ELECTRONIC CIRCUITS NAVSHIPS

SECTION 5
YOLTAGE-REGULATOR CIRCUITS
PART A, ELECTRON-TUBE CIRCUITS
GAS-TUBE REGULATOR.
APPLICATION.

The gas-tube requlator circult is used in certain elec-
tronic equipment power-supply circuits to obtain nearly
constant output volage(s).

CHARACTERISTICS.

Regqulated output voltage to load is nearly constant;
voltage drop across regulotor tube remains nearly conswnt
for considerchble range of tube currents.

Voltage-divider principle empleyed, using fixed resist-
ance and variable resistance {yaseous regulatot tube) in
series; reguioted load is taken from across reguiator tube.

Variation in basic citcuit permits positive {plate and
screen) or negative (bias) supply veltages to be reyulated.

CIRCUIT ANALYSIS.

General. The gas-tube requlator is one of the simplest
types of voltage regulators. The requiator circuit consists
of a fixed resistor in series with a cold-cathode, gas-filled
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regulator tube, The requlated output voltage is developed
across the requlator tube; therefore, it is across this tube
that the load 15 connected.

The requlator circuit develops a definite output voltage
which is dependent upon the type of yas tube used in the
circuit, provided that the variation in load current {s within
the operating range of the tube type employed. Gas tubes
ate rated according to the voltage appearing actoss the
tube during normal operation and accarding to the maximum
permissible current through the tube. Typical approximate
operating voltage ratings for cold-cathode yas-iilled tubes
are 75, 90, 109, and 130 volts d-c; typical maximum curment
ratings are 30, 40, and 50 milliamperes.

Cireuit Operation, In the accompanylng circult schematic,
pcrts A and B illustrate g gas tube ysed in g basic veltage
ceaqilator chaalt Bnmistar R iz the cerisc recistne: elactron
tube V1 is the gas-tiiled requlcnor tube, The circutt given
in part A provides requlation of o positive input voliage,
while the circuit given in part B provides regulation of o
neqative input voltoge, Several requlator tubes may he con-
nected in a series cc:rnbmction, if desired, 1o obtain a highet
regulated ocutput volthe In the occompanying circuit
schematic, parts  andD illustiate two requiator tubes in
series. The circuit given in part C provides requiation
of a positive input voiioge, while the circuit given in pat
D provides requlation of a neyative input voltage, Inter-
mediate requiated vollages can be obtained from the lunction
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ELECTRONIC CIRCUITS NAYSHIPS

of the regulator tubes in the latter two circuits [or from the
junction of ay series combingtion of requlator tubes),
orovided that the current drain of the associated load is
kest low.

The cold-zathode gas-tilled regulator tube is z two-
electrode tube with a cathode and plate. The evacuated
tube contains a small amount of 4yas, such as necn, which
is sealed inside the tube. when sufficient voltoye is ap-
plied to the tube, ionization of the gds melecules occurs
and is responsibie for the current passing through the tube
duriny operation. [f a yos tube is connected direcily acress
a source of voitaye which is high enough to iorize the gas,
the current will immedictely increase to such prooortions
that the tube may be damaged. The use of q series resist-
ance is essential, therefore, to limit the curtent through
the tube.

There are two separote voltages o be considered in
discyssing the conditions under which the regulator tube
will tonize and operate; these voltages are the breakdown,
or fiting, voltage and the operating veltage. The breakdown
{or tiring) veltage is that voltaye at which the yas becomes
lonized and begins to pass curtent, Below this starting
voltage the gas will not ionize and current will not pass
through the tube. The operciing voltaye is the voltaye at
which the tube will remain jonized after having started.

Tr =2 is a considetable dilierence between the supply vol-
tc nd the voltage at which the requlator cperates,
“ifference is compensated for by the series resistor,
‘ch also serves 10 stabllize the load.
value of the series resistor depends upon the
n d-¢ voltage input 1o the regulator circuit, the re-
d-c cutput voltage, and the combined currents of the
of tube and the load. The resistor is generally chosen
t. - of sufficient resistance to limit the current through
the requlator tube to g value which is always less than the
rated maximum cperating current. The current throush the
requiater tube at the instant of ionization and belore the
load mureent has risen to its nomal value may initially
exceed the maximum value; however, as soen as the load
current rises to its normal value, the regulator tube current
drops to d value which is within operating limits because
of the series resistance in the circuit,

The ionization of the gas within the tube changes, de-
pending upon the applied voltaye; as a result, the intemnal
resistance of the requlator tube changes. ‘When the gpplied
voltaye increases, the ionization of the yas increases to
lower the tube tesistonce, and q larger current is passed.
Zonversely, when the applied voltaye decreases, the
jonization of the yas decreases to increase the tube resist-
ance, and a smaller current is passed.

From the accompanying circuit schematic, note that
the load current and the tequlatar tube current both pass
through the series resistor, Ra. If the d-¢ input voltage
to the requlator circuit drops, the voltaye across the regulator
tube also drops momentarily, at which time the gas within
the tube deionizes slightly and less cusrent passes through
the regulator tube. Therefore, the current through the series
resistor decreases by the amount of the decrease in the
regulator tube. Since the current through the seties resistor
decreases, the voltage drop across the resistor also de-~
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creases, and the cutput voltage delivered to the load in-
Creases to returmn 19 its otiginal value. In @ similar mannet,
if the input voltage to the regulator cirzuit increases, the
¥nltage aoross the tegulotor also increcses momentarily,

at which time the gas within the tube is further ionized and
Tote cultent passes through the regulator tube, Thus, the
current through the series resistor is increased. 3ince the
carrent through the series resistor increases, the voltage
drop across tne resistor also increases, and the qutput
voltaye delivered to the load decreases to return to its ori~
gindl value, Nhen the value of the series resistance is the
cotrect vaiuz lor the load to be regulated, the output vol-
t1ye is held nearly constant by the action of the regulator
tube. As just described, this action denends upon the fact
taot changes in the lonization of the gas within the tube
varies the amount of current that the tube conducts.

The discussion above assumed that a chanre ocourred
in the d-c input voltage applied to the regulator clrcuit.
However, the requlator circuit alse compensates for changes
accurring in the logd cusrent. U the load current should
increase, the voltage drop actoss the series resistor, Rs,
will immediately increase. As aresult, the voltage across
the requlator tube decreases momentarily, at which time
the yas within the tube deionizes sliyhtly and less current
passes through the requlator tube. Thetefore, the current
through the series resistor decreases by the amount of the
decrease in the requlator tube. Since the current through
the series resistor decreases, the voltaye drop across the
1es{310T also decreases, and the output voltaye delivered
to the load increases, retuming to its original value, Ina
similar manner, if the load current should decrease, the
voltage drop across the series resistor will immediately
decrease. As a result, the voltaye across the requlator
tube increases momentarily, at which time the gus within
the tube is further ionized and more current passes through
the regulator tube. Thus, the curtent through the series
resistor is increased. 3ince the cutrent through the series
resistor incteases, the voltaye drop across the resistor
also increases, and the cutput veltage delivered to the load
decreases, returning to its original value. From the dis-
cussion yiven here, it is seen that the output voltage is
held nearly constant by action of the regulator tube when
chanyes occur in the lood current.

The d-¢ input voltage required to cause icnization
of the requlater tube when the circuit is first energized is
approximately 30 percent greater than the operating voltage
specified for the requictor tube. The output voltage of the
requlator circuit quickly drops to the opetating value
of the regulator tube as soon as the tube ionizes and beyins
to conduct, causinyg o voltage drop to appear across the
series resistance, Ha In order to obtain stable operation,
the requiater tube must be operated so that it is ionized at
all times, and its opercting current must fali within speci-
fied maximum and minimum current ratings. If, for some
reason, the operating cutrent exceeds the specified maximum
current rating of if the voltage across the tube is excessive,
the tube will become highly ionized, will lose its ability
to regulate, and may be permanently damayed. Conversely,
if the opetating current drops below the specified minimum
current rating {approximately 5 milliamperes), the tube wiil
become deionized and will no longer requlate the output.
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ELECTRONIC CIRCUITS NAYSHIPS
Also, if the voltaye across the regulator tube drops below
the specified operating voltage to a value which is approxi-
mately 70 percent of the breakdown (or firing) voltage, the
tube will become deionized.

The value of the series tesistor, Rg, can be approx-
imated using the following formula:

e };:bb- Eo

where: Vp + licay)

Epp = unreguiated d-c input {supply] voltage

E, = requlated output voltage (to load)

Ip = requlator-tube current

lioad = load current
When operation ol the regulator tube is desired gt the mid-
voint of its rated current range, the value of tube curreat

i) 10 e aboua Ememal e e
used 11 e ubove foimula iz given ast

o lmax tlon

where: 2

lmer = rated maximum tube current

Imin = rated minimum tupe current

In applications where a regulated voltage yregter than
the voltage rating of a single requlator tube is required,
several requlator tubes may be connectad in series to obtain
requigtion of the desired voltage. Furthermore, if the cur-
rent drain of the load is kept low, an intermediate requisted
voltoge can be obtained ot the juaction of any two regulator
tubes of the series. Parts C end D of the accompanying
circuit schematic illustrate two regulator tubes connected
in series, This circuit configuration permits a [ower
requiated voliage {Ep Nu. 2} 1o be taken fom the d-¢ supply.
Note that the current throagh teguiator tube V2 and the
toad rurrent of the lower requlated voltage (Eo No. 2) must
pass through requlator tube V1i; therefore, the load current
of the lower voltaye must be relatively smell to prevent
the combined currents from exceeding the maximum current
rating of regulator tube V1,

FAILURE ANALYSIS.

