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Most people first learn about generators the hard
way: at night in the middle of nowhere. They pur-
chased an “English sports car needing minor electri-
cal work” from the classified ads.

The man who sold the car was honest—the car
was English and it did need electrical work. After
standing over the open engine compartment and
alternately thumping the generator, the control box
and the flashlight, the new owner concludes that
although flashlights improve with thumping, gen-
erators and control boxes do not.

The best way to come to grips with old electrics
is by gaining an understanding of what makes
them work. Contrary to popular belief, the opera-
tion of a Lucas generator is not based on some
magic incantation. It’s based on five fundamental
properties of electricity and magnetism:

1) Electric current in a coiled wire creates a
magnetic field.

2) Wrapping the coil of wire around a soft iron
core intensifies the magnetic field.

3) The strength of the magnetic field varies
with the current in the wire.

4) Rotating a loop of wire in a magnetic field
induces a voltage in that loop of wire.

5) The strength of the induced voltage depends
on the strength of the magnetic field and the rota-
tion speed of the wire loop.

Generator Basics

A generator 1s composed of five parts. The
armature (la) 1s made up of coils of wire wrapped
around an iron core, and it is this armature that
rotates when the generator pulley is turned. The
brushes (1b) are the spring-loaded contacts that
transfer current from the armature to the electrical
system. The brushes actually rest against a seg-
mented ring at one end of the armature called the
commutator (1c). Inside the generator body are the
field coils or field windings (1d). These consist of
fine copper wire wrapped around the field poles,
which are essentially pieces of soft iron.

It is the current in the field coils or windings
that produces the magnetic field in which the
armature rotates.

When the engine is turning over, the armature
(1a) 1s spun by the fan belt. In the presence of a
magnetic field generated by the field coils (1d),

a voltage 1s induced (created) in the armature
windings. When the voltage in the armature
windings (le) is greater than the rest of the sys-
tem, current will flow from the armature wind-
ings (le) through the commutator (1c), through
the brushes (1b), finally arriving at the armature
terminal (1e) of the generator (usually marked
“D”). The current then flows through the wire
running to the “D” terminal of the control box
or voltage regulator.

The electrical sys-

tem operates on the
properties of various
metals and the prin-

ciples of magnetism.

It is the most sci-
entifically advanced
system in your car,
but this step-by-step
guide lays it all out.
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Control Box

The control box has two main parts: the
cut-out relay (2e) and the voltage regulator
(2k). The cut-out relay prevents electrical cur-
rent from flowing out of the battery to the
generator when the generator’s output voltage
1s lower than the battery voltage. The voltage
regulator strengthens or weakens the magnetic
field in the generator according to the needs
of the battery or other electrical system com-
ponents. Remember, the stronger the mag-
netic field, the greater the voltage induced in
the spinning armature.

The cut-out relay (2e) consists of an iron
core with two layers of wires wound around
the core. The inner wrapping of wire is
called the “shunt windings” and the outer
wrapping is called the “series windings.”
The shunt windings, which are hidden
under the series windings, are connected
between the armature terminal “D” on the
generator and a ground terminal (usually
marked “E”) on the control box.

This means that the internal generator
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voltage 1s always impressed upon the shunt windings. In

general, all the generator output current passes through the
series windings (2g) before going to the electrical system.
Fixed above the cut-out core is a spring arm with a con-

tact (21, 3i) that is connected to the series windings (2g, 3g)
of the cut-out core. Output current from the generator can
only pass on to the electrical system and the battery when

the cut-out contact arms (31) are touching. Spring tension

normally holds the contacts apart so there can be no current

flow in either direction.
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Cut-Out Relay at High/Low RPMs

When the armature in the generator is spinning fast
enough (about 1000 generator RPM or 750 engine RPM),
the current in the shunt windings (3g) of the cut-out relay

will generate a magnetic field strong enough to overcome

the natural spring tension of the contact arm (3d). It snaps
down, bringing the two contacts together. Current now flows
through the series windings (3e), across the contacts and out
the arm (3d), finally reaching the output terminal (usually “A”)
on the control box. From there, it goes on to the ammeter (if
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fitted) and then to the battery.
This current now flowing through the series windings (3e)

actually intensifies the magnetic field around the core (3f) of
the cut-out relay, and this in turn holds the arm down even
more firmly, pressing the contacts (3d) together. The point
when the contacts close is usually adjusted so that the internal
voltage of the regulator is about 12.7 to 13 volts.

