SECTION

TRANSISTOR REGULATORS




There are many different models of transistor
regulators, cach designed to meet the require-
ments of a specific application. Although the
external appearance of these regulators may
vary considerably, the intemal circuitry on
each model is basically the same. Since this
section describes the basic internal circuit, it
applies equally well to all models of transistor
regulators,
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The need for a regulator in the charging cir-
cuit is brought about by the fact that the
generator voltage increases with increases in

generator speed. Since sufficient voltage must
be developed at low speeds to charge the
battery and operate electrical accessories, this
voltage if uncontrolled at high generator
speeds would increase to values that would
overcharge the battery and damage the ac-
cessories, The sole function of the regulator
is to prevent high voltage by limiting the
generator voltage to a safe, preset value.

The regulator limits the generator voltage to
a preset value by controlling the generator
field current. In the typical negative grounded
circuit shown, the regulator is connected be-
tween the battery positive terminal and gen-
erator field winding, It operates electronically
to alternately “turn off” and “turn on” the
voltage across the field winding. In a sense,
the transistor regulator is nothing more than
a very [ast-acting clectronic switch. This
switching, between open and closed and back
again, can occur at a rate as low as 10 times
per second, and as high as 7000 times per
second.

The internal wiring of a typical transistor
regulator and Delcotron” generator is illustrat-
ed. Although every component shown in the
diagram may not be used in every model of
regulator, the illustration will serve as a basic
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design generally applicable to all regulator
models.
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In order to sece how a transistor regulator
works, we will “build up” the typical regu-
lator circuit step by step, adding components
as we go until the entire circuit has been
completed. Our “build up” of the basic cir-
cuit begins with an output transistor TR1 and
a resistor R1, With the switch closed, and the
emitter connected to the battery positive ter-
minal, an emitter-base current will flow
through resistor R1 to ground. The transistor
resistance, therefore, will be very low, and
the battery will supply full generator ficld
current through the emitter-collector of the
transistor. Under this condition, the transistor
acts like a closed switch and the generator
voltage will become very high with speed, so
some means must be devised to cause the
transistor to “turn off.”
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In this illustration, a back-bias diode DI, a
driver transistor TR2, and a scrics of resistors
R2, R3, and R4 have been added to the cir-

cuit. Since the basc of transistor TR2 is con-
nected to ground through resistors R4 and a
portion of R3, this transistor will turn “full
on,” and emitter-collector current will flow
through resistor R1 to ground. The potential
on the collector of TR2, neglecting the small
drop in the transistor, will be 12 volts.

If current were flowing to the field winding,
a voltage drop would appear across diode D1,
causing the potential on the emitter of tran-
sistor TR1 to be less than 12 volts. This would
reverse bias the emitter-base of transistor
TRI; therefore, this transistor will not conduct
current and the field current is turned off.
The transistor TR1 acts almost like an open
switch, and the generator field winding is
electronically disconnected from the battery.
Under this condition of no field current, the
generator would produce no voltage. Now
some means must be found to turn transistor
TR1 back on,

In this illustration, a zener diode D2 has been
connected into the circuit. Note that the
zener has been connected to prevent or block
current flow from the base of driver transistor
TR2 to resistor R3, With no emitter-base cur-
rent in transistor TR2, there will be no emit-
ter-collector current and this transistor will
act like an open switch, With the 12 volt
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potential removed from the base of output
transistor TR1, this transistor will “turn on”
and full current will be restored to the gen-
erator field winding. In effect, we are back
to our original cirenit, consisting of resistor
R1 and transistor TR1, with the switch closed,
and full current flowing to the ficld winding.
With a one volt drop in the diode DI, and
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neglecting transistor voltage drop, the po-
tentials would be as shown. Now, some means
must be found to turn transistor TR1 off, so
the generator voltage can be limited during
operation, Let’s take a closer look at diode D2.

Zener diode D2 is a special kind of diode
that will allow current to flow from transistor
TR2 to resistor R3 when the voltage across
the diode reaches a certain value. For pur-
poses of discussion, we will assume that this
voltage, called the “breakdown voltage,” is
eight (8) volts. Below this voltage the diode
refuses to pass current, but when the voltage
reaches eight (8) volts the diode suddenly
“breaks down” and readily conducts current.
Below eight volts the zener diode acts like an
open switch, and at eight volts or above it
acts like a closed switch.