General. Initially, some indication of the trouble
associated with a yas-tube regulator circuit can be obtaingd
by visual inspection to determine the presence of the cnarac-
teristic glow from the ionized gas within the tube. hen
curtent through the tube is near its maximum rating, the
tube is highly ionized; when the current is near its minimum
rating, the tube is lightly ionized; mereiore, me mnenmty ul
the qasecus discharye wilhin the tibe is an indication ¢t

tube conduction. If the tube i3 not ionized, nowever, this
L-Ji{Jr: Ui 535'CG;:uui11}' moan that the e is ’%"fp‘"iVP sinoe
the same mdication lack of characteristic glow) may pos-
z1or [RL) e if

PiEi ed

2sen ir\ wrlue

b“.uy occur i the series rasist
Lne d-c input voxtoge {Epr) is below normal, of if the !

urrent {5 excescive. It is therefors necessary to make d-c
32 measurements at the input and output terminals
of the voltage requlator circuit to determine whether the
fault lies within the regulator cire °t or whether it is exter-
nal to the requlator circuit,

The value of the series resistor, R, can be checked by

onmmeter measurements to determine whether any chonge

.
i ey rrent rating
in resisionge hos ovcuiied, J.l the maximum current ron )
il i

slatar tube is exceeded for g considerable lengih

oi ume 1he tube may be damayged and lese its reyulation
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characteristics; therefore, the regulator tube itself can be
suspected a5 a possible source of trouble. Furthermore, a re-
qulator tube which is subjected to a very strong -1 tield

may be undble to requiate while the field is present, be-
cause the 1-f field 'ncy ionize the gas within the tube in-

deoendem of the normal d-¢ conduction current.

::L{u.\ymE;u can operate satis-

factorily with o certcin amount of variation in the supply
voltage without affecting equipment perfomance. However,
the operation of certain circuits is very sensitive to slight
changes in supply voltage; thus, the use of a voltage requ-
later is required.

An electronic voltage requmtor is a device connected in
the ouIpul of ¢ power supply 0 iRGitain the sutpul voltage
at a specified value. The requlator circuit reacts qutomat-
ically within its design limits to compensate for any
Ph:mge in the output voitage, due either to o change in the

e shs P e Ty o

.;upp;y w0 'U" the load current. Thip 12
1A At
gu;utu:s acil

on can be f*ﬂefﬂbed as o form of negative
teedback.

The electronic voltage requlator can be compared to a
variable resistance , Bg, in series with the load resistance,
Ry, and the output of the rectifier and filter circuit, Such
a circuit is shown in the accompanying illustration. Vexi-
able resistance Rg and load resistance Ry form o voltage
divider. If the supply viltage incteases, resistance Rg is
incteased, causing a greater drop across it and thus main-
taining ¢ constant voltage across the load. On the cther
hard, if the supnly valtage decreases, resistance Rs is de-
cregsed, ogain maintaining o constant voltoge across the
load. Similar wariations in Rg occur for any voriations in
the load. If the ioad resistance increases, with a decrecse
in load current, Rs is made smalier; thus ihe voltage drop-
ped across it is less, and the voltage across the load is
maintained constant. With q decrease in the joad resist-
ance and a cortesponding increase in the load cuirent, the
resistance of Rg is made larger, causing a greater drop
across it; again the constant voltage actoss the load is
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voltage or the load cument, so that the voltage across the
lond is held constant,

In the simple voltage-egulator circait illustrated gbove,
it ic asoumed thot varianle reslstunce Re iz vored man-
ually 10 keep the voltage across the load constent, Inoan
actual requizted power supply, the control octicn required to
vary the series resistance, and, consequently, 1o produce
2 corresponding variakble voltage drop, is completely auo-
matic. This basic principle of voltage requlation is sed
in the electron-tube, d-c voltage requlatars to be described
in this section of the handbook.

An electron tibe may be considered as a variable re-
sistance, khen the tube is conducting, its elfective re-
sistance is the plate-to-cathode voltane divided by the
plate current. This colculated value ef resistance is cal-
led the d.c plate resistance, or By, of the tube, Tora
aiven applied plate voltage, the value of Fp depends on the
current through the tube, which, in turn, depends on the
grid bigs of the tube, Therefore, varying the grid bias ap-
plied to the tube controls the amount of current throuqt the
tube and couses the d-¢ plate resistance, R, to vary ac-
cordiagly.

The accompunying illustration shows g triode used as
a varigble resistance in a simple veltage-requlator circuit.

+
8,
INPUT FROM
RECTIFIER QUTRUT
AND FILTER R
CIRCUIT (LOAD)
o—

Simple Yoltoge-Regulator Circuit Using Triode Electron
Tube
The d-c clite resistance, Bp, of the series requlator

tube, V1, is ectablished by the grid bigs of the tube. The
actual grid bias, eq, is the grid-to-cathade voltage; it
equals EZ2 - EL. Patentiometer E2 is ploced across Eec
to provide a variable source of grid voltage. It is adjusted
until the grid bics is the value that will allew V1 to con-
duct the exact value of load current required to produce the
desired value of voltase El across load resistance Fy.
Thus, adjustment of the bias alters the By of V1 1o control
ihe current throuth the tuke, the voltage drop across the
tube, and, thersfore, the woltcre ocross the load, Consider
the condition where voltage El tries t¢ increase, due either
to an increase in the supply voltage, or to an increase in
the load resistance, As El goes more positive, ey is made
maore negative (g5 = Ez - E1), the conduction of the tube is
reduced, the valtage drop across the 1ube is incressed,
¢l the veltage ceross the load is kept constant. Con-
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woersely, if voltage El tends to decrease, due either 10 o
lecrease in the supply voltage or to a decrease in the load
rezistance, eq becomes less neqative, This causes an in-
leaze in the conductivity of the tube, a decrease in its
fip 9 corresponding dectease in the voltoge drop acress the
tibe; aiuin the voltaye across the logd is maintained con-
stant. In g properly Zesizned requlator circuit, the voltage
snange which cceurs across the series requlater tube is
apprarimately ezual 1o the veltage change which appears
ucross the combined resistance of the requlater tube and
the load; thus the voltaye across the load remoins constant.
Since the series requlator may not Se sufficiently
sensitive to small voltage changes, the output voltage of the
simgle voltage regulator may net be held chsolutely cor-
stant. Therefore, wnere the requlation must be held to a

smcll percentage, cdditiona! ampliticotion must be used to
increase the sensitivity of the requlator circuit.

Regulated Power Supplies. A complete regulated power
supply consists of a power source, a transformer, rectifier,
and filter circuit, and o d-¢ requlotor circuit. The d-c re-
gulater circuit may, in turn, be sthdivided into for parts:
series requlatar electron tube(s), d-c arplifier, voltage-
comparison circuit, and reference-voltage circuit. The d-c
amplifier, the voltage-comparison circuit, and the reference-
voltage circuit are considered as one complete functional
circuit, generally referred 1o as the cegulator-amplifier cits
cuit of the electronic voltage-regqulated power supply. The
design of the requlator-amplifier circuit depends primarily
uporn the degree of voltage regulation Zesired, ond is rela-
tively independent of the load current to be supplied, The
majority of requlated power supglies which are used to pro-
vide plate and screen potentials for electronic equipments
provice an gutput voltage of 150, 250, or 300 volts, dc,
with either a positive-output or o negative-output polarity.
A typical electronic voitage-requlated power supply is
shown in the accompanying block diagram.

REGUL ATED
OUTPUT

TRANSFORMER SERIES
PowiJ RECTIFIEA{S)}—w| REGULATOR -
TO LOAD

SOURCE |AND FILTER TUBE (5}
3

YOLTAGE -
F— COMPARISION
CIRCUIT

bD-C
AMPLIFIER

REFERENCE-

VOLTAGE
CIRCUIT

Block Diagram of Electronic Yoltage-Regulated Power
Supply

The series regulator tube, sometimes celled the series
contrel tube, used in the electronic voltage requlator is
qgenerally one of three possible circuit confiqurations: a
tricde-connected beam power nibe, such as the type 616
cr 6Y86; o low-mu, high-conduction tricde tube, such as the
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ELECTRONIC CIRCUITS NAVYSHIPS
type BAST or 6080; or o beam power tube, such as the type
AL6, operated with o separate screen supply. The first
two configurations mentioned are in common use. The third
configuration has the disadvantage of requiring a separate
power supply for the screen potential; for this reason its
use is somewhat limited.

The triode-connected beam power tube used ¢s o series
veyuluion tube has higher gain characteristice and provides
a greater useful percentoge of rated capacity than do the
other circuit configurations; {n gddition, the triode~connect-
ed beam power tube requites a lower plate-voltage swing cf
the associated d~c amplifier. The low-muy, high-conduction
triode offers the advantage of a low d-c plate resistance;
the low-mu triode is frequently used where minimum power
loss in the requigtor circuit is an important consideraticn,
Il e hesm —“H'W'” Tihe r}r?n’"TPx 'HT.'] T SELEIULE Siteel: “'JP"
ply has ﬁe advantages of g high gain chmacteristic, a low
nlate resistance, and 7 generclly higher plate dissipation
than T.L;E first two u.un..lju.ct""“’ ment{gnad GbOVG hut it

] o TV S T L e Tt T T - - -4t
does have @ maud\duluugc in thov. o separtiesoreersvglt

supp;y i3 n:qunc:u-

Requlator-amplifier circuits generally fall into one of
several circuit configurations: single pentode, twin-triode
cascode, twin-triode cascade, twin-triode and pentode with
balanced input, and pentode and twin-tricde with halanced
output, For each of these requiator-amplifier circuit con-
figurctions, there are basic circuit variations which result
in different reference-voltage polarities, different connection
points for the amplifier plate-load resistor (s), various met-
hods used to obtain voltage comparison, and in the case of
a pontode dec amplifier, vorinns connection peints for the
screen-dropping stor, These and othe
variations will e d1scussoﬂ‘ in connecticn »
wpes of electronic voltage-reguicior oin
this section of the handbook.

D-C REGULATOR USING PENTODE AMPLIFIER.

APPLICATION,

The d-c requlator with series tube, pentode amplifier,
and yus-tube voltage reference is used in certain electranin
equipment power supply circuits 1o obt
output voltage(sh.

n

CHARACT ER!ST!CS
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Uses gas-tube r

JCUrCC.
Vutlution in basic circult pormite positive (plate and
scteen) or negative (bias) supply voiteges to be regulmed.

regulater circuit as reference-voliage
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CIRCIHT ANALYSIS.

General, The d-c requlater with triode series tube,
single-pentode amplifier, and gas-tube voltage reference is
capable of providing very stable cutput-voltage requlation.
The high amplification obtained from the pentode amplifier
stage enables the circult to have good sensitivity to small
output-voltage variations. In this type of voltage regulator,
requlation is accomplished by allowing the cathode-to-plate
resistance of an eleciron tube, in series with the ocutput of
a power supply, to function as a variable resistance, and
thus provide the voltage drop necessary to compensate for
any change in output voltage. Voltage requlction which is
better than I percent can be obtained with this type of re-
gulator, depending upon circuit design.

