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Introduction

FUNCTION

The demand for electrical power in to-day’s high performance cars is ever
increasing. Headlights, fog lamps, windscreen wipers, horns, heaters, venti-
lators, window heaters, radio and casette players, all make their demand.

Conventional D.C. generators are no longer able to meet these demands,
with higher engine speeds and less engine compartment space.

However, the A.C. generator or alternator is able to fulfil these needs
because it can provide more power for the same size.

The main output current does not pass through a commutator, so there
are no commutation problems. The rotor is supplied with low intensity
current through two brushes and slip rings to the field coil, enabling the
alternator to run at high speed without damage.

The stator is the source of alternating current which is converted to direct
current by the diode bridge.

The alternator will cut in at low engine speed, so it can supply output
current at idle speed.

The voltage regulation is performed by a built-in regulator using integrated
circuits. This gives excellent precision and long life. It is of a totally enclosed
construction and mounted in the slip ring end frame.

The stator windings are fitted on the inside of a laminated core forming
part of the alternator frame. Connected to these windings is the rectifier
bridge, containing the six diodes, which converts the A.C. voltage supplied
by the stator into D.C. voltage at the alternator output terminals.

Also connected to the stator windings is a diode trio supplying the alter-
nator field current. The alternator is designed throughout to operate under
normal conditions for a long period free from adjustments, lubrication and
maintenance.

SENSING

The object of sensing is to keep the battery at peak performance without
over- or under-charging. The regulator checks the voltage in the auto-
motive electrical system and then controls the alternator output to provide
the required voltage. There are two systems available: battery sensed or
machine sensed. (see Figs. 1 & 2.)
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Fig. 1. Battery Sensed Alternator Fig. 2. Machine Sensed Alternator

Battery sensed. The battery sensed system is particularly valuable when
there are likely to be heavy electrical loadings relative to the alternator and
battery ratings. To enable the regulator to “KNOW" the condition of the
battery an extra lead is connected to the sensing terminal on the regulator
and then to either the positive terminal on the battery (on a negative earth
system) or a terminal connected to the battery positive terminal. (see Fig. 3.)
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Fig. 3. Wiring diagram—abattery sensed alternator
(Negative ground shown)

Machine sensed. Because of voltage drops in the output leads, a machine
sensed system is less sensitive to the voltage required by the battery, but it is
quite satisfactory when used under recommended applications. The regulator
senses the voltage available at the alternator, usually at the output of the

field rectifiers. (see Fig. 4.)
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Fig. 4. Wiring diagram—machine sensed alternator
(Negative ground shown)

GENERATOR
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Operating Principles

Typical wiring diagrams of battery and machine sensed alternators are
illustrated in Figs. 5 and 6. The basic operating principles are as follows::

When the switch is closed, current from the battery flows through the
indicator lamp to the alternator IND terminal, through resistor R1, diode D1,
and the base-emitter of transistor TR1 to ground, and then back to the
battery. This turns on transistor TR1 and current flows through the alternator
field coil and TR1 back to the battery.

With the alternator operating, ac voltages are generated in the stator
windings, and the stator supplies dc field current through the diode trio, the
field, TR1, and then through the grounded diodes in the rectifier bridge back
to the stator. The six diodes in the rectifier bridge change the stator ac
voltages to a dc voltage which, on battery sensed alternators, appears bet-
ween the alternator positive (+) terminal and the negative (—) terminal. On
machine sensed alternators it appears between the positive () terminal and
the alternator frame. As alternator speed increases, current is provided for
charging the battery and operating electrical accessories. Also with the
alternator operating, the same voltage appears at the “+" and IND terminals,
and the indicator lamp goes out to indicate that the alternator is producing
voltage.

On battery sensed alternators, the BAT terminal on the alternator is
always connected to the battery, but the discharge current is limited to a
negligible value by the high resistances of R2 and R3.