Note, that with the battery connected to the
regulator, current will always flow through
resistors R2, R3, and R4 to ground. If the
battery voltage divides in the ratio of about
seven (7) to five (5), the voltage potential at
the zener diode connection to resistor R3 will
be 3 volts, as shown, This means that the
voltage drop across resistors R2 and the other
portion of R3 is 7 volts. This same 7 volts is
impressed across the zener diode, because
these two resistors are in parallel with the
emitter-base of transistor TR2 and zener
diode D2. Whatever voltage appears across
R2 and a portion of R3 will also be impressed
across the zener diode. Since 8 volts are re-
quired for the zener diode to break down
and conduct current, current flow through
transistor TR2 is blocked. As previously men-
tioned, transistor TR1 is turned on and full
current flows to the generator field winding.
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As the generator voltage starts to increase, the
voltage across resistors B2, R3, and R4 also
increases. With the generator producing 14
volts, the potential at the zener diode con-
nection to R3 would be about six (6) volts,
and the remaining voltage drop that would
be impressed across the zener diode would
be eight (8) volts, The zener diode will im-
mediately break down and conduct current.
With transistor TR2 full on, a 14 volt potential
appears at the base of transistor TRI, and its
emitter has a potential of 13 volts, caused by
the one (1) volt drop in diode D1. With the
emitter-base reverse biased, the output tran-
sistor TR1 turns off the voltage to the genera-
tor field, The generator voltage decreases until
the voltage across the zener diode barely goes
below 8 volts. The zener diode then blocks
current, transistor TR2 stops conducting, and
transistor TR1 turns the field voltage back on.
This cycle then repeats many times per sec-
ond to limit the voltage to 14 volts,

The arrow at resistor R3 indicates that this
is an adjustable connection; resistor R3 is
called a potentiometer. By adjusting the po-
tentiometer the regulator can be made to
limit the generator voltage to different values.
For example, if the connection is moved to-
ward resistor R2, a higher current through
resistor R2 and resistor R3 is needed to pro-
vide the 8 volts required across the zener
diode for breakdown. To provide this addi-
tional current, the system voltage must rise
above 14 volts. Accordingly, the regulator will
operate to limit the system voltage to some
value above 14 volts, and the regulator volt-
age setting has been increased. Conversely,
moving the connection toward R4 will lower
the voltage setting.

It is seen that the zener diode D2 is the
“trigger” that “senses” a portion of the system
voltage, and turns off and turns on the gen-
erator field voltage so as to limit the voltage.
Now that the method by which the regulator
limits the generator voltage has been ex-
plained, let’s add some more components to
the regulator that will make it operate better.

When the output transistor TRL tums off, the
generator ficld current can not immediately
decrease to a zero value because the induc-



tance of the field winding causes the current
to continue flowing, Before the current can
decrease to zero, the system voltage decreases
and the regulator turns the field current back
on. However, the decreasing field current will
induce a high voltage in the field winding,
and this high voltage will damage transistor
TRI1 unless some protection is provided. To
prevent damage, field discharge diode D3 is
added to the circuit. This diode conducts
generator field current flow caused by the
induced voltage in the ficld winding, thereby
diverting the current flow from and avoiding
damage to transistor TR1, The inductive cur-
rent flow caused by the induced voltage can
be traced through the field winding to ground,
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through ground into the regulator, and then
through diode D3 back to the ficld winding.
Note that the diode blocks current flow from
the battery and generator output terminal to
ground,

To provide protection against other induced
voltages, called transient voltages, that may
appear in the external electrical system, tran-
sient suppression diode D4 is added to the
circnit. High transient voltages originating at
inductive sources, such as solenoids, that
would cause damaging currents are effectively
shorted out by this diode. The inductive cur-
rent flows from the source, through ground,
and then through diode D4 back to the source.
The diodes D3 and D4 effectively short-out

and prevent high induced voltages from ap-
pearing in the electrical system.

On some applications, it is desirable that the
regulator voltage setting automatically change
with changes in temperature in order to pro-
vide the most suitable charging voltage across
the battery. Since for any battery terminal
voltage the baltery charge rate increases with
increases in bhattery temperature, it is desirable
for the regulator to lower its setting as the
temperature increases. This change in voltage
setting tends to protect the battery from over-
charge when hot and from undercharge when
cold. To accomplish this operating character-
istic a thermistor R3 is connected in the re-
sistor network,

A thermistor is a special resistor that decreases
its resistance with increases in temperaturc.
As the operating temperature increases, the
effective total resistance of thermistor R5 and
resistors R2, R3, and R4 becomes less, Since
the current through R2 and a portion of R3
needed to provide the 8 volt drop for trigger-
ing the zener diode can now be obtained with
less voltage, the net result is a lowered voltage
setting at which ‘the regulator operates. The
thermistor, therefore, will cause the regulator
to operate at a lower setting during hot
weather and at a higher setting during cold
weather.