Typical regulated output voltages obtained with this
regulater cirouit cre 150, 280 and 300 wnlts, de.

Circuit Operation. A typical voltoge reguiater clrcuit
using a pentode umplifier and gas-tube volicge reference is
illustrated in the accompanying circuit schematic, Electron
tihe VI s o twin triode used as the series regulator tube;
V2 is a pentode used as g d-c amplifiet; V3 is o cold-cath-
ode, gas-filled requlmtor tube used to provide a reference
voltage for operation of the requlator-amplifier circuit. Re-
sistors Rl and B2 are voltage-dropping resistors connected
in series with regulator ube V3 across the input circuit.
in addition, they function as a voltage divider to provide
d-c potential for the screen grid of V2. Cl, connected in
parailel with requlater tube V3, is & bypass capacitor which
provides a low-impedance path ot the power-supply ripple
frequency {usually 120 cps), to reduce the possibility of
degeneration in the cathode circuit of V2.
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ELECTRONIC CIRCUITS NAVSHIPS

The value of capacitor Cl is usually a compromise be-
tween g value which offers low impedance to the power-
supply ripple frequency {usually 120 cycles) and a value
which is not so large as to affect normal cperation of the
requlator tube, V3. Capacitor C2 couples the full value of
ripple voltage from the output of the requlator circuit; if C2
were not used, only a portion of the ripple voltage would be
applied to the grid of V2, as determined by the voltage-
divider action of B9, K10, and R11. The value of this
capacitor is chosen to be just lmge encugh to provide satis-
factory ripple suppression. If the value of C2 is made too
large, the response time of the requlator circuit to norma! d-c
output-voltage variations will be affected; a value of from
0.01 te 0.1 of is typical in most requiator-amplifier circuits,
Capacitor C3 is connected across the output terminals to
lower the output impedance of the requlator circuit; the
value of this capacitor depends upon circuit design, but is
usually 2 uf or larger. Resistor B3 is the plate-load resis-
tor for the pentode amplifier, V2. Besistors B4 and RS, in
the grid eircuits of V1, are parasitic oscillation suppressors;
they are of equal value, generally between 270 and 1000
ohms. Resisters R6 and R7, in the cathode circuits of V1,
are included for the purpose of equalizing the current flow
in the parallel triode sections; these equalizing resistors
ate of equal value, generaily between 10 and 47 ohms, de-
pending upon citcuit design. Resistor BB, in the control-
qrid circuit of V2, is a parasitic oscillation suppressor.
Resistors R9, R10,and R11 form a voltage divider across
the output of the requlator circuit, and are in parallel with
the resistance of the load; resistor R10 is adjustable, and
is used to set the output voltage to the desired value the
cirguit is to maintain,

Electron tubes V1 and Y2 are indirectly heated, coth-
ode-type tubes; V1 normally has o high heaterto-cathode
voltage rating, while V2 has a heaterto-cathade woltage
rating which is typical for receiving-type tubes. Because of
the heater-to-cathode breckdown voltage limitations imposed
by the tubes themselves, it is usually necessary to isolate
the filament circuits from each other and to supply the fila-
ment {heater) voltages from independent souzces.

When the unregulated voltage, Eip, is first applied to
the input of the requlator circuit, voltage is applied to re-
gulater tube V3 through resistors Rl and R2, in series; V3
ionizes and begins to conduct, thus establishing a reference
voltage ot the cathode of V2. The action which occurs is
the same as that previously described under Gas-Tube
Regulater Circuir, in Section 5, Part A, of the handbook.
The voltage divider formed by resistors Rl and R2 es-
tablishes the voltage applied to the screen grid of V2. Re-
gardless of the value of d-c voltage opplied to the input of
the requlator circuit, the voltage at the cathode of V2 will
be held constant by the action of V3 for use as a reference
voltage; however, the voltage at the screen grid of V2 is
subject to change if the input voltage changes. This
sereen-citeuit configuration increases the gain of the ampli-
fier stage and also the regulator-amplifier sensitivity to
either input or output voltoge changes.

As previously mentioned, this regulator circuit is based
upon the voltage-divider principle of using o variable re-
sistance in the form of electron tube V1 in series with the
load resistonce. The requlcted output voltege, equt, ap-
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pears acrcss the voltage divider formed by series resistors
R8, RI0, and R11, which are connected across the output
of the regulator circuit and in parallel with the Joad. The
total resistance of these seties resistors in parallel with
the load resistance constitutes one part of the resistance
in the serles voltage-divider arrangement, which includes
the variable cathode-to-plate resistance of V1; the currents
which pass through the parollel branches {seties resistors
and load resistance} combine, and this total current passes
through the seties regulator tube, V1. When the cathode-to-
plate resistance of V1 is controlled to vary the veltage drop
across V1, the output voltage developed across the load
can be regulated ond maintained at @ constant value.

The veltage appearing at the plate of V2 is dropped
from the input to the requlator circuit through plate-load
resistor i3 and s applied to the control grids of V1. The
amount ¢f curtent through R3 and the resulting value of
voltage at the plate of V2 are determined by the bias on the
control grid of V2. The voltage applied to the grid of V2
is obtained from the voltage divider circuit composed of
B9, RID, and R11; the exact value of voltage applied to the
grid of V2 is determined by the setting of R10. Since the
potential at the cothode of V2 is maintained at a constant
positive value by the action of requlator tube V3, adjust-
able resistor R10 is set to the point where the bias applied
to the grid of VZ permits a predetetmined volue of current
to be drawn by V2. When V2 is conducting, the voltage
drop through plote-load resistor B3 develops a voltage ot
the grid of V1 which is less than elther the plate or cathode
voltoge of V1; the difference in voltage between the cath-
ode of V1 and the plate of V2 is the operating bias for VL
Thus, the setting of resistor R10 determines the current
through V2, establishes the bias for V1, and initially deter-
mines the effective intemal resistance of V1 to obtain the
desired output voltage from the requlater circuit.

Assume that the requlated output voltage, Eout, attempts
to increase, either because of an increase in the input
voltage to the requlator eircuit or because of a decrease in
the load current. Through the voltage-divider action of re-
sistors R9, R10, and Rl1, a slightly higher positive voltage
now appears across R10 end R11. This results in an in-
crease in the positive voltage applied to the grid of V2 and
u corresponding dectease in the bias voltage between the
cathode and qrid. (The cothode voltage of V2 remains con-
stant because of the action of requlator tube V3.) Asa
result of the decreased bigs, V2 now conducts mote current,
and thiz additional current flow through plate-load resistor
R3 results in o greater voltage drop across R3; thus, the
voltage at the plate of V2 decreases and causes the dif-
ference in voltage between the cathode of V1 and the plate
of V2 to increase. This difference in voltage between the
cathode of V1 and the plate of V2 is the operating bias for
V1; thus, as a result of this voltage increase, the effective
internal resistance of V1 increases. When the intemnal re-
sistance of V1 increases, less load current flows through
V1, the voltage drop across V1 increases, and the output
voltage of the requlater eircuit decreases to its original
valuee..

Kn acticn similar to that just described occurs when
the requlated output voltage, Equt, attempts to decrease.
Through the voltage-divider action of resistors B9, R10,
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and R1l, the bias voltage between the cathode and grid of
V2 is increased, since a slightly lower positive potential
now exists across R0 and R1l. As a result of the in-
creased bias, V2 now conducts less current, and this de-
creased current flow through plate-load resistor B2 causes
a smaller voltage drop to accur across R3; thus, the volt-
age at the plate of V2 increases and causes the difference
in voitage between the cathode of V1 and the plate of V2o
decrease. This difference in voltage between the cathode
of Vi and the plate of V2 is the operating bias for V1; thus,
as a result of this voltoge decregse, the effective interncl
resistance of V1 decreases. When the internal resistance
of V1 decreases, more load current flows through V1, the
voltage drop across V1 decreases, and the autput voltage
of 1he requlc:tm' circuit increases W its ariqinul voiue.

practically 1nsrantcneous. consequently, the output voltcge
{Eout) remains practically constant. Since all of the load
current must pass through the series regul"tol tube, ‘Jl, the

In some ¢ircult cpplications wnere the load current require-
ments exceed the capabilities of asingle tube, two or more
identical tubes are connected in parallel {as the sections
of twin<triode V1 have been paralleled) irn order to obtain
suitable requlation characteristics and current-handling
capability.

The cutput of the requlator circuit is coupled to the
qrid of the pentode amplifier be, V2, through coupling
capacitor C2. Any ripple component present in the output
voltage is amplified by V2, and, since the circuit is basic-
& fzedhack ofrouit, the rinnle component is

eily u aegd
suppressed. Also, since the screen-grid voltage for V2 is
obtained from the unrequiated input voltage to the requlator
circuit the sensitivity of the amplifier to voltage changes
ic incregsed. As a result, the requlator circuit is sensitive
to uny voltage changes and is very effective in removing
any fundamental ripple-frequency component which is pre-
sent in the unrequlated voltage supplied to the input of the
requiotor circuit.

As previously menticned in this section, there are sev-
erci circuit variations possible for the seties regulaior tube,
V1. These variations in the series reguluto ircuit include
the use of a tricde {@ twin-tricde is shown in the schematic),
a tricde-connected pentode, and g pentade with separare
screen-voltage supply. Also, there are several variations
in the requlcnor-ampuner CIFCUil which wie wmmum,
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..... from m requlated-voltage source, Ansther
circuit variatio ...hown in part Bof the illustration, is con-
nection: of the plate-load resistor, R3, to the cathode ~ir-
cuit of V1 instead of to the plqte urcuu {as showrn in the
schematic}; in this case, ithe voltage drcp developed across
plate-load resistor R3 is the bias voltage for V1. Still
onomer clicuil vazigtion iz ohizining the veltage for apera-
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FAILURE ANALYSIS.

General. ‘itic voltage-regulater circuit includes seveiar
parts which are father critical and directiy affect operation
of the requlater circuit, For this reason, resistors B9, R10,
and R11, and perhaps resistors Rl and K2, are normally

close-tolerance resistors with good temperature stability
cnaracteristics. If for any reason these particular resistors
should chonge in vohae, the operation of the circuit will he

smne rod
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ELECTRONIC CIRCUITS NAYSHIPS

Since the regulator circuit attemps to hold the output
voltage constant, it is usuclly good practice to determine
whether the load current {s within tolerance before suspect-
ing trouble within the requlator cireuit. A load-current
megsurement may be made by inserting a milliammetet
(having a suitcble range) in series with the output of the
requlator circuit. Also, ¢ voltage measurement should be
made at the input to the regulator circuit te determine
whether the unrequlated voltage cutput from the power sup-
ply (and filter circuit) is within tolerance.