As the alternator speed and voltage increases, the voltage between R2 and

Fig. 5. Circuit diagram—nbattery sensed alternator Fig. 6. Circuit diagram—machine sensed alternator
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R3 increases to the point where zener diode D2 conducts. Transistor TR2 then
turns on and TR1 turns off. With TR1 off, the field current and system voltage
decreases and D2 then blocks current flow, causing TR1 to turn back on.
The field current and system voltage increases and this cycle then repeats
many times per second to limit the alternator voltage to a preset value.

Capacitor C1 smooths out the voltage across R3, resistor R4 prevents
excessive current through TR1 at high temperatures and diode D3 prevents
high-induced voltages in the field windings when TR1 turns off. Resistor
R2 is a thermistor which causes the regulated voltage to vary with tempera-
ture, thus providing the optimum voltage for charging the battery.
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Specifications
FRENCH MODELS
Models 28amp 33 amp 45amp 55amp
Voltage (nominal) 12v 12v 12v 12v

Cold output at 2000 rpm (14v) 20amp 23 amp 34amp 39amp
Cold output at 5000 rpm (14v) 30amp 37amp 46amp 59amp

Hot rated output (14v) 28amp 33amp 45amp 55amp
Rotor resistance tolerances 2.6-3.0 ohm
Brush length (new) 13.2 mm (0.5 in)
Minimum operating brush length 10 mm (0.4 in)
Brush spring tension 226.80-368.55 grams (8-13 0z) . ‘
Slipring :
Maximum eccentricity 0.07 mm (0.003 in)
Minimum diameter 21.95 mm (0.864 in)
Pulley nut torque 54-80 Nm (40-60 Ib ft) ‘_
Through bolt torque 7 Nm (62 Ib in)
Through bolt thread size M5 x 0.8 ‘ j

Brush holder and regulator screw
torque 2.3Nm (17.7-26.6 Ib in)
Diode trio and stator terminal nut |
torque 1.96-2.94 Nm (17.3-26.0 Ib in)
Rectifier bridge torque 4-5Nm
Rotation (viewed from drive end
frame) Clockwise

Polarity Negative ground
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BRITISH MODELS

Models 28amp 35amp 45amp
Voltage (nominal) 12v 12v 12v
Cold output at 2000 rmp (14v) 18amp 24amp 28 amp
Cold output at 5000 rpm (14v) 29 amp 35amp 48 amp

Hot rated output (14v) 28amp 35amp 45amp
Rotor resistance tolerances 2.6-3.0 ohm
Brush length (new) 0.5in (13.2 mm)

Minimum operating brush length 0.4 in (10 mm)

Brush spring tension 8-13 0z (226.80-368.55 grams)
Slip ring:

Maximum eccentricity 0.003 in (0.07 mm)

Minimum diameter 0.864 in (21.95 mm)
Pulley nut torque 40-60 Ib ft (54-80 Nm)
Through bolt torque 30-50 b in (3.39-5.65 Nm)
Through bolt thread size 10-24 UNC-2A

Brush holder and regulator screw

Torque 12-20Ibin (1.35-2.26 Nm)
Diode trio and stator terminal nut

Torque 8-20 Ibin (0.90-2.26 Nm)
Rectifier bridge screw torque 12-201bin (1.35-2.26 Nm)

Rotation (viewed from drive end
frame) Clockwise

Polarity Negative ground
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Description of Parts

FRENCH MODELS

Drive end shaft nut

Drive end shaft spring washer

Pulley

Fan

Generator shaft collar—outer
Drive end frame

Grease slinger

Drive end ball bearing

Inner bearing plate gasket

S ® P NS RN

Retainer plate

11.  Generator shaft collar—inner
12. Retainer plate screw

13. Rotor assembly

14. Rectifier bridge with terminal
mounting screws and insulating
washer (—)

15. Brush holder/regulator mounting
screw

16. Brush holder/regulator washer

17. Brush holder/regulator insulating
washer

18. Brush holder, spring and brush
assembly

19. Slip ring end frame
20. Through bolt
21. Slip ring end roller bearing

22. Terminal nut insulator with nuts
and washers

23. Slip ring end seal

24. |Insulating washer

25. Regulator

26. Regulator mounting screw

27. Diode trio with nuts and washers

28. Stator assembly

Fig. 7. French model alternator
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BRITISH MODELS

