operating
principles of
Deilcotron Integral
Charging Systems

In the review of electrical fundamentals, it
was observed that a voltage will be induced in
a conductor when a magnetic field is moved
across the conductor. For example, consider a
bar magnet with its magnetic field rotating in-
side a loop of wire.

et \:
—

AR
o
4 e Y "

DNy
NV -
~
\
.

ROTATING
LOAD MAGNETIC
CIRCUIT FIELD

CHANGED l
POLARITY

With the magnet rotating as indicated, and
with the S pole of the magnet directly under
the top portion of the loop and the N pole
directly over the bottom portion, the induced
voltage, as determined by the Right Hand
Rule, will cause current to flow in the circuit
in the direction shown. Since current flows
from positive to negative through the external
or load cireuit. the end of the loop of wire
marked “A” will be positive (+) polarity and
the end marked “"B” will be negative (=),

After the bar magnet has moved through one-
half revolution, the N pole will have moved
directly under the top conductor and the S
pole directly over the bottom conductor. The

induced voltage as determined by the Right
Hand Rule will now cause current to low in
the opposite direction. The end of the loop of
wire marked A" will become negative (—)
polarity, and the end marked "B” will become
positive (=), Therefore, the polarity of the
ends of the wire has changed. After a second
one-hall revolution, the bar magnet will be
back at the starting point where “A™ is positive
{+) and "B" negative { — ). :

Consequently, current will flow through the
load or external cirent first in one direction
and then in the other. This is an alternating
current which is developed internally by a
Deleotron Integral Charging System,

A Delcotron Integral Charging System made
with a bar magnet rotating inside a single loop
of wire is not practical, since very little voltage
and current are produced. The performance is
improved when both the loop of wire and the
magnet are placed inside an iron frame. The
iron frame not only provides a place onto
which the loop of wire can be assembled, but
also acts as a conducting path lor the magnetic
lines of forece, Without the iron frame, magnet-
istm, after leaving the N pole of the rotating
bar magnet, must travel through air to get to
the S pole. Because air has a high reluctance
to magnetism, only 4 few lines of force will
come out of the N pole and enter the S pole.
Since iron conducts magnetism very casily, ad-
ding the iron lrame greatly increases the nume-
ber of lines of force between the N pole and
the § pole. This means that more lines of force
will be cutting across the conductor which lics
between the bar magnet and the frame,

STRONG FIELD

WEAK FIELD

CONDUCTOR
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HIGH Low
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It is important to note that a very large num-
ber of magnetic lines of force are at the center
of the tip of the magnet, whereas there arc
only a few hnes of force at the leading and
trailing edges of the tips. Thus, there is a
strong magnetic ficld at the center and a weak
maguetic field at the leading and trailing
edges. This condition results when the dis-
tance, called the air gap, between the magnet
and field frame is greater at the leading and
trailing edges than at the center of the magnet.

The amount of the voltage induced in a con-
ductor is proportional to the number of lines of
force which eut across the conductor i a
given length of timc. Therefore, if the number
of lines of force is doubled, the induced volt-
age will be doubled.

/

INCREASING
YOLTAGE

INCREASING LINES OF FORCE
OR
INCREASING SPEED OF ROTOR

The voltage will also increase if the bar
magnet is made to turn faster because the lines
of force will be cutting across the wire in a
shorter period of time.

It is important to remember that either
increasing the speed of rotation of the bar
magnet, or increasing the number of lines of
force cutting across the conductor, will resnlt
in increasing the voltage. Similarly, decreasing
the speed of rotation or decreasing the num-
ber of lines of force will cause the voltage to
decrease,

The rotating magnet in a Delcotron Integral
Charging System is called the rotor, and the
loop of wire and outside frame assembly is
called the stator.

. GENERATED VOLTAGE

ONE CYCLE
= MAXIMUM VALUE
o
S+ |
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Pictured in the illustration are different posi
tions of the rotor as it rotates at constant
specd. In the top portion of the illustration is a
curve showing the magnitude of the voltage
which is generated in the loop of wire as the
rotor revolves.

The voltage curve shows the generated volt
age or electrical pressure which can be mea-
sured across the ends of the wire, just as volt-
age can be measured across the terminal posts
of a battery.