No Outpur. In the voltage-regulator cireuit using a pent-
ode amplifier, the no-output condition is likely to be
Iimited to one of the following possible causes: the lack
of filament voltage applied to series requlator tube V1, the
lack of applied d-c voltage {from the associated power sup-
ply and filter circuit}, or a shorted loed citcuit {including
output capacitor C3),

A visual check of the glass-envelope series-requlatar
tube, V1, should be made to determine whether the fila-
ment(s) is lit; if the filament is not lit, it may be open or
the filament voltage may not be applied. The tube filament
should be checked for continuity; alsc, the presence of volt-
age at the tube socket should be determined by measure-
ment.

The d-c voltage applied to the regulator circuit should
be measured at the input {(plate of V1) to determine whether
it is present and of the correct value, since the lack of in-
put voltage from the asscciated power supply and filter cir-
cuit causes a lack of output voltage.

With the d-c voltoge remaoved from the input to the cir-
cuit, resistance medsurements can be made across the load
(resistors RY, RICQ, and R11) to determine whether the load
circuit, including copacitor C3, is shorted. (The resistance
measured across the load circuit will normally measure
something less than the total value of series resistors RS,
R10, and R1l, depending upon the load circuit design.)

High Output. The high-output condition is usually
caused by a decrease in operating bias for the series re-
gulator tube, V1, which, in turn, causes the tube to de-
crease its internal resistance and permits the regulater cut-
put voltage to rise above notmal; therefore, any defects in
the requlator-amplitier circuit which can cause a decrease
in the operating bias for V1 are to be suspected.

Voltage measurements should be made ot the socket of
V1 to determine whether bias (cathode-to-grid} is present.
The series requlator tube, V1, may be checked by substit-
ution of a known goed tube to determine whether the tube
is defective (qrid-to-cathode short, etc).

A visudl check of the gas-filled regulmor tube, V3,
which provides a reference voltage for operation of the re-
gulator-amplifier circuit, should be made to determine
whether the tube is conducting. A voltage measurement
made between the plate and cathode of V3 will determine
whether sufficient voltage is present at the tube to cause
conduction. If the voltage is above nommal, the tube may
be defective; o tube known to be good may be substituted
to check for proper eperation of the circuit. If the voltage
measured across V3 is below normal, it is likely that re-
sistor Rl or RZ is open or possibly the d-c amplifier tube,
V2, is not conducting.

ORIGIHAL
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A visual check of amplifier tube V2 should be made to
determine whether the filament is lit; if the filament is not
lit, it may be open or the filament voltage may not be ap-
plied. The tube filoment should be checked for continuity;
also, the presence of voltage at the tube socket should be
determined by measurement. The qrid voltage applied to
V2 should be measured to determine whether the tube is
improperly biased ard causing the operating bias on VI to
decrease. Assuming that V3 is conducting normally to
provide a reference voltage, if the voltage at the grid of V2
is below nommal, is is possible that resistors K9 and R11
have changed in value or that resistor R10 is not set proper-
ly; however, if no voltage Is present ot the qrid of V2, the
tube will be biased to cutoff and V1 will conduct heavily
as qg result of decreased opercating bias. In this case, it is
likely that either resistor RS or a portion of R10 (connected
to B9} is open. If emplifier tube V2 has low emission, the
voltage drop across plate-load resistor B3 will be below
normal; therefore, a known goed tube should be substituted
and operation of the circuit observed tc determine whether
V2 is the cause of the trouble.

Low Output, The low-output condition is usually cous-
ed by an increase in operating bias for the series requlator
tube, V1, which, in turn, causes the tube to increase its
internal resistanc ond permits the sequloter output voltoge
to fall below nori.  therefore, any defects in the requlator-
amplifier circuit w. - can cause an increase in the apeta-
ting bias for V1 are . e suspected.

In the twin-triode series regulator tube, trouble in one
section {such as low cathode emission or an open tube ele-
ment) will cause da reduction in output. The tube may be
checked by substitution of o known good tube to determine
whether the tube is defective. Voltage measurements
should be made at the socket of V1 to determine whether
the bias (cathode-to-grid) is excessive. The equalizing
resistors, R6 and R7, in the cathode circuits of V1 should
be measured to determine that neither one is open, that
they have not increased in value, and that they are of equal
resistance.

A visual check of the gas-filled regulator tube, V3,
which provides a reference voltage for operation of the re-
qulator-amplifier circuit, should be made to determine that
the tube is conducting. A voltage measurement made be-
tween the plate and cathode of V3 will determine whethar
sufficient voltage is present at the tube to cause conduct-
ion. If the voltage measured across V3 is below normal,
or if no voltage is present, it is likely that capaciter Cl is
either leaky or shorted,

The grid voltage applied to V2 should be measured to
determine whether the tube is improperly biased, thus
causing the operating bias on V1 to increase, Assuming
that V3 is conducting normally to provide o reference volt-
age, if the voltage at the qrid of V2 is cbove normal, it is
possible that resistors B9 and Rl have changed in value
or that resister R10 is not set properly; however, if @ high
voltage is present at the grid of V2, the tube will conduct
heavily and V1 will conduct less as a result of an increase
in operating bios. In this case, it is likely that coupling
capacitor C2 is either leaky or shorted, or that either re-
sistor R11 or @ portion of R10 {connected to R11) is open,
Also, if amplifier tube V2 is sherted and conducting heavi-
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ly, the voltage drop ucross plate-load resistor B3 will be
excessive; therefcre, a known good tube should be sub-
stituted and operation of the circuit observed to determine
whether V2 is the couse of trouble.

As mentioned previously, excessive load current can
cause the output voltage to be low, especially if the load
current exceeds the maximum rating of series requlator
tube V1 (resulting in excessive voltage drop across V1) or
if the load current exceeds the rating of the power supply
(resulting in g decregse in the applied voltage}. For these
reasons, output capacitor C3 should be checked to deter-
mine whethet it is satisfactory; a leaky cutput capacitor
could result in reduced output voltage, although the requ-
lator cmplifior gircult moy he functioning normally hat s
unable to compensate for lhe decrease in output.

Poor Regulation Characteristics. Voltage instability,
zlow rosponse etc, are frequently caused by weak ot un-

) iy

anced triede sections in series regulater VI, unbalonced
de resistors Bb and R7, or a defective d—c amplifier,
V2. The gain of the d— amplifier stuge is determined pri-
marily by amplifier tube V2 and its applied voltages; there-
fore, the condition of V2 and its applied voltages are im-
portant fectors governing satisfactory operation of the regn-

lator circuit.

3
catho

D.C REGULATOR USING CASCODE TWIN-TRIODE
AMPLIFIER,

APPLICATION.

The d=: requiator using a cascode Wwin-triode amplifier
is empioyved in certain electronic egquipment power supply
circuits to ohtain nearly constant output voltage (or volt-
ages) despite varictions of input voltage or output lood
current.

CHARACTERISTICS.

Regulated cutput voltage 1o lood is necrly constant,
even though changes in 1nput veltage or changes i load
current Gccur.

Yoitage-divider principle employed, using variable
resIStance (electron tupe) L series with load resistunoy,
series electron tube may be a triode, a triode—connected
pentode, of a pentode with separate screen-veitage
SUPDIV.

iJses cascede twinstricde d-¢ amplifier cirouit to
comtrel eries eleciion Woe.

Uses gas-tube requlator circuit as reference-voitage
SOUICE.

Yariation in basic circuit permlts posmwe \p ge and

P T R ey x e e aa
ICreen; of F"‘“”"‘-““"U ,upu-v Vol 77 0 oE reguaied.

CIRCUIT ANALYSIS,

Ganaral. The d-c requigtor with twin-triode senes
requlator tube, cascode twin-tniode amplifier, and gus-
iilied voltage reference tube is capatle of providing
very stable oniput voltage requlation. The term
“requlation” oo used here mems the mubilenunce Of G

neariy CONSiunt Gllpus VULt uES it gl i the
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input voltage or the load current, The variation in cutpat
valtage that nommally result from component aging,
changes in operational environment, ete, are usually
considered in the design of the circuit, and are compensoted
far by using close-tolerance {on the crder of 1, 2,05
yerce it} components whose values do no devmte from the
2l by more thon the strict limiis specified.
In this type of voltage regulator, regulation is
ascomplished by allowing the cathode-to-plate conduction
resistance of an electron tube, In series with the output
of o power supply, to function as « voriable resistance,
w4 thus provide the voltage drop necessary te compensate
¢ any charge in output voltage. That is, the change in
sutrut waltane is compared and amplified in the requlator-
amplitier ciroult, ana applied as a bius vulluge 10 the gnd
of the weries requlator whe, therehy varying the conduction
resistance of this tebe. The varying conduction resistance
af the requister tube, in turn, varies the load current
drawn by the series circuit and the voltage drop across
the regulator tube; in so doing, the regulator tube absorbs
the change in the output voltage. Voltage regulation of
approxamately 1 percent can be obtuined with this type of
electronic d-¢ requlctor, depending on the circuit design.
Circuit Operation. A typical d-c regqulater using o
cascode twin-triode amplifier is illystrated in the
accompanying clccuit schematic. Electron tube V1 1 a
parallel-connected twin-triode used os the series regulator
tube. (In applications where the current drain exceeds
the current-handling capobility of a single series requlator
tubee, two or more tubes of the same type may be connected
ir parallel.) Electron tube V2 is another twin-triode, in o
cascode S-c ampitiier circuit configuiation, used as the
reguiater amplifier. Tube V3 is a cold-cathode, gas-
{illed +ube used to provide a reference voltage for operation
of the requlater-cmplifier circuit, The use of the gas-
fiiled requlutor tube in this application is satisfoctory
as a reliable reference since there are no excessive
currents in that branch of the circuit. Electron tubes V1
and V2 ure J.u\..u\.»..u,' haated, cathede- type tubes; V1
:‘.ur.':.clb, ! hegter-tecathode Voltuqe rating, while
V2 haz g keater-to-cathode veltage rating which is typical
fur Teceivingly e tebes. Doczuse of the heater-to—cathode
breakdown voltage limitations imposed by the tubes
themselves, 1015 usuauy necessar, to lsulote the

E; Cr

r i nv—l »-\ Tihm T
v euch other and to supnly the filoment

D
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from "T’tF\UPr‘(iPm SOUTCES,
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D.C Regulotor Using Cascode Twin-Triode Amplifier

Resistors R2 and R3, in the grid circuits of Vi, are
parasitic oscillation suppressors; they are of equal value,
generally between 270 and 1000 ohms, Resistors R4 and
R3, in the cathode circuits of V1, are included for the
purpose of equalizing the current flow in the parallel-
connected triode sections; these resistors are of equal
value, generally between 10 and 47 ohms, depending upon
the circuit design. Resistor RS, connected in series with
reference tube V3 acrass the output cireuit, serves to apply
the full output voltage of the requlator to V3, to ensure a
satisfoctory striking potential and alse to act as «
current-limiting resistor once the tube is ionized.
Capacitor Cl, comnected in paraliel with reference tube
V3, is a bypass capaciter which provides a low-
impedance path at the power-supply ripple frequency
{usuclly 120 eps), to reduce the possibility of degeneration

CHANGE ?
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in the cathode circuit of VZB. The value of capacitor C1
is usually a compromise between ¢ value which offers low
impedonce tc the power-supply ripple frequency and a valye
which iz not so larae as to offect the normal operation of
the reference tube, V3.