Drive end shaft nut

Drive end shaft spring washer
Pulley

Fan

Generator shaft collar—outer
Through bolt

Drive end frame

Grease slinger

Drive end ball bearing
Retainer plate

Retainer plate screw
Generator shaft collar—inner
Rotor assembly

Stator assembly

Diode trio nut

Diode trio spring washer
Terminal

Diode trio

Rectifier bridge spring washer
Rectifier bridge insulating washer

Rectifier bridge and insulator
assembly

Slip ring end frame

Bush

Slip ring end roller bearing

Slip ring end seal

Rectifier bridge mounting screw
Rectifier bridge insulating washer
Regulator

Regulator spring washer

Regulator non-insulated screw

Brush holder and spring assembly
Brush holder insulating washer
Brush holder spring washer
Brush assembly

Brush holder mounting screw

Rectifier bridge mounting screw

Fig. 8. British model alternator
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Precautions in Service

It is essential that the following precautions are taken whilst working on

an alternator charging system, otherwise irreparable damage may be caused
to the diodes and transistors.

1.

All the models employ negative ground and the polarity must be
observed. If a battery is installed with the leads reversed, the diodes in
the alternator and the wiring harness between the alternator and
battery may be damaged. Always make sure that the alternator and the
battery have the same ground polarity.

Before disconnecting a battery or any wires in the charging system, ensure
that the engine is not running and that the ignition switch is in the OFF
position. This will minimise the likelihood of arcing or short circuiting.
Never short circuit or ground any of the terminals in the charging circuit,
unless specifically instructed.

The alternator must never be run with the leads disconnected.

Never boost charge a battery when it is connected to the vehicle's
electrical system. If the engine is started during boost charging, the
semi-conductor devices in the regulator may be damaged. When
connecting a charger or a booster battery to a vehicle battery, connect
negative to negative and positive to positive.

When making test connections to the alternator or regulator, for instance
when bridging terminals or when connecting a voltmeter or ammeter, it
is advisable to use wires with female flat pin connectors rather than
crocodile-type clips, thus avoiding the possibility of fouling another
terminal, or of accidental grounding.

If using electric welding equipment to repair a vehicle, it is essential that
the battery cables and the alternator output wires are first disconnected.
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Fault Diagnosis

The following fault finding procedures
will enable charging system defects to be
found in the shortest possible time. It will
be unnecessary to go through every pro-
cedure to find a fault. Select the pro-
cedure appropriate to your vehicle.

Faults will usually show up in one of
four ways:

1. Abnormal operation of the indicator
lamp. (See pages 14 to 16).

2. Anunderchargedbatteryas evidenced
by slow cranking and low specific
gravity readings. (See pages 18 and
19).

3. An overcharged battery as evidenced
by excessive water usage. (See page
20).

4. Noises from mechanical wear.

11
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USING AN OSCILLOSCOPE

An oscilloscope can help to locate some
fauits while the alternator is still fitted to
the vehicle. Connect the oscilloscope to
the indicator lamp terminal and ground.
Start the engine, and run at a fast tick-
over, then switch on all the vehicle’'s
electrical equipment. This wave pattern
shows that the alternator is giving the
correct output.

A diode trio fault.

A positive diode fault.

A negative diode fault.

A diode trio short circuit.

12
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A positive diode short circuit.

A negative diode short circuit.

A phase distortion, probably a short
circuit in a stator winding.

A phase distortion in a negative diode.

Any wave pattern that differs from this
normal pattern indicates that there is a
fault within the alternator.

00

13
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1. ABNORMAL OPERATION OF THE INDICATOR LAMP
The correct operation of the indicator lamp is as follows :—

Switch Lamp Engine

OFF OFF STOPPED ‘
ON ON STOPPED

ON OFF RUNNING ‘

If the indicator lamp is showing one of the conditions below, use the
appropriate fault-finding procedure :—

Switch Lamp Engine
OFF ON STOPPED See below
ON OFF STOPPED See p. 15
ON ON RUNNING See undercharged battery

A number of cases have been found of the ignition warning lamp flickering
even though the alternator was charging satisfactorily. For correction of this
fault, see p. 20.

