop screw.

With a correct mixture on both carburetters, lifting
the piston on one of them with the aid of the plunger
mounted on the side of the carburetter body should make
the engine beat become trregular from excessive weakness
the engine beat become irregular from excessive weak-
ness. If lifting the piston on one carburetter stops the
engine and lifting that of the other does not, this indicates
that the mixture on the first carburetter is weaker than
that on the second. When the mixture is correct from
both carburetters, the exhaust beat should be regular
and even. If it is irregular, with a splashy type of misfire
and a colourless exhaust ,the mixture is too weak. If it
is too rich, there will be a rhythmical or regular type of
misfire together with a blackish exhaust.

Before re-connecting the choke control, make sure that
the jets are hard up against the adjusting nuts. The
throttle spindle interconnection clamping bolts may
now be tightened.

3. The Float Chambers

Two remote float chambers are normally used to
supply the fuel to the carburetters and are connected
to them by short flexible pipes. This arrangement is
used primarily to prevent engine vibration from causing
fuel aeration, which has been found to provoke serious
weakening-off of the mixture at high speeds.

The following peint should be noted when installing
the float chamber :
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The float chambers must be adjusted in a vertical
direction so that the level of fuel in the carburetters
is 5" below the top of the jet. In order to inspect
the fuel level in the carburetters, take off the suction
chamber, piston and jet needle.

4. Twin carburetter installation—removing and replacing

To remove the carburetters, first disconnect the
throttle mechanism. Disconnect the choke cable from
the front carburetter. Remove the split pin from the
clevis pin at the fork end of the choke control and take
out the clevis pin. Disconnect the fuel pipe unions at
their carburetter ends. Slacken the nuts on the four
bolts attaching the heat shields to the heat shield sup-
ports. Remove the two nuts attaching the heat shields
to the induction manifold. Remove the two nuts
securing each carburetter and take off the carburetters
and heat shields.

Do not forget to re-fit the spacing washers between
the shields.

SPECIAL EQUIPMENT SPECIFICATION

1. General

In addition to the modifications carried out in the
twin carburetter conversion, the Special Equipment
model comprises the following specification.
Engine—modifications as outlined in Chapter 2, bringing

the B.H.P. output to 83 at 6,500 r.p.m,

Gearbox—d4 speed gearbox with syncromesh in all gears
with the following ratios:

First ... 253:1
Second ... 1711
Third ... 123 : 1
Fourth ... 100 :1
. Reverse e 25901
{used in conjunction with standard 4-22 : 1 rear axle
ratio.)

Heater/de-mister Unit.
Screen washers.
Headlamps
Filler Cap
Interior Trim

F700—7".

Monza alloy type.

The special Royalite trim is available
in a variety of colours,

{ashtrays are included.)

An attractive range of single or two-
tone colour schemes is available.

Extertor Finish

2. Engine

Dynanmio Speed Reduction ‘

Due to the regular use of speeds in excess of 6,000
r.p.m. it has been found necessary to introduce a larger
dynamo pulley in order to reduce the dynamo speed to
-9 engine speed. This entails modification to the dynamo
adjusting bracket and the use of a 40" drive belt in place
of the previous 39” belt used on engines not fitted with a
fan. All belts supplied on future spares orders for engines
not fitted with a fan will be 40", as the adjustment
provided will allow the use of the larger belt even if the
original pulley is retained.
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Where a fan is fitted the original belt can be used in
conjunction with the new pulley, providing the new
type bracket is fitted.