In order to make the regulator more stable,
a resistor R6 and a capacitor Cl are added
to the circuit, Consider first the resistor R6.
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Since the resistance of transistors decreascs
with increases in temperature, it is possible
at higher temperatures for a small leakage
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current to flow through the emitter-collector
of transistor TR2 even though the zener diode
completely blocks emitter-base current. This
leakage current would cause more heating in
transistor TR2, lcading to more leakage cur-
rent and eventually to regulator damage. To
prevent this, resistor R6 is connected across
the emitter-base of the transistor.

The filter capacitor C1 is connected across
resistors R2 and R3 to smooth out the system
voltage variations that appear across these
resistors.

Without the capacitor, as the output transistor
TR1 switches between “off” and “on,” the
generator voltage varies from a peak to a
minimum because of the action of the diodes.
The filter capacitor Cl, when added to the
circuit, smooths out these voltage variations,

resulting in more stable voltage control,
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On some models of regulators it is desirable
to assist the zener diode in reducing to a
minimum the length of time needed for the
transistors to switch from “on” to “off” and
from “off” to “on.” By reducing this time fac-
tor the heat developed in the transistors is
decreased. To explain why this is true, con-
sider the accompanying illustration.

The heat developed in a transistor is pro-
portional to the product of voltage (V), cur-
rent (I), and time (t):

(V X I X t= heat energy).
When the transistor is turned “full on,” the
current is high but the voltage is very low,

so the heat developed in the transistor is very
low. When the transistor is “full off,” the volt-

age is high but the current is very low, so
again the heat developed is very low. How-
ever, as the transistor switches between on
and off and back again, the product of volt-
age and current becomes very appreciable. In
order to minimize the heat developed during
the time between on and off, the time dura-
tion must be reduced to the shortest possible
interval. To accomplish this objective, resistor
R7 and capacitor C2 are included in the
circuit.
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To explain the operation of resistor R7 and
capacitor C2, consider the instant of time at
which the voltage across the zener diode D2
is 8 volts, and the zener diode starts to con-
duct current. The driver transistor TR2 and
output transistor TR1 can be made to switch
more quickly if the voltage across the zener
diode could suddenly be increased slightly,
say to 8.2 volts. This would cause the zener
diode to conduct instantly, and the two tran-
sistors to switch instantly.

When the output transistor TR1 turns off,
the current through resistor R7 decreases, and
the very small voltage drop across resistor R7
decreases. This causes the potential at the
emitter of transistor TR2 to increase, say by
.1 volt. Now the voltage across the zener
diode is 8.1 volts.

Also, when the output transistor TR1 tumns
off (acts like an open switch), the voltage
potential at its collector starts to decrease,
because the collector is no longer connected
to the generator output terminal. This lowered
voltage is reflected through capacitor C2 to



the potentiometer side of zener diode D2
Assume this lowered voltage to be .1 volt,
Now the voltage across the zener diode is
8.2 volts, and it acts almost instantly to cause
the transistors to switch.

As the system voltage decreases, the voltage
across the zener diode drops below 8 volts,
the zener diode suddenly “shuts off,” and the
two transistors revert back to the full gen-
crator ficld voltage condition. With transistor
TRI turned on, the higher voltage at its col-
lector is reflected through capacitor C2 to
cause the zener diode to operate almost
instantly.

summary

This concludes our study of the principles on
which the transistor regulator opcrates. It is
to be emphasized that some models of reg-
ulators do not use all of the components
covered in our discussion. Specific circuits,
along with trouble-shooting procedures, are
covered in complete detail in the applicable
Delco-Remy Service Bulletin for every model
of transistor regulator,

the Delco-Remy
education program

The Delco-Remy Education Program is de-
signed to provide to mechanics and students
up-to-date technical information on automo-
tive clectrical equipment.

This manual, one of a series, is a part of the
program. Used in a classroom in conjunction
with training charts, these manuals aid in ex-
plaining the theory of operation and construc-
tion of electrical units,

Also available to servicemen and students is
a series of Maintenance Ilandbooks. Each
handbook is a collection of Delco-Remy ser-
vice bulletins, They serve as a reference in the
maintenance and testing of electrical units.

Test Specification Booklets contain service test
data for the electrical units manufactured by
Delco-Remy. These booklets are designed for
automotive clectricians engaged in mainte-
nance and testing.

Strip films with records and film booklets
cover the hasic operation and maintenance of
units in clectrical systems. There are many
pictures and a wealth of information in dia-
grams and legends.

Other booklets cover various phases of main-
tenance and testing procedures for Delco-
Remy electrical units and their related circuits.

For complete information on the availability
and cost of the above material write to: Tech-
nical Literature Department, Delco-Remy Di-
vision, General Motors Corporation, Anderson,
Indiana.