Switch Off — Lamp On - Engine Stopped

e

Is the switch faulty? —YES

1
NO

Replace the switch.

Disconnect the leads
from the alternator
IND & BAT terminals.

l There is a short circuit ‘

Does the lamp stay on? -YES —— between the IND & BAT
N'O alternator leads.

l Repair.

Replace the rectifier
bridge.

Recharge the battery.

= ede

14
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Switch On — Lamp Off — Engine Stopped

Is it a machine
sensed alternator?

1
NO

.

Are the IND & BAT leads

reversed at the alternator -YES—=Correct.

terminals?
1
NO

Disconnect the IND & BAT
leads at the alternator.

Follow the BAT lead back
from the alternator and
disconnect it at the
junction block, or solenoid.

Ground this lead.

Y

Is the light on? —=YES—
1
NO

l

Reconnect the BAT lead
at the junction block or
solenoid.

Reconnect the BAT lead
at the alternator.

Disconnect the lead from
the alternator IND
terminal and ground it.

l Check the lamp, bulb

Is the lamp on? - NO —— socket, switch, leads and
YlES fuses for continuity.

.

Replace the IND terminal
tead. Insert the special rod
(fig.9) into the test hole.

1 Check the connection
Is the lamp on? - NO —— between the wiring
1
YES harn(_ess and the IND
terminal of the
alternator.

-YES —»

Replace the regulator.
Check the field winding.

Check the brushes, slip
rings, and field windings
for open circuits.

Are these checks
satisfactory?

|
YES

:

Replace the
rectifier bridge.

- NO — Repair.

25mm

—

J\

Fig. 9. To facilitate brush clip grounding, use a length of
welding rod, shaped as shown in the illustration. The loop
provides a stop to prevent the rod contacting the rotor.

There is a short circuit
between the BAT & IND
leads.

Repair.

——» Go to next page

15
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From previous page

Connect a voltmeter from
the alternator BAT terminal
to ground.

A

There is an open circuit
Is the voltmeter reading zero? — YES ———— between the BAT terminal
|
NO and b_attery.
Repair.

-

Ground the IND terminal
lead.

e

Check the lamp, bulb
Is the lamp on? -NO — socket, switch, leads and
YI|ES fuse for continuity.

ke

Replace the IND terminal
lead. Insert the special rod
(fig.9) into the test hole.

Is the lamp on? — YES __» Replace the regulator. ‘*
1
NO

Check the connection
between the wiring harness
and the IND terminal of
the alternator.

Check the brushes, slip
rings, and field windings
for open circuits.

Are these checks ~YES

tisfactory? - Replace rectifier bridge.
satisfactory?

|
NO

|

Repair.

16
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Flickering Ignition Warning Lamp

On some older battery sensed models, a number of cases have been found
of the ignition warning lamp flickering even though the alternator was
charging satisfactorily. This condition is observed only when the battery is

fully charged and the flickering stops as soon as a
switched on.

In order to eliminate this abnormal condition,
(Part No. 7982726) can be fitted :

1. Disconnect the battery.

2. Detach the radio suppressor (when fitted).

3. Disconnect both wiring plugs from the alternator terminals.

4. Remove the brown (BAT) sensing lead from the alternator plug and cut

‘ this off flush with the end of the harness. Insulate the exposed end of
the lead with tape.

. 5. Remove the paired brown/yellow (IND) wires from the alternator plug,
trim them back to a suitable length and connect the supplementary
harness.