Capacitor CZ couples the full value of ripple voltage
from the output of the requlator circuit to the orid of VIB;
if capacitor C2 were not used, aly a portion of the ripple
voltage would be applied to the grid of C2B, ¢s determined
by the voltage-divider action of R8, R9, B1Q, and R1l.

The value of capocitor C2 is chosen so that it is just

large encugh to provide satisfactory ripple suppression.

If the value of capacitor C2 were made too large, the
response time of the requlator circuit to normal d-¢
output-voltage variations would be affected; a value of from

-0.01 to 0.1 microfarad is typical in most requlator-mplifier

circuits. Capacitor C3 is connected across the output
terminals to lower the output impedance of the requlator
circuit; the value of this capacitor depends upon the cir-
cuit design, but is usually 2 microfarads or larger, Re-
sistors 18, R9, R10, and R11 form a voltage divider across
the output of the regulator circuit, and are in parallel with
the resistance of the load. Besistor R9 is adjustable, and
is used to set the cutput voltage to the desired value the
circuit iS to maintain.

The cascode conliguration of the requlgtor-amplifer
circuit, V2, can be considered as two triode amplifiers
directly connected (ditect-coupled) in series. The action
of this cireuit is similar to that of o pentede in that the
isolating effect of the screen grid on the plate is achieved,
with the advantage that no screen-voltage supply is required.
The cascode circuit is used when the gain required of the
requlator amplifier is too high for a single triode, yet it is
desired to eliminate the pentode screen-voltage supply.
However, in order to achieve adequate gain, the cascode
circuit requires a large-value plate-load resister (R1, o
the order of 2.2 megohms); this requirement causes the
frequency response to be reduced and thereby restricts
the area of application of the circuit. The effects of poor
frequency response can be reduced somewhat by using a
relatively large-value capaciter {about 5 microfarads)
for C3,

The two triodes of the cascode twin-triode requiator
amplifier are the input section, which is the right-hand
tube {(V2B), and the cutput section, which is the left-hand
tube (V2ZA). The cathode of the input section is et ¢
positive potential determined by the reference tube, V3. The
control grid of the input section is returned through resistor
7 to the voltage divider at the junction of resistors R10
and R11. The voltage at the top of resistor R11 is slightly
less positive than the operating potential of reference tube
V3: hence, a bias voltage of only a few velts is established
between the control grid and cathode of V2B. The piate
of VZB is directiy connected to the cathede of the output
section, V2A. The control grid of V2A is retumed to the
wiper arm of voltage-divider variable resistor RS.

The value of grid voltage of V2A, as determined by the
setting of resistor RY, is of sufficient amplitude to keep
the grid of VZB from drawing appreciable qrid current,
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The operating 1ange of V2A plate voltage, which is applied
through plote-lond resistor R, is far encugh above its

grid voltage so that the cuzrent in the grid circuit of VA

V2A olate

does not approach of become comparable with the VZA plate
ourrent,

As previcusly mentioned, the operation of this iegulater
circuit is bosed upon the voltage-divider grinciple of
using o variable resistance in the form of electron tube V1
in series with the load resistance. The regulated cuput
voltage, Eout, oppears across the voltage divider formed
by resistors B8, B8, 810, and R11, which are connected
across the cutput of the requlater circuit and in parollel
wity the load, The total resistonce of these veltage-divider
resistors in parallel with the load resistence canstitutes
one purt of the resistapce in the tegulater series voltage—
divider amangement, which includes the variabie cathode-
to-plate resiswance of series regulator tube V1. The
currents which pass through the parallel branches (voitaye-
divider resistars and lood resistance) combine, and this
total current passes through series requlator tube Vi
When the cathode-to-plate reference of V1 is controlled to
vary the voltage drop across this ke, the sutput veltage
developed across the load can ke regulated and maintained
at g constart value,

In order to understand how the d-c requlator circuit
operales under varying-load conditions, it is necessary
to examine first the static voltage distribution under normal-
loed conditions. The eathode of series regulator tube V1
is held positive with tespect to ground by the cutput
voltage, Eout, while the grid is held smewhat iess positive
by the actian of requlator amplifier VZ, The difference
betweer these two voltages is the blas voltage for V1,
which 1s gt the proper valuze for series requlator wube Vi
to have the required amount of cathode-to-plate resistance
to produce the correct output voltage. The output vcltage
is opplied to reference tube V3 through resistor 16, cousing
V2 to ionize and conduct, thereby establishing a reference
voltage gt the cathode of the input section, VIB, of the

cuscode reguiotar amplifier. {The action of the qas—fi]]ed
reference tube, V3, is the same as that previously described
under Gas-1uce Requiotor Circuit earlier in Section 5
of this Handbook.}) Regardless of the value of d-c voltage
applied to the input, Ein, of the regulctor circult
waitage et the cothede of VI8 will te hek ¢
the action of V3 for vse as o reference voitage.

Cascode reguidtor-aiplitior VZ, in essence o two-stage
series<connected triode omplitier, L.SE‘S the plate Jogd of
tre input seulw, 'v'ZLl, ue t=o cathode input impedance

A, Thus, the slgnel to the inpur
5lGge i3 up“ ied petween the control rid and gtound,
while the output of this same stage is the Input 10 the
directcoupled output stoge, and is upplied between the
sathnde and around. Tne outpat secticn, VZA, has o tixed
voitage on its grid, obtained from adjustable esister BY
of the woitage-civider network. This bias voltoge limits the
cursions of the ‘.’zA cothode \'Oll\..Qe, which is clso the

r__ " - "
1oie valtage nf e input secticn, VAt The an

¢
r VLD s bbiuumd sl o 5
ince e potentict at the cothode of VZB is .Gmtcmeo ut

wotadivide
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@ constent positive value by the action of reference wbe V3,
the bias on V2B and VZA, as determined by voltage-divider
resistors K11 and RS, respectively, is such that it permits a
pre-determined value of carrent to be deawn by V2. The
plate voltage of V24 iz obtained from the unrequlated input,
Ein, and cpplied tc the requlcnor amplifier through plate-
lood resistor Rl When V2 is conducting, the woltage drop
acress plate-load resistor Hl develops a voltage ot the
plate of Y24; this voltage is coupled to the grids of V1
The voltage at the grids of V1 is less than the voltage at
the cathodes of Vi; hence, the operating bias for V1 is
established. The setting of resistor RS, therafore,
determines the current through VZA, establishes the bias
for V1, and initially determines the effective interal
resistance ot Vi to obtain ihe desired output veitage, Sout,
irom the regulator circuit.

As sume, now, tha: the regulated output voltage, Eout,
cilempts to ingrease, either because of an increase in the
input voltoge, Ein, (o the regulator circuit or becquse ©
decrease in the load current. Through the volta: e-d”m-er
action of resistors B8, RS, RI0, and R}, a shghtly higher
positive voltage now oppears across resistors RS, RI0, and
Ril, Thais results in an incregse in the positive voltage
applied w the grids of V2A and VB, and a corresponding
decrease in the bias voltage of this stage. (The
cathede voltage of V2B remains constant because of the
action of reference tube V3.) As a tesult of the
decreased bias, VZ now conducts more curtent, ond this
additional current How through plate-load resistor Bl
results in o grecter voltage drop across resistor BL Thus,
the velicge at the plate of V2ZA, which is coupled tc tne
arids of Vi, decreases and couses the difference in
voitage betweer the grids and cathades of Vl 10 Imcrease.
Thiz difference in voitage between the grids and cathodes
of V1 is the operating bigs for V]. As a resultof the bics
voltage incresse, the effective intemal resistence of V1
increqses. When the intemal resistance of V1 increases,
less load current flows through V1, the voliage drop across
V1 incregses, and the outpul volmge Fout, of the regulator
circuit decreases to its original value.

An aotion similer to that just described vcgurs when
the regulated cuptut vohage, Eout, attempts to decrease.
Through the vulmqe-dmier actlon of resistors H8, RY, R1G,
cng KL, tne bia e qrids of V2A ond V2B 1=

3 positive potential now
s resistars 09, BIC, and K11, As q result of
- bins, V2 now conducts less current, and this
current flow tnrough plate-load resistor 51 causes
4 swaller woltoge drap to r\r't‘ur across resistor Ri. Thus,
the voitage at the plate of V2A land the grids of V1
ncreases and couses the \lifference n voltage between
the grids ond cathodes of '«'l 1o decrease., 1hsz difference
in voltoge petween the grics md cathodes of V1 is the
operating bias for V1. As o result of the bias voltege
derrease, the effective internul resistance of V1
decregses, When the internal resistance of V1 decreases,

more logd curtent flows through V1, the voltage drop across
Vi decreasos, und the nutpst veliage of the reqularor
Liicwst ingrooses ko jis srigingl volue

SA-11



ELECTRONIC CIRCUITS NA YSHIPS
The actions described in the preceding paragraphs are
practicaily instantaneous; consequently, the output voltage,

Eout, remains practically constant. Since all of the load
current must pass through the series control tube, V1, the
tube must be copable of passing considerable current. In
some circuit applications wherte the load current require-
ments exceed the capubilities ol a single tube, twa or more
idemical tubes are connected in parallel {os the sections
of twin-triode VI have been paroileled) in order 1o obtain
suitable requlation characteristics and current handling
capability.