With the rotor in the first position (1), there is
no voltage being generated in the loop of wire
because there are no magnetic lines of force
cutting across the conductor. As the rotor
turns and approaches position (2}, the rather
weak magnetic field at the leading edge of the
rotor starts to cut across the conductor, and
the voltage increases. When the rotor reaches
position (2), the generated voltage has reached
its maximum value, as shown above the hori-
zontal line in the illustration. The maximum
voltage occurs when the rotor poles are
directly under the conductor. It is in this posi-
tion that the conductor is being cut by the
heaviest concentration of magnetic lines of
force.

It should be noted in particular that the mag-
nitude of the voltage varies because the con-
centration of magnetic lines of force cutting
across the loop of wire varies. The voltage
curve shown is not a result of a change in rotor
speed, because in the illustration the rotor is
considered to he turning at a constant speed.




w
IN -}—1_1

By applying the Right Hand Rule to position
(2), 1t is seen that the direction of current in

the loop of wire will be out of the top end of

the conductor, and into the bottom end. Thus,
the top end of the conductor will be positive,
and the bottom end negative. The voltage
curve which is shown above the horizontal
line represents the positive voltage at the top
end of the wire loop which is generated as the
rotor turns from position (1) to position {3}

As the rotor turns from position (2) to position
{3}, the vaoltage decreases until at position (3)
it again becomes zero.

As the rotor turns from position (3) to position
(1), note that the N pole of the rotor is now
passing under the top part of the wire loop,
and the S pole under the bottom part. From
the Right Hand Rule, the top end of the loop
of wire is now negative, and the bottom end
positive. The negative voltage at the top end
of the loop is pictured in the illustration by the
curve which is below the horizontal line,

The voltage again returns to zero when the
rotor turns from position {4) to position (5).

The voltage curve in the illustration repre-
sents one complete turn or cycle of the rotor.
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With the rotor making 60 complete turns in
one second, there will be 680 such curves, one
coming right after the other, resulting in 60
cycles per second. The number of cycles per
second is called the frequency. Since the gen-
erator speed varies in automotive type appli-
cations, the frequency also varies.

The single loop of wire acting as a stator
winding, and the bar magnet acting as the
rotor, serve to illustrate how an A. C. voltage
is produced in a basic generator, When two
more separate loops of wire, spaced 120 de-
grees apart, are added to our basic generator,
two maore separate voltages will be produced.

With the S pole of the rotor directly under the
A conductor the voltage at A will be maximum
in magnitude and posttive in polarity. After
the rotor has turned through 120 degrees, the
S pole will be dircetly under the B conductor
and the voltage at B will be maximum posi-
tive. Similarly, 120 degrees later, the voltage
at C will be maximum positive, This means
that the peak positive voltages at A, B and C
in each loop of wire occur 120 degrees apart.
These loop voltage curves are shown in the
illustration.
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VOLTAGE

~— ONE CYCLE—=

When the ends of the loops of wire marked A;,
By and C; are connected to the ends marked
B, C and A respectively, as illustrated, a basic
three phase “delta”-connected stator is formed.
The three A. C. voltages available from the
delta-connected stator are identical to the
three voltages previously discussed, and may
now be denoted as the voltages from Bto A, C
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to B, and A to C, or more simply BA, CB and
AC. An inspection of the illustration will show
the logic of this notation. Example: The volt-
age formerly called AjA may now be called
BA.

When the ends of the loops of wire marked A,
By and C; are connected together, a busic
three-phase "Y"-connected stator is formed.
The three voltages available from the “Y"-con-
nected stator may be labeled BA, CB and AC,

B f’B

PHASE
VOLTAGE
| +
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From the illustration it may be seen that cach
of these voltages consists of the vollages in two
loops of wire added together. For example, the
voltage measured from B to A consists of the
voltages in loops ByB and A A added together.
This addition vields a voltage curve BA simi-
lar in shape and form to the individual loop
voltages, except that the voltage curve BA will
be approximately 1.7 times as large in magni-
tude as an individual loop voltage. The addi-
tion of the loop voltages involves a mathemat-
ical process which will not be presented here,
since it is only necessary to remember that
three A. C. voltages spaced 120 degrees apart
are available from the “Y"-connected stator, as
illustrated. These voltage curves will be con-
sidered in more detail in the following sec-
tions.

At this point in our discussion we have devel-
oped the two basic types of stator windings,
and have shown how three separate complete

eyeles of A, C. voltage spaced 120 deprees
apart are developed for each complete revelu
tion of the rotor, We now turn our attention Lo
the diode, and will see how six diodes con-
nected to the stator winding change the three
A. C, voltuges to a single D, C. voltage needed
tor the . C. electrical system

A complete desceription of the operating prin-
ciples of diodes is covered in Deleo-Remy
Training Chart Manual DR-3133), entitled,
"Fundamentals of Semiconductors.” For the
purposes of this section, we need know only
that a diode is an cleetrical device that will
allow current to How through itsell in one
direction onlv. The diode is often pictured hy
this symbol, and current can How throngh the
diode only in the direction indicated by the
arrow,
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CURRENT FLOW

A

DIODE SYMBOL

When a diode is connected to an A. C. voltage
source having ends marked A and B, current
will How through the diode when A is positive
(+) and B is negative (— ). The diode is said
to be “forward-hiased,” and with the voltage
polarity across the diode as showu. it will con-
duct enrrent. When the voltage at A is nega-
tive and at B is positive. the diode is said to be
“reverse-biased” and it will not conduct cur-
rent.
FORWARD REVERSE
BIAS BIAS
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The current flow that would be abtained from
this arrangement is illustrated. Since the cur-
rent flows only half the time, the diode pro-
vides what is called "half-wave rectification.”
A gencrator having only one diode would pro-
vide very limited output,
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The output is increased when four diodes are
used to provide “full wave rectification.” Note
that the current is more continuous than with
one diode, but that the current varies from u
maximum value to a zero value. It is particu-
larly important to observe that the current
flow through the external load resistor is in
one direction only. The A. C. voltage and cur-
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rent have, thercfore, been rectified to a uni
directional or D. C, voltage and current. This
cirenit arrangement could be used to charge a
D. C. battery, but it does not produce the most
output that can be obtained in an Integral
Charging System.

RECTIFIER

STATOR

c —_—

¥ BATTERY

In order to obtain a higher output and a
smoother voltage and current, a three-phase
stator is connccted to six diodes which to-
gether form a “three-phase full-wave bridge
rectifier.” The operation of the “Y -connected
stator will be illustrated first, then that of the
delta-connected stator. A battery connected to
the D. C. ontput terminal will have its energy
restored ag the Integral Charging Svstem pro-
vides charging current. Note that the blocking
action ol the diodes prevents the battery from
discharging directly throngh the rectifier,

In order to explain the direction of current
flow in the stator-rectifier combination, we
will review briefly our previous discussion
concerning the three A. C. voltage curves pro-
duced in the "Y"-connected stator winding,
Our first reference was to the voltages devel-
oped in each loop. These loop voltage curves
AsA, BB and C,C are reproduced here for ref-
erence. However, these individual loop volt-
ages do not appear across the rectifier diodes,
because the rectifier is connected only to the
A, B and C terminals of the stator. Therefore.
the voltages which appear across the rectifier
diodes are the phase voltages BA, CB and AC.
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The phase voltage curves BA, CB and AC are
also reproduced here, and are obtained as pre-
viously explained by adding together each
pair of loop voltages. As an example, phase
voltage BA is obtained by adding together the
voltages in loops AjA and BB, In order to oh-
tain the phase curve BA, we add together the
voltage from B to By, and the voltage from A4
to A, Consider the instant when the voltage in
curve BA is maximum in magnitude and posi-
tive in polarity, At this same instant the volt-
age ByB is minus 8, or the voltage from B to B;
is plus 8. This value added to the A;A loop
voltage of plus 8 volts vields a maximum posi-
tive voltage of 16 volts for curve BA. By taking
different instants of time, the entire curve BA
and curves CB and AC, can be obtained in
this same manner.

For convenience, the three A, C. voltage
curves provided by the “Y"-connected stator
for each revolution of the rotor have been di-
vided into six periods, 1 throngh 6. Each
period represents one-sixth of a rotor revolu-
tion, or 80 degrees.

An inspection of the voltage curves during
period | reveals that the maximum voltage
being produced appears across stator termi-
nals BA. This means that the current flow will
he from B to A in the stator winding during
this period, and through the diodes as illus-
trated.
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In order to see more clearly why the current
flows during period 1 as illustrated, assume
that the peak phase voltage developed from B
to A is 16 volts. This means that the potential
at B is zero volts, and the potential at A is 16
volts, Similarly, from the curves the phase
voltage from C to B at this instant is minus &
volts. This means that the potential at C is 8§
volts, since C to B, or 8 to zero, represents a
minus 8 volts. At this same instant the phase
voltage from A to C is also minus 8 volts. This
checks, since A to C, or 16 to 8, represents
minus 8 volts,

Neglecting voltage drops in the wiring, and
assuming a one volt drop in the conducting
diodes, the voltage potentials are noted on the
rectificr. Only two of the diodes will conduct
current, since these diodes are the only ones in
which current can flow in the forward dirce-
tion. The other diodes will not conduct cur-
rent because they ure reverse biased. For ex-
ample, the lower right-hand diode is reverse
biased by 7 volts (15 — 8 = 7}, and the right-
hand middle diode is reverse biased by 15
volts (15 — O = 15). It is the biasing of the
individual diodes, provided by the stator, that
determines how current flows in the stator-
rectifier combination. Throughout period 1 the
current flows as indicated, because the bias
direction across the diodes does not change
from that shown. Although the voltage poten-
tials across the diodes will vary numerically,
this variation is not sufficient during period 1
to change a diode from reverse bias to forward
bias and from forward bias to reverse bias.



An inspection of the phase voltage curves will
reveal that between periods 1 and 2 the max-
imum voltage being impressed across the
diodes changes or switches from phase BA to
phase AC. This means that as the maximum
voltage changes the current flow will change
from BA to CA.
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It is important to note that the maximum volt.
age being produced in the stator windings
during period 2 appears across phase AC and
that this voltage is negative from A to C,
Taking the instant of time at which this volt-
age is 16 volts, the potential at A is 16, and at
Ciszero (Ao C,or16t0 0, is a negative or
minus 16). Similarly, at this same instant, the
voltage across phase BA is 8 volts, and across
phase CB is § volts, This means that the poten-
tial at B is 8 volts, as shown. The direction of
current flow during period 2 is illustrated,
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Following the same procedure for periods 3-6,
the current flow conditions can be determined,
and are shown in the illustrations. These are
the six major current flow conditions for a
threc-phase “Y"-connected stator and rectifier
combination.

The voltage obtained from the stator-rectificr
combination when connected to a battery is
not perfectly “Hat,” but is so smooth that for all
practical purposes the output may be consid-
ered to be a non-varying D. C. voltage. The
voltage, of course, is obtained from the phase
voltage curves, and can be pictured as illus-
trated.

CBA CA CB AR AC BC

D. C. OUTPUT

TIME
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A delta-connected stator wound Lo provide the
same output as a Y -connected stator also will
provide a smooth voltage and current output
when connected to a six-diode rectifier. For
convenience, the three-phase A, C. voltage
curves obtained from the basic delta connec
tion for one rotor revolution arce reproduced
here and have been divided into six periods.
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During period 1. the maximum voltage being
developed in the stator is in phase BA. To de-
termine the direction of cnrrent flow, consider
the instant at which the voltage during period
1 is at & maximum, and assume this voltage to
be 16 volts. The potential at B is zero, and at A
is 16. From the curve, it can be seen that the
voltage of phase CB is a negative or minus §
volts. Therefore, the potential at Cis §(C to B
or § to 0 is & minus 8 volts). Similarly, the volt
age of phuse AC is minus 8 volts, This checks,
since A to C, or 16 to 8, is a minus 8. These
voltage potentials are shown in the illustra
tion. The enrrent How through the rectifier ix

exactly the same as for a4 “Y"-connected stator,
since the voltage potentials on the diodes are
identical.

An inspeetion of the delta stator, however, re-
veals a major difference from the “Y” stator.
Whereas the "Y' stator conducts current
through only two windings throughout period
1. the delta stator conducts current through
all three, The reason for this is apparent, since
phase BA is in parallel with phase BC plus CA.
Note that since the voltage from B to A is 16,
the voltage from B to C to A also must be 16
This is true since § volts is developed in cach
of these two phases.

During period 2, the maximum voltage devel-
oped is in phase AC, and the voltage poten-
tials are shown on the illustration at the in-
stant the voltage is maximum. Also shown are
the other phase voltages, and again, the cur-
rent How through the rectibier is identical to
that for a “Y" stator, since the voltages across
the diodes are the same. However, as during
period 1, all three delta phases conduct cur-
rent as illustrated.



Following the same procedure for periods 3-6,
the current flow directions are shown. These
are the six major current flow conditions for a
delta stator.
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This concludes our study of the fiindamental
principles by which a simple. basic generator
develops three A, C. voltages which are then
rectificd to a single D. C. voltage and current
for use in the electrical system. Although the
typical voltage values used in the recent illus-
trations ignore line drops, they serve very well
Lo show in simplified fashion the sequence and
direction of current flow through the stator
and diodes.

The Delcotron Integral Charging System is
constructed with more than just & bar magnet
as a rotor and three single loops of wire as a
stator.

A typical rotor assembly consists of two iron
pole pieces with interlacing fingers mounted
over many turns of wire which are wonnd over
the rotor core mounted on the shaft. The rotor
coil is connected clectrically to the two slip
rings, which are then connected to the battery
through the brushes and leads. When ener-
gized. the rotor coil is an electromagnet which
produces alternate North and South poles,
The rotor shown has a total of 14 poles.

A typical stator assembly consists of three sep-
arate windings mounted on a laminated iron
frame. The windings are connected together o
form a “Y" or delta comnected stator. An in-
complete stator assembly with only one of the
windings is illustrated.
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Each winding consists of seven coils, and each
coil contains many turns of wire. There is one
coil for cach pair of rotor poles. A complete
eycle of A, C. voltage will be generated
each coil as a North and South pole pass by
the coil. With seven coils in series, each being
influenced by a North and South pole simulta-
neously, there will be seven coil voltages ad-
ding together to provide a complete winding
voltage. In the previous section, a two-pole
magnet type of rotor was used to show that.a
complete cyele of A, C. voltage will be pro-
duced for each rotor revolution. With a
14-pole rotor, seven complete cycles of A. C,
voltage will be produced for each rotor revolu-
tion.

‘Tweo more identical windings mounted on the
iron frame complete the assembly. These
windings are spaced so that the stator delivers
three.phase A. C. voitage as covered in the
previous seetion.

A typical diode is of the small “button” type,
with six assembled hetween two heat sinks to
form a rectifier bridge. The stator is connected
to three studs on the rectifier bridge to form an
electrical circnit as previously shown.

With a rectifier bridge containing six diodes, a
stator with many turns of wire, and a rotor
producing a strong magnetic field, the Integral
Charging System becomes an eflicient source
of voltage and current in the charging circuit.

We now turn our attention to the regulator,
which is assembled inside the Integral Charg-
ing System.

The need for a regulator in the charging cir-
cuit is brought about by the fact that the gen-
erator voltage increases with increases in gen-
erator speed, Since sufficient voltage must be
developed at low speeds to charge the battery
and operate electrical aceessories, this voltage
if uncontrolled at high generator speeds would
increase to values that would overcharge the
battery and damage the accessorics. The sole
function of the regulator is to prevent high
voltage by limiting the generator voltage to a
sate, preset value,

UNLIMITED

LIMITED

GENERATOR
VOLTAGE

GENERATOR SPEED

The regulator limits the generator voltage to a
presct value by controlling the generator field
enrrent, [t operates electronically to alternately
“turn off" and “turn on” the voltage across
the field winding. In a sense, the transistor regu-
lator is nothing more than a very fast-acting
electronic switch. This switching, between
open and closed and back again, can oceur at
a rate as low as 10 times per second, and as
high as 7000 times per second.

There arc two types of regulators used in Inte-
gral Charging Systems. One type is a discrete
component assembly, which can be serviced
and repaired by replacement of defective com-
ponents. The other type is an integrated cir-
cuit regulator, which contains micro-miniature
electronic components too small to be seen in
detail without a microscope, The integrated
circuit regulator is serviced by complete
replacement only.



Both types of regulators use the same basic
electronic cireuit. Since this cirenit contains
transistors, the regulator is commonly called 4
transistor regulator.

In order to simplify our explanation of this cir-
cuit, we will usc a basic Integral Charging
System (stator, rectifier bridge, and rotor field)
connected with a negative ground battery to
the regulator. More detailed diagrams of the
circuits found in the various types of Integral
Charging Systems will be presented in the
next section. At this point in our story, we arc
concerned only with seeing how a transistor
regulator works,

In order to do this, we will *build up” the typi-
cal regulator circuit step by step, adding com-
ponents as we go until the circuit has been
completed.

Our “build up” of the basic circuit begins with
an output transistor TRI, a resistor R1, and
three diodes which together comprisc the
diode trio. A typical diode trio is illustrated.

Note that the diode trio is a separate unit and
is not inside the regulator, Our Integral
Charging System now consists of a stator. field
or rotor, rectifier bridge, diode trio and regu-
lator. This assembly is connected to the hat-
tery through an ammeter which indicates the
battery charge rate.

The operation of this sytem is explained as
follows: Voltages are generated in the stator
initially by residual magnetism in the rotor.
These voltages are impressed through the
diode trio and across R1 to forward bias the
emitter-base of TR1,
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As rotor speed increascs, the vollages increase,
and current flows from the stator. through the
diode trio. Rl, the base-emitter of TRI,
through the ground circuit, and back to the
stator through the gronnded diodes in the
rectifier bridge. With TR turned on, current
also flows from the stator through the diode
trio, the field, TRI, the ground circuit and the
grounded diodes in the rectifier bridge hack to
the stator,

With current flow throngh the field, & strong
magnetic field is produced in the rotor, and
high voltages that would overcharge the bat
tery would be induced in the stator at high
speeds. We now proceed to add more compo-
nents to the regulator, toward our final objec-
tive of a regulator that will regulate the Inte-
gral Charging System voltage by turning the
voltage across the ficld on and off, thus con-
trolling field current. In the following discus-
sion, current through the regulator will be
supplied us before, through the diede trio.

In this illustration, a back-bias diode D1, «
driver trausistor TRZ, and a series of resistors
R2 and R3 have been added.
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With current How through R2 and R3, the
voltage between R2 and RS ix applicd to the
base of TR2, turning TH2 on. Transistor TR2
acts like it has cssentially zero resistance, so
the voltage at the emitter of TR1 is the same as
the voltage between R1 and D1. This means
that the basc-emitter of TRL is no longer for-
ward biased, so it turns off, and the field cur
rent is turned off. Now some means must be
found to turn the field current and voltage
back on, which will be done in the next cir-
cuit.

If enrrent were to flow through DI and the
hase-emitter of TR1, the voltage drop across
D1 would make the voltage between Rl and
D1 higher than at the collector of TRI1. This
condition is prevented by TR2.

In owr next circuit, we have added a zener
diode D2, which is connected in the circnit to
block current How through the base-emitter of
TR2Z. With TR2 turned off, it acts like an open
switch, and current flow is re-established
through R1, D1, TR1, and the field.
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Since zener diode D2 is a special kind of diode
that will allow current to flow when the volt-
age across the dinde reaches a certain value,
let us assume to illustrate how this diode
works, that the Integral Charging System is
operating at 14 volts. With L4 volts across R2
and R3, the voltage divides such that 8§ volts
appears between R2 and R3. This same 8 volts
is impressed across D2 and TR2, and we are
assuming that 8 volts is the breakdown voltage
ol D2,

Thercfore, when the system voltage increases
to 14 volts, D2 and TR2 suddenly conduct cur-
rent to “turn on”, and TRI is forced to “turn
off . The field current decreases a very small
amount and the system voltage decreases
very slightly Lielow 14 volts. D2 and TR2 “turn
off ”, TRI turns back on, the field current in-
creases very slightly, and the system voltage
increases back to 14 volts. This switching of
TRIL between on and off and back on again
controls the field current and limits the volt-
age essentially to 14 volts. We now have a
workable regulator — one that limits the eld
current and hence the voltage over a veny
narrow range to give what for all practical
purposes, is a steady 14-volt regulator setting.

Different regulators, of course, may have dif-
ferent voltage settings, depending on the volt-
age requircment of the system involved. Also,
the voltage setting may vary with tempera-
ture, with the regulator operating at a lower
voltage when hot to better meet the voltage
requircments of a hot battery, Other systems
may not be temperature compensated,
operating at a constant voltage throughout the
temperature range.

The wiring circuit illustrated is temperature
compensated. The arrow in R2 indicales that
this is a special kind of resistor that decreases
its resistance with increases in temperature.
The hotter the regulator, the lower will be the
voltage setting, which is explained as follows:

The important thing to remember is that the
regulator operates when 8 volts appears across
D2. Thus, the regulator must operate to pro-
vide a constant current through R2 and R3 in
order to get 8 volts across R3. If R2 decreases
with temperature increases, the system voltage
decreases also, giving a constant current
through R2 and R3, Thus. at 80°F, the voltage

setting might be 14.0 volts and at 100°F, the
setting nught be 13.7 volts.

In the next illustration, C1. R4 and D3 have
been added. These components make the regu-
lator more stable and prevent dumage to the

transistors.
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Capacitor C1 smooths out the system voltage
variations that appear across R3, giving more
stable and constant voltage control.

Resistor R4 prevents leakage current from the
base to emitter of TR that could occur at high
temperatures, even though TR2 has turned
TRI off.

Diode D3 is connected across the field to pre-
vent high induced voltages in the field when
TR1 turns the ficld off. High induced voltages
could damage TRI, causing it to become
shorted or open.

This completes our story on how the basie cir-
cunit in an Integral Charging System works. In
the next section, we will look at some of the
various types and designs of Integral Charging
Svstems,



