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INTRODUCTION

The Lucas Mark | petrol injection system has been outstandingly successful on high
performance cars. particularly in the international racing field.

During 1966-67 the first three places in almost every Grand Prix event were held by cars
equipped with & Lucas Mark | petrol injection system. Since 1967 practically all racing cars
have used Lucas petrol injection.

The Mark Il petrol injection system has been evolved directly from the Mark | system,
and 15 designed lor production cars, being supplied as original equipment on certain of the
latest cars {Triumph market a 2.5 litre saloon,. and their “TR" sports car with petrol injection].
The Mark 11 “P.1."” system is suitable for engines developing up to 150 b.h.p.. and is engineered
to extremely fine limits. Although a simplified design compared to the Mark | equipment, i
retains all the essential features which have been proved on the racing circuits ol the world,

The conventional carburettor 15 not required in the petrol injection system. Instead fuel is
injected into each air-intake port by means of a high-pressure shuttle-metering device, The
comparatively simple design of the Mark Il equipment ensures easy servicing if this should be
necessary at any lme.

Some of the more important advantages to be obtained from the use of petrol injection
e

1. Reduced Fuel Consumption
A more economic use ol fuel, because the quantity injected into the cylinders is closely
regulated to suit the engine operating conditions.

2. Smoother Running al Low Engine Speeds, and Better Acceleration
Engines fitted with *P.1." equipment accelerate quicker and have greater fexibility, particu-
larly at low engine speeds.

¥

3. Increased Performance
A complicated manifold is not required, so that the air intake is greater than normal. This
ensures improved volumetric efficiency and hence increased power.

4, Cleaner Exhausit Emission
As there is almost complete combustion in the eylinders, the amount of unburnt hydro-
carbons and carbon-monoxide is reduced. The resull is *cleaner” exhaust emission.
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PART ONE

General Description of Petrol Injection System

Figure 2 shows the main components in the Lueas
Mark 11 petrol injection system.  Fuel from a gravity-
l[¢ed tank maintams the level of fuel in the filter. The
pump together with the pressure relief valve draows fuel
from the filter and maintains the fuel pre-:aun: in the
supply Ting at 100110 [bffin® (G89-3)-738-30 kN /m-)
{Depending on installation. the valve relurns excess
fuel either to the filier or the petrol tank,)

Pressurised fuel is supplied to the metering distribu-
tor, which is driven from o suitable engine tike-oll
pronan. Fuel charges are delivered (o each cvlinder in
turn, by means ol 1he fuji.‘.clnn. The ameant ol Tuel in
these chm’ges i5 varied 1o suil the enging requirenients
by means of the misture control wmit, which forms a
composite unit with the metering distributor.

Components of the Petrol Injection System

;.!.“ji] “é'.i l"J

FILTER UNIT

Fig. 3

FILTER UNIT

Fine particles of abrasive matter and water are often
carried in suspension in the Tuel IT these were allowed
Lo pass into the system, they would cause excessive
wear or corrade the precision-finished surfiees of the
melering distributor and pump ete.. resulting in poor
enging performance and loss of power, The petrol
must be filtered betore entering mto the system.

I'his is done by passing it through a special filte
unit, the filter of which consists of paper strips, wound
ibout a cylindrical core. These paper strips are
cemented together, top and bottom, so gs to form a
series of V-shaped coils. The element provides a farge
lilter area {approx. 550 sq.in).

Filier Units {Sectioned) Diagrams

Figure 3 shows the three main components of the
simple filter unit,

1. The lilter head, made of cast aluminmm,  The head
incorporates all fuel connections (inlet and outlet).,
2. The base, made of cast aluminium, with centre stud

(to accept the centre bolt of the filter head).

3. The sedimenter element, enclosed i a metal con-

Liner,

The three components of the filter are held wogether
by means ol the centre bolt, which screws into the
centre stud, one end of which 15 screwed in the base,
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FILTER
Operating Principles

Fetral from the fuel tank enters the filter unit
through the inlet. It then passes through the filter
clement into the base, and upwards through the centre
tube, leaving the filter unit by means of the outlet.
Abrasive particles are retained by the filter element.
In the latest type of agglomerator-sedimenter (Figure
4), droplets of water. which are forced through
the pores of the fAller-agglomerator medium, collect
topether and Form large drops, These are then separa-
ted by sedimentation and accumulate in the base of
the transparent housing, The level in the filter-

agglomerator unit must not beé allowed W rise above
the hase of the element.

FUEL PUMP UNIT

The luel pump (Figure 5) consists of two main parts,
un clectric motor and o twin-gear pump.

ELECTRIC MOTOR
The electric motor which drives the fuel pump is a
12 volt high performance permanent magnet machine.

The drive is transmitted to the pump gears by means
of a nylon coupling.

PLUMP

After passing through the filter unit, fuel enters the
pump by means of the inlet, (To prevent dirt from
entering the system. when the fuel pipes are removed,
there 15 a nylon gauge strainer fitted in the pump inlet),
The two spur-type gears are rotated by the action of
the electric motor. As the gears rotate, fuel is expelled
through the pump outlet at a pressure depending on
the setiing of the reliel valve. normally 106 Ihljin?
(730000 EN/m2),

There are four scaling units in the fuel pump, A
small shaft seal prevents the entry of fuel into the
electric motor. The sealing properties are mainiained
by means of fuel, which s directed on il by the nylon
coupling, (A ““tell-tale™ pipe in the motor end bracket
indicates whether the luel has passed this seal.)

Leakage ol Tuel rom the pump s preventad by thres
sealing rings, one between the pump body and the end
bracket of the motor, and the other two between the
individui] plutes of the pump body.

In spite of its compact size, the fuel pump (Figure 5)
15 very powerful, and is capable of delivering a mini-
mum of 16 gallons per hour at 100 Ibifin® (68950
kN/m*) with a current consumption of approx. 3A.
The pump must have suflicient capacity to supply the
extra fugl required during starting. Rescarches have
shown that three times the normal amount of foel may
be required at (°F (-17-7°C) to cnsure a reasonably
rapid start
Note: I lor any reason the fuel pump is remaved from
the engine, it must be replaced in the same
pasition as orgginally ftled.
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PRESSURE
RELIEF VALVE

Clockwise to
increase pressure

F lg i

METERING DISTRIBUTOR / CONTROL UNIT

Fig. 7

Fig. 8

PRESSURE RELIEF VALVE

The pressure: reliel vialve mamtaims the pressure m
the supply line at OO 1O b n® (689-30-758-5 KN/m-)
by refurning excess [uel o the Blier inlet. The et
pressure 15 increased by turming the screw slod in a
clockwise direction, 11 the screw slot is turned moan
dnt-clockwise direction. the pressure is decreased |see
Figure 0.

[he pressure reliel valve s normally moomed i the
supply line, between the pump and distributor,

METERING DISTRIBUTOR/COMNTROL UNIT

| ke amount of Tuel woeach imection. and e
frequency ol the injeclions, 14 controlled by the meter-
ing distributor und mixtore control unit {Figure 7).

The mixture contral unit regulates the amownl of
fuel in each injection, in accordance with the require-
ments of the engine. The lTunction ol the metering
distribotor is Lo injeet fuel into each individual inlet by
i osystem of shutthe-metering,

The twe component parts - the metering distributor
and the mixture contral unit - are a “matched™ pair.

A Taulty meteng distributor or musture conlrol unn
should be renewed. and the complete assembly re-
culibrated

PRINCIPLES OF SHUTTLE-METERING

Belore considering the design features ol the meter-
ing distributor, it will probably be advantageous to
discuss the prrinciples ol »||I|.Ill::-r1||.:l|.:|'|l|g. Figure 8
shows a metering distributer For a Dwin eylinder engine,
It consists essentinlly of two parts: the rotor and the
sleeve, The rotor has two radial ports, which fead 1o a
centre hore containing o shuttle — which is movahble
hetween two stops fone ixed and the other adjusiable),
Ihe sleeve has fuel inlet and outlet ports, The rolor
fits inside the sleeve and s connecled to, and driven by,
the engine.

As the rotor turns, the port at the contral stop end
of the rotor becomes comcident with the fuel inlet port
i ihe sleeve (see Figure 8, Llop dingmm).