When the engine slows to idle, the armature slows down
as well. This means that the voltage induced in the spin-
ning armature drops. Lower voltage reduces the strength of
the magnetic field holding the series winding’s contacts (3d)
closed. Eventually, the weakened magnetic field can no longer
hold against the arm’s spring tension and the contacts open.
(The way the contacts open is more complex, but this descrip-
tion covers it.) This immediately stops all current flow to or
from the generator. The point that the contacts open (around
8.5 to 11 volts) 1s known as the drop-off point.

If the series winding contacts in the cut-out relay did
not open at low generator output, the higher battery volt-
age would flow back through the control box, through the
wiring harness and into the armature’s fine wire windings
in the generator. The reverse current flow would melt the
windings and destroy the generator. You can see why the
control box 1s so important.

Voltage Regulator

The other half of the control box, the voltage regulator
(2b, 3b), limits the voltage in the charging system to a safe
value by controlling the internal voltage of the generator.
The voltage regulator, like the cut-out, has a shunt winding
(3h) made up of many turns of fine wire wrapped around a
soft iron core. Suspended above the regulator core are a pair
of contact points (31) similar to the cut-out relay. However,
these points are normally closed, rather than open. When
the points are closed, the output current from the “D” ter-
minal on the generator goes through the regulator frame
(31), then through the regulator contacts (3n) to the field
terminal on the control box (usually “F”). From this field
terminal, the current flows to the field terminal (“F”) on the
generator and then through the field windings (3d) around
the field poles of the generator. The current in the field
windings (3d) creates the magnetic field around the arma-
ture (3a). The armature spinning inside this magnetic field
generates the electric current that feeds the battery and the
rest of the electrical system.

The function of the voltage regulator is to break this
connection.

When the generator is spinning slowly, generator output
voltage 1s low. This means that the current in the regulator
shunt windings (3m) is weak, and the magnetic field created by
this weak current is unable to overcome the spring tension in
the arm holding the regulator contact points (3n) closed. As the
generator spins faster, the output voltage increases. This results
in increased current flowing into the voltage regulator through
the “D” terminal. The increased current continues, flowing
through the regulator shunt windings (3m), through the regula-
tor contacts (3n), out through the “IF” terminal on the voltage
regulator and back through the field windings in the generator.
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Since there is a direct connection through the regulator
contacts (3n), current in the field windings (3d) increases as
the generator spins faster. Consequently, the magnetic field
(in which the armature spins) created by the increased cur-
rent in the field windings (3d) 1s also increasing. Because the
magnetic field is stronger, the induced voltage in the armature
increases. As the output voltage from the generator continues
to increase, the current in the shunt windings (3m) of the reg-
ulator relay also increases, which increases the strength of the
magnetic field trying to pull the regulator contacts (31) apart.

When the generator output is high enough, the strength of
the magnetic field generated by the current in the regulator
shunt windings (3m) finally overcomes the natural tension of
the contact arm, resulting in the separation of the regulator
contacts (31). The direct connection between the armature
terminal “D” of the generator and the field terminal “F” of
the control box 1s broken.

Backdoor Current

Although the direct connection has been severed, there
is still a way for the current from the generator to return to
the field windings. This second path 1s through a short piece
of resistance wire (3p) connecting the regulator frame (31
to the “I”’ terminal on the voltage regulator. Output cur-
rent from the generator can still get to the field windings in
the generator, but the built-in resistance of the wire reduces
the current passing through the field windings (3d), which
reduces the strength of the magnetic field the armature
spins in. The voltage induced by the magnetic field in the
armature windings falls, so generator output falls as well.
With reduced generator output, the current in the shunt
windings (3m) of the regulator is also reduced, and the
magnetic field produced by the current in the shunt wind-
ings 1s likewise reduced. When the strength of the magnetic
field 1s no longer enough to hold the regulator contacts (3n)
apart against the spring tension in the arm, they snap back
together. Direct contact between the generator output and
the field windings is restored.

Since current 1s no longer flowing through the resistance
wire, the current in the field windings of the generator is
increased, which strengthens the magnetic field inside the
generator. The induced voltage in the armature increases,
and the generator output also increases. As generator output
increases, current in the shunt windings (3m) of the regulator
increases once again until the magnetic field is strong enough
to pull the regulator contacts apart. As before, with the
direct connection broken, the current to the field windings is
reduced by the passage of current through the resistance wire
(3p). The strength of the magnetic field in the generator falls,
so the generator output falls.

The cycle described here takes place so quickly that the
contact points seem to vibrate.

With this knowledge of the electrical system, you’ll be able
to entertain your companions with a profound dissertation
on the fundamental properties of electricity and magnetism
that make thumping on the generator and control box useless.
Once the magnetism has leaked out, there is nothing anyone

can do. BM
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