The output of the requlater circuit is coupled to the
grid of the input section of the cascode twin-triode requlator-
amplifier tube, V2B, through coupling capacitor C2. Any
ripple component present in the output voliage is amplified
in the requlator amplifier, and, since the circuit is basically
a neqative-feedback ciscuit, the ripple component is sup-

ressed. As a tesult, the regulator circuit is sensitive 10
any veltage changes and is very effective in removing any
fundamental ripple-frequency component which is present
in the regulated volitage cutput. Although there are many
miner variations in the regulator-amplifier circuit configura-
tion, the function of the requlator circuit remains the same,
that is, to supply a requlated output voltage to the load
which is independent of variations in input voltage or
chunges in foad current.

FAILURE ANALYSIS.

General. The d-c requlator using a cascode twin-triode
amplifier includes several components which are rather
critical and directly affect the operation of the regulotor
circuit. For this reason, voltage-divider resistors R8, R9,
and RI0, and R}, as well as resistor R6 are nommally close-
twierance {on the order of 1, 2, or 5 petcent) resistors with
good temperature stability choracteristics. The gperation
of the circuit will be impaired if these resistors shoutd
change in valve for any reason. Since the regulater circuit
attempts 1o hold the output voltage constant, it is usually
good practice to determine whethes the load current is within
tolerance befote suspecting trouple within the regulator
circuit proper, A load-current measurement may be made by
inserting a milliammeter (having a suitable renge) in series
with the output of the regulator circuit.  Alsg, a woltage
measutement should be made at the input to the regulator
circuit to determine whether the unrequiated veltage output
trom the power supply (and filter circuit} is within tolerance,

No Dutput. In the d-c reguictor using a cascode twin-
triode amplifier, the no-output condition is likely to be
limited to one of the following possible couses: the lack
of filament veltage applied to series requlator tube V1, the
lack of applied d-c voltage {from the associated power
supply and filter circuit), or @ short-circuited load (including
output capacitor C3). A visual check of the gless-envelope
series requlator tube, V1, should be made to determine
whether the filament is lit; if the filement is not lit, it may
he open o; the filoment voltage may not be applied. The wbe
filament should be checked for continuity; also, the
presence of filament voltoge at the tube socket should be
determined by measurement. The d-c voltage applied to the

CHANGE 1
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requlator circuit should be meagsured at the input {plate

of V1) to determine whether it is present and of the

cortect value, since the lack of input voltage from the
associated power supply and filter circuit will couse a
lack of output voltage. With the d-c voltage removed from
the input to the circuit, resistance measurements can be made
across the lead {voltage-divider resistors B8, RY, R10, and
K11} to determine whether the load circuit, inciuding
capacitor C3, is shorted, (The resistance megsured across
the load circuit will normally measure semething less than
the total volue of series-connected resistors B8, R3, R10,
and R, depending upon the load circuit design.)

High Qutput. The high-output condition is usudlly cqused
by a decrease in opercting bias for the series requlator tube,
V1, which, in tutn, causes the tube to decrease its intetnal
tesistance ond permils the requiator output voltage to rise
ebove normal.  Therefore, any defects in the electronic
requlator circuit which can cause a decrease in the operat-
ing bias for V1 should be suspected. Voitage measurements
should be made at the socket of V1 to determine whether
bias (cathode-to-grid) voltage is present. The series
Tegulator tube, VI, may be checked by substitution of a tube
known to be good t¢ delermine whether the tube is defective
{grid-to-cathode short, etc).

A visual check of the gos-filled requlator tube, V3,
which provides a reference voltage for the opetation of the
cuscode twin-triode anplifier circuit, should be made to
determine whether the tube is conducting. A voitage
measurement made between the plate and cathode of V3 will
determine whether sufficient voltage is present at the
tube to cause concuction, If the voltage is above normal,
the tabe may be defective; a tube known 10 be good may be
substituted to check for proper operation of the reference
voltage circuit. If the voltage mecsured coross V3 is below
normal, it is likely that resistosr B6 s open, or possibly
the cascode requlator-amplifier stage, V2, is not conducting.

A visual check of requlator-amplifier tube V2 should
be mede to determine whether the filament islit; if the
filament is not lit, it may be open or the filament voltage
may not be applied. The tube filoment should be checked
for continuity; akse, the presence of filament voltage ot
the tube socket should be determined by measurement.

The bias valtages applied to V2 should be measured to
determine whether the tube is improperly biased, causing
the operating bias on V1 to decrease. Assuming that V3 is
conducting nommally to provide g reference voltage, if the
voltages at the grids of V2 are below nomial, and thus couse
an increase in V2 bigs, it is possible that voltage-divider
resistor B8, R1G, or R11 has changed in value; in addition,
on inproper setting of variable-resistor RY will aftect the
bigs voltage at the grid of V2A. However, if no voltage
whatsoever 15 present ot the grids of V2, the whe will be
bigsed to cutoff and V1 will conduct heavily as a result of
the decreased operating bias. In this cose, it is likely that
1esistor RB, RY, or R10 is open. If requlctor-cmplifier

tube VZ hes low emission, the voltage drop across plate
load resistor Rl will be below nomal; therefore, o wbe
known to be good should be substituted and operation of the
circuit observed to d~temmine whether tube V2 is the

couse of the trouble.
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EL ECTRONIC CIRCUITS NAVSHIPS
qcross the series requlator tube; in s0 doing, the series
regulator tube absorbs the change in the output voltage.
Voltage regulation on the order of 1 percent can be obtained
with this type of d-c regulator, depending on the circuit
design.

Circuit Operation. A typical d-c requlator circuit using
a cascade twin-triode amplifier is illustrated in the accom-
porying circult schematic, Electron tube V1 is o parallei-
connected twin triode used as the series requlator tube.
{1 applications where the current drain exceeds the current-
handling capability of o single series regulator tube, two
or more tubes of the same type may be connected in par-
cliei.) Electren tube V2 is ancther twin triode, in a cascade
d-c amplifier circuit configuretion, used as the requlator
amplifier. Tube V3 is g cold-cathade, gas-filled sequlator
1ube used to provide a reference voltege for operation of the
tegulator-amplifier circuit. The use of the gos-filled requla-
to! tube in this application is satisfactory as a reliable
reference since there gre no excessive currents in that
brench of the circuit. Electron tubes VI and V2 are in-
dyrectly heated, cathode-type tubes; V1 normally has a high
heater-to-cathode voltage rating, while VZ has a hegter-
tercathode voltage rating which is typical for receiving-
type tubes. Because of the heater-to~cathode breckdown
vcltage limitations imposed by the tubes themselves, it is
usually necessary o isolate the filament circuits from eoch
otrer and to supply the filament (heater) voltages from in-
desendent sources.

Fesistors R2 and R3, in the grid circuits of V1, ae
paasitic oscillation suppressors; they are of equal value,

-
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1-C Regulator Using Cascade Twin-Triode Amplifier
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generally between 270 and 1000 ohms. Resistors R4 and
RS, in the cathode circuits of V1, are included for the pur-
pose of equalizing the current flow in the parallel-connected
triode sections; these Tesistors are of equal value, generdlly
between 10 and 47 chms, depending upon the circuit design.
Resistor R10, connected in series with reference tube V3
acress the output circuit, serves to apply the full cutput
voltage of the requlater to V3, to ensure a satisfoctory
striking potential and also to dct as a current-limiting re-
sistor once the tube is ionized. The choise of current is a
compromise between shortened tube life at high currents
and higher noige level at low curtents, Resister B9 returns
the qrid of V2B to the positive reference voltage; also,
resistor RY, in conjunction with capaciter Cl, forms a series
R-C filter across V3 1o suppress the transient noise gen-
erated by the gas tube ond thereby prevent these undesirable
signals from appearing on the grid of VZB. The value of
capacitor C1 is usually a compromise between a value
which offers low impedance to the transien: noise and
valve which is not sc large as to affect the normal aperation
of reference tube V3,

Capacitor C2 couples the full valve of the power supply
tipple valtage (usuaily 120 cps) appearing in the output of
the requlator to the cathode of VZB. If capacitor G2 were
not used, only a portion of the ripple voltage would be
opplied to the cathode of V2B, as determined by the voltage-
divider action of resistorsRil, K12, and R13. The value
of capecitor C2 is chosen so that it is just large enough to
provide satisfoctory ripple suppression. If the value of
capacitor C2 were made too large, the response time of the
regulator circuit to normal d- cutput voltage variations
would be affected; a value of from 0.01 to 0.1 microfarad
is typical in most requlator-amplifier circuits, although
values to 2 microfarads may cccasionally be used. Cap-
acitor C3 is connected across the output terminals to lower
the output impedance of the requlator circuit; the value of
this capaciter depends upon the circuit design, but is
usuclly 2 microfarads or larger. Resistors R11, R12, and
R13 form a voltege divider across the output of the tequ-
lator circuit, and are in parallel with the resistance of the
load. Resistor R12Z is adjustable, and is used to set the
output veitage to the desired value that the circuit is 1o
maintain.

The cascade configuration of the regulator-amplifier
circuit, V2, con be considered as two triode amplifiers
that use direct coupling. In a direct-coupled {d-c) amplifier,
operating plate voltage ond current are usually established
by the circuit design,-and the grid bias is then adjusted to
compensate for tube tolerance. Since, in order to function,
the plate of a tube must have g positive voltage with te-
spect to its cathode, ond the grid of the next tube must have
a negative voltage with respect to its cathode, the voltage-
divider artangements indicated in the dicgtom are required
to obtain the necessary operating voltages for the cascade
twin-triode direct-coupled amplifier, V2.