The following new parts are required ;—

Part No. Description No. off

FWA.2060 New dynamo pulley l

FWA.1098 Modified adjusting bracket 1
(issue 3) :

FWA.1231 Dynamo link 1
(issue 1)

FWA.123[ Dynamo link 1
(issue 1)

FWA.1200 Dynamo link spacer l
{issue 2)

FWA.2016/2 Belt (A.40)
(Engines not fitted with Fan)

It should be noted that this modification will alter
the ratio of the tachometer drive taken from the back
of the dynamo and will necessitate a gearbox having' a
ratio to suit the -9 engine speed dynamo ratio. '

Fitting Oversize Valve Seat Inserts

Valve seat inserts 0-010” oversize are now availabte,
and may be fitted as follows:—

Remove the cylinder head and take off the camshatt
and valves, etc. To remove an old valve seat insert,
drill two holes in the insert 108 apart, not exceeding
the width of the insert in depth, using a drill slightly
less than the radial thickness of the insert. A small
chisel may then be used to cut the small sections of
metal between the holes and the edges of the insert,
which will then be in two pieces and may easily be prised
out. When drilling and cutting care must be taken not to
damage the sides or bottom of the recesses in the head.

The cylinder head must be machined as shown in
Fig. 4, and then heated to 150°C. in order to fit the new
inserts, which are parts No. FWA.1005/3 (exhaust) and
FWA.1006/3 (inlet). Make sure that the inserts are
inserted fully into the recesses in the cylinder head. The
inserts should then be skimmed with valve seat cutters
as described in Engine Section, until the larger diameters
of the valve seating faces of the inserts are 1-200”
{exhavst) and 1-350" (inlet). Next, grind the valves with
grinding paste as described in Engine Section.

Re-assemble the cylinder head in the normal way,
checking the valve tappet clearances and fitting the
necessary shims to give the correct tappet clearances.

Oversize Valve Guides

Valve guides 4" oversize are now available. To fit
these it is necessary to bore out the valve guide holes in
the cylinder head and then ream to 0:5327” to 0-3320"
(17/32").

The oversize guides, which are parts No. FWA.1023/3
(inlet} and FWA.1024/2 (exhaust), may be fitted as
described in Engine Section.

Valve Springs

It is important to ensure that the valve springs are up
to strength. The total load required to compress them
to their fitted length must not be less than 50 1b. (see
fig. 6, Stage 11 tuning).
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SECTION P

005" MAX.
RAD.

EXHAUST

Fife. 4
Firting oversize valve seat inserts
Camshaft FWA4.3021/1
This camshaft gives increased lift from 0-310“ to
0-360", and increased opening period of 22°.
The timing with 0-010" tappet clearance is:—

Inlet opens  30° B.T.D.C. ) Note: The 0-010" clear-
ance called for is for
Inlet closes  60° A.B.D.C. | timing purposes only,

ensuring timing from the
start of the flank. For
each thou. below 0-010”
Exhaust closes 30° A.T.D.C. | allow 4° at flywheel.

if the same dowel hole in the chain sprocket is matched
to the dowe] hole in the camshaft it will be found to give
approximately the above timing, and no other change is
necessary except to adjust the tappet shims to give:—
0-006" inlet
0-008" exhaust

Exhaust opens 60° B.B.D.C,

LOTUS ELITE WORKSHOP MANUAL

Induction Pipes FWA.3007/1

These induction pipes comprise two similar castings
in which the port extensions converge at the carburetter
entry, so giving a more direct line of flow from carburetter

to inlet port.

Carburetters

These are the S.U. H4 type as previous lyused, but
size B.F. needles are now required to give the correct
mixture,

3. Gearbox

The four-speed Z.F. gearbox with ratios outlined in
General (Chapter 1) may be fitted at this stage. Owners
may, however, wish to retain the B.M.C. gearbox
replacing the standard gears with close ratio items. The
box may be removed and stripped in accordance with the
instruction given in the gearbox section, and replaced
with the B.M.C. components tabulated below.

Alternative available ratios B.M.C. gearbox.

No. of Input/

Gear Ratio Teeth Layshaft
Ratio

Top 1:1
3rd 1-37 : 1 2625
2nd 22201 20/31 = 21/30
Ist 364 11 11/28
Top 1:1t
3rd 12711 122/29
2nd 222 :1 19/32 % 26/25
1st 245 : 1 11/28 .

4, Other items

The Heater/de-mister unit may be fitted to instructions
outlined in Section N (Body Equipment).

STAGE III SPECIFICATION

1. General

This conversion is for owners desiring the Series II
Lotus Elite in full racing trim. The brake horsepower
output has been raised to 103 and the specification
includes Z.F. close ratio gearbox, competition clutch,
light alloy brake calipers and S.U. high pressure fuel
pump systermt. As there is a most comprehensive range
of components available for this conversion, the De-
velopment Dept. of Lotus Cars Ltd. recommend the
following specification.

Engine: 103 b.h.p. modifications as outlined in Chapter
2. Fitted with 2 twin choke Weber 40 DCOE car-
buretters and necessary fuel piping. Man jet No. 125
or 2 SU.H4 carburetters.

j




SECTION P

COMPETITION TUNING

4 Branch Exhaust: As per established pattern.

Hear Shields: (a) Over starter motor.

(b} Attached to side of engine by exhaust
pipe. .

Fuel pump: S.U. Electric high pressure fuel pump, No.
AUA 56 to be fitted in boot with necessary piping.
Fuel tank: 104 gallon tank to be fitted in the boot and/or

7 gallon alluminium tank inside of front wing.

Fuel Filler: Monza filler No. M.775-D and M.775-18
collar type, or Le Mans M.1539 Cap and M.1539 16B
neck (Bush type).

Wheels: Dunlop “Red Spot” (Borani wheels may be
used as an afternative.

Gearbox: 4-speed Z.F. $4-12 all syncromesh close-ratio.

Input/
Gear Ratio No. of layshaft
: Teeth Ratio
Ist 2531 14/33
2nd 171 :1 20/32
ard 123 :1 27/31 X 28/30
4th 100 : 1
Reverse 2-59 :1

Ciutch: Competition type. Pressure assembly Part No.
45688/39; Plate assembly Part No. 48831/39.

Front Suspension: Barly wishbone 112/3/55. Issue No. 4.
Damper Unit AT 7 1485/5. Shock Absorber settings
as earlier Mk. T model. Spring: Total coils 1337;

. Wire dia.: -348"; Mean dia.: 217; Free length 104",
Rate 154 Ib./in. Lower Alford 2nd Alder 02203 R.H.,
Trunnion 02209 L.H.

Rear Suspension: Damper unit AS 1501 (open and
closed length to be as Standard item (AS 1506).
Spring: Total Coils 11, wire dia. -406”, mean dia. 317,
free length 121", rate 96 1b./in.

Ground Clearance: Adjusted to 6%" by modifying
spacer-tube length.

N.A.C.A. Duct: One in bonnet over carburetters,

Front Brakes: Type AR (no dust shields).

Rear Brakes: Type NR (used in conjunction with
Series 1 differential housing and handbrake. Type
10H (used in conjunction with Series 1l differential
housing and handbrake (umbrella).)

Amber brake fluid. :

Tyres: According to contract (Dunlop R5PDY 500 x 15
recommended all round).

Back Axle: 453 :1 recommend for racing in U.K.
Alternative ratios tabulated below,

Ratio No. of Teeth

371 11/41
39 ] 10/39
421 9/38
4611 8/37
49 :1 8/39
54:1 8/43

P6

Z.F. Limited slip differential is also available as
alternative.

Screen Washers: large capacity.

Qil Cooler: fitted in front of water radiator. Cov. Rad.
No. M.6738 -090 0148 or Scerck No. C.94470 with air
duct.

Oil Filter: may be removed from side of engine and
blanking plate fitted. Fit with Telcalemit external
type.

Starter Motor: Fit Lucas end 3347 or 25081

2. FEngine

For this stage, engine and bonnet top must be returned
to the factory, the engine for the 103 b.h.p. modifications
and the bonnet top for the fitting of the celd air duct.
The standard clutch must be.-rermoved and replaced with
the competition component to withstand the subsequent
increase in power output. By various modifications,
detailed below, engines in the Stage II state of tuning
may be converted to stage 1. The parts needed for the
modifications are listed in five separate sections so that
the owner may incorporate them at his convenience.

Stage IIT tuning is to increase the power output of the
engine by raising the compression ratio. This is effected
by machining 0:040” from the underside of the cylinder
head. To retain the tension in the camshaft driving
chain, the tappet block must be raised in relation to the
cylinder head, by the use of tappet block packing washers.
100 octane fuel may be used to full advantage with the
new compression ratio (105 : 1). Section ‘A’ of the
attached parts list gives the parts necessary for this
compression ratio modification.

In order to counteract the increased load on various
parts of the engine, four other modifications should
follow the above:

Section ‘B’ lists parts to be used when the three
bearing camshaft is replaced by the five bearing camshaft,
Stronger valve springs are fitted with the five bearing
camshaft and the head must be machined as shown in
Fig. 5, to accommodate the outer springs. See Engine
Section (Section F).

8 BOSSES SPOT FACED AS SHOWN

1-300’

Fig. 5
Modifying the cylinder head
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SECTION P

Section “C’ lists connecting rod assemblies and 9 mm.
connecting rod bolts. The original connecting rod
assembly may be modified to include the new 9 mm. bolt
and tabwasher listed. Details of the necessary drilling
and tapping are shown in Fig. 6.

36017
CAP- REAM THRO-3593" DIA.
CHAMFER -025"x 45°

Qry
Section ‘A’ per engine
FWA.1548 Tappet Block Packing Washers ... 9
SAFWA.2128 Piston Assembly ... 4
Section ‘B’
SAFWA.3060 Camshaft Assembly 1
FWC.1121/3  Inner Valve Spring &
FWC.1032/3  Outer Valve Spring 8
FW(C.1022/4  Valve Spring Collar &
FWC.1031/3  Valve Spring Cup g
SAFWC.3052 Tappet Block Assembly ... 1
FW.1018 Camshaft Bearing (Front and Rear) 4
FWC.1019/5  Camshaft Bearing (Centre) 6
FWC.1007/3  Tappet e - e 8
FWE.1013/7  Tnlet Valve 4
FWE.1021/7  Exhaust Valve 4
Section ‘C’ :
SAFWB.3061 Connecting Rod Assembly 4
or
FWR.1044/1T70 Connecting Rod Bolt (9 mm.) . 8
FWB.1120/2  Connecting Rod Bolt Tabwasher 3
Section ‘D’
FWA 1005/7  Exhaust Valve Scat Insert 4
FWA.1024/4  Exhaust Valve Guide 4
" FWA.1023/6  Inlet Valve Guide 4
Section ‘E’
FWA 2006/5 Bearing Cap (Front and Rear) ... 2
FWA.2007/5  Bearing Cap (Centre) 1

SECTION B.B.

ROD =DRILL 9%. DIA. FOR THIS DEPTH.

DRILL(LETTER 'O’')& TAP 9%. DIA. X I%.PITCH.
EFE DIA. 8:350%./8:425%. AS SHOWN.

N.B. DRILLING & TAPPING MUST BE SQUARE TO FACE.

Fig. 6
Modifying the connecting rod

Section ‘D’ lists three parts which have a longer life
than those which they replace. Details of the fitting of
guides and seats are dealt with in the Special Equipment
Section.

When the oversize exhaust valve seat inserts have been
fitted it will not be possible to fit the new inserts FWA.
1005/7. In this case it will be necessary to fit a new
cylinder head.

Section ‘E’ lists new main bearing caps, The new
bearing caps must be assembled on the cylinder block
and line bored as shown in Fig. 7. The front and rear
main bearing caps are different from the centre cap.
They may be recognised by the width from front to rear
of the cap: front and rear caps are I-1” in width, the
centre cap is 1237 in width.

LOTUS ELITE WORKSHOP MANUAL
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2:26875"
2-269257

TO BE BORED WITH MAIN

BEARING CAPS IN POSITION

(NUTS TIGHTENED TO 440-
450 LBS.INS.)

Fig. 7
Line bore dimensions for the bearing cap

Cylinder Head
In order to realise the potential improved performance

from the modifications it is necessary tc carry out

certain extra fettling, notably;—

Infet Port. The metal around the valve guide must be
cut away so that the boss is thinned away very con-
siderably, as shown in Fig. &.

Combustion Chagmber. The cut-away round the inlet
valye requires blending in to the parallel side of the

- chamber, as shown in Fig. 8.
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COMPETITION TUNING

AREA TO BE FETTLED

SECTIONS THROUGH INLET PORT

"R BLEND.

VIEW OF COMBUSTION CHAMBER

Fig. 8
Inlet port qnd combustion chamber fettling

Valve Springs

It is important to ensure that the valve springs are up
to strength. The total load required to compress them
to their fitted length must not be less than 50 Ib. (see Fig.
9). .

TEST

MINIMUM LOAD TO
BRING BOTH SPRINGS
TO FITTED LENOGTH
) =501bs.
! _ Fig. @
Valve spring checking
o) =755
¥
o
- :S‘)
7
' ' L
P

i-183"
ORIGINAL FITTED LENGTH

1

\
Y

\ 1-240"

OTEIT MAY BE NECESSARY,
AETER REPEATED VALVE
REGRINDS, TO SHIM
SPRING SEATING UPTO
MAINTAIN THIS DIMENSION,

Fig. 10
Valve spring lengths

3. QOther Components E
Replace B.M.C. gearbox wunit with Z.F. close ratio
box. Replace the existing clutch with the competition
component,
Remove the petrol filler cap and tank.

Replace the tank with the long range fuel tank.
Increase the size of the filler cap hole in the body shell
and fit the Monza fuel cap.

Fit the high pressure 8.U. electric fuel pump in the
boot of the car on the right hand side of the boot at the
lowest possible level, facing fore and aft. Mounting
instructions are printed on the pump. Connect up the
fuel lines. A plain green lead is provided on the wiring
foom for connecting to the pump. Connect the black
earth lead from the pump to the earth connection on the
petrol gauge installation situated on the tank top,

Remove the standard cast iron brake calipers and fit
light alloy calipers types AR and NR.

Empty the hydraulic system and refill with Girling
heavy duty Amber brake fluid,

If any modifications are made to the exhaust pipes, it
is essential that they clear the bodywork and undertray
of the car. Hot exhaust pipes, it is essential they that
clear the bodywork and undertray of the car. Hot
exhaust gases played directly onto the glass fibre can
have a disastrous effect.

Replace the radiator filler cap with the 7 1bs. per square
inch, pressure cap, or on the older type radiator, the 10
1bs. per square inch pressure cap is suitable. :

Fit Champion N38R sparking plugs.

Re-spray to own racing colours.
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Spring/ Damper units. Details of the normal ride settings
are tabulated below. These are suitable for most con-
ditions, but will serve as a basic ‘standard’ from which
owners may wish to deviate. To suit these varying track
conditions, a range of Spring Damper units with alterna-
tive ratings are available.

Series I Series 11 | Series I Series II

Front Rear
Normal Rate | 150Ib/in| 1121b/in| 96 1b/in | 69 Ib/in
Normal Ride
Load 5161b | 5321b | 4681b | 483 1b
Normal Ride
Length 7L 82" 7" 103"
Spring:
No. total coils 133 184 11 124
Wire dia. -348 -348 -406 -406
Mean dia. 2L 2L 3L 33
' Free length 104" 133" 124" 173"

Speedometer heads are available to suit alternative differ-
ential ratios.

Tyre pressures. Tyre pressures should under normal
conditions be 20 p.s.i. Front and Rear but should be
adjusted to suit varying conditions.

Wheel Balancing as constant velocity universal joints are
not fitted, tyre wear under racing conditions may be
uneven. Apart from the normal practice of changing
wheels over, it is advisable to balance wheels at every
available opportunity as an additional precaution.

Oil. 1t is recommended that a heavier engine oil should
be used (approx. SAE40). Advice on this should be
obtained from the company contracted.

Filter. Element should be replaced regularly (approx.
every 500 racing miles).

THE CONTENTS OF THIS MANUAL
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ENGLAND
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