6. Ensure that the insulating sleeve is covering the new connection and
install the other terminals of the supplementary harness in the IND and
BAT positions of the alternator plug.
' 7. Reconnect both wiring plugs to the alternator.
8. Refit the radio suppressor (where applicable).
9. Reconnect the battery.

ny electrical component is

a supplementary harness

SINGLE BROWN/
BROWN (BAT) YELLOW WIRE

SENSING LEAD

SINGLE BROWN/
YELLOW WIRE

. (L
PAIRED BROWN/

\=F=
\ YELLOW (IND) WIRES

/ BROWN SUPPLY WIRE

BLACK GROUND
WIRE

BLACK GROUND
WIRE

Fig. 10. Alternator with standard wiring

SUPPLEMENTARY HARNESS
PART No. 7982726

INSULATING
SLEEVE

PAIRED BROWN/YELLOW
(IND) WIRES

PROTECTIVE TAPE
OVER END OF HARNESS

BROWN SUPPLY WIRE

Fig. 11. Alternator with modified wiring

17
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2. UNDERCHARGED BATTERY

Have accessories been left No fault in charging system. §
y -YES 4
on for long periods? Recharge the battery.
1
NO

Does the drive belt have
the tension specified in =NQ——————= Adjust the drive belt tension.
the vehicle hand-book?

1
YES
Are all wires sound and all
connections clean and tight,
including the clip connections =NO——— Repair.

at the alternator and battery
posts?

1
YES

Make sure all wiring harness
leads are connected.
Turn the ignition switch on.

Connect voltmeter from
alternator “+'* terminal
to ground.

There is an open circuit
Is the voltmeter reading zero? - YES —— between the alternator “+"
! terminal and the battery.
NO .
Repair.

Connect voltmeter from
alternator IND terminal
to ground.

. There is an open circuit
Is voltmeter reading zero? — YES ————— hetween the alternator IND
N|0 terminal and the battery.
* Repair.

Connect voltmeter from
alternator BAT terminal
to ground.

There is an open circuit
between the alternator BAT
|s voltmeter reading zero? — YES — > terminal and the battery.
Y Check for open circuit in

NO the wire itself and between
terminals at the crimp
Disconnect the battery between the harness wire
ground cable. ~ and the terminal.

Connect an ammeter into
the circuit and the “'+"'
terminal of the alternator.

l

Go to next page
18
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From previous page

Reconnect the battery
ground cable.

Turn on the radio, lights
high beam, and blower
motor high speed.

Connect a carbon pile
across the battery.

Operate the engine at
moderate speed (2,000 r.p.m.)
and adjust the carbon pile to
obtain the maximum current
output.

Is the ampere output within
10% of the rated outputas _yps_ o The alternator is not faulty.
stamped on the alternator

frame? Recheck drive belt tension.

1 wiring for defects and
NO alternator/battery
l connections.

Ground the field winding
by inserting the special rod
(fig.9) into the test hole.

Operate the engine at
moderate speed (2,000 r.p.m.)
and adjust the carbon pile to
obtain the maximum current
output.

o Check diode trio, rectifier
Is Ehe ampere output wnt7h|n —NO——— - bridge, field windings and
10% of the rated output? stator, as described under

1
YES COMPONENT TESTING.

Check that the regulator
terminals and the single leg
of the diode trio are not
grounded.

v Remove the ammeter from
Replace the regulator. = the alternator and turn off
the accessories.

19
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3. OVERCHARGED BATTERY

Connect a voltmeter from
the alternator BAT terminal
to ground.

Is the reading zero? —YE§ ——— The BAT lead circuit is open.
NI o _ Repair.

Separate the end frames
only as described in the
DISMANTLING PROCEDURE.

!

Check the field winding
for grounds.

l

Is the field winding —yg§ ———————— Replace the rotor.
grounded?
|

NO

Connect an ohmeter from
the exposed brush lead to
the end frame.

Is the ohmeter reading zero? -NO ——— Replace the regulator.

1
YES

Has the insulating washer
been damaged or left off “YES——— Replace the washer.
the screw?

1
NO

Remove the exposed brush
lead clip screw.

Has its insulating sleeve

been damaged or left off?
|
NO

—YES ——— Replace the sleeve.

Are there any burrs or swarf
shorting the brush lead clip —NO———————= Replace the regulator.

screw?
1
YES

Correct the fault.

20
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