The 1wo tricdes of the cascade twin-triode amplifier are
the input stage, which is the right-hand tube (V2B), and the
output stage, which is the left-hand tube (V2A). The control
grid of the input stage is at a positive potential determined
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by the refersnce e, V3. The cuthode of the input stage
is retumed 10 tne wiper amm of vohcgc—divider varigble

ister BLL. The cath=de voltage ot VIB, o5 determined
by the setting of ~esistor K12, is zlightly more positive than
the cperating potenticl of reference tube V3: hence, a bias
voitage of only ¢ few volts is established between the con-
ol grid and cxthade of VIB. Resistor BB is the plate-iond
resistor for the input stage, VZB; since direct coupling is
used from the plote of VZ8 to the gnid of V2A, resistor B8
alsc serves oz the grid-retum resistor for the control qrid cir-
i he cutput stuge, V24, Thus, the plate voltage of

is also tne grid voltage of V2ZA, The cathode of V2A

ned o Irv junction of recistors Bb and B7, which

e

: L f Ul oior GG Fluats
The V24 cothode voltoge, which 13 the voltage developed
resistor R7 s CI'ﬂ"t'y more po:lhve thr_m e voltage

nd atnewie o
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As previously mentioned, the weoration of this requ-
lator ¢ircuit is based upon the voltage-divider principle of
using a verignle resistance in the form of slectron tube V1
I sefies with the load resistance. The regulated output
voilcge, Tout, GEpEcrs across the voltage dividers formed
oy Iesistors .\H E12, and R13, and resistors BE and K7,
which are connected ocross the output of the requlotor cir-

< in DG[‘G”“I with tha Wnr'r{
resistance "c... stitutes one purt of the resistance in the
rejulator zeries valtage<civider artangement, which includes
tne variaole cathaie-to-plate resistance of series requlator
tube Vi, The currents which pass through the parallet
pranches {(veltage-civider resistors and load resistance)
combine, and this total current passes through series reg-
alator tube V1L When the cathode-to-plits res)stance of
V1 iz controlied 10 vary the voltage drop across this tube,
the cutput voltage developed ocross the lood con be reg-
ulated and maintained at a constant vaiue.

in order w unserstand how the d-c regulater circunt
aperates under varying-loud conditions, it is necessoary to
cxamine st the static veltage distribution under nomul-
foad conditions. The cathode of series requlator tube V1
iz ield positive with respect to ground by tne cutput volt-

doe. Tout, Wiile the ared Leneldsamonhar Toog posltive
vl DoAY e
yobee aclivn ol J—u._u 107 Gmipatiig; ‘!L- iy u;‘ff(‘.'c

Trrese {0 Se Twl v'Uuuuto s the Lius vuuu,

LeR]

iz Gt the proper vaiue for series requmwr tube ¥1 to have

e fegulled amouit Si ;.'u\.uuut.-tu_pd’\JLﬁ tenisiuile W paiodace

the correct output veltage. 'The cutput voltage 15 applied

o ‘e e ol Fad RAHL,
aloa S Wl o TSR U High resasliirarync, CMEsL v 3 to
a0 i : o1
Ze and conduct, there iing u orefern VoL

4l
t;;e at the grid of the input stage, V25, of the cascade req-
utater amplifier. (The action of the qas-filled reference
tube, ¥3, _5 :m saime 4§ that 'Jrow"mq!y.ps ribed under

Aandbook.; Beaardle
.

applied 1o the inpir, Fis, of e requlaicr clreuli, e vii-

CHANGE 1

0967-000-0120 YOLTAGE REGULATORS
age 3t the gtid of V735 will be held constant {by the
action of V3) for use as ¢ reference veltage,

Coscede requlater amplifier V2, in esgence o two-stagr
series-connected tricde amplifier, uses the plate locg of
the input stage, VI8, o5 the gride input impedonce of the
autput stage, V2A, Thus, the signol to the input stoge s
appiied between the cothede and grouns; e outpur of ihis
same stoge, which is Pvel ned across resister 58, is the
input to the direct=couplad output stage, and 18 ooplies
between the contral gri d and ground., The grid of VIB is
cannected through resistor B9 to the positive rﬂferm”a
volioye established oy V3, and the cathode of the same ¢
iy at o potentizl sligntly more positive than the reference

saltmar, Siree it 15 retarre s o the witer o of voitg e

Jlvider vonaple TesIson Miz; iy arlungeiseil esiubliss:
the pperating Lies for V2B, The plote of VI8 1 commec
o the full

=R

Ougn restuto
y : cositive than it
cathode, and the proper bias is esmul.:,P ed, wube ViIE
conducts, When VZB plate current flows through resistor
R8, a voliageis dropped across this resistor; this voltage
is also the grid voltage ot VZA, and 15 ot a relatively high
vatue.

sally desijned

A two=stage dire 'oupled amplif
50 that opproximately one-nali of the avsilable voltage of
the regulated output, Eout, is used for the input stage. The
plate of the output stage, V24, of the two-stage conliuro-
ticn is connected through a suitable load resistor t¢ the
most positive point of the available voltage, which, in this

qulator circutt, is through resistor Bl to the unrequiated
mput, Ein. The CctbOLP of the Output stage, V2A, must he

suitakle for provi

AR -oted WL nhsitive
the proper piasing voitage ur.c'. the proper platemwr
voltage. This point is determined by the proper se:ef‘flcn
of voltage~divider resistors Bb Gna H7 sc that the voitage

de-bias

uc.'ve pCfJ Sgrossirestision 5"", Which in e 0

voltage of V24, is slightly more positive than the voltage

at the qrid {which is determined by tne voltage drop across
resistor B8,
[Reil g 1

Although the cascade twi

circull is a rather complex resistunce natwork v‘-"". b g
1.

bo gdiusted corefully to obtawn the mraner nlme a7id, apd

cathode voltages [or baoth SlGQEb, it prowdea a r’Ither Kinh
gain i

That 1s, when Tequiaor g

rube VI Cgs veoaue
The

P . "
ir laee tnnn aithar

o sEUET

determines e bias of VZA,

A—— e chen e - v ¥ 21
duction of V2A hence the vol aqe J.up aoross resiztor Hi,
7

wilCh establishes the tigs for ¥ 1. 1T is this Lius lovel
that ir:;t.is[]v- Jetermines the thcﬁt"'ﬂ

Seemlfng el g
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Assume, now, that the requlated output voltage, Eout,
attempts to decrease, either because of a decrease in the
input voltage to the requlator circuit or because of an in-
crease in the load current. Through the voltoge-divider
action of resistors R11, R12, and K13, o stightly lower
positive voltage now appears geross B12, and R13. This te-
sults in o decrease in the positive voltage applied to the
cathode of V2B oné ¢ corresponding decrease in the bias
voltage between this cothode and the grid of V2B, (The
grid voltage of VZB remains constant becouse of the action
of reference tuke V3.) As o result of the decreased bias,
V2B now conducts more current, and this additional current
flow through plate-load resistor B8 results in a greater
voliage drop across FB; thus, the voltage ot the plate of V2B
decreases. Since the voltage at the plote of VIB is alsc
the grid voltage of V2A, the bias on V2A now increases;
this results from the fact that o negative-going grid =ignal
in conjunction with a fixed voltage on the cathode causes
the difference in potential between these wo slectrodes to
become greater. The increased bias of V2A reduces the con-
duction through this tube and causes a decrease of plate
current through plate-load resistor F1, thereby producing a
smaller veoltage drop across this resistor tocouse arise in
VZ2A plate voltage. This positive-going veltage ot the plote
of VZA is couplad to the grids of V1 and couses the differ-
ence in potential between the grids and cathodes of V1 to
decregse. This difference in voltage between the grids and
cathodes of V1 is the operating bigs for Vi. Thus, as a
result of this bias voltage deciease, the effective intemal
resistance of VI decreases. Wher the internal resistance
of V1 decrecses, more load current flows through V1, the
voltage drop across V1 decreases, and the output voltage of
the reguiator circuit increases to its original valye.

An action similar to that just described occurs when the
reguiated output voltage, Eout, attempts to increase.
Through the voltage-divider action of resistors K11, R12,
and R13, the bias voltage between the cathode and grid of
V2B is increased, since a slightly higher positive potential
now exists across B12 and R13. As o result of the in-
creased bias, V2B now conducts less current, and this de-
creased current flow through plate-load resistor B8 causes
o smaller vohage drop to occur across RB; thus, the volt-
age at the plate of V2B increases, and this positive-going
voltage causes the bias of V2A to decrease, With a de
creased bias, V24 conducts more heavily and the increased
plate current through plate-load resistor Ri produces o
negative-going voltage ot theplate of V2A. This negotive-
going signal {s coupled to the grids of V1, causing the
difference in potential betwesn the grids and cothodes
of V1 10 increase. This difference in voltage between the
qgrids and cathodes of V1 is the operating bias for V1. Thus,
as a result of this bios voltage increase, the etfective in-
temal resistance of V1 increases. When the internal re-
sistance of V1 increases, iess load current flows through
V1, the voltage drop across V1 increases, and the output
voltage of the reguiator circuit decreases to its original
value.

The actions described in the preceding paragraphs are
practically instantaneous; consequently, the cutput voltage,
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Eout, temoins practically constant. Since all the load
current must pass through the series requlator whe, Vi,
the tube must be capable of passing considerahle current.
In some circuit applizations where the load current require-
ments exceed the capabilities of a single tube, two or more
identical tubes are connected in pardilel {as the sections
of twin-triede V1 have been paralleled) in order to obtain
suitable regulation characteristics and current-handling
capability.

The output of the regulator circuit is coupled to the
cathode of the input stage of the cascode twin-triode ampli-
fier tube, VZ, through coupling capaciter CZ. Any ripple
component present in the output voltage is amplitied by
V2, and, since the circuit is basically a negative feedback
circuit, the ripple component is suppressed. As a result,
the requlator clrcuit is sensitive to any voltage changes
and is very effective in removing any fundamental ripple-
frequency camponent which is present in the requlated
voltage output. Although there are many minor variations
in the requlator-amplifier circuit configuration, the function
of the requlator circuit remains the same, that is, to supply
a regulated output voltage to the load which is independent
of variations in input voltoge or changes in load current.

FAILURE ANALYSIS.,

Generol. The d-c requlator using q cascade twin-triode
amplifier includes several components which are rather
critical and affect the operation of the requlator circuit.

For this reason, voltage-divider resistors R11, B1Z, and
R13, as well as 1esistors B6 and R7 are normally close-
tolerance (on the order of 1, 2, or 5 percent) resistors with
good temperature stability characteristics. If for any reason
these particular resistors should change in value, the
operation of the circuit will be impaired. Since the regqulator
circuit attempts to hold the output voltage constant, it is
usually good practice to determine whether the load current,
is within tolerance before suspecting trouble within the
requlator circuit proper. A load-current measurement may
be made by inserting o milliammeter (having o suitable
range) 1a series with the output of the requlator circuit.
Also, a voltage measurement should be made at the input

to the reguletor circuit to determine whether the unregulated
voltage output from the power supply (and filter circuit) is
within talerance.