Pressurisied Tuel then enters the bore and drves the
shuttle towards the fixed stop.  This cuuses fuel 1o he
discharged through the ports in the retor and sleeve ai
the fixed stop end, and hence into the first evhinder
through the appropriite injector.

The lower dugram shows the resalt of wrning the
rotor through 1807, Fuel now enters the bore through
the port at the Axed stop end of the rotor, driving the
shuttle towards the control stap. Ao ddentical smaoan
of fuel is then delivered to the second evlinder.

(Contimtied
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PRINCIPLES OF SHUTTLE-METERING
(Continued )

As the rotor turnms, the pressurised fuel drives the
shuttle between the two stops, ensuring thal an
accurately metered quantity of fuel is injected into the
appropriate eylinder at the right time, The low mass
of the shuttle ensures o rapid response a1 high engine
speeds.

The quantity of fuel injected i1s the product of the
surface area ol the shutle end face and its length of
travel, The length of travel is determined by the
position of the control stop.. The melerng disinbuler
shown is [or two-cylinder engimes. However, the same
principles ol shuttle-metering can be adapred for four,
six and eight cylinder engines, by aliering the position
and  the number of ports n the rotor and sleeve
assemblies,

DESCRIPTION AMND FUNCTIOMN
OF METERING DISTRIBUTOR

A metering distributor 15 shown i Figure 9. The
rotor and sleeve assembly 5 mode of steel and s
supported inside the aluminium hody by two 0" ype
seals, The body has an inlet and six outlets. Fuel in
the supply line is maintained at a pressure of 100110
Ibf/in® {689 30-T38-50 kN /m?) by the action of the pump
and the reliel valve, Pressurised fuel enters the body

through the nvlon gauee strainer in the inlet. The
space hetween the sleeve, the aluminium body and the
twor “CY rings is fAlled with Tuel at pressure 100-110
Ibliin® (689-50- 758 30 kN/m?). As the rotor turns, one
of the inlel ports i the sleeve connerdes with an inlst
port in the rotor. Pressunsed fuel then enters the
centre bore in the rotor,

When the roter turns through o Turther 60°, another
inlet port in the sleeve coincides with an inlet part in
the rotor. Pressurised Tuel again enters the centre bore
ol the redor, driving the shaltle towards (he olher stop,
An identical amount of fuel is then delivered to the
second cylinder by means of Lhe appropriate outlet and
il= nssociated injector.

Every time the rolor completes a revolution,
accurately metered quantities of fuel are delivered o
each cylmdear i turn, by means of the approprate
autlet, There are six outlets (on the Triumph “P1°
systemsh, one for each eviinder. Al the outlets
mcarporale rubber “OF type seals, 1o seal the pressur-
ised fuel in the space between the sleeve and the rotor.

The six outlet unions locate the sleeve in the slum-
infum body. Leakage Niel is collected in a chamber a1
the drive end, and is conveyed back to the [uel lank.
A small gquantity of the leakage Tuel 15 used 1o lubricate
the rubbing surface of the cam follower. It also
lubricates the Oldham type coupling, which drives the
rotor ot half engine-speed,

Fuel inlet at 100Ibf/in2

Shuttle

Fixed stop

Rotor ———

_—

Sleeve —

No.1Cyl.

Fig, 9
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DESCRIPTION AND FUNCTION
OF MIXTURE CONTROL UNIT

Figure [0 shows n mixture control onmit, which
controls the amount of fuel in accordance with the
engine requirements, by altering the position of the
control stop, and hence varying the length of shuttle
travel. The control stop in the metering device is kept
in contact with the cam follower by means of the fuel
pressure in the rotor, The balance spring, around the
cam [ollower, counteracts the effect of this pressure,
and prevents the control mechanism from being
overloaded.

The control mechanism consists of o diaphragm,
two links, twe control springs, & fuel cam and a cam
follower. The two control links are attached to the
centre of the diaphragm by means of a special bearing.
Any axial deflections of the diaphragm cause the links
to move axially, The roller (attached to the links)
moves insympathy with them, and at the same time
maintains contact with the tapered lever (or datum
track) and the control stop plunger {or cam [ollower).

The diaphragm is mounted in a depression chamber
at the end of the mixture controd unit. The depression
chamber s connected to the inlet manifold down-
stream of the throttle butterflies. Any variation in

A AT S

To manifold-—— =7

: N e
AtmoSpheric pressure — - S\ 2 oA

Diaphragm seal

manifold depression causes the diaphragm to deflect
against the action of two contral springs.

When there is full load on the engine. and the
throttle 15 open, the diaphragm s held o the rest
position by spring pressure. As the epgine load 1s
reduced. and the throttle 15 closed. the increased
vacuum causes the diaphragm to deflect. 1he control
links and rollers are then moved into a new position.
The control stop is alse moved, causing reduced
shuttle-travel, and there is. consequently, less fuel in
each charge.

The misture conbrol wmt ncorporates an excess ol
device, which ensures that extra fuel is supplied during
starting. A wire control on the facia panel is connected
te the overfuel lever on the side of the mixture control
unit. (This wire control is similar to the choke control
cable used with conventional engines),

When starting the engine, the driver oblains ihe
extra fuel by pulling oul this wire control, This alters
the position of the overfuel lever, and the carrier for
the fuel cam is drawn away from the cam Follower.
The shuttle then has o longer travel. As soon as the
driver pushes back the wire control. the carrier 1s
returned to the normal operating position by the action
ol The 1ension spring.

Depression chamber
~__Control springs

~ - Diaphragm

—

Maximum fuel screw

Fig. 10
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IMJECTORS

Fhe fuel s injected into the engine cylinders by
means of injectors of the forward opening poppet
vilve type.

Figure |1 shows the miin leatures of the injector,
Fuel enters the injector at the top. The norzle valve s
kept closed by spring pressure. The vulve is designed
to apen at 30 Ibflin® (34473 KN/m?). The correct
amount of fuel, in the form of a fine spray, is injected
into the mlet manifold where it combines with the air,
drawn in by the engine.

The timing of the metering unit 1o the engine is sct
in accordance with the engine designers’ requirements.

The injector is nol adjustable in service, However,
therc is only one fault likely 1o occur: Impurities in
the fuel may become trapped on the valve ssat, and
thus prevent the nozrle valve from closing. These
imparitics can usually be removed by connecting the

injeclor Lo a filiered wir-supply, having a pressure ol

ahout S0 Thiiin? (35150 kN /m?) in the forward direc-
tion. I, however, the injector remains “stuck open™,
il should be renewed.

FAULT DIAGNOSIS: PRELIMINARY CHECKS
If the petrol mjection system is suspected of not
functioning correctly, the following preliminiry checks
should be carried out, as a failure in any of these wouli
give the impression that the petrol injection system was
fuulty.
| Battery
Check that the battery is at least 70%, charged and
in good condition, 1T 1he battery is not satistactorily
charged. re-charge from an external source, as
NECCSsATY.
Mote: A hattery in poor condition will eause diff-
cult starting.
2, lgnition System
Faults in the igminan system can often resull in
symptoms similar to those caused by a fault in the
fuelsystem. Check hioth LT and H'T cireuiis,
J. Petrol Tank Breather
The petrol tank breather must be inspected to
ensure the tank can breathe properly. I air cannot
epter the Lunk. a depression will be formed. Eventu-
ally no Tuel will be drawn from the tank, and the
engine will stop.
4. Back Leakage Return to Tank Pipe
IM the buck leakage pipe (return to the tank) is
abstructed, @ pressure build-up will accur on the
cam follower seul, This will resull in over-fuelling
and in extreme conditions the seal will be unseated.
5. Engine Depression Check
Connect vacuum gauge into depression sigaal line,
Le. in the pipe line between (Centre pair) air intake
manifold and the metering distributor vacuum
connection. With engine running at ‘tick over
speed (830 rev/ming gavge should read:
1° Hg (180 mim Hg) for TR5/6, and
12° Hg (305 mm Hg) for 2.5 litre
If reading is low, reset tappets, synchronise throttle
butterflies, and check ignition timing.
. Fuel Supply
Finally, check that there is sufficient clean fuel in
the petrol tank to supply the engine’s requirements.
i The fuel pump should deliver ait least 100 ce {100

mlyin 3 seconds,)
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TEST EQUIPMENT

g B m“m“male

Fig. 13

CHECKING EXCESS
FUEL LEVER

Fig. 14

TEST EQUIPMENT

The Followimg ilems of lesl equpment are required
for checking the petral imection svslem;
(i} Pressore gauge (see Figure 13) scaled for reading
up tooat least 160 1bfin® (1103-20 KN/m?).
tid AT piece, two &7 B P, connections (one miale
and one Temalel und o suitable connection for the
Pressure gapge,
(i) A vacoum gauge 0-207 He (02711 mm Hg)
(1) Ammeter iscale (-10A)
(v) Volumeter {scale (- 18W)

Important

The fuel pump should never be switched on while
any part of the fuel system, normally pressurised, s
dismantled. Further, the el pummp should not be run
lor long periods, when the engine s stationary.

Ihe following precautions should also be taken
before carrying out systematic fault diagnosis:

(11 Whenever the pipes are removed from the [retrol
injection svstem, and the igaion is switched on
the feed cables must be disconnected from the
pump.

{iiy Cover exposed pipe with blanking plugs.

(i) Any sealing ring, removed during testing nrest non
be re-fitted, but must be renewed.
When checking the ‘PI' system the test equipment
should be connected ay follows:
fa) Vacuum gawge: "7 piece between (centre pair) air
intake manifold and the metering  distributor
vacuum conneclion,

{b} Pressure pawpe: 17 picce connected into petrol
mlet at metering wmt,

{¢) Voltmeter: Connecied uacross pump motor 1er-
minals,

(dy Ammeter: Connected in series with either of the
pump maotor leads.

With engine running at ‘tick over’ speed (X530 rev!
min) auges and meters should read as follows:
Pressure gauge: TO0=] 10 BT (689.50-758.50 kN /m)

all models.

Fecwuny gauge: TR5MG 7" He (1830 mm Hp) 2-% litre

127 He (303 mm Hg).

Yolt drop should not exceed 1-5 volis,

Anmreter: should read not more than 55 amps.

DIAGNOSING FAULTS IN THE
PETROL INIECTIOMN SYSTEM

The following is a list a the more common faults
encountered on Pl equipped cars:

I, Misfiring 5 Lack ol response
(4] After cold stan 6, Engine cutling oul
(b} After hot soak 7. Vapour locking

2, Rough idling W, Excessive Tuel con-

3. Ower-fuelling on one or Sumplion

more cylinders 9. Engine fuls 1o

4. Under-tuelling an one o start

mare cylinders

Important
Check Excess Fuel Lever

Before carrying oul the systematic test procedurc
the operation of the over-fuel lever shouldd be checked
pver the complete test range as it may be the vause ol
symptoms | and 9 above., Ensure the lever moves into

(€ rantineed
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the fully open position, and returns to the fully closed
position, when the panel control 1s operated.

The clearance between the screw and the lever {when
the lever is in the closed position) should be O-004°-
00087 (0-10-0:20 mm}, (Figure 14),

Faults, Possible Causes and Action
1. Misfiring

(a)
(]

{1}

Afrer cold stari

One or more sparking plugs may be fouled by
too rich a mixture due 1o excessive use of over-
fuel lever. Remove plugs, clean and dry or re-
place as necessary. When siarting, return over-
Fuel lever to normal running position as soon as
possible.

Check that overluel lever is responsive 1o
manual control over its full range, and that
when in the “off™ position there is a clearance
of 0.004"-0:008" (010 mm-0:20 mm) between
the lever and the adjustment screw,

{iii] Throttle butterflies mcorrectly set.

(v}
(v}

(h)
[i}
(i)

Check for air leaks at imector insulating blocks,

Injector stuck open, remove and blow through
with air line:

Afrer hor spak

(Check engine compressions,

If cylinder compressions are correct, locare
cylinders which are misliring and “crack™ open
union en injectors coneerned to allow a small
4 uantity of fuel to escupe. H.::nghlr:n unionsand

increase engine rev/min. 17 misliring has now
ceased, [l was due 10 partially empty injector

lines and could have been caused by leakage of

fuel or faulty non-return valves in outlel con-
neclions concerned. I the latter. renew Faulty
putlet connections; remembering to renew every
seal which has been disturbed.

2. Raugh Tdfine

{i}
(il

{in)

Throttle butterflies incorrectly set. Synchronise
butierflies.

Injector pipes connected to the wrong injectors
giving an incorrect injection seguence.

Check for air leaks which could lead 1o uneven
air distribotion.

3, Overfuelling on one or more cylinders

(i)

(i)

Damaged grommet scals between nose of outlet
connection and sleeve, allowing unmetered fuel
to enter the injector line or lines giving contin-
wous injection. On “Banjo™ type outlets this
can also occur if the inner *0" ring on the
“Banjo™ is damaged.

Renew the seal on any line which is over-fuelling.
( Remember; Rencw any seal which has been
removed, it must not be re-used.)

Page 14

4. Under-fuelling on one or more cylinders

(1)

Leaking connections on  injector  pipes  or
damaged pipes. Leaking “Dowry™ washers.
Tighten connections or replace pipes or washers.

5. Lack of response

(i)

(i)

(i)

[iv)

(vl

Throttle butrerflies are incorrectly set.
chronise butterflies,

]mm:mr pIL'l'E'E are connecled to the wrong
injectors, giving an incorrect injection sequence.,
Rectify, as necessary,

Line pressure is low. Check line fuel pressure
by inserting a pressure gauge in main petrol ling,
switching on the ignition. Gauge should read
100-110 Ibffin® (689-50-758-30 kN/m?). Adjust
relief valve, il necessary.

Obstruction in the return to tank drain pipe. In

extreme cases the cam follower diaphragm will
be displaced,

Metering unit timed Lo engine, is 1807 out,

Syn-

b, Engine cutfing owl on berds or o stralght

(i)
(1)

{111}

Installation is not modified as per Standard
Triwmph mstructiens. Correct as necessary.
Lirt in petrol tunk momentarily obstructing the
outlet pipe.

Transient fatlure 1n supply of electrical power 1o

pump motor. Check all supply lines and con-
nections in motor circuit.

Y. Vupour locking

(i)

Overheating ol pump and motoer, which in turn
vipourizes fuel in pump element. Check fuel
line pressure, If ling pressure is high, this will
overload motor and cause overheating. Check
current consumption of motor does not excesd
5-5 amps at 13-5 volts. If current is above this
ligure, bul linc pressure is correct, remove
motor for electrical and mechanical examina-
tion.

B, Excessive fuel consumption

(1)

Check for (obvious) leaks at all petrol conneg-
tions, Check operution of overfuel lever and
clearance when in “off” position. Check for
obstruction in return to tank drain pipe. Line
pressure miy be high. Check pipe and relief
valve setting.

I a wvarable vacoum supply and accurate
vacuum gauge 15 available, check gup between
cam follower and rollers in contrel unit as
detailed in workshop instructions. Check inlet
manitold depression,

Note: High vacuum gives minimum luel condition.

Low vacuum gives maximum [uel condition,

D, Engine fails o start

Check line pressure.

Check that fuel pump is

operaling.



TEST 1
Fuel Pump Not Operating — Electrieal Check (in-situ)

If the engine fails to start, or 15 difficult to start,
check that the fuel pump is operating satisfactorly.
When the ignition is switched “on™, the Tuel pump
should start operating. (This 15 confirmed by hearing
the note of the driving motor, or by feeling the shght
vibrations in the body of the pump).

If the pump is not operating, connect o voltmeter
across these cables, on the supply side, and an ammeter
in one of the leads. When the ignition 15 switched on,
the voltmeter reading should be 12 volts and the
ammeter should read approximately 5 amperes, sce
Figure 15,

[f the voltmeter reading 15 zero, one of the leads o
the motor is open-circuit.

Low readings (for both voltage and current) indicate
a high resistance in the circuit. The wiring to the
motor should, therefore, be checked.

Any other variations in voltage and current readings
indicate a faulty pump motor; possibly a defective
brush assembly or open-circuit armature winding.
Remove unit for further examination,

A high reading indicates a tight pump or stalled
motor or short-circuited armature windings, Remove
for farther examination.

TEST 2
Fuel Pump Operating - Feed-line Check (in-situ)

IT the engine [ails Lo start, or is difficult to start, but
the fuel pump operates when the ignition is swiiched
on, the ignition system should be disconnected. This
is effected by disconnecting one of the LT cables at the
enition coil. The ignition switch is lell in the “on™
position. The engine is cranked by operating the
starting motor. Each feed-line iz pripped lightly in
turn, and the pulsations are noted, see Figure 16.

Tmnporiani

If the feed-lines arc cleated together, they should
be scparated 1o avoid the misleading effects of
“reflected pulsations'.

This test will show either:
(1) that there are strong pulsations in all feed-lines.
or (i) that there are no pulsations in any feed-line.

(1) Stromg Pulsations in All Feed Lines

These indicate that the petrol injection system 1§
operating satisfactorily, and is unlikely to be the cause
of engine failure.

(1) Ne Pulsations in Any Feed-Line

If there are no pulsations in any feed-line, the fuel
pressure should be checked, Insert a pressure gauge in
the supply line (see Figure 17). Switch ignition on and
note reading on pressure gauge, which should be within
the limits 100-110 Ibf/in? (6%9-50-758-30 kN/m?). To
adjust, il necessary, switch ofl ignition and with a
screwdriver inserted in the slot of the relief valve turn
to adjust the fuel pressure. Switch on ignition and
apain note pressure reading. Repeat this operation
until fuel pressure is within required limits.

Fig. 15

o funl fonk
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RESULTS AND CONCLUSIONS

|. Fuel Pressure Correct  Fuel Discharged Frecly

IF the fuel pressure in the supply line is found to be
correct and alse fuel is freely discharged from the
reliel vulve, the sbsence of pulsations s probably
caused by the rotor remaining stationary, The ignition
should, therefore, be switched off, and the metering
distributor removed,

~The drive couplings should then be examined lor
signs ol breakage, 10 drve coupling s intact and rotor
revolves, remove unit for examination.

Important

It i essential to comply with the engine man-
lacturer's instructions 1o ensure correct timing when
the metering distributor is re-fitted 10 the.engine. See
refitting instructions,

2. Fuel Pressure Fero - No Fuel Discharged

I ne Tuel is discharged from the reliel valve, und the
pressure gauge reading is zero, the fuel pump should
be tremoved from the vehicle to enable the pump
glement and drive coupling to be examined.

3. Fuel Pressure Cannot be Adjusted

I the refiel valve cannot be adjusted 1o give correct
pressure readings. either the reliel’ valve or the pump
molor is faulty,

The pump motor is then checked, see workshop
instructions.  1F the pump is shown 1o be operating
satisfactonly, the relief valve is faulty and should be
rengwed,

Important

The setting of the new valve should be checked,
belore the "T" piece and the pressure gauge are
removed.

After the reliel valve has been adjusted or replaced,
the fuel pressure in the supply line is adjusted to
100-110 Ibf/in® (689-50-T758-30 kN/m?). The return-
te-supply pipe i1s then reconnected to the relief valve,
The 1gnition is switched on again, and the pressure
paupe reading is noted, If this reading is higher than
wis previously obtained, the return-to-supply pipe is
faulty (being either blocked or “kinked™). The pipe
should, therefore, be serviced or renewed.

When the test is completed, the LT cable is re-
connected to the ignition coil.

Page 16

REMOVYING METERING UNIT FROM
ENGIMNE

Belare removing the metering unit from the engine

sel static ignition timing,

(i} Remove ipmition distributor cap and check that
rotor arm is painting towards No. | electrode
{cylinder) and contacts have jusl opened,

(i) Disconnect battery carth lead,

(1) Disconnect injector pipes al injeciors,
{1vl Disconnect vacuuwm pipe at metering unit.

(v) Disconnect and blank off the Tuel inlet pipe. and
dreain pipe
Mote: 1t s advisable 1o use hose clamps to pre-

vent loss of Toel,
{vi) Disconnect the cold start cable (Lo excess fuel
lever) at the metering umt.

{vit) Unserew the two nuts securing drive housimg 1o
angine block pedestal.

iviii) Remove pedestal from engine block complete
with ignition disteitbutor, metering umit and in-
JECtor pipes,

(i) Remove three securmg studs and separate meter-
ing unit from pedestal and drive housing.  Re-
move drive coupling.

REFITTING METERING UNIT TO ENGINE

When refitting the metering unit, ensure that il s
correctly timed to the engine. The rotor arm clectrode
should peint towards No, 1 electrode in the ignition
distributor cap, with the contact-breaker points just
ope.

(1} Renew 0 ring on engine block pedestal.

(i1} Align scribe marks on rotor and metering unit

fixing flange face.

(i1} Place drive coupling in position,

(iv] Refit metering unit to engine block pedestal.
(Before refitting to engine, re-connect cold start
cahle to metering unit), Be-assemble to engine in
reverse order to removal instructions.

(v] Bleed injectors,

HOW TO CHECK METERING UNIT TO
ENGINE TIMING

Turn engine until correct timing mark on crankshaft
pulley 1s alipned Lo pointer with No. | cylinder on com-
pression. Remove Mo, & outlet union from metering
unit body and check that roter port is showing par-
tially open,



PART TWO

WORKSHOP INSTRUCTIONS

FOR

PETROL INJECTION EQUIPMENT—-MARK II

AS FITTED TO

STANDARD-TRIUMPH TR5-TR6-2.5 LITRE ‘Pr

VERY IMPORTANT NOTE
All *P.1." equipment, especially metering units not in use, should be
flushed out and re-inhibited (see para 13 (b) for details) every 12

monihs. This is necessary to prevent possible rusting, and to avoid
seigure of the close-fitting parts.
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DISMANTLING AND RE-ASSEMBLY OF
METERING DISTRIBUTOR/CONTROL UNIT

(a)

The metering distributor/control unit can be dis-

mantled without difficulty and special calibration

equipment is not required, providing the following

parts are not disturbed:

{1} The three calibration screws on the end of the
depression chamber.

{ii) The [ull load setting screw,
{These are shown in Figure 18 items 2, Y 4 and 43).

Important

UNLESS THE NECESSARY CALIBRATION
EQUIPMENT (CONSISTING OF A VARIA-
BLE VACUUM SUPPLY 0-28" Hg AND
GAUGE AND SUITABLE TEST RIG) IS
AVAILABLE, THE CALIBRATION SCREWS
MENTIONED ABOVE MUST NOT BE DIS-
TURBELD.

IF A NEW CONTROL UNIT IS FITTED TC A
DISTRIBUTOR OR WICE-VERSA, OR ANY
NEW PARTS FITIED OTHER THAN SEALS
RE-CALIBRATION WILL BE NECESSARY.

CLEANLINESS OF WORK AND TOOLS

As cleanliness of petrol injection equipment s of
vital importance. the working area of the bench,
and the tools should be thoroughly cléan at all
umes. In addition, all the internal parts ef the
equipment should be washed in clean Kerosene
before re-assembly. The rotor and sleeve assembly
is particularly vulperable to dirt and damage
through mishandling. When removed [rom the
metering unit, it must be placed where it cannot
be knocked ar seratched.

DISMANTLING METERING
DISTRIBUTOR/CONTROL UNIT

Before dismantling the unit, examine it for damage,
external evidence of foel leaks and general con-
dition. The unit must be renewed il there is
evidence of external fuel leakage due to damage.
The twao tools, shown in Figs. 20 and 21, are re-
quired. Both can be made without difficulty in a
local workshop. and are essential when re-building
the unit.

Separating the Metering Distributor from
Control Unit

{i) Remove the four nuts which secure the mixiure
control unit te the metering distributor.

Note: The balance spring of the cam follower is
compressed between these two units, so they
must be held together while the nuts are
undone and then allowed to part slowly. The
spring and cam follower are then removed.

(b} Dismantling the Control Unit

(1) Remove coverplate securing screws und take off
coverplate,



() Remove securing screws from  depression
chamber cover, and take off cover,

{1ty Take off the depression chamber alter removing
the four fixing screws and the overfuel lever
cable bracket. The calibration springs, spring
carrier, diaphragm and link arms can now be
removed. I the diaphragm assembly and links
are e be dismantled. proceed as Follows:—
Haold spherical bearing and remove diaphragm
securing nut. The thrust plate. diaphragm
support, diaphrogm and backing plate can now
be separated in that order.

{iv) Unhook the pivol shaft/datum track return
spring.

(v) Unscrew and remove nut and lock washer from
overfuel lever cam follower pivot shaft and take
off cam Tollower assembly; withdraw datum
track assembly together with pivol shalt.

{vi) Remove return spring. circhp and washer from
overiuel lever and 1ift off lever and spring.

ivii) Place diaphragmy/seal and cam follower fram
the metering distributor on the bench with
diaphragm uppermost, Position the thumbs on
cither side of the thickened inner edge of the
diaphragm. Gently press downwards, and slide
the diaphragm off the cam lollower.

(vitl) It the calibration adjustment screws are to be
removed. temporarily bolt the metering distribu-
tor and control it together.  This enables
extra leverage 1o be applied to the calibration
sctews, Do not clamp either unit in a vice.

{¢) Dismantling the Metering Distributor
{1} Remove banjo unions.

{11y Remove inlet unmon and strainer, and all outlet
umions, before dismantling the meteqing dis-
trihutor further.

(1i1) Remove '0) rings. A stoul wire hook will aid
removal. (New ‘0" rings must be fitted when
re-assembling.)

tiv) Apply gentle pressure at the drive end of the
sleeve, and push the sleeve out of the body,

(v} Remove distributor body 07 ring, and discard.

ivi} Remove sleeve “0" ring, and discard.

{vity Remove the two socket-headed screws (from
rotor retaining plate) holding the small plate at
drive end ol rotor. Remove the conirol stop,
shuttle, and Axed stop, by pushing them out with
d nylon knitting needle or other non-metallic
instrument.

(viil) Withdraw rotor [rom sleeve and place on a
clean surlace where it will not be damaged.

3. RE-ASSEMBLING METERING
DISTRIBUTOR/ CONTROL UMNIT
(a) Metering Disiributor

(17 Ensure that both countersunk screws in rotor
thrust plate are tight.

{iiy Check that non-return valves in all ouwtlet
unions are seating correctly.  Place the tapered
cnd of union' in kerosene, and blow through the
pther end to see il the valve is leaking. (0 mor
wse an air ne as the valve seat may e dorvaged
by the ligh pressere), 1 the valve proves 1o be
leaking, however slightly, a new unton must be
used.

{iti} Fit strainer to fuel inlet umion, at the end with
longest thread,

{iv) Fit tew seal to Tuel inlet union, and fit upion Lo
bl

(v} Wash body in clean keroseneg,

ivil Fil new body O ring.

{vii} Wash rotor and sleeve in cleun kerosene and
assemble while still wet. Take care when in-
serting rotor anto the sleeve. nol o get 1t
jummed. Ensure that the brass thrust plate 15
at the *O" ring end of sleeve, and that the rotor
and sleeve turn freely after assembly.

iviiid Pluce rolar stop i position.

{ix} Fit rotor stop (socket-headed) securing screws
and tighten to 16 [hE

(%} Check that rotor retates frechy and that there is
u little end-float.

(xiy Fit a few "0 ring 1o the sleeve.

{xiiy Smear a little clean enpine vil on both body and
leeve 01 rings.

i%iiy Lecate sleeve in body and push home unul
slegve ports are approximalely in hine with the
threaded holes in body,

{xiv) Screw slecve location tool into one of the outler
ports in the body so that o engages with the
sletve port.

(xvh Using the 'O ring toel fit a sew ring o cach
autlet port, and ensure it s firmly ocated,
Femember to Gt an "7 ring Lo the port contain-
g 1he sleeve alignment tool.

{xvi) Fil outlel umons and washer toeach body port,
faviiy Fitpew 07 pings to banjos and it banjo unions:
(xviri} Wash the fixed stop, shuttle and control stop in

clean kerasens and, while still wet, assemble in
that order into the rator. [ The control stop can
be identified by the hole in the groove

ixixy Fit plastic blanking plugs 1o all unions

{xx) Place the metering distributor to one side, in an
upright position, so that the shuttle and control
stops cannot fall out of the rotor,

{hi) Control Unil
(1) Fit overfuel lever pivor shaft and lever assembly,
First the pivot shalt, and then the thick spacer:
followed by the overfuel lever, spring washer
and nut.
(i} Fitthe overluel lever return spring so (hat spring
leg protrudes into the housing,
{1it) Place a flat washer over the spring
(vt Fit overfuel lever with extended portion [acng
the drive end of the metering distributor,
(Coitinued )
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{v) Fit u Aat washer and secure the assembly with a
circlip.

(vi) Fit the pivoet shaft/datlum track spring.

{vii) Assemble the rollers to the control links — small
roller in the middle, large rollers with chamfered
cdge facing inwards. This should be done by
first fitting the roller pivorl 1o one of the links
and securing with a circlip. The rollers can be
located in position by rotating the link so that
the pivot pin s uppermost.

(viti) Next, place the spherical bearing in position at
the end of the link.

(183 Fit the remaining link arm and secore with
circlip.

(%) Replace the backing plate, chaphragm, dia-
phragm supporl and spring seat in that order.

(xi) Screw on the diaphragm locking nut and tighten
to 4 Ibf (17-80 N).

{x1i) Lightly smear link rollers with a hittle Roecol
MD-0.

{xiil) Re-fit Iimk arm and diaphragm making sure that
spherical seat and link arm are square with the
rest of the assembly,

{xiv] Push dizphragm rim into its seating on the body,

(%) Assemble calibration springs — large spring on
the diaphragm, then spring carrier and small
SPrIng.

{xvi} Fit depression chamber cover and overfuel lever
bracket. The bracket should be positioned so
that its cranked end is nearest the drive end of
the metering distributor. The air inlet connec-
tion must be positioned on the opposite side to
the banje connections. MNote that the two
longest fixing screws are used on the bracket
side of the cover.

{xvii) Position the cam follower diaphragm with the
three localing slois nppermost, feed cam follow-
er through hole in diaphragm. (The diaphragm
can be pushed on to its seating on the cam
follower by finger pressured.

RE-ASSEMBLY OF METERING
DISTRIBUTOR TO CONTROL UNIT

{i) Fit spring thrust plate over cam follower.

(i} Position cam follower and spring between Lhe
control unit and metering distributor and secure
one to the other, Ensure that the diaphragm
seal 18 seated correctly.

SETTING THE DATUM TRACK AMNGLE

After re-assembling the metering unit, some
mechanical settings or adjustments must be made
before the unit is tested on the test bench,

Page 22

Mote: These inilial adjustments ensure that the
angle of the datum track is correct. Other-
wize, there will be reduced performance at
engine idling speed and at light load con-
ditions, When setting the metering unit,
adjust the masimum fuel serew and 1he
datum track to obtain the reguired gap
between rollers and cam follower.

The complete calibration procedure is necessary if

the calibrating screws have been moved from their

original setting,

{a} Tesl Equipment Reguired
(13 A fully equipped fuel injection test bench.

(1) A set of flat feeler gauges.

{11} A tool to assist in the sefting operation, (A
16AC end bracket fixing bolt cin be used, pro-
vided it 15 threaded along its entire length.
Alternatively, a 4" UNF bolt, at least 31"
(49 mm) long. with two locknuts can be used,
see Fig. 23,

(iv) A collar 0-53407 (1372 mm) thick to fit over the
bolt. See Fig. 23.

{v1 A datum track locking tool (see Fig. 22a).

ib) Setting Procedure

The procedure concerns adjusting the control uni
datum track to the correct angle, and also the
amount of roller travel. With the metening unil
baolted 1o the test bench the sequence 15 as follows:

(i} Remove plastic covers from the depression
chamber and datum track housing.

Note: Replace the depression chamber cover
htimng screws,

(i1} Remove minimum fuel stop screw and locknut,
see Fig, 23.

{iii) Tnsert locking ool and check that clearance
between the roller and the cam follower (see
Fig, 22, position 1), is 0-058" (1-47 mm).

(vl IT incorrect, remove locking ool and adjust
datum track by means ol the maximum fuel
serew  ontil 00587 (1-47 mm) clearanee s

position,

(¥1 Insert 4" UNF bolt complete with locknuots in
place of minimum fuel stop screw. Screw holt
until it just bottoms on the spherical bearing
stop pin, see Fig. 23,

(vi} Screw locknuts against mmner spring stop and
lock together on the bolt,

{vii) Unscrew bolt with both nuts locked together,
until 0-5407 (1372 mm) collar just fits between
locked nuts and inner spring stop, see Fig, 23,

{viii) Apply vacuum to depression chamber. (17" Hg
for TRS unit andd 24" Hg lor TRS and 2.5 ‘P10
units}).

{ix} Place a flatl feeler gauge between roller and cam
follower. 002" (0-30 mm) for TRS unit and
002" (0050 mm) for TROG and 2.5 *P.L" units.)
See Fig. 22, position 2.

(Continted )



(x) Loosen the two datum track sccuring screws

_ i : (x1) Return depression chamber 1o atmaospheric
and adjust datum track until required clearance

: _ i i pressure  and  re-check 0-058" clearance
15 obtaned. Re-tighten securing screws and position | (see Fig. 22) re-udjusting il necessary
check clearance.

Re-fit the minimum fuel stop screw and locknut,

Position 2
feeler here

>3 00
[::F.-"'H-.:-" i [ :
Position 1 |

Lestsing
feeler here

Tl

Maximum

. fuel screw
Position 2 112
B I

Position 1
(B) Daum Track Locking Too
CONTROL TRACK PRESETTING

Fig. 22

Inner spring

stop |
I|
Remove minimum - fs_ti’a;'efr collar
fuel stop screw A e ".L 5 ‘.' E.f ":] 5
and locknut Al s Ry, | ; POSHION e/
xI_-f'J 3 Ll -. " ” 5 I| v Y
'i’ ,. e
1'-1' { |i i i widdl :‘l |I _ __:'r-:f" i
- e i Position 2
. - vl I o S I_..-' e
Spherical : |

bearing ¥ Ny ¥ Position 1)

Knurled IDckhuts locked
to bolt at position (1)

FITTING SPACER COLLAR AND BOLT

Fig. 23
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. BENCH TESTING THE METERING
DISTRIBUTOR/CONTROL UNIT

Having made the initinl adjustments, the metering
unit 15 tested to check the fuel output over the full
aperating ranpe (including maximum and mini-
MM requiremants.

The ocwtput requirements of the metering unil vary
with the vehicle to which it is fitted. so ensure that
it 15 checked against the correct figures.

lmportant

If the outpul performance does notl conlorm o
specification, the metering unil  requires  re-
culibrating, The adjustment of the calibration
scrows affects the Tuel outpul and hence the per-
formance of the vehicle (see Figures 24 and 25).

ta) Testing Procedure

() Belt the metening distributor to the drive flange
of the test beneh. Ensure that the unit is mount-
ed in the same posilion as on the vehicle
(Control dutum track should be vertical), Re-
move reclangular cover plale.

{11) Conneel outlet unions Lo INJector pipes.

(i) Conpeet measuring glass 1o leak ol drain.
Connect fuel supply to mlel conneclions,
wote: Test (uel should be Fawley White Sparit
Nao. [00: plus 50 parts per million Santoline
“CTanhibitor, or Shell Calibrating Fuel 7T
(iv) Swilch on test bench and gradually increase
speed to 1000 reviming Operate overfuel lever
several times over [ull movement, Check that
there is approximately the same amount of Tuel

Shuttle Stroke (inches)

iw)

[vi)

4 B £ B B B

in each sight glass, Fuel should be dripping
rom the leakage drain.

This check proves that there are no obvious
faults such as leaking or blecked pipes ete. It
also ensures that all air (s removed from the
pipus.

Connecl @ variable vacoum supply 0-28" Hg
(71012 mm) te the control wnil depression
chamber, Increuse vacoum to approximiately
25" Hg {635 mm) and then reduce o zero.
Repeat this at least Gve times to climinale any
“sticking"" in the depression chamber or on the
datum track.

Check that there i1s a clearance of 0-004-0-008"
(010-0-20 mm) between overfuel lever and
adjustment serew which bears on the cam,

Vacuum (mm. Mercury )

"l AB
/) o
g-Mr ' T T
2 TYPICAL FUEL CURVE
E':IH: ! i 4 4 i
1 |
gal A r-—lo
i ¢ ; O
[ — .'I = 5 .';,__.'I'_i - e
‘s 3 F & 2 o 12 4 ®
(Macuum inches Morcury)
Fi;__r_. 24

CALBRATION ADJUSTMENTS INCORPORATED
IN LUCAS MK 2 Pl CONTROL

1 Full throttie adjusting screw

Efiects of rotating datum
trach about prvot point x5

Pivot point "X

Datum track [ocking screéws

Eftects of moving full
throttle adjustment screw

Fig. 25

Page 24

Datum track

Al Locknut

Effect of Al adjustment
(A1 carrying A2 &AJ with it)

Effect of A2 adjustment
(A2 carrying AZ withiit)

A3 Locknut

A3 adjustment



{vii) Maintain speed of test bench at 1KK) rev/min,
and fuel supply pressure at 100 1biYin® (6893
kN/m*). Check performance of metering dis-
tributoricontrol unit.  Adjust vacuum to mini-
mum figure in specification tables, and check
the amount of fuel delivered to each sight glass.
Then, adjust vacuum to next figure in the table,
and again check amount of fuel delivered,

i{b) Test Specifications

TRS
Quaniity
af Fuel Collecred (ce”3)
per O fnjections
Migimum  Meaximum

Facwwm Gauge
Reading (in He)

-0 41-5 42.5
0-9 41-5 42-3
1-1 Eh 400
1-4 280 300
30 199 21-3
g4 1.7 12:3
174 5.0 9.0

Note: Minimum fuel screw (overrun stop) ser al
17" Hg (min luel).

TR
uantiiy
nf Fuel Collected {o0s)
per 1000 Tnfections
Minifmum  Muaximum

Vacwm Gauge
Reading (in Hg)

00 410 42-0
07 410 42.0
I 355 I8-5
1-3 2749 309
30 21-5 231
60 | 3.7 | -8
9 L1-3 12-1
|0-5 9-4 [0-0
200 1.5 A0

Note: Minimum fuel screw {overrun stop) sel at
20" Hg (min luacel).

2.5
Pl Cruantity
Saloon Facuum Gawge  of Fuel Collected (cc's)
Reading (in He) per 1000 Jnfections
Minfnrarm  Maxinuan

-0 410 4240
07 &1-0 42:0
1-0) 35:0 E0
1-4 25:0 280
340 215 228
60 171 153
Q-0 136 14-7
12:0 100 110
24-0 1.5 SR

Note: Minimum fuel screw {overrun stop) scl at
24" Hg (min fuel).

ALTERNATIVE TESTING PROCEDURE

If a fuel mjection test bench is not available, there
is an alternative method of checking the output
performance of the metering unit.  This involves
measuring between the cam lollower face and the
rollers on the datum track, at various vacuum

gauge readings, and checking the amount of roller
travel.
The equipment required is:
(i) a variable vacuum supply, 0-26" Hg (7112
mimj:
(1) a set of fat fecler gauges:
(1ii) a pair of dividers, and
{iv) a datum track locking tool,

{a) Testing Procedure

Bolt the metering unit (o a metal plate. Clamp the
plate in a vice so that the unit is in the same plane
as when fitted to the vehicle, that s, with datum
track vertical. The testing procedure is as follows:
{1) Check clenrance between overluel lever adjust-
ment serew and cam oon which it runs, Clear-
ance should be within the limits of 0004”0008
{0-10-0.20 mm) when lever s in the “at rest”
Position.
(i) Remove large (datum track) reciangular cover,
and nsert locking tool.

{iit) Check that gap between cam ollower face and

rollers is O-038" (1.47 mm) in “at rest” position
Reset il necessary, by adjusting the maximum
luel serew with locking toal removed, Re-insert
locking tool and again check clearunce.

{iv) Connect variable vacuum supply o the depres-

ston chamber.

{v) Increase vacuum to approximately 25" Hg and
then reduce to zero. Repeat this at least five
times 1o eliminate any “sticking™ in the de-
pression chamber or on the datum track,

ivi) Roller travel should be 0-340" (13-72 mm) check

as follows:

(a) Measure distance of edge of rollers from a
datum point on control box with a pair ol
dividers.

{vii) Increase opeming ol dividers by 0.540" (13.72

mim},

(viii) Apply a depression of at least 25" Hg 1o de-

pression chamber.

{ix) Again measure distance from origimal datum

point to edge of roller with reset dividers.
Rollers should have moved 0:3407 {13-72 mm).

(x) Check the gap between cam Follower face and
roller at different depressions as shown in the
specification tables {b).

Note: The feeler gauge must be inserted n line
with the centre of the rollers, and must be in
contact with both roller edges. The feeler
gauge should slide easily between the roliers
and the cam follower,

{h} Test Specifications

TRS G .
rap hetween

Vacuwn (avge Cam Follower and Rolfer
Reading (in Hr) fnehes Milltwmetres

] 0058 1.47

3 0025 0.63

s 0018 048

Y 0014 0.35

17 0012 030
{Crntinued )
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TRo

Erap Between

Viicuuim Caiire Cam Follovwer and Roller

Rewding (fn Hi) frches Millimetres
1] 0057 I 44
3 0031 078
i o2y (055
105 L3 (:33
L] 2 5

2.5 *P.1." saloon

(i)

Crapr Detweer

Varcunnt Geuge Com Follower and Reller

Reading (in Hy) frchex Mitlimeasres
] 0057 144
3 (-030 076
1] 0-024 (il
|2 (013 (33
24 O-0003 (07

EFFECTS ON FUEL DELIVERY
PERFORMANCE WHEN ADJUSTING
CALIBRATIOMN SCREWS

If the fuel delivery of 4 metering unit does not
conform 0 specificialion, the culibration screws
myst be adjusted. Each calibration screw has a
particular effect an Tuel delivery, and it is advisable
to study these so that the minimum ol adjustmenls
can be made when calibrating.

Setting the datum track angle {(see section 5, page
22} is the first part of the calibration sequence and
it may be necessary 1o ré-adjust the selling when
bench testing. 1t may also be necessary (o adjust
other calibration screws even though they were not
disturbed during dismantling and re-assembly.

It will be seen from the fuel delivery specifications,
that testing starts with maximum Tuel detivery, and
i then checked step by step down 1o mindmuam
fuel requirements, agamst a rising vacuum.

The Tuel defivery curves shown in Figures 24 and
25 are typical only. They illusicate how the setting
ol the wvarious calibration screws  aflects (el
dalivery.

Chuter Screw Al

I'his screw acts as a stop for both the large and
small springs in the depression chamber, and
determines the pre-load on them during muaximum
fuel conditions (wide open throtile). Varying its
position will alter the position of point "B and
curve line "B’ to 0, see Figs: 24 and 25 I the
screw 15 turined too Tar anti-clockwise the (el
delivery at full throttle will be reduced due to the
small depression in the manifold, caused hy the
air cleaner, ete.

Page 26

bl

ic)

id)

(e

9,

Intermediate Screw Al

The position ol this screw determines the travel of
the spring thrust plate, When the thrust plate
touwches the end of this screw, the diaphragm
deflection is controlled by the larger spring. This
15 position “C"on the fuel curve. Screwing anti-
clockwise will reduce fuel delivery between points
“C" and ‘D, see Figures 24 and 25,

Centre {Minimum Foel Stop) Screw A3

This screw {Fig. 253 limits the travel of the linkage
and rollers towards the minimum fuel position, Its
main purpose §5 1o préevenl the cam follower
forcing the contral stop fully home and so reducing
the fuel to zero, This stop only comes into opera-
tion under *“high” vacuum conditions on overrun
of the engme. Poimt "D’ on the fuel curve Fig. 24,

Maximom Foel (Fall ‘Throtile) Serew

The datum track is held by spring pressure against
an adjustable stop. The position of this stop can
be altered by slackening the locknut and serewing
the stop g or out. Clockwise rotation will increass
the full load {maximuom Fuel supply). Tt will also
affect the curve, as shown in Fig. 25.

Datum Track Adjustment Screws

Altering the angle of the datum track, by slacken-
ing the two fixing screws and moving the datum
track on its carmier (about the centre pivot) will
mainly affect the engine performance at dling
speed and i Light load conditions. See ol outpaot
curve, Fig. 24,

CALIBRATION ADJUSTMENTS DURING
FUEL DELIVERY TESTS

As stated earlier, the performance of the metering
wiit 15 checked against the specification figures for
the particular vehicle. Several checks are made at
specified points on a rising vacuum 1o uscerlain
whether the fuel delivery is within specified limits.
I foel delivery cate s outside the staded limits,
re-calibration must be carried out belore proceed-
ing to the pext stage. This is because the calibra-
ticn screws (sleeves) are interlocked. When the
position of a calibration screw is altered (by
screwing in or out) the position of the others is
also altered, and will require individual adjust-
ment. The large outer sirew angd the maximim
Muel serew should be adjusted to correct the line
AT 1 B The intermediate screw controls the
line crossover point *C'. I the initial datum track
angle procedure has been carried cut correctly the
line “C" to “D" should normally be correct, I not,
re-adjustment starting at the dalum track will be
NECLsIary,

Always start re-testing from the begimning after
making any adjustment. Also, ensure that the
sight glasses are empty before starting 1o re-lest,
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1. DISMANTLING AND SERVICING
OF FUEL PUMP AND MOTOR

The Tuel pump and “permanent magnet” moelor
(Fig, 26) can be dismantled and re-assembled
without the use of specil toals,

A

110 volt AC. mains connection will be required

for insulation tests on the pump motor armature;
and a [athe for skimming the armature showld this
e necessary.

MNoke: It s r;-w.,rmm that the working area on the

beneh s elean (free of dirt, metal and swarf
ete, ) otherwise il will be attracted inside the
yvole by the exposed held mognets. A plece
of clean rag pushed into the yoke will help
to keep oot any dirt cte.

When re- .ﬂqa:mhlmg the yoke to the arma-
Lure do not allew i o snap hard against the
ceramic magnets and damage them.

ta) Dismantling Procedure

(i)

(i)
{n)

{iv)

Remove the six boits which secure the pump
unit Lo the pump housing and withdraw pump
unit, (The pump unil components ure not
serviced individually. Fit a complete new unit
if original 1s faulty).

Remove and discard the "0 ring situated in the
criel of the pump housing,

Remaove the two through bolts which secure the
yoke 1o the housing. Girip the exposed Lonpuce
al’ the armature shaft with a pair of pliers and
gently remove the armature and housing
assembly From the yoke.

Hold the housing in o vertical position (armature
uppermost) and gently withdraw armature from
housing,

Mote: Al this stage the assembly must be held ina

vertical position o ensure that the shim-
ming washer(s) on the armature shalt slide
off as the armature is withdrawn., Other-
wise, they will stick to the armature and
damage the hrushes as the armature s
withdrawn.

ib) serviceability of Parts

(1)

(i)

(1ii)

Brushes
Fit new brush plate assembly oF broshes arc
worn to less than 0-125% (317 mm) in length.
Armictnive
Llse an armature lester to check armature for
apen or short-circuited windings. Cheek arma-
ture insulation using & 15W 110 volt AC. mains
iest lamp connected between each commutator
bar and armature shafi.
Armature Tesistance between adjacent come-
mutator bars should be within the limits 0-16 to
0-24 ohms at 15°C.
Cammulaor
The commutator should be cleaned using a
petrol moistened cloth, and light scrutches
removed by polishing with a very fine glass
paper. A badly seratched or worn commutator
should be skimmed on a high-speed lathe. Do
niot remove more metal than is necessary, [20)
MNOT UNDERCUT THE INSULATORS
BETWEEN THE ARMATURE SEGMENTS.
{ Contimed)
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(iv) Pump Unit
Visually examine for signs of wear etc. The
pump unit must be renewed, if worn, as com-
ponent parts are not serviced individually.

(v) Coupling
Visually examine for signs of wear etc., and
renew if necessary.

(¢) Pump Motor Rubber Seal
Evidence of petrol discharge from the small drain
pipe on the body casting indicates failure of the
rubber seal (between the pump and motor) through
which the drive shaft passes. In such cases fit a
new seal. To check the seal proceed as follows:
(i) Connect the pump inlet to 2 kerosene supply.

(ii) Connect a pipe to the pump outlet union, and
"immerse the free end in kerosene.

(iii) Connect the motor cables to a 12 volt D.C.
supply.

(iv) When the pump is running and held well above
the kerosene supply a continuous flow of bubbles

discharged from the outlet pipe indicates that
the seal is faulty.

(d) Re-assembly of Pump and Motor

Re-assembly of the pump and motor is the reverse
of the assembly procedure. Great care must be
taken to avoid damaging the thicker petrol seal
(see 12 in Figure 26) when passing the armature

0-368" (9-346mm) dia.
+0-001” (0-0254mm)

-.O — -q——-_._

- 0185”7 (3:94mm)
f +f0}002” (0-05mm)

0:331" (8:4mm) dia. :
+0:002” (0-05mm) i
-0 -

Fig. 27
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shaft drive tongue through the base casting. The
seal should be smeared with grease (Shell 6266)
before assembling and a temporary protective
cover fitted over the end of the armature shaft.
(Figure 27 gives the dimensions for making a
suitable cover. Alternatively, the bullet-shaped cap
from a ball-point pen can be used as a protective
cover).

Ensure the assembly marks (see 13 in Figure 26)
on the motor yoke and body casting are in line
when assembling them together, otherwise reverse
rotation will result.

Bolt pump and motor together after checking that

the drive assembly is satisfactory, and correctly
located.

(e) Armature End-Float Adjustment

After assembling pump and motor, hold the pump

unit with the yoke vertical (end-float adjustment

screw uppermost) and proceed as follows:

(i) Slacken the locknut for end-float adjustment
screw and screw in adjuster until resistance is
just felt. Screw the adjuster back a £ of a turn
to give the correct end-float within the limits
0-004" to 0-010” (0:10 mm to 0-25 mm). Lock
the screw in position.

(f) Light Running Test

Nom. voltage: 12 volt.

Light running current: at 13-5 volt and 2200
rev/min is |-4 amperes.

1" (25-4mm)

- 0125”7 (3175mm)
\ : " rad.

e T i

| | 0:375" (9:525mm)

—_— g



11. FITTING UNIONS ON FUEL
INJECTION PIPES

In order to fit unions to fuel pipes, a suitable pipe
clamp must be provided.

Figure 28 illustrates a simple clamp made from
Tufnol block (approximately 2"x1"x1"). A 1"
diameter hole is drilled through the centre of the
block, which is then cut along its centre line. Cut
the piping to the required length and clamp it as
shown in Figure 28. Allow approximately "
clearance above the clamp, in addition to the
length of pipe required. If a straight connection is
being made, place the union nut over the pipe
before it is clamped.

Locate the connector in the pipe and gently tap it
into its final position, using a soft-headed hammer.
Remove dust particles from the interior of pipe
with compressed air.

Note: The pipe must not be heated and the union
assembly should be fitted cold. Part
Numbers for ordering piping and respective
connectors are as follows:

Piping (50 ft) 54733455
Elbow connector ... 54730924
Banjo . - 54731886
Straight connector 54733399

— e

A—

Fig. 28

12. BENCH TESTING RELIEF VALVE

This test should be made with the relief valve

connected to a suitable test rig. Test fuel must be

Fawley White Spirit 100 inhibited with 50 p.p.m.

(parts per million) Santolene ‘C’. (See Section 17,

page 30).

The procedure is as follows:

(i) Assemble relief valve to test rig and flush the
valve several times with test fuel from 0-25g.p.h.
to ensure the valve is clean before proceeding
with tests.

(i) Slowly increase pressure to 20-25 Ibf/in?
(137.89-172-36 kN/m?). Check that air bleed is
functioning. (There must be a minimum flow
of 1 gallon per hour (g.p.h.) with the bleed
open). Check that bleed closes at pressures
above 25 Ibf/in? (172-36 kN/m?) indicated by
bleed flow reduction,

(ii1) Slowly increase pressure to 100 Ibf/in* (689-50
kN/m?). At this pressure maximum leakage
flow rate should be 14 g.p.h.

(iv) Increase pressure until a flow rate of 17 g.p.h. 1s
obtained and note pressure. This must not
exceed 108 Ibf/in? (744-60 kN/m?).

(v) Reduce pressure to 100 Ibf/in® (689-50 kN/m?)
and note leakage. This must not exceed 1%
g.p.h.

(vi) Drain off excess fuel from valve.

13. BENCH TESTING PUMP AND
MOTOR UNIT
Test fuels to be “Shell Super” 100 octane petrol,
reference fluid SBP 62/68 or Fawley White Spirit
100 inhibited with 50 p.p.m. Santolene ‘C’. Pro-
ceed to test as follows:

(a) Functional Tests

(i) Connect a 13-5 volt supply to the motor and set
the pump delivery pressure to 100 [bf/in2
(689:50 kN/m?), Pump delivery and motor
current should be as follows:

Minimum Flow Maximum Current

(g.p-h.) (Amps)
16 (100 octane) 50
15 52

(i) Connect an 8 volt supply to the motor and set
pump delivery pressure to 100 1bf/in? (689-50
kN/m?). Pump delivery and motor current
should be as foliows:

Minimum Flow Maximum Current

(g.p.h) (Amps)
Zero flow (100 octane) 6:0
Zero flow 63

(iii) Check that pump will continue to run down to
6 volts at zero flow.

During the tests check unit for external leakage,
particularly around joint faces of pump com-
ponents and the seal leakage drain tube. Sece
Figure 29 which shows test fuel comparison
curves.

(Continued)
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(b) Inhibiting

Il tests have been carried out using inhibited
Fawley White Spirit 700, no further inhibiting is
necessary.  If the test was made using petrol or
SBI 62/68 fuid, 1t will be necessary (o inhibit as
follows.  With a minimum head of 12 inches
(348 mm) ol clean filtered Shell Fusus "A’ or
imhibited Fawley White Spirit 100, the pump must
be run for one minute with the delivery pressure
seloat 100 Ibfin® (GR-50) k™N/m?).. Drain off any
exeess ot from wmit,

i4. BENCH TESTING INJECTORS

To check imjector opening pressure o test rig will
be necessary on which the line pressure can be
varied from 0100 [bFfin® (0-689-50 kN/m?).
Calibration Fuel

Fawley White Spirit "100° plus 50 parts per million

Santolene “CTor Shell Calibrating Fluid *C,
I'he procedure s as Follows:

(17 The imector should first be low fested (How
rate S0-60 g phal 100 1BFn? (6E%-50 kN/m?),
During this test the needle must vibrate freely
off 1ts seat, and the injector must produce an
evenly distributed cone of Tuel at an angle
belween 557657

{ii) Flow injector with applied pressure of 100
Iblfin? (689-50 kN/m?), and gradually reduce to
zern,  Use air blast to remove Tuel from norzle
tip. Increase applied pressure to 40 Ibfiin?
(27580 EMN/mi), and check time taken for a
droplet to appear at injector tip. This should
niol be less than 6 seconds,

fiiy Flow injector wiath applied pressure F00 IBn®
POE9-50 kN m), and gradunlly reduce pressure
tozero. Liseair blast to remove Tuel ltom nozzle
tip. Inerease applicd pressure and note pressure
at which injector spravs, this should be between
45 and 55 [blin? (310-26-379-2| kN/m#)

5. HOW TO INHIBIT A CAR FITTED
WITH LUCAS 'PI' EQUIPMENT

One cubic-centimetre {ec) of Samolene *C™ should
be mixed with 30-50 cc of kerosene, {Because
there is a small quantity of inhibitor, 1t must be
mixed with a carrving agent belore being admitted
to the petrol tank).

Add the Samolene mixiure 10 the petrol in the
peteal tank, (The misture is sufficient to inhibit
3 mallons (22-73 litres) of petrol,
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CURRENT AMPS

FLOW GALLONS/ HOUR

I7.

The car should then be driven for approximately
3 miles Lo ensure the mixture is distrnbuted through-
out the *PI7 system,
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Fig. 29

VOLTS

. @UICK CHECK OF FUEL FLOW RATE

Arrange lor the fuel o Now into a container,
graduated in cubic centimetres (cc), for a period of
# seconds. Divide the guantity collected by 10,
thie result is gallons per hour,

Cluuntity collected (e
— = palls, per hour

0

EQUIVALENTS
I ee is approx. equal to & teaspoon or 20 drops.
| gallon = 4343-5 ce
! pint = 176 hres
| litre 000 e oor 1000 mi
imilli-litres)
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