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ELECTRICAL SYSTEM 

DESCRIPTION 

The electrical system is a 12 volt earth return type 
employing NEGATIVE earth polarity. The system 
incorporates the charging. lighting. starter. ignition and 
auxiliary circuits. the operational principles of these 
circuits being baSically similar for all models. except for 
the charging circuit which may employ a D.C. Generator 
(Dynamo) or Alternator EqUipment. 

Servicing equipment 

It is important to note that the servicing of the system 
cannot be carried out satisfactorily unless the equip
ment recommended is available. Further. it will be seen 
that special eqUipment is needed for dismantling and 
reassembling some units of the system. and should this 
equipment not be available. dismantling must not be 
attempted. 

We recommend the Avo Model 12 testing equipment 
(obtainable from Avo Ltd .• 92-96 Vauxhall Bridge Road. 
London. S.W.1) which has been specially designed for 
automotive use and enables a wide range of checking 
operations to be carried out with a Single instrument. 

ALTERNATOR SYSTEM 

This system is fitted to certain models in the Light Car 
Range and requires extreme caution when servicing. 
It is strongly emphaSised that because of the sensitive 
nature of the electronics in the system. three basic 
requirements must be fulfilled before the persons 
responsible. undertake the servicing of the equipment. 

These reqUirements are as follows:-

1. A methodical approach. 

2. Full knowledge of the charging circuit. 

3. An understanding of the necessary precautions. 

A wiring diagram (Fig. 20a) shows the associated circuit 
connections and units employed in the system. This 
should be used in conjunction with the altern;ttor 
diagnosis chart included later in this Section. 

The list of servicing precautions contained in subsequent 
paragraphs for the alternator must be strictly observed. 

BATTERY 

GENERAL 

The battery is of the "clean-top" pattern. having sub
merged intercell connectors to minimise the risk of 
corrosion. Diecast cable connectors are fitted. retained 
with screws. 

Batteries are supplied either filled and charged. unfilled 
and uncharged. or "dry-charged". that is with the cells 
in a charged condition and without electrolyte. Details 
of preparing unfilled. uncharged and "dry-charged" 
batteries are given in later paragraphs. 

MAINTENANCE 

Battery maintenance consists mainly of regular inspection 
and serVicing. 

1. Keep the battery and its surroundings clean and dry. 
Give particular attention to the top of the battery 
to prevent electrical leakage between the terminals. 

2. Remove the vent plugs. and see that the vent holes 
are clear. 

3. Check the electrolyte level and top up. when 
necessary. The correct level is just up to the per
forated splash guard. Do not over-fill or acid will 
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escape through the vent hole with detrimental effect 
to the connections and adjacent parts of the car. 

The use of a Lucas Battery Filler will be found helpful 
In this topping-up process, as it ensures that the 
correct electrolyte level is automatically obtained 
and also prevents distilled water from being spilled 
over the top ofthe battery. 

Distilled water should always be used for topping
up. In an emergency, however, drinking water, 
clean rainwater or melted snow may be used. The 
following waters must not be used: salt water, 
chlorinated water, chemically softened water or 
stagnant water. 

Never use a naked light when examining a battery, as 
the mixture of oxygen and hydrogen given off by the 
battery when on charge, and to a lesser extent when 
standing Idle, can be dangerously explosive. 

If a battery is found to need an excessive amount of 
topping-up, the cause should be sought. If an 
excessive charge is suspected, check the regulator 
setting. If one cell In particular is at fault, examine 
the container for cracks. 

Never transfer electrolyte from one cell to another. 

... With the dlecast type of connector no corrosion 
difficulties arise. When fitting the connectors to 
the battery, first smear the inside of the tapered 
hole of the connector with silicone grease and push 
on the connector by hand. 

Insert the self-tapping screw and tighten with 
medium pressure only; fill in the recess around the 
screw head with more silicone grease. If the con
nectors are fitted dry, and driven home with too 
much force, they may be difficult to remove at a 
later date. 

S. Examine the earth connection to ensure that it is 
clean and free from rust or corrosion. 

6. Measure the specific gravity of the electrolyte in 
each cell in turn, with a hydrometer. The reading 
given by each cell should be approximately the 
same; if one cell differs appreciably from the others, 
an internal fault in the cell is indicated. This will 
probably be confirmed by the heavy discharge test 
described later. 
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The appearance of the electrolyte drawn into the 
hydrometer when taking a reading gives a useful 
indication of the state of the plates ; if it is very dirty, 
or contains small particles in suspension, it is possible 
that the plates are in a bad condition. 

Check the specific gravity of the electrolyte (Refer 
to Fig. 1) as an Indication of the state of charge of 
the battery, using a hydrometer. 

DO NOT DRAW 
IN TOO MUCH 

/ / ELECTROLYTE 

Fig. 1. Taking hydrometer readings. Take readings at eye level 

The specific gravities and their indications are as 
follows:-

Climate ordinarily below 26 · 7°e. (80°F.) 

Cell fully charged 1 ·270-1 ·290 

Cell half charged 

Cell fully discharged 

1 ·190-1 ·210 

1 ·110-1·130 

Climate ordinarily above 26· 7°e. (80' F.) 

Cell fully charged 1 ·210-1 ·230 

Cell half charged 

Cell fully discharged 

1 ·130-1·150 

1·050-1 ·070 

The specific gravity of electrolyte varies with its 
temperature. The figures quoted are for an electro
lyte temperature of 15· 6°C. (60°F.). If the electro
lyte temperature is above 15·6°C. (60°F.) add ·002 
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to the hydrometer reading for each 2·SoC. (5c F.) 
rise to obtain true specific gravity. Similarly ·002 
must be deducted from the hydrometer reading for 
each 2 ·SoC. (5°F.) below 15·6°C. (60°F.). 

If the level of the electrolyte is so low that a hydro
meter reading cannot be taken, no attempt should 
be made to take a reading after adding distilled 
water until the battery has been on charge for at 
least thirty minutes. NE.VER transfer the electrolyte 
from one cell to another. 

If the car is out of use for any length of time the 
battery should not be allowed to run down or to 
remain in a discharged condition. It should be re
charged about every fortnight from an independent 
electric supply. 

7. Heavy discharge test 

A heavy discharge tester consists of a centre-zero 
voltmeter, 2 or 3 volts full scale, across which is 
connected a shunt resistance capable of carrying the 
current involved. Pointed prongs are provided for 
making contact with the inter-cell connectors. 

Pierce the indentations in the battery top with a 
heated, pointed tool and press the contact prongs 
against the exposed positive and negative terminals 
of each cell . A good cell will maintain a reading of 
1·2-1 ·5 volts, depending on the state ofthe charge, 
for at least 10 seconds. If, however, the reading 
rapidly falls, the cell is probably faulty and a new 
plate assembly may have to be fitted. 

Remember that if the battery is subjected to heavy 
loads (I.e., long periods of night parking with lights 
on) without suitable opportunities for recharging, a 
low state of charge is only to be expected. A fault 
in the charging system, or neglect during a period 
out of commission, may also be responsible for any 
trouble. 

RECHARGING FROM AN EXTERNAL SUPPLY 

If tests indicate that the battery is discharged, but is 
otherwise in good condition, it should be re-charged, 
either on the vehicle by a period of daytime running or 
on the bench from an external supply. If the latter, the 
battery should be charged until tbe specific graVity and 
voltage show no increase over three successive hourly 
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readings. During the charge the electrolyte must be 
kept level with the top of the separator guard by the 
addition of distilled water. Re-charge rates are as 
follows:-

BT 7A Batteries (38 ampere-hour) 

BV11A Batteries (51 ampere-hour) 

.. amps. 

5 amps. 

Do not allow the temperature of the electrolyte to 
exceed the maximum permissible temperature during 
charging, i.e. 

Climates below 26·7°C. (80°F.) 

Climates above 26· 7°C. (80°F.) 

37 ·8°C. (100°F.) 

48·9°C. (120°F.) 

A battery in which all cells show a general falling off In 
efficiency will often respond to the process known as 
"cycling". This process consists of fully charging the 
battery as described earlier, and then discharging it by 
connecting to a lamp board, or other load, at the same 
rate. The battery should be capable of providing this 
current for at least 7 hours before it is fully discharged, 
as indic~ed by the voltage of each cell falling to 1 .. 8. If 
the battery discharges in a shorter time, repeat the 
"cycle" of charge and discharge. 

PREPARING NEW BATTERIES FOR SERVICE 

Batteries for the home market are normally supplied 
dry and uncharged: in this event the instructions in 
paragraphs (a) should be followed. 

Batteries for export markets are supplied "dry-charged". 
Before fitting to the vehicle the battery must be filled 
with acid as described in paragraphs (b); no initial 
charging is necessary, although, if time permits a short 
freshening charge is advantageou~. 

Preparation of electrolyte 

Electrolyte of the specific gravity stated in the (ollowlng 
table, is prepared by mixing distilled water and con
centrated sulphuric acid, usually of 1 ·840 specific graVity. 

The mixing must be carried out either in a lead-lined 
tank or in suitable glass or earthenware vessels. Slowly 
add the acid to the water, stirring with a glass rod. Never 
add the water to the acid as the resulting chemical 
reaction causes violent and dangerous spurting of the 
concentrated acid. The approximate proportions of acid 
and water are Indicated in the following table:-
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Climates normally below 27°C. (BO°F.) 

Add one part (by volume) of acid of 1 ·840 specific gravity 
to 3 ·2 parts (by volume) of pure distilled water to 
obtain a final speCific gravity of 1 ·260 at 1S· s oc. (60°F.) 
acid temperature. 

Climates normally above 2rc. (BO°F.) 

Add one part (by volume) of acid of 1 ·840 specific gravity 
to 4 ·3 parts (by volume) of pure distilled water to 
obtain a final specific gravity of 1·210 at 1S·SoC. (60°F.) 
acid temperature. 

Heat is produced by the mixture of acid and water, and 
the electrolyte should be allowed to cool before taking 
hydrometer readings-unless a thermometer is used to 
measure the actual temperature, and a correction 
applied to the reading as preViously described-and 
before pouring the electrolyte into the battery. The 
total volume of electrolyte reqUired is 4! pints (2·66 
Iitres) for BT 7A batteries and 7! pints (4·3 litres) for 
BV 11 A batteries. 

(a) UNCHARGED BATTERIES 

Filling the cells 

The temperature of the acid, battery and filling-In room 
must not be below O°C. (3rF.) . Carefully break the 
seals in the filling holes and half fill each cell with electro
lyte of the appropriate specific gravity. Allow the 
battery to stand for at least six hours, in order to 
dissipate the heat generated by the chemical action of 
the acid on the plates and separators, and then add 
sufficient electrolyte to fill each cell to the top of the 
separator guard . Allow to stand for a further two hours 
and then proceed with the initial charge. 

Initial charge 

The Initial charging rate Is 2·5 amperes for BT7 A batteries 
and 3 ·5 amperes for BV11A batteries~ Charge at this 
rate until the voltage and speCific graVity readings show 
no increase over five successive hourly readings. This 
will take from 40 to 80 hours, depending on the length of 
time the battery has been stored before charging. 

Keep the current constant by varying the series resis
tance of the circuit, or the generator output. This 
charge should not be broken by long rest periods. If, 
however, the temperature of any cell rises above the 
permissible maximum 37· 8°C. (100°F.) for batteries filled 
with 1·260 S.G. acid, 48 ·9°C. (120°F.) for batteries filled 
with 1·210 S.G. acid, the charge must be interrupted 
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until the temperature has fallen at least 10°F. below that 
figure. Throughout the charge the electrolyte must be 
kept level with the tops of the separators by the addi
tion of more acid, as required . 

At the end of the charge carefully check the specific 
gravity in each cell to ensure that, when corrected to 
15·6°C. (60°F.), it lies within the specific limits. If any 
cell requires adjustment, some of the electrolyte must be 
syphoned off and replaced either by distilled water or 
by acid of the strength originally used for filling-in, 
depending on whether the specific graVity is too high or 
too low. 

Continue the charge for an hour or so to ensure adequate 
mixing of the electrolyte and again check the specific 
gravity readings . If necessary , repeat the adjustment 
process until the desired reading is obtained in each cell. 
Finally, allow the battery to cool and syphon off any 
electrolyte above the tops of the separators. 

(b) ""DRY-CHARGED" BATTERIES 

Electrolyte of the appropriate specific graVity, either 
1·260 or 1 ·210, is prepared as preViously described. 

Filling the cells 

Whilst these batteries leave the factory in the fully 
"dry-charged" condition, they may slowly lose some 
charge in storage. In view of this, the follow1ng filling 
instructions must be carefully observed:-

With the acid, battery and room temperature between 
15·5-37·7°C. (60-100°F.), remove the vent plugs and 
fill (in one operation) each cell to the separator guard or, 
when applicable, to the coloured marker line. 

Measure the temperature and speCific graVity of the 
electrolyte in each of the cells. Allow to st.and for 20 
minutes and then re-check the specific gravity and 
temperature of the electrolyte in each cell. 

The battery is then ready for service, unless the above 
checks show the electrolyte temperature to have risen 
by more than S· s oc. (10°F.), or the speCific graVity to 
have fallen by more than 10 "pOints" (-010 S.G.). 

In this event, it will be necessary to re-charge the battery 
at the appropriate re-charge rate until the speCific 
graVity values remain constant for three successive 
hourly readings and all cells are gassing freely. 

During charging, keep the electrolyte in each cell level 
with the separator guard by adding distilled water-not 
acid. 
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GENERATOR 

Lucas C40-1 

DESCRIPTION 

The generator is a shunt-wound. two-pole. two-brush 
machine. arranged to work In conjunction with a Lucas 
regulator unit. A fan. integral with the driving pulley. 
draws cooling air through the generator. inlet and outlet 
holes being provided in the end brackets of the unit. 

The armature is supported at the drive end by a ball race 
bearing. and at the commutator end by a porous bronze 
bush. 

ROUTINE MAINTENANCE 

Lubrication 

Every 6.000 miles or every six months. whichever 
occurs first. inject a few drops of Shell X-100. 30 engine 
oil into the hole marked "OIL" at the end of the com
mutator bearing housing (see Fig. 2). A felt ring located 
in the housing will absorb the oil and act as a reservoir. 

FELT RING 

POROUS 
BRONZE 

BUSH 

OUTPUT 
TERMINAL 
"0" 

FIELD 
TERMINAL 
"F" 

Fig. 2. Generator lubrication and terminal connections 

Inspection of brushgear 

Every 24.000 miles. the generator should be removed 
from the engine and the brushgear be inspected in the 
manner described in later paragraphs under Servicing. 

Belt adjustment 

Inspect the driving belt occasionally and. if necessary. 
adjust the tension by following the procedure described 
in Section "B". The machine must be properly aligned 
following an adjustment. otherwise undue strain will be 
thrown on the generator bearings. 

PERFORMANCE DATA 

The figures covering the design and performance of the 
generator are given in General Data. to which reference 
should be made when carrying out any test. 

TESTING 

In the event of charging trouble. the following testing 
procedure should be adopted to determine if the 
generator is charging and is servicable. If the tests prove 
that the generator is in good condition. the fault is in the 
charging circuit or control box. 

1. Inspect the driving belt. and adjust if necessary in the 
manner described in Section "B". 

2. Check the terminal connections on the com
mutator end bracket. The larger connector carries 
the generator main ouput. and the smaller con
nector carries the field current (see Fig. 2). 

3. Switch off all lights and accessories. pull off the con
nectors from the terminal blades of the generator. 
and link the two blades with a short length of wire. 

4. Start the engine and set it to run at the normal Idling 
speed. 
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5. Clip the positive lead of a moving coil voltmeter SERVICI NG (See Fig. 3) 
calibrated 0 to 20 volts, to one generator terminal, 
and the negative lead to a good earthing point on the To dismantle 
generator. 

6. Gradually increase the engine speed, when the volt
meter reading should rise rapidly and without 
fluctuation. Do not allow the voltmeter 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 the 
voltage does not rise rapidly and without fluctuation, 
the unit must be dismantled for internal examination. 

Excessive sparking at the commutator in the above test 
Indicates a defective armature which should be renewed. 

If a radio suppression capacitor is fitted between the out
put terminal and earth. disconnect this capacitor and re
test the generator before dismantling. If a reading is 
now given on the voltmeter. the capacitor is defective 
and must be renewed. 

If the tests show that the generator is in good condition, 
remove the link from between the terminals and restore 
the original connections. 

2 4 5 

9 10 11 

1. COMMUTATOR END BRACKE.T 6. YOKE 

6 

1. Remove the driving pulley and shaft key. 

2. Unscrew and withdraw the two through bolts. 

3. Withdraw the commutator end bracket from the 
yoke. 

4. lift the driving end bracket and armature assembly. 
from the yoke. Take care not to lose the fibre thrust 
washer (if fitted) from the commutator end of the 
shaft. 

5. The driving end bracket, which on removal from the 
yoke has withdrawn with it the armature and 
armature shaft ball-bearing, need not be separated 
from the shaft unless the bearing is suspected and 
requires examination, or the armature is to be tested 
or renewed. In any of these events the armature 
should be removed from the end bracket by means of 
a hand press. 

7 8 

12 13 14 15 

11 . THROUGH BOLTS 

2. FELT RING 7. fl.ETAINING CUP 12. BEARING RETAINER 

3. FELT RING RETAINER 

4. BRONZE BUSH 

5. FIBRE WASHER 

8. FELT RING 

9. TERMINAL "0" 

10. TERMINAL "F" 

Fig. 3. Exploded view of generator 

13. DRIVING END SEARING 

H . CORRUGATED WASHER 

15. DRIVING END BRACKET 
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Fig. 4. Servicing the brushgeor 

Brushgear (Checking with yoke removed) 

1. lift the brushes up into the brush boxes and secure 
them in that position by placing the brush springs 
against the sides of the brushes as shown in Fig. 4 (A). 

2. Fit the commutator end bracket over the com
mutator and release the brushes. 

3. Hold back each of the brush springs and move the 
brush by pulling gently on its flexible connector. if 
the movement is sluggish, remove the brush from 
its holder and ease its sides by lightly polishing on a 
smooth file. Always refit brushes in their original 
positions. If the brushes are badly worn, new 
brushes must be fitted and bedded to the com
mutator. The minimum permissible length of brush 
Is i in. (6 mm.). 

4. Test the brush spring pressures by means of a spring 
scale held radially to the commutator (see Fig. 5). 

These pressures should be 30 oz. (·85 kg.) maximum 
when exerted on a new brush, and 13 oz. (·36 kg.) 
minimum on a brush worn to /-:; in. (7 mm.). Both 
pressures should be measured and new springs 
fitted if the tension is low. 

Commutator 

The commutator is of moulded construction and can be 
recognised by the exposed end being smooth, unlike 
that of fabricated commutators from which a metal roll
over and an insulating cone protrude (see Fig. 6). 

Page 9 

Clean the commutator with a petrol-moistened cloth 
and inspect its surface. If the commutator is in good 
condition, the surface will be smooth and free from pits 
or burned spots. If pits or burned spots are in evidence, 
carefully polish with a strip of fine glass-paper while 
rotating the armature-never use emery paper. 

If the foregoing procedure proves ineffective, the com
mutator should be re-skimmed, but care must be 
exercised during this process to ensure that the finished 
diameter is not less than 1 ·43 in. (3 ·64 em.). 

The process of re-skimming consists of rough turning 
and diamond turning. Whether or not rough turning is 
carried out depends upon the severity and unevenness of 
wear which has taken place. If the commutator cannot 
be completely cleaned up without going below the 
specified diameter, a new armature will be necessary. 

A moulded commutator requires no undercutting in 
service, the production undercut being of sufficient 
depth to obviate any further need for this. The insula
tion slots should however, be kept clear of copper and 
carbon residue. 

Fi,. 5. Testing brush spring tension 
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Fig. 6. Commutator of moulded construction 

Armature 

The troubles which may develop in armatures in service 
may be classified as short circuits, open circuits, and 
earthed circuits. The usual Causes of these troubles and 
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strip will be heavily attracted towards the slot containing 
the faulty coil. If the attraction is particularly heavy, 
switch off the Growler quickly, otherwise the coil may be 
entirely burnt out. 

Remember that a coil is wound in two slots, so that on 
turning the armature further, a second faulty slot will be 
found. 

Open circuit test: 

An open circuit as the term implies, is a break in the 
armature windings. This defect is characterised by 
violent sparking at the commutator segments between 
which the open circuit occurs. Open circuits can occur 
at the commutator segments or in the armature winding, 
the more usual causes being:-

1. Overloading, causing excessive heating and melting 
out ofthe solder from the commutator risers. 

the methods oftesting the armature are described in the 2. Vibration sufficient to break the commutator con-
following parag~aphs. nections. 

Before proceeding with any test, clean the armature and 3. Poor connections which have become oxidised. 
remove the drive end bracket by pressing the shaft out 
of the end bracket bearing. 4. An earth or short circuit burning open the winding. 

Short circuit test: 

Discolouration of anyone or two coils, and blackening of 
two or more commutator segments is a sign of a short 
circuit. The usual causes are as follows:-

1. Carbon or copper dust having become lodged 
between the commutator segments. 

2. Solder particles getting behind the commutator. 

3. An overload, resulting in excessive heating, causing 
the insulation to break down. 

4. The insulation becoming damaged. 

Place the armature in a Growler as shown in Fig. 7. 

Energise the Growler and hold a narrow piece of steel 
strip over the top of the armature in line with the shaft. 
Slowly revolve the armature, keeping the steel strip in 
the same position. If a short circuit exists, the steel 

5. A mechanical defect causing the armature to rub on 
some inside part of machine. 

Using a 12 volt battery and a voltmeter with test prods, 

Fig. 7. Armature short circuit test in Growler 
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FI, ••• Armature open circuit test 

make the connections shown in Fig. 8. Place the volt
meter test prods on each pair of adjacent commutator 
segments in turn and note the voltmeter readings. If 
the armature is in good order. all readings will be 
similar. but if between any pair of segments a low or 
zero reading is obtained. one or more adjacent coils are 
open circuited. 

E.arthed circuit test: 

An earthed circuit in the armature is caused by a break
down in the Insulation which will allow a passage of 
current to the generator frame. Such a breakdown can 
be attributed to one or more of the following defects:-

1. Dirt and carbon dust collecting behind the com
mutator risers. 

2. The armature rubbing the field pole-faces. causing 
the laminations to rub into the armature wires. 

3. By the laminations of the armature becoming loose 
and rubbing Into the armature wires. 

4. Overheating due to the machine haVing been run on 
an open circuit. 

Using a 12 volt battery. voltmeter and test prods. make 
the test connections shown In Fig. 9. Keep one test prod 
in contact with the end of the armature shaft. and place 
the other on each commutator segment in turn. 
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There should be no voltmeter readings. Any segment 
on which a reading is obtained will be connected to 
the armature coil nearest an earth fault. 

An alternative method is to use a test lamp instead of a 
voltmeter-the lamp will glow if there is an earth. 

Field coils 

Measure the resistance of the field coils without re
moving them from the generator yoke. by means of an 
ohmmeter connected between the field terminal and 
the yoke. The field resistance. is 6 ohms. 

If an ohmmeter is not available. connect a 12 volt d.c. 
supply between the field terminal and the generator 
yoke. with an ammeter in series. The ammeter reading 
should be approximately 2 amperes. Zero reading on 
the ammeter. or an "infinity" ohmmeter reading. 
indicates an open circuit in the field winding. 

If the current reading is much more than 2 amperes. or 
the ohmmeter reading is much below 6 ohms. this is an 
indication that the insulation of one of the field coils has 
broken down. 

In either event. unless a substitute generator is available. 
the field coils must be renewed. To do this. carry out 
the procedure outlined as follows:-

8043 

FI,. 9. Armature earthed circuit test 
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Fig. 10. Pole-shoe screwdriver 

1. Drill out the rivet securing the field coil terminal 
assembly to the yoke. and remove the insulating 
sleeve from the terminal blade. 

2. Unsolder the terminal blade and earthing eyelet. 

3. Remove the insulation piece which is provided to 
prevent the junction of the field colis from contact
ing the yoke. 

4. Mark the yoke and pole shoes so that the latter can 
be fitted in their original positions. 

5. Unscrew the two pole shoe retaining screws by 
means of a pole-shoe screwdriver as shown in Fig.10. 

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

7. Fit the new field coils over the pole shoes and 
place them in position inside the yoke. Take care 
to ensure that the taping of the field coils is not 
trapped between the pole shoes and the yoke. 

8. locate the pole shoes and field coils by lightly 
tightening the fixing screws. 
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9. Fully tighten the screws by means of the pole-shoe 
screwdriver. 

10. Solder the terminal blade and earthing eyelet to 
the appropriate coil ends. 

11. Refit the insulating sleeve and re-rivet the terminal 
assembly to the yoke. 

12. Refit the insulation piece behind the junction of th~ 
two coils. 

Bearings 

Bearings which are worn to such an extent that they 
will allow side movement of the armature shaft must be 
renewed . To renew the bearing bush in the commutator 
end bracket. proceed as follows:-

1. Remove the old bearing bush from the end bracket. 
The bush can be withdrawn with a suitable extractor. 

2. Withdraw and clean the felt retainer and the felt 
ring. 

3. Insert the felt ring and its retainer into the bearing 
housing. then press a new bearing bush into the end 
bracket until the visible end of the bush is flush 
with the inner face of the bracket. To facilitate this 
operation. use a shouldered mandrel having a highly 
polished pilot end of the same diameter as the shaft 
to be carried by the bush (see Fig. 11). 

Porous bronze bushes must not be reamed after fitting. 
or the porosity of the bush may be impaired. 

Before fitting the new bearing bush. it should be allowed 
to stand for 24 hours completely immersed in engine oil; 
this will allow the pores of the bush to be filled with 
lubricant. 
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The procedure for renewing the ball bearing at the driving 
end is as follows:-

1. Drill out the rivets which secure the bearing re
taining plate to the end bracket, and remove the 
plate-See Fig. 3. 

2. Press the bearing out of the end bracket, and remove 
and clean the corrugated washer and felt ring. 

3. Before fitting the replacement bearing, see that it is 
clean and pack it with high melting point grease. 

4. Place the felt ring and corrugated washer into the 
bearing housing in the end bracket. 

5. Locate the bearing in the housing and press it home. 

6. Fit the bearing retaining plate by inserting new rivets 
from the pulley side of the bracket, and opening the 
rivets by means of a punch to secure the plate 
rigidily in position. 

To reassemble 

1. Fit the drive end bracket to the armature shaft. The 
Inner journal of the bearing must be supported by a 
tube approximately 4 in. (10 cm.) long, tin. (3 mm.) 

PRESS RAM 

574-6 

SHOULDERED 
MANDREL 

Fig. 11 . Fitting bearing bush to commutator end bracket 
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thick. and tin. (1 ·6 cm.) internal diameter. Do not 
use the drive end bracket as a support for the bearing 
whilst fitting the armature. 

2. Fit the yoke to the drive end bracket. 

3. Push the brushes Into the brush boxes and secure 
them in that position by positioning each brush 
spring against the side of its brush. 

4. Fit the fibre thrust washer(s) and commutator end 
bracket to the yoke so that the dowel on the bracket 
locates with the groove in the yoke. Take care not 
to trap the brush connectors. 

5. Insert a thin screwdriver through the ventilator 
holes adjacent to the brush boxes and gently lever 
the spring arms until the brushes locate correctly on 
the commutator (see "B", Fig. 4). 

6. Refit the two through bolts. pulley spacer and shaft 
key. 

7. Refit the driving pulley. 

8. After reassembling lubricate the commutator end 
bearing. 

GENERATOR RE-POLARIZATION 

A replacement generator (dynamo) of the type described 
in this Section is suitable for use on either positive or 
negative earth systems, provided It is polarized to suit 
the vehicles' electrical system after fitting. 

To do this, fit the generator to the vehicle but do not 
at this stage connect the cables to the "0" and "F" 
terminals. 

Determine which battery terminal is earthed on the 
vehicle and then temporarily connect a jumper lead to 
the battery positive terminal (for negative earth systems) 
or negative terminal (for positive earth systems). 

Flick the other end of the jumper lead several times 
against terminal "F", this serves to re-polarize the 
generator. 

The temporary connection can now be removed and the 
original cables connected to terminals "D" and "F". 
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CONTROL BOX 

Lucas RB340 

DESCRIPTION (Refer to Figs. 12 and 13) 

The control box is an electro-magnetically operated 
three-bobbin unit operating on the current-voltage 
system of generator output regulation. which provides 
a more efficient utilisation of generator capacity. 

The unit comprises two separate vibrating armature 
regulators and a cut-out relay. one regulator being 
responsive to changes In current and the other to 
voltage. Toothed adjustment cams which can be 
operated by a special tool. provide a means of adjusting 
the electrical settings. 

To counter the effect of seasonal and operating tempera
tures. the voltage regulator and cut-out are temperature 
compensated by means of bi-metal strip. In addition to 
the use of bl-metal strip. the effect of temperature 
fluctuation on the control box settings Is further mini
mised by the use of a double swamp resistor connected 
in series with two shunt coils. 

Voltage regulator 

The voltage regulator has one coli which Is connected 
between control box terminal "0" and earth. the latter 
connection being made througJ, a swamp resistor. This 
regulator Is thus responsive to changes In output voltage 
only. 

Cut-out relay 

The cut-out relay (usually referred to as the cut-out) is 
an electro-magnetic switch having Its contacts connected 
between the generator and the battery. 

The cut-out has two windings. first the heavy-gauge 
winding from the current regulator. which Is then con
nected to the moving contact of the cut-out pOI.nts. 
Secondly. a voltage coil which is similar to that of the 

voltage regulator being connected between terminal 
"0" and earth (through the swamp reSistor). 

The cut-out Is thus responsive to both voltage (to close 
the contacts) and current which Implements the "pull" 
on the closed contacts and also serves to quickly de
magnetize the relay when the battery voltage exceeds 
that ofthe generator. This causes a "reverse" current to 
flow and the contacts are qUickly separated. so isolating 
the generator from the battery. 

EXTERNAL CONNECTIONS SHOWN IN IlOKEN LINE 

.------------------------------
I ; 

I '8-8' FI~I=Wl·F": FIELD RESISTOR 

I ~(WI<'" FITTED) 

GENERATOR! ~J ~;i~~~ I-~~~t"l 
l~i--l ! 

,,' ',I I 

(ARMAru~' I i 
\·Tj!~rElO 

: L~ 
I I 

t .... -:t ... -------.--.. :t==-----------' 
8110 

Fig. 12. Circuit diagram of control box R8340 

Current regulator 

The current regulator is wound with one coli of heavy 
gauge wire through which the charging current passes 
when the cut-out contacts are closed. The winding is 
connected at the ope end to terminal "0" and is con
tinued on to form the series winding ofthe cut-out relay. 

The current regulator is thus responsive to generator 
output current only. the contacts being pre-set to open 
at the maximum rated current of the generator. 
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OPERATION (Refer to Fig. 12) 

The current regulator and voltage regulator contacts are 
normally closed, thus completing the field circuit and 
short-circuiting the field resistor. 

When the engine is started, the generator output 
voltage rises qUickly due to its being on "full field". 
When the voltage rises to approximately 13 volts the 
cut-out contacts close and a charging current is passed to 
the battery. 

This current is allowed (when the battery is in a low 
state of charge) to reach the maximum rated output of 
the generator. At this point the pull of the current 
regulator coil opens the current regulator contacts and 
the resistor is inserted in the field circuit, thus lowering 
the generator output. 

This causes re-closure of the current regulator contacts 
and (With "full field" restored) a qUick resumption of 
maximum output. This sequence continues until the 
battery state of charge is raised enough to cause a general 
rise in the system voltage, at which point the voltage 
regulator coil exerts enough "pull" to open the voltage 
regulator contacts. 

From this point the output current diminishes, causing 
eventual non-operation of the current regulator con
tacts, while the voltage regulator continues controlling 
the field strength by the alternate insertion and removal 
of the field resistor, to keep the generator voltage 
constant. 

SERVICING PRECAUTIONS 

Cleaning the contacts 

The control box contacts may become oxidised. This is a 
condition which arises normally in service. Hence all 
contacts should be cleaned periodically. Different 
materials are required for cleaning the regulator and 
cut-out contacts. 

The contacts for the voltage and current regulators are 
made of tungsten, and so should be cleaned with fine 
carborundum stone or silicon carbide paper. The dust 
and foreign matter should be wiped away by means of a 
f1uffless cloth which has been moistened with methylated 
spirits. 
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The cut-out contacts are made of silver and should be 
cleaned with a piece of fme glass paper. All dust should 
be removed with a cloth soaked in methylated spirits. 
On no account should carborundum stone or emery 
paper be used for cleaning the cut-out contacts, or these 
being silver will become damaged. 

If the control unit will not respond to the adjustments 
outlined, an exchange unit should be fitted and the 
original unit subjected to bench examination in a 
properly equipped electrical workshop. 

A special tool must be used for setting the regulator 
adjustment cams. This is normally available from any 
lucas Service Station, the lucas part number is 54381742. 

TESTING AND ADJUSTING CONTROL BOX 

(Refer to Fig. 13) 

The following tests are made with the contro' box on 
the car and must be conducted in the sequence indicated. 
Ensure that the control box is at its normal operating 
temperature, then carry out the tests as quickly as 
possible to avoid overheating the system. 

Checking the charging circuit 

Before disturbing any electrical settings, ensure that the 
fault does not lie outside the control box, as follows:-

1. Check the fan belt and adjust if necessary. 

2. Check that the battery terminals and battery earth 
are clean and tight. 

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

4. Check earth connections, particularly of the control 
box. 

5._- Check the battery with a hydrometer and a heavy 
. - discharge tester. 
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6. Check the generator by removing and linking the 
cables at control box terminals "0" (voltage regula
tor) and "F" (current regulator) and connecting a 
zero to 20 voltmeter between this link and earth, 
and running the generator up to 1,000 r.p.m. when a 
rising voltage should be shown. 

If the generator is run at a fixed speed but the ammeter 
pointer swings erratically within the charging range, the 
contacts of the voltage regulator or current regulator 
may need cleaning. 

Voltage Regulator-Testing and adjusting 

Open circuit settings : 

Ambient temperature 

10°C. (50°F.) 

20°C. (68°F.) 

30cC. (86°F.) 

40°C. (104°F.) 

Voltage setting 

14·9 to 15·5 

14·7 to 15·3 

14·5 to 15·1 

14·3 to 14 ·9 

This operation must be completed as quickly as possible 
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4. Start the engine and run the generator at 3,000 
r.p.m., when the open circuit voltage reading should 
lie between the limits given for the appropriate 
ambient temperature. 

5. If the reading occurs outside the prescribed limits, 
stop the engine and remove the control box cover. 

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

7. Using the correct tool, turn the voltage regulator 
adjustment cam until the correct setting is obtained
turning the tool clockwise to raise the setting, or 
anti-clockwise to lower it. 

8. Check the setting by stopping the engine and then 
again raising the generator speed to 3,000 rp.m. 

9. Restore the original connections and refit the cover. 

to avoid errors due to heating. Cut-out relay-Testing and adjusting 

1. Withdraw the cables from control box terminals "B" 
(cut-out relay). 

2. Join together the cables taken from terminals "B" 
and insulate, to provide current for the ignition. 
(Extreme care must be exerCised to avoid shorting 
these cables to the other control box terminals, 
otherwise serious damage may be caused to the 
regulators). 

3. Connect a first-grade zero to 20 moving-coil volt
meter between control box terminal "0'" and a good 
earthing point. 

A convenient method of making this connection is to 
withdraw the ignition warning lamp feed from 
control box terminal "WL", and to cl ip the volt
meter lead to the small terminal blade thus exposed 
-this terminal being electrically common with 
terminal "0". 

Electrical settings: 

Cut-in voltage 12· 7 to 13 ·3 

Orop-off voltage 9·5 to 11·0 

Cut-in (closing) voltage: 

Testing and adjusting should be completed as quickly as 
possible to avoid errors due to heating. 

1. Connect a first-grade zero to 20 moving coil volt
meter between control box terminal "0" (voltage 
regulator) and a good earthing point . 

A convenient method of making this connection to 
terminal "0" is to withdraw the ignition warning 
lamp feed from control box terminal "WL" and to 
clip the voltmeter lead to the small terminal blade 
thus exposed-this terminal being electrically 
common with terminal " 0 ". 
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2. Start the engine and slowly increase its speed. 

3. Observe the voltmeter pointer. The. voltage should 
rise steadily and then drop slightly at the instant of 
contact closure. The cut-in voltage is that which is 
indicated immediately before the pointer drops back. 

If the cut-in occurs outside the specified limits, an 
adjustment must be made. In this event, reduce the 
engine speed to below cut-in value and continue as 
follows:-

4. Remove the control box cover. 

5. Using the correct tool, turn the cut-out relay adjust
ment cam a small amount in the appropriate direc
tion-turning the tool clockwise to raise the setting, 
or anti-clockwise to lower it. 

6. Repeat this checking procedure until the correct 
setting is obtained. 

1. ADJUSTMENT CAMS 5. VOLTAGE REGULATOR 

2. LUCAS SETTING TOOL 6. VOLTAGE REGULATOR CONTACTS 

3. CUT·OUT RELAY 7. CLIP 

4. CURRENT REGULATOR 

Fig. 13. Control box RB340 and method of adjusting 
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7. Stop the engine, restore the original connections, 
and refit the cover. 

Drop-off (opening) voltage: 

1. Withdraw the cables from the control box terminals 
';B" (cut-out relay). 

2. Join together the cables taken from terminals "B" 
(cut-out relay) and insulate to provide current for 
the ignition. (Extreme care must be exercised to 
avoid shorting these cables to the other control box 
terminals, otherwise serious damage may be caused 
to the regulators). 

3. Connect a first-grade zero to 20 moving coil volt
meter between control box terminals "B" (cut-out 
relay) and earth. 

4. Start the engine and increase its speed to approxi
mately 3,000 r.p.m. 

5. Slowly decelerate, and observe the voltmeter 
pointer. 

Opening of the contacts indicated by the voltmeter 
pointer dropping to zero should occur between the 
specified limits. If the drop-off occurs outside these 
limits an adjustment must be made. In this event, 
continue as follows:-

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

7. Adjust the drop-off voltage by carefully bending the 
fixed contact bracket. Reducing the contact gap 
will raise the drop-off voltage; increasing the gap will 
lower the drop-off voltage. 

8. Repeat the test. and if necessary re-adjust until the 
correct drop·off setting is obtained. 

9. Restore the original connections and refit the cover. 
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Current regulator-Testing and adjusting 

On-load setting: 

The current regulator on-load setting is equal to the 
maximum rated output of the generator, which is 22 
amperes. 

When checking the setting of the current regulator, the 
generator must be made to develop its maximum rated 
voltage output whatever the state of charge of the battery 
may be. To accomplish this, the voltage regulator must 
be rendered inoperative. The procedure is as follows:-

1. Cause the voltage regulator contacts to be short
circuited by closing them with a clip. 

2. Withdraw the cables from control box terminals 
"S" (cut-out relay), and join the cables together to 
provide current for the ignition. (Extreme care 
must be exercised to avoid shorting these cables to 
the other control box terminals, otherwise serious 
damage may be caused to the regulators). 

3. Connect a first-grade moving coil zero to 40 ammeter 
between these cables and terminals "S" (cut-out 
relay). 

4. Start the engine and run the generator at 4,500 
r.p.m. when the ammeter pointer should be steady 
and indicate a current of 22 amperes. 

5. If the ammeter reading is too high or too low, turn 
the current regulator adjustment cam by using the 
correct tool, until the correct setting is obtained
turning the tool clockwise to raise the setting or 
anti-clockwise to lower it. 
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6. Stop the engine. 

7. Refit the control box cover and restore the original 
connections. 

FUSES (Fig. 14) 

Two 35 amp. fuses with spares are carried by a separate 
Fuse Unit. The fuse which bridges terminal blocks 
1-2 is to protect auxiliary circuits independent of 
the ignition switch. The fuse bridging terminals 3-4 
protects those circuits controlled by the Ignition switch. 

Fig. 14. Fuse unit 
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ALTERNATOR 
Lucas 10AC 

DESCRIPTION (Refer to Figs. 15 and 16) 

The 10AC alternator is designed particularly to cater 
for the increased electrical loading imposed by the wider 
range of equipment used on certain models. It will meet 
electrical loadings upwards to 35 amperes and, under 
congested traffic conditions will provide a useful output 
at low engine speeds. The unit is robustly constructed 
and will require very little maintenance in service, as 
there is no commutator, and lubrication is not required. 

Technical details 

Basically, the alternator comprises a stationary output 
winding with built-in rectification, and a rotating field 
winding energised from the battery through a pair of 
slip-rings. Commutation problems associated with the 
collection of heavy current by way of brushgear are thus 
avoided. 

The stator comprises a 24 slot 3-phase star-connected 
winding on a ring-shaped lamination pack. The rotor is 
of 8-pole construction and carries the field winding 
connected to two face-type sliprings. It is supported by 
a ball-bearing in the cast aluminium drive end bracket, 
and a needle roller bearing in the cast aluminium slip
ring end cover. 

The slipring end cover also carries six silicon diodes 
connected in a three-phase bridge circuit to give rectifi
cation of the generated A.C. output. The diodes are 
cooled by airflow through the alternator, induced by a 
6 in. (15 cm.) diameter ventilating fan at the drive end. 

Output control 

The alternator terminal voltage is maintained between 
pre-set limits by a transistor assisted voltage regulator 
device in the field circuit. An external current controlling 
device is not required, the self-regulating characteristic 
of the alternator being such that maximum output is 
limited to approximately 35 amperes, at rotor ~peeds up 
to 12,500 r.p.m. with an output voltage of 13 ·5 volts. 

At zero or very low rotor speeds, the reverse character
istics of the diodes prevent battery current from flowing 
through the output windings, so that a cut-out is un
necessary. 

A 6RA relay is used for disconnecting (de-energising) 
the field circuit and voltage regulator from the battery 
when the engine is stationary. Its normally open pair of 
contacts are connected in series with the field Winding, 
the relay operating coil being energised to close the 
contacts when the ignition switch is turned to the "ON" 
position. 

1. COOLING fAN 

2. DRIVE·END BRACKET 

J . ROTOR 

of. SILICON DIODES (6) 

5. NEEDLE-ROLLER BEARING 

1 2 

6. POSITIVE fiELD TERMINAL 

7. NEGATIVE FIELD TERMINAL 

8. BRUSH BOX MOULDING 

9. SLIP-RING ASSEMBLY 

10. "THROUGH" fiXING BOLTS (3) 

Fig. 15. Cut-away view C1f alternator showing cooling (an and diodes 
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Warning lamp control 

A control unit. model 3AW. is connected electrically 
to the centre point of one of the pairs of diodes in the 
alternator. This unit enables an indicator lamp on the 
instrument panel to be used to show that the alternator 
is charging when the engine runs at normal speeds. 

With the ignition "ON" and the alternator at rest or 
running very ~owly. the lamp is illuminated from the 
battery supply. When. at a low engine speed. a small 
low-voltage current from the alternator opens the 
unit's switching device. the lamp will cease to illuminate. 
In most instances this will occur below the normal 
engine idling speed. indicating that the ' alternator is 
prOViding output at this speed. In effect. ,therefore. the 
indication given is similar to that of the' "ignition" or 
"no-charge" warning lamp universally employed with 
D.C. systems. 

Basically. the unit consists of a pair of contacts held 
closed against spring tension by a length of resistance 
wire. When cold. the wire is in tension; when current 
flows through the wire it heats and lengthens. ~lIowing 
the contacts to open. 

The unit is similar in appearance to the FL5 flasher unit 
for which reason it has a distinguishing 3A W green label 
attached to the cover. ' 

MAINTENANCE 

Inspect the fan belt periodically, and adjust if necessary 
in the manner described in Section "B" of this publica
tion. 

The ball-bearing and needle-roller bearing are packed 
with grease during assembly and require no periodic 
attention. 

Maintain the alternator free from dirt and oil residue. 
particularly around the slip-ring end cover ventilating 
apertures. 

TESTING THE ALTERNATOR IN POSITION 

Refer to Fig. 20a 

In the event of a fault developing in the charging circuit, 
adopt the follOWing procedure and observe the pre
cautions shown under "Servi'i~g Precautions":-

1. Inspect the driving belt for wear and tension. 

2. Disconnect the battery earth cable. 

ROOTES MANUAL WSM.t .. S 

Section N (Electrical Equipment) 

3. If an ammeter is fitted to the vehicle proceed to 
paragraph 4. If not. disconnect the cable from the 
alternator main output terminal and connect a good 
quality moving-coil ammeter. capable of reading up 
to at least 75 amperes , between the main output 
terminal and the disconnected cable. 

4. Connect the alternator field winding across the 
battery terminals. by-pass'ing the voltage regulator 
but leaVing the field isolating device contacts in 
circuit. To do this. disconnect the cables from the 
voltage regulator 4TR at terminals "F" and " " 
and join these cable ends externally. 

5. Reconnect the battery eallh lead. Switch "on" the 
ignition. start the engine and slowly open the throttle 
until the alternator speed is apprOXimately 4.000 
r.p.m. (2100 engine r.p.m.). At this speed the reading : 
on the ammeter should be 25 amperes or more at i 
ambient temperature. A low current reading wi! 1 

1. STATOR LAMINATIONS 

2. ALUMINIUM HEAT SINK 

3, WARNING LIGHT TERMINAL " AL" 

4. SLIP-RING END-COVER 

5, STATOR WINDINGS 

6. DRIVE PULLEY 

Fig. 16. Cut-away view of alternator showing stator winding 
and drive pulley 
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indicate either a faulty alternator or poor circuit 
wiring connections. If. after checking th~ latter 
(especially the earth connections), a low reading 
persists upon repeating the test, proceed to para
graph 6. If, however, a zero reading results, switch 
on the ignition and check that battery voltage is 
being applied to the rotor windings by connecting a 
voltmeter between the two cable ends normally 
attached to the alternator field terminals. No 
reading in this test indicates a fault in the field 
isolating- relay 6RA or the wiring associated with this 
circuit. Check and rectify as necessary. 

6. If a low output has resulted from the test described 
in paragraph 5 and the external circuit and field 
isolating arrangement are both in order, measure 
the resistance of the rotor coil (field) by means of an 
ohmmeter connected between the field terminal 
blades with the external wiring disconnected. The 
resistance must be approximately 3 ·47 ohms. 

If an ohmmeter is not available, connect a 12-volt 
D.C. supply between the field terminals with an 
ammeter in series. The ammeter reading should be 
approximately 3·5 amperes . A zero reading on' the 
ammeter, or an "infinity" ohmmeter reading, 
indicates an open circuit in the field system, i.e. 
brushgear, slip-rings or winding. Conversely, if the 
current reading is considerably above or the ohm
meter reading considerably below the value stated, 
it is an indication of a short-circuit in the rotor 
winding, and the rotor/slip-ring assembly must be 
renewed. 

Conclusion of test 

: The alternator test is made to determine the condition 
: of the alternator. 

1. The alternator is satisfactory if a reading approxi
mating its rated output is obtained on the ammeter 
at ambient temperature. . 

• 2. A low reading at 4,000 r.p.m. (2,100 engine r.p.m.) 
indicates a faulty alternator or poor circuit wiring 
connections. 

3. A zero reading can be the result of a faulty field 
isolating relay, or its associated circuit. (If the relay 
fails to close, it will prevent the rotor field circuit 
from bei ng com pleted across contacts "C1" and 
"C2", in which case, check the relay cirCUit). 
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FIELD ISOLATING RELAY TEST 

The 6RA relay is used for de-energising the alternator 
field winding when the engine is stopped, by dis
connecting the supply from the rotor field, through the 
action of turning the ignition switch to the "OFF" 
position. This allows the contacts "C1" and "C2" to 
part and open-circuit the rotor field winding. The alter
nator will not generate if the contacts fail to close when 
the ignition is switched "ON". 

Procedure 

With the ammeter connected as detailed in the previous 
test, remove the lead from the terminal "C2" and 
temporarily connect it to the "C1" terminal. 

Conclusion of test 

If the alternator generates its specified output with 
the two leads in position as described, a faulty relay is 
indicated. Make the usual checks for continuity of the 
relay-operating winding, relay circuit wiring, earth 
connection, etc. If there is voltage at the alternator 
field terminals when the ignition is switched "OFF", 
the relay is faulty due to its contacts not opening. This 
condition would tend to discharge the battery. If, 
however, the relay and associated circuit' is found satis
factory, the 4TR voltage regulator may be faulty. in 
which case, substitute the existing unit for one which is 
known to be serviceable. 

SERVICING PRECAUTIONS 

1. Reversed battery connections will damage the diode 
rectifiers. Battery polarity should be checked 
before connections are made to ensure that the 
connections correspond to the vehicle battery earth 
polarity . 

2. Never earth the brown/yellow cable if disconnected 
at "AL" on 3AW otherwise a damaged alternator, 
diode and wiring will result . 

3. Never earth the brown/green cable if disconnected 
at alternator; if this cable is earthed with the ignition 
"on" the voltage regulator, relay, and their associated 
wiring may be damaged. 
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4. Earthing the alternator main output cable or ter
minal will damage the alternator and/or circuit. 

This is true even when the system is not in operation 
since no circuit-breaker is used and the battery is 
applied to the main output cable at all times. 

5. The alternator should never be run on open-circuit 
with the field winding energised. or the rectifier 
diodes are likely to be damaged due to peak-inverse
voltages. (When checking regulator open-circuit 
voltage. the voltage is controlled by the regulator 
and no damage occurs. even though the main alter
nator cable is disconnected). 

6. Do not attempt to polarise the alternator. No 
polarisation is necessary. Any attempt to do so may 
result In damage to the alternator. regulator or 
associated circuits. 

7. Ensure that when connecting a battery charger that 
it is connected properly. otherwise the rectifier 
diodes will be damaged. The polarity of the alter
nator system should be checked and the charger 
cables connected to the battery accordingly. It is 
advisable to disconnect the vehicle battery cables. 

2 

11 10 

1. STATOR 

2. STAR POINT 

3. NEGATIVE HEAT SINK AND ANODE BASE DIODES (BLACK) 

of. WARNING LIGHT TERMINAL "Al" 

S. OUTPUT TERMINAL (+) 

6. "THROUGH" FIXING BOLTS (3) 
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8. Never use ohmmeter of the type incorporating a 
hand-driven generator for checking the diode 
rectifiers or transistor. 

9. The battery must NEVER be disconnected while the 
alternator is running. Failure to observe this ruling 
will cause the 4TR Control Unit to be irreparably 
damaged. 

Electric Arc Welding Precautions 

If electric arc welding has to be done on the vehicle the 
battery and alternator cables must first be disconnected. 

Vehicles must never be started with an electric welding 
plant attached. 

Boost-charging Precautions 

If a battery is to be boost-charged from a main's battery 
booster. it must first be disconnected. Vehicles must 
never be started with a boost-charger connected. 

If a battery is to be boosted from another battery. the 
booster battery must always be connected in parallel. 
i.e. negative to negative and positive to positive. 

9 8 

7. FIELD TERMINAL (2) 

8. SLIP-RING END-COVER 

9. TERMINAL BLADE RETAINING TONGUE 

10. ROTOR SLIP-RING BRUSH 

11. POSITIVE HEAT SINK AND CATHODE BASE DIODE (RED) 

Fic. 17. Srushgear and diode heat sinks in exploded view 
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2 3 4 5 6 7 8 9 10 

21 20 19 IS 17 16 15 14- 13 12 11 

1. SHAFT NUT 8. STATOR LAMINATIONS 15. STATOR WINDINGS 

2. BEARING COLLAR 9. SILICON DIODES 16. ROTOR 

3. "THROUGH" FIXING BOLTS (3) 

... DRIVE-END IIRACKET 

10. SLIP-RING END-COVER 17. BEARING RETAINING-PLATE 

11. NEEDLE-ROLLER BEARING 18. BALL BEARING 

S. WOODRUFF KEY 12. BRUSH BOX MOULDING 19. BEARING RETAINING-PLATE RIVETS 

6. ROTOR (FIELD) WINDING 13. BRUSHES 20. COOLING FAN 

7. SLIP-RINGS H . DIODE HEAT SINK 21 . SPRING WASHER 

Fig. 18. Components of olternator 

SERVICING THE ALTERNATOR (Figs. 17 and 18) 6. From the slip-ring end-cover remove the terminal 
nuts. washers. insulating pieces. brush box screws 

Dismantling and the 2BA hexagon-head bolt. 

1. Disconnect the battery and alternator cables and 
remove the alternator from the vehicle. 

2. From the drive-end remove the shaft nut. spring 
washer. pulley and fan. 

3. Unscrew and withdraw the three "through" bolts. 

4. Mark the drive-end bracket. lamination pack and 
slip-ring end-cover so that they can be reassembled 
in correct angular relation to each other. 

5. Withdraw the drive-end bracket and rotor from 
the stator. The drive-end bracket and rotor need 
not be separated unless the drive-end bearing 
requires examination (refer to paragraph 2 under 
the heading of "Ball and Needle Roller Bearings"). 
or the rotor is to be renewed. In this event the rotor 
must be removed from the drive-end bracket by 
means of a hand-press. having first removed the shaft 
key and bearing collar. 

7. Withdraw the stator and heat sink assemblies from 
the slip-ring end-cover. 

8. Close up the retaining tongue at the root of each 
field terminal blade and withdraw the brush-spring
and-terminal assemblies from the moulded brushbox. 

Inspection of brushgear 

1. Measure brush length. A new brush is tin. (15·88 
mm .) in length; whilst a fully worn brush is I~ in . 
(3 ·97 mm.) in length. therefore. it must be renewed 
at. or approaching this length. The new brush is 
supplied complete with a brush spring and "Lucar" 
terminal blade and has merely to be pressed in by 
hand until the tongue registers. To ensure that the 
terminal is properly retained. carefully lever up the 
retaining tongue with a screwdriver which has a 
narrow blade. so that the tongue makes an angle of 
approximately 30° with the terminal blade. 
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2. The normal brush spring pressures are between 
<4 and 5 oz. (113 and 142 grams) with the spring 
compressed to it in . (19 ·84 mm.) in length and 
between 7t and 8t oz. (212 and 242 grams) with 
the spring compressed to H in. (10·31 mm.) in 
length. These pressures are to be measured should 
the equipment necessary be available. 

3. Check that the brushes move freely in their holders. 
If they are sluggish. clean .the brush sides with 
a petrol-moistened cloth or. if this fails to effect a 
cure. lightly polish the brush sides with a "fine" file. 
Remove all traces of brush-dust before re-housing 
the brushes in their holders. 

Inspection of slip-rings 

The surfaces of the slip-rings should. on inspection. be 
smooth and uncontaminated by oil or other foreign 
material. Clean the surfaces. if necessary. using "extra 
fine" glass-paper only. On no account must emery cloth 
or similar abrasives be used. No attempt is to be made 
to machine the slip-rings. as any eccentricity in the 
machining will adversely affect the high-speed per
formance of the alternator. The small current carried 
by the rotor winding. and the unbroken surface of the 
slip-rings mean that the likelihood of scored or pitted 
slip-rings is virtually negligible. 

The rotor 

1. Test the rotor winding by connecting an ohmmeter 
or 12-volt D.C. supply between the slip-rings (as 
described in paragraph 6. under the heading of 
"Testing the Alternator in Position". where this 
test was made with the brus_hgear in cirCUit). The 
readings of resistance or current must be given as in 
the aforementioned paragraph 6. 

2. 'Test for defective- insulation between each of the 
slip-rings and one of the rotor poles, using a mains 
low-wattage test lamp for the purpose. If the lamp 
illuminates. the coil is earthing and a new rotor/slip
ring assembly must be fitted. 

3. No attempt is to be made to machine the rotor poles 
or to true a distorted shaft. 
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Testing the stator 

1. Unsolder the three stator cables from the heat sink 
assembly, taking care not to overheat the diodes 
(see paragraph 3 under the heading of "Renewing 
Diode Heat Sink"). 

Check the continuity of the stator windings by first 
connecting any two of the three stator cables in 
series with a 1 ·5 watt test lamp (see General Data) 
an-d a 12 volt battery. 

Repeat the test, replacing one of the two cables by 
the third cable. Failure ofthe test lamp to illuminate 
on either occasion indicates that part of the stator 
winding is open-circuited and a new stator must be 
fitted. 

2. Test for defective insulation between the stator coils 
and lamination pack with a mains test lamp. Con
nect the test probes between anyone of the three 
cable ends and the lamination pack. If the lamp 
illuminates. the stator coils are earthing and a new 
stator must be fitted. 

3. ~efore re-soldering the stator cable ends to the 
diode pins carry out the tests given under the 
heading of "Testing the Diodes". 

Testing the diodes 

1. Each diode used can be checked by connecting it in 
series with a 1·5 watt test bulb (refer to General i 
Data), across a 12-volt D.C. supply and then reversing : 
the connections: 

2. Current must flow, and the bulb illuminate, in . one 
direction only. Should the bulb illuminate in both 
tests, or fail to illuminate in either, the diode is 
defective and the appropriate heat sink assembly 
must be renewed. 

3. The foregoing procedure ·is adequate for service · 
purposes. 

4. Accuracy in measurement of diode resistance 
requires Factory equipment. Since the forward 
resistance of the diode varies with the voltage 
applied, no realistic readings can be obtained with 
battery-powered ohmmeters. However, should a 
battery ohmmeter be used. a good diode will yield 
"infinity" in one direction. and some indefinite, but 
much lower reading, in the other. 

Never use ohmmeters of the type incorporating a hand
driven generator for checking diodes. 
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Renewing diode heat sink (Figs. 19 and 20) 

1. The alternator heat sink assembly comprises two 
mutually insulated portions, one of positive polarity 
and the other negative. The diodes are not in
dividually renewable, therefore, for ease of servicing, 
are supplied already pressed into the appropri ate 
heat sink portion. The pos itive portion carr ies 
three czthode bClse diodes marked red, Clnd the 
negative portion three anode base d iodes marked 
black. 

1. ANODE BASE SILICONE DIODE (3) (BLACK) 

'2 GLASS SEAL 

3. POSITIVE HEAT SINK 

4. OUTPUT TERMINAL ( + ) 

s. NEGATIVE HEAT SINK 

6. DIODE PIN 

7. CATHODE BASE SILICON DIODE (3) (RED) 

8. WARNING LIGHT TERMINAL "AL" 

Fig. 19. Positive and negative heat sinks showing cathode and 
anode base diodes 
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2. When soldering the interconnections, "M" grade 
45-55 tin-lead solder must be used. 

3. Great care must be taken to avoid overheating the 
diodes. The diode pins are to be lightly gripped with 
a pair of long-nosed pliers (which act as a thermal 
shunt) and the operation of soldering carried out as 
qUickly as possible. 

4. 

Care is to be exercised when handling the heat-sink 
and diode assemblies, as the diode pins, if bent, will 
fracture the glass seal at their base, this will then 
cause the appropriate assembly to become un
serviceable and means that a new heat-sink and 
diode assembly will be reqUired . 

After soldering, the connections must be neatly 
arranged around the heat-sinks to ensure clearance 
ofthe rotor, and be tacked down with "3t1" EC.1022 
adhesive obtainable from the manufacturers, who 
are the Minnesota Mining and Manufacturing Co. 
Ltd., 3M House, Wigmore Street, London, W.1 . 
The three stator connections must pass through the 
appropriate notches at the edge of the heat sinks. 

Ball and needle-roller bearings 

Bearings which are worn to the extent that they allow 
excessive side movement of the rotor shaft -must be 
renewed. 

1. The needle-roller bearing in the slip-ring end-cover 
is supplied complete with the end-cover as a serviced 
item. 

2. To renew the drive-end ball bearing (following 
withdrawal of the rotor shaft from the drive-end 
bracket) proceed as follows:-

File away the roll-over on each of the three bearing 
retaining-plate rivets and punch out the rivets. 

Press the bearing out of the bracket. 

Before fitting the replacement bearing ensure that 
it is clean and, if necessary. pack it with high melting 
point grease. 

Locate the bearing in the housing and press it home. 

Refit the bearing retaining plate. using new rivets. 
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Reassembling (Refer to Figs. 17 and 18) 

Reassembly of the alternator is the reversal of the 
dismantling procedure. 

Take care to align the drive-end bracket, lamination pack 
and slip-ring end-cover correctly, the marking of which 
was described in paragraph 4 under the heading of 
"Dismantling". 

If the rotor and drive-end bracket have been separated, 
the inner journal of the drive-end bearing must be 
supported by a tube of appropriate dimensions for the 
reassembling operation. 

Do not use the drive-end bracket as a support for the bearing 
while fitting the rotor. 

Fig. 20. Arrangement of securing internal connections with 
adhesive at points indicated by arrows 
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[ ALTERNATOR 
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"CONNECTION 
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rC-O--N-T-R-O-l-------JN~ 

BOX cr: 
4TR II 

"L +- F 
-IV!; Nf-', [ 

'----'-----' 
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[
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:I:
2C 2\ J' "",_iv __ -. IGNITION 

SWITCH 
B FI ElD ~o.~.:...j,'-I'V ___ -;--"""'/"" \ 9 
~ ISOLATOR A4 A31 vV ( 2 3° 

6RA 
/ [A2 AI I 40 

FUSE UNIT 0 ..J I ' '--

rNY 

,B 0:\NB 
'I\~' 
WARNING 
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WARNING 
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1'0\ 
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COL OUR (ODE 

B - BLACK 

~. - GREEN 
N- BROWN 

P - PURPLE 

ltV- WHITE 
-------

- NW N W Y- YELLOW - --_._----8487 

FOR MODELS WITHOUT AN AMMETER THE CABLES SHOWN CONNECTED TO THE AMMETER " A" TERMINAL WILL BE CONNECTED 
TO THE BATTERY TERMINAL ON THE STARTER SOLENOID SWITCH AND COLOURED BROWN INSTEAD OF BROWN/WHITE, THE 
CABLE SHOWN CONNECTED TO THE AMMETER "B" TERMINAL WILL OBVIOUSLY BE DELETED, SOME MODELS WILL HAVE THE 
EARTH CABLE FROM THE 6RA RELAY LINKED TO THE EARTH CABLE ON THE HR CONTROL BOX, 

Fig. 20a. Alternator charging circuit 
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ALTERNATOR CONTROL 
Lucas 4TR 

DESCRIPTION (Fig. 21) 

The self-regulating characteristic of an alternator results 
in its current output being limited to the maximum 
designed rating: it is thus unnecessary to provide an 
external current-limiting device such as is normally 
associated with a D.C. generator. 

In addition, the reverse characteristics of the rectifiers 
prevent the battery from discharging through the 
alternator windings when the alternator is at rest or 
being driven only very slowly, so that a cut-out relay also 
becomes unnecessary. 

Consequently, the only form of control required is one 
to maintain the alternator terminal voltage at a sub
stantially constant predetermined value. 

Hitherto, vibrating-contact electromagnetic devices have 
been employed for this purpose, but this Alternator 
Control Model 4TR takes advantage of the availability 
of Lucas silicon semi-conductor devices to provide an 
electronic control in which all moving parts are 
eliminated . 

The unit provides highly stabilised output control, and 
operates satisfactorily at high temperatures, due to the 
use of silicon semi-conductor devices. 

OPERATION (Figs . 22 to 24) 

In effect , the action is similar to that of the electro
magnetic regulator in that the current in the alternator 
field winding is varied to maintain the generated output 
voltage within close limits, but switching is achieved by 
transistors instead of vibrating contacts, while a Zen er 
diode provides the voltage reference in place of the volt
age coil and tension spring system. 

When the ignition is switched "on", the control unit is 
connected to the battery through an auxiliary pair of 
contacts on the ignition switch. By virtue of the con
nection through R1, the base circuit of the power 
transistor T2 is conducting so that, by normal transistor 
action, current also flows in the collector-emitter of T2 
which thus acts as a closed switch in the field circuit, and 
battery voltage is applied to the field Winding. 

As the alternator rotor is driven by the engine at in
creasing speed, the rising voltage generated across the 
stator output winding is applied to the potential divider 
consisting of R3, R2 and R4. According to the position 
of the tapping point on R2, a proportion of this potential 
is applied to the Zener diode. The latter is a device 
which opposes the passage of current through it until a 
certain voltage is reached (known as the "breakdown" 
voltage) but thereafter it conducts comparatively freely. 

4TIR 
ALTERNATOR 

CONTROL 

LUCAS - ENGLAND 

OSSE.RVE POLARITY 

Fig. 21. 4TR alternator voltage control unit showing term inal 
connectio."s 



Page 28 

The Zener diode can th us be considered as a voltage
conscious switch which closes when the voltage across 
it reaches its breakdown voltage (about 10 volts) and 
since this is a known proportion of the alternator out
put voltage as determined by the position of tapping 
point R2, the breakdown point therefore reflects the 
value ofthe output voltage. When this point is reached, 
the Zener diode conducts and current flows in the base 
circuit of the driver transistor T1. 

Again by transistor action, current will now flow in the 
collector-emitter portion of T1, so that some of the 
current which previously passed through R1 and the , 
base circuit of n is now diverted through T1. Thus the 
base current of n is reduced and, as a result, so also is 
the alternator field excitation . 

Consequently, the alternator output voltage will tend 
to fall-and this in turn will tend to reduce the base 
current in T1, allowing increased field current to flow in 
n. By th is means, the field current is continuously 
varied to keep the output voltage substantially constant 
at the value determined by the setting of R2. 

Basically, this is the principle of operation of the 4TR 
regulator, but there are certain desirable additions. If 
the field current were varied continuously as described, 
considerable power dissipation would occur in the 
power transistor, leading to problems of overheating. 
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For this reason , it is des irable to operate the transistor 
either in the fully-on or fully-off condition, and this is 
the purpose of the positive feed-back ci rcuit comprising 
RS and C2. 

As the field current in transistor T2 starts to fall , the 
voltage at F rises and current flows through resisto r RS 
and capacitor C2, thus adding to the Zener diode current 
in the base circuit of transistor T1. This has the effect of 
increasing the current through T1 and decreasing the 
current through n still further. This effect is cumulative, 
and the circuit qUickly reaches the condition when T1 
is fully-on and n fully-off. 

As capacitor C2 charges, the feedback current falls and 
eventually reaches a value at which the combination of 
Zener diode current and feed-back current in the base 
circuit of T1 is no longer great enough to keep T1 fully
on. Current then begins to flow again in the base circuit 
of n, so that field current again begins to flow through 
n. 

The voltage at terminal F now commences to fall, 
reducing the feed-back current eventually to zero. As 
T2 becomes yet more conductive, and the voltage at F 
falls further, current in the feed-back circuit reverses 
in direction, in effect reducing still further the base 
current in T1. 

© 
, ' ----- - -- - ------ --- ---- - - - -------- - - - - -- " , \ 
I 
I 
I 
I 
I 

!R3 
I 

:Rt 
I <"'--1 .... --...---JI 
I 
i 
I 

+ 

:R4 
i R6 
I 
I 
\ 
\ / 

.... _---- -- - - ----- - - - - -- - ------ - - --- " 

-"-- -"- ' -_-l®) 
A THERMISTOR 

B ROTOR FiELD WINDING 

D STATOR WINDING (PART OF CIRCUIT G) 

y T T 8 131 

E BATTERY 

G ALTERNATOR AND BATTERY CIRCUIT 

H CONTROL UNIT CIRCUIT 

FI,. 11. Circuit diagram of control unit and alternator connections 
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r 

Tt 

Rs 

~~==tR6 , ZO 

.~--;-Cl 

~~~~C2 

A THERMISTOR D SURGE QUENCH DIODE 

FI,. n. Component layout of control unit 

This effect also Is cumulative and the circuit reverts to 
the condition where T1 Is fully-off and n fully-on. This 
condition is only momentary, since C2 quickly charges 
to the opposite polarity, when feed-back current is 
reduced and current again flows in the base of T1. 

The circuit thus OScillates, switching the voltage across 
the alternator field winding rapidly on and off. This 
method of operation results in considerably lower 
power dissipation. 

Because switching Is achieved so rapidly, any sudden 
collapse of the field current would result in a very high 
induced voltage being applied to transistor n. The 
latter is protected by means of the surge quench diode 
o connected across the field winding. 

This also serves to provide a measure of field current 
smoothing, since the current continues to flow in the 
diode after the excitation voltage is removed from the 
field . This current decays by only a small amount before 
the excitation is again applied. 

1st re-issue 

Page 19 

The elimination of radio interference caused by rapid 
switching Is achieved by connecting condenser C1 
between the base and collector terminals of T1 to pro
vide negative feed-back. 

At high temperatures, a small leakage current may flow 
through the Zener diode even though the latter is in the 
nominally non-conductive state. Resistor R6 provides a 
path for this leakage current which otherwise would 
flow through T1 base circuit and adversely affect the 
regulator action. 

Provision is made for the automatic compensation of 
setting to meet changes in ambient temperature. This 
takes the form of a thermistor connected in parallel 
with resistor R3. 

The thermistor is a device whose resistance increases as 
the temperature falls, and vice versa. Any alteration in 
its ohmic value will modify the voltage distribution 
across the potential divider, and thus affect the value of 
the alternator output voltage at which the Zener diode 
begins to conduct, so matching the changes which take 
place in battery terminal voltage as the temperature 
varies. 

POTENTIOMETER 
(VOLTAGE) ADJUSTER 

Fi,. 14. Rear view of .fTR Control 80x shawinf potentiometer 
(vo/tafe) adjuster 
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SERVICING 

Several important points should be borne in mind when 
checking or adjusting the Lucas 4TR alternator voltage 
control unit in service. The 4TR is an electronic unit 
employing silicon semi-conductor devices. all moving 
parts being eliminated. and as such its characteristics 
differ from those associated with the vibrating-contact 
electromagnetic types . although in effect its action is 
similar. 

Consequently. the procedures for checking or adjusting 
it in service are diffe rent from the well known methods 
applied to the vibrating contact types . 

The first important point to remember is that the 4TR 
voltage setting must be checked or adjusted under 
closed-circuit conditions. Secondly. the alternator must 
be under load (approximately 2 amps.) during the time 
the regulating voltage is checked or adjusted. And 
thirdly. the vehicle battery must be in a fully-charged 
condition in order to ensure accurate checking or adjust
ment of the regulating voltage. 

Test instrument required 

A direct-current voltmeter with scale 0 to 20 volts. The 
meter should be a good quality moving-coil type. with a 
scale such that accurate readings to within ·4 of a volt 
can be made. If available. the ideal meter to use would 
be a su ppressed zero type. scale 12 to 15 volts. 

In service it is only possible to check or adjust the voltage 
setting of the 4TR. If the voltage setting requires adjust
ment and cannot be set within the stated limits or. is 
unstable. the only alternative is to fit a replacement unit. 

Checking the voltage setting 

Before proceeding to check the control unit ensure 
that:-

(0) The alternator fan belt tension and associated wiring 
connections are satisfactory (it is important to 
ensure that the control unit cables have not been 
crossed or reversed). 

(b) The vehicle battery is in a fully-charged state (if 
necessary a substitute battery should be used for 
carrying out these tests). 
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(c) Run the alternator at charging speed for eight 
minutes. (This stage applies when bench testing. or 
testing on the vehicle). 

Assuming that the conditions in (0). (b) and (c) are satis
factory. proceed to check the voltage setting as follows :-

1. Leave the existing connect ions to the alternator and 
4TR control unit undisturbed . 

2. Connect the voltmeter leads across the terminal 
posts of the battery. 

3. Switch on the side and tail lamps. start the engine. 
and slowly increase the engine speed until the 
alternator is running at approximately 3.000 r.p.m. : 
(1.600 engine r.p.m.) . ' 

The meter should register between the following 
limits:-

Voltage setting at 3,000 r.p.m. alternator speed 
(or 1.600 engine r.p .m.)-

Voltage setting 

13 ·9 to 14·3 volts 

Ambient temperature 

20°C. (68°F.) to 26°C. (78°F.) 

The meter pointer should remain steady and indicate a 
voltage within the stated limits. The unit can be adjusted 
to control at the correct voltage (see "Adjusting") 
providing the reading on the meter has risen to a value 
slightly above battery terminal voltage. before finally 
registering a steady value. which may be outside the 
stated limits. 

If. however. the voltmeter reading remains unchanged 
(at battery terminal voltage) or. conversely. increases in 
an uncontrolled manner then the ,control unit is faulty 
and. as its component parts are not serviced individually. 
a replacement unit must be fitted . 

Adjusting the voltage setting 

1. Stop the engine and withdraw the control unit 
mounting screws. 

2. Invert the unit and chip away the sealing compound : 
which conceals the potentiometer adjuster (Fig. 24). i 
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3. Check that the voltmeter is still connected across the Effects of broken external connections to control unit: 
battery main terminals. 

4. Start the engine and, while running the alternator at 
3,000 r.p.m. turn the potentiometer adjuster slot, 
using a small wide-bladed screwdriver, clockwise to 
increase the voltage setting or anti-clockwise to 
decrease it, until the reqUired setting is obtained. 

Be careful when making this adjustment, a small amount 
of adjuster movement causes an appreciable difference in 
the voltage reading. Re-check the setting by first stopping 
the engine and then again running the alternator at 
3,000 r .p.m. If control unit regulates satisfactorily after 
the adjustment has been made, refit the unit to mounting 
point. No attempt should be made to reseal the potentio
meter adjustment. Any undue heat applied to this point 
may damage the unit. 

Connections 

Terminal "+" 
Terminal "F" 

Terminal "-" 

Effect 

System voltage uncontrolled 

No excitation 

No excitation 

Effects of reversed connections to control unit: 

Connections 

"+" and "F" ... 

U+" and "_It 

"Fit and "_" ... 

Effect 

No output 

Control unit may be damaged 

System voltage uncontrolled 
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STARTER MOTOR 

Lucas M3SG 

DESCRIPTION 

The starter motor is a four-pole. four-brush machine 
having an extended shaft to carry the engine engagement 
gear or starter drive. This motor is controlled by a 
solenoid switch located in the engine compartment and 
operated by the ignition key on the instrument panel. 

In an emergency or for testing purposes. the solenoid 
can be operated by hand by pressing the rubber cap 
covering the plunger. 

On cars fitted with automatic transmission the starter 
solenoid has a metal cap over its plunger. to prevent 
operation other than by the ignition key. 

MAINTENANCE 

The following checking procedure should be carried out 
periodically whilst the starter motor is in service. 

1. Check the fixing bolts for tightness. 

2. Remove the metal band cover and blowout any dmt 
or sediment with clean compressed air. 

3. Remove any dirt which may remain on the brushgear. 
by applying a petrol-moistened cloth. 

4. Polish the commutator with a dry fluffless cloth and 
refit the metal band cover. 

5. Keep all electrical connections clean and tight . Any 
which may have become dirty must be cleaned and 
the contacting surfaces smeared with petroleum 
jelly. 

TESTING THE STARTER MOTOR 

Preliminary checks on car 

1. If the starter motor is heard to operate but does not 
crank the engine. the starter pinion assembly is 
seized or damaged. 

2. Switch on the head lamps and operate the starter 
control. 'If the lights become dim and the starter 

motor is not heard to operate. the armature is taking 
current but is not rotating because of seizure or the 
pinion being meshed permanently with the flywheel. 

3. If the headlamps retain their full brilliance when the 
starter control is operated. a fault exists In the 
starter circuit or sWitch. 

4. If the starter motor operates but is sluggish. a fault 
exists in the battery or cable connections. or the 
engine may be partially seized. 

Starter cranking circuit test 

The most convenient method of testing the circuit is 
by taking voltage drop readings. using a low range 
voltmeter. This procedure will locate any excessive 
resistance due to poor connections or bad cables. which 
would prevent the delivery of the normal amGlunt of 
cu rrent to the starter motor. 

For the purpose of the test. it will be necessary to 
disconnect the contact breaker lead from the ignition coil 
to prevent the engine starting. Before carrying out the 
test. ensure that the battery is in good condition and 
fully charged. 

Voltage drop readings : 

1. Using a low range voltmeter. connect the negative 
lead of the voltmeter to the starter terminal. and the 
positive lead to the positive terminal of the battery. 
Operate the starter switch and note the voltmeter 
reading. 

2. Connect the positive lead of the voltmeter to the 
starter commutator end bracket. and the negative 
lead to the negative terminal of the battery. Operate 
the starter switch and again note the voltmeter 
reading. 

The sum of these two readings must not exceed ·5 volt. 
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An unduly high reading means that there is excessive 
resistance in the starter circuit. in which event each part 
of the circuit should be checked in turn with particular 
attention to the solenoid switch connections and all 
earth connections including the engine bonding strip. 

On completion of the test. restore the original ignition 
connections. 

Starter cranking voltage test 

This test should be made after any defects previously 
located have been corrected. It is a valuable test because 
it gives an indication of the power absorbed in the 
starter. and also determines whether sufficient voltage 
is available to operate the ignition system when the 
starter motor is in operation. 

1. Disconnect the contact breaker lead from the 
ignition coil to prevent the engine starting. 

2. Using a zero to 20 range voltmeter. connect the 
positive lead of the voltmeter to the starter main 

1. TERMINAL NUTS AND WASHERS 7. FIELD COILS 
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terminal and the negative lead to an earth point on 
the starter mounting bracket. 

3. Close the starter switch to crank the engine for a 
few seconds. and note the voltmeter reading. 

The starter motor should crank the engine at a good rate 
of speed~ and the voltage reading should be not less than 
9·5 volts . On completion of the test. restore the original 
ignition connections. 

Measuring light running current (on bench) 

Secure the starter motor in a vice. then connect the 
motor in series with a starter sWitch. a zero to 800 
range ammeter. and a 12Nolt battery in good condition 
and fully charged. 

Use heavy duty starter cable in the circuit. and utilise a 
fixing lug on the starter motor as an earthing point. 
Operate the switch and note the reading on the ammeter. 
The motor should run at a high speed. and the light 
running current should be 45 amperes . 

2. COMMUTATOR END BRACKET 8. DRIVE·END BRACKET 

13. SCREWED SLEEVE 

H . BUFFER WASHER 

3. BEARING BUSH 

~ . COMMUTATOR 

S. YOKE 

•• POLE SHOES AND SCREWS 

9. BEARING BUSH 

10. THROUGH BOLTS 
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Fig. 25. Exploded view of starter motor and drive 
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SERVICING THE STARTER MOTOR (Fig. 25) 

To remove 

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

2. Remove the heavy cable from the starter motor. 

3. Remove the mounting bolts and withdraw the starter 
motor from the engine. 

Dismantling 

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

2. Remove the nuts from the terminal post which 
protrudes from the commutator end bracket. 

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

4. Remove the driving end bracket with armature and 
drive from the yoke. 

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

INSULATED 
BRUSH 

Fig. 26. Insulated brush connections to field coil tappings 

TERMINAL 
EYELETS 
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Fig. 27. Commutator end bracket earth brush connections 

Brushgear (Figs. 26 and 27) 

Check that the brushes move freely in their holders by 
holding back the brush springs and pulling gently on the 
flexible connectors. If 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 -& in. (8 mm.) in 
length must be renewed. To renew the brushes. proceed 
as follows:-

Insulated brushes : 

1. Cut off the original brush flexible 1 in. (3 mm.) 
from the aluminium. 

2. Clean and tin the original resistance-brazed joint. 

3. Open the loop of the replacement brush flexible lead. 

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

5. Place the original joint within the loop. and squeeze 
the loop. then solder. 

Providing the necessary equipment is available for re
fitting and tightening the pole-shoes. the forego ing 
procedure will be found easier to carry out if the field 
coils are removed from the yoke. 

Earth brushes: 

1. Unsold er the brush flexible lead from the clip 
located beneath the brush box mounting. 

2. Ope n the clip. insert the replacement flexible 
lead. squeeze the clip and re-solder. 
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The brushes are pre-formed so that bedding to the com
mutator is unnecessary. Check the tension of the brush 
springs by means of a spring scale. The correct tension 
Is 30 to 34 oz. (·85 to ·96 kg.). New springs must be 
fitted if the tension is low. 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. 

To remedy a badly worn commutator, dismantle the 
starter drive as dQscribed in later paragraphs, and remove 
the armature from the end bracket. Mount the armature 
in a lathe, rotate at 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. 

Fig. 28. Testing field coils for continuity 

TO 110 VOLT 
A.C . MAINS 

r 

~ -':::::::==0--

Fig. 29. Testing field coil insulation 

Armature 
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An armature can be tested for open circuits, short 
circuits, and earthed circuits, by following the procedure 
described in earlier paragraphs for the generator. 

Before carrying out the tests, check for lifted commutator 
segments and loose turns in the armature winding. 

These may be due to the starter motor haVing remained 
engaged while the engine was running, thus causing the 
armature to be rotated at excessive speed. 

A damaged armature must always be renewed. 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. 

Field coils (Figs. 28 and 29) 

Continuity test: 

If the lamp fails to light in the following test, an open 
circuit in the field coils is indicated and the defective 
coils must be renewed. 

1. Connect a 12 volt battery and bulb in series with two 
pointed test prods. 

2. When the prods are placed on the brush tappings, 
the bulb should illuminate. 
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Lighting of the lamp does not necessarily indicate that Bearings (Fig. 30) 
the field coils are in order. It is possible that a field coil 
may be earthed to a pole shoe or to the yoke. 

Bearings which are worn to such an extent that they will 
allow excessive side play of the armature shaft must be 
renewed. To renew the bearing bushes proceed as 

Insulation test : follows:-

Connect a 110 volt a.c. test lamp between the terminal 
post and a clean part of the yoke. Lighting of the lamp 1. Press the bearing bush out of the end bracket. 
indicates that the field coils are earthed to the yoke and 
must be renewed . 

Renewing the field coils: 

This operation should be carried out with the aid of a 
pole-shoe screwdriver as illustrated earlier in this 
Section for the generator. 

1. Using a pole-shoe screwdriver. unscrew the four 
pole-shoe retaining screws. 

2. 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 into 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. (21rF.) when the 
time of immersion may be reduced to 2 hours. The oil 
must be allowed to cool before removing the bearing 

2. Remove the insulation piece which is fitted to prevent from the oil. 
the inter-coil connectors from contacting the yoke. 

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

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

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

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

7. Refit the insulation piece between the field coil 
connections and the yoke. 

8. Finally. tighten the screws by means of the pole
shoe screwdriver. 

PRESS RAM -----~ .. 

SHOULDERED 
MANDREL -

BEARING -------lIl1n 
BUSH 

Fig. 30. Fitting bearing bush to drive end bracket 
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STARTER DRIVE (Refer to Fig. 25) 

The pinion and barrel assembly is mounted on a screwed 
sleeve. which is carried on splines on the armature shaft. 

The sleeve is so arranged that it can move along the shaft 
against a compression spring to reduce the shock loading 
at the moment engagement takes place. 

When the starrer switch is operated the armatu re shaft 
and screwed sleeve rotate. Owing to the inertia of the 
pinion the latter is caused to move along the sleeve 
until the pinion and barrel assembly comes into engage
ment 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 flywheel will be driven faster by the 
engine than the starter. This will cause the pinion and 
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 be ing driven at high speeds. 

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

If any difficulty is experienced with the starting motor 
not mesh ing correctly with the flywheel. it may be that 
the drive requires cleaning. The pinion and 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 usually be freed by turning the 
starter motor armature by means of a spanner applied 
to the shaft extension at the commutator end. 

Dismantling and reassembling 

Having removed the armature as described earlier in this 
Section, the drive can be dismantled as follows:-

To remove the drive assembly. compress the main spring 
(using a suitable clamping device) in order to release the 
jump ring and shaft collar. The main spring. buffer 
washer, screwed sleeve and pinion and barrel assembly 
(which includes the pinion restraining spring and a con
trol nut) can now be withdrawn. If either the barrel 
assembly or the screwed sleeve require renewal, they 
must always be renewed together. 