No Output. In the d-c regulator using a cascade twin-
triode amplifier, the no-cutput condition is likely to be
limited to one of the following possible causes: the lack
of filament voltage applied 10 series regulator tube V1,
the lack of applied d-¢ voltage (from the associated power
supply and filter circuit), or a shorted load circuit (including
output capacitor C3.) A visual check of the glass-envelape
series regulator tube, V1, should ke made to determine
whether the filament is lit; if the filament is not lit, it may
be open or the filament voltage may not ke applied. The
tube filament should be checked for continuity; also, the
presence of filament voltage at the tube socket should be
determined by measurement. The d-¢ voltage applied to the
requlator circuit should be megsured at the input (plate of
V1) to determine whether it is present and of the cotrect

5-A-16




I~

—_—

7

ELECTRONIC CIRCUITS NAVSHIPS
value, since the lack of input veltage from the associated
power supply and filter circuit will cause a lack of output
voltage. With the d-c voltage removed from the input to the
Circull, resistance meagsurements con be made asioss the
load {voltage~divider resisters R11, B12, and K13, ot
resistors RO and R7) 1o determine whether the load circuit,
including capacitor C3, is shorted. (The resistance
measuled actoss e lood circuit will nomally measure
something less than the total value of series-connectad
resistors Ril, K12, ond R13, or the wial volue of series-
connected resistors N and 57, depending upon the |
sircuit design.)

Hign Suipwi. 500 ..N..'u\.tzu' 2
caused by a decreose in operating bias tor the series reg-
ulator tupe, V1, which, in tarn, causes fhe tube (o decreass

s mrprrcl re::lS‘OI\CE and permits the re\,u.azur Sutput
'T‘\.. ,.; -

I
ADse 0

age lud noth
::J'm' < regulator circuit which can se a decrease In
the operating bias for V1 should ke suspected. Voltage
measurements should be made at the socket of V1 to deter-
mir.e whether bias {cathode-tc-grid) veltage is present.

The series requlator tube, V1, may be checked by substitu-
tion i g tuke known t6 be good o determine whether the
tube 1sdefective (grid-ro-cathode short, etc),

A visual check of the gas-filted requlator tube, V3,
which provides a reference voltage for operation of the
C"SCQde twin-triode requletcr-omplifier circuit, should be
made 1o detarmine whether the tube is conducting. A volt~
age megsurement made between the plute and cothode
V3 will determine whether sufficient voltageis present at
the lube to couse ¢onduction. I the voltageis above
narmal, the wbe may be defective; a tube known to be good
may be substituted ic weclf for proper operation of the
reference=vcltage circuit. 1f the voltage measured across
V4 is below normal, it is likely thut resistor R10 is opan.

A visual check of requlator-amplifier tube V2 should be
imade to determine whether the filament is lit; if the filament
£s not 1it, it may be open ot the filoment voltage may not be
appifed. The tube filament should be checked for continuity;
also, the presence of filament valtage ot the tube socket
shouid be geternoned by measulement. oo Lics veliazoz
applied to V2 should be measured 10 determine whether
the Iube 13 meroperly bigsea CGu::mq the operating pias
Uiow o WooJdel :

B Gisde
L\‘ Lo bl

CUTRGE Gl v il 1o Dadiw (i,

divider resistor R1l or R13 has ¢

vuuuu.c’"&!mbw. hes ian DO anL pliop \u, oE

at the cathede ot VZA is above normal, 1t 13 poss

PR R 4 P oL RN |
that ’“"”’"f‘-’l‘l ) eUAlGT 130 S T has L,hu.NC'

However, il nu \rul\u\j\_. WOGEs0eval 13 presont ot o
cf V2B and o high voltege is present at tie cathode of Vid,
tube V2A will be biased to cutctf and V1 will conduct

he-avil-,- a5 ar mat of dpcrenqe4 oneraunj bias. In this

resistor RiZ connected 1o “l

drive VA& into cutnif. IF requiciv-unBlilien o
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be qo04 should be substituted and operaticn of the circust
observed o determine whether tube V2 15 the cause of the
trcuble.

Low Output. The (ow-Oulput o3

i5ianally souses

by an inctegse in opetating bias {or the series rogulater
tabe, Vi, wrhich, o tu, couses the -‘_ubc 1o increcsa it

err\al reslsianre @na permits the e
o [ail below nommal. Therefore, wiy \,c{ £i3in the elec
tronic requiator circuit which can cguse an inctegss in tn
cperating bias for V1 should be suspected. Trou
section of Y1 louth as low catnode emission Of an ooen tube

eloment) witl cause 3 redaction

apern, that they have not Incredsed ln valus, and
are of equal resistarlce.

A visual check of the gas-hilied reguloter tuee
which proviges g reference voltage for operation of the
casoode twin-triode rﬂquimor-mmui fier circuit, snould be
wade to determing that the tabe js conducting. A voitage
meacurement mode between the plate and cathode of V32
will determine whether sutficient voltage is present at the
tube 0 cause conduction. If the voltage measured across
V3 is below normcl, or if no voltage is present, it is iikzly

iedRy Or Gt

thot "GU(I(.MO[ \.Ji 15 either

The hms volto es q piied 1o Vi swcuxu De meusurc_ 0
q p

conductng normaliy 1o pruvlda: a ;cfcrenr? '.'clt:ge, i the
veltage at the cathode of VB is above : : i
hat valiage divider resictor Bl or Hl? nas changed in

value or that variable-resistor F12 (s uot 53t propazly. I
the voltage at the cathods of V24 iz belcw normcl, it is

poasible that voltage-divider resistor 86 or (37 has charged
in value. However, if a high voltage is presert Gt the
ccthed° f V2R and no voitage wnotsoever 1S present at tho
rothode of ”2!‘« tube V2A will uonduf‘* heavily and V1wl

s ag g result of increased operating bias. in
ikabs thor conpling copacitor C2 is either
stor B13, the portion n{ vf]rmbls_‘—-

i o
)
z
8
L
%
e

Tihis shgried od-Eondiciin

. _vr\|T ATe aruk

¢ plote-logd resistar Hi wlh Le excessive; theteluic,

tebe V1 (resulting in excessiv

icad zurment exc

T e wliacnaiz
Actiegr \,) ~hould be checke

whether it {5 satistaciory; a leoky vulpul Copucilor




ELECTRONICS CIRCUITS NAYSHIPS
result in reduced cutput voltage, dlthough the regulator-
amolifier circuit {V2) may be functioning normally but unable
to compensate for the decrease in output.

Poor Reguletion Characteristics. Yoltage instability,
slow tesponse, etc, are frequently coused by wedk or un-
balanced triode sections in series requlator tube V1, un-
balanced cathode resistors R4 and RS, or a defective
requlator-amplifier tube, V2. The gain of the requlator-
amplifier stage is determined primatily by wbe V2 ad its
applied voltages; therefore, the condition of V2 and its
applied voltoges are important factors governing satisfactory
aperation of the requlator circuit.

D-C REGULATOR USING TWIN-TRIODE AND PENTODE
(BALANCED INPUT).

APPLICATION.

The d-c requlator using o twin-riode amplifier and a
pentode amplifier is employed in certain electronic equip-
ment power-supply citcuits 1o obtain neatly ¢onstant output
voltage or voltages despite variations in input woltage or
load current.

CrARACTERISTICS.

Regulated output voltage to load is nearly constant, even
though changes in input voltage ot load cumrent occur.

Voltagedivider principle employed, using variable resist-
ance {electronic wbe) in senes with lood resistonce; series
electron tube may be a triode, ¢ triode-connected pentode,
or a pentode with separate screen-voltage supply.

Uses twin-tricde differential amplifier and pentode am-
plifier circuit to control the series electron wbe; the pen-
tode amplifier uses o separate external screen-voltage
supply.

Uses gas-tube requlcior circuits as reference-voliage
sources; the gas tubes are fed from an external requlated
negative-voltage supply.

Variation in basic circuit permits positive {plate and
screen) or negative {bias) supply voltages to be requlated.

CIRCUIT ANALYSIS.

General. The d-c requlator using o twin-triode differ-
ential cmplifier and pentode amplifier is capable of provid-
ing very stable output voltage requlation. In this discussion
the term “'requlation” means the maintenance of a nearly
constant output voltage regardless of changes in the input
voltage or the load current. The variations in output voltage
that normally result from component aging, changes in ¢per-
ational environment, etc, are usually considered in the de-
sign of the circuit, and are compensated for by using close-
tolerance {on the order of 1, 2, or B percent) components
whose values do not deviate from the nominal by more than
the strict limits specified.

In this type of voltage requlator, regulation is accom-
plished by allowing the cathode-to-plate conduction resist-
ance of an electron tube, in series with the cutput of a power
supply, to luction as ¢ varichle resistance, and thus provide
the voltage drop necessary to compensate for any change in
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output voltage. That is, the change in output voltage is
compared and amplified in the twin-triode and pentode requ-
tator-amplifier circuit, and cpplied cs a bias voltage to the
grid of the series requlator tube, thereby varying the con-
duction resistance of this tube. The verying conduction
Tesistance of the requlator tube, in tum, varies the load cur-
rent drawn by the series circuit and the voliage drop across
the series regulator tube; in so doing, the series regulator
tube absorbs the change in the output voltage. Voltiage requ-
lation on the order of 1 percent con be obtained with this
type of voltage requlator, depending on the circuit design.
Cirevit Operation. A typical d-¢ requlator circuit using a
twin-triode differential omplifier and pentode amplifier is
ilustrated in the accon panying cucylt schematic, Clec-
tron tube, V1 is a perallel-connected twin-triode used as the
seties requiator whe. {In applications where the current
drain exceeds the current-handling copability of a single
series regulater tube, two or more tubes of the same type
may be connected in parallel.) Electron tube V2 is a high-
gain nentode, and electren wbe V3 s o high-gain twin-
triode; V3 functions as a cathodecoupled differential am-
plifier and is the input stage of the requlator-amplifier cir-
cuit, whereas pentode amplifier V2 is the output stage of
the same circuit. The high amplification obtained from
differential amplifier V3 and pentode amplifier V2 enables
the circuit to have good sensitivity to small-voltage varigt-
ions. Tubes V4 and V5 are cold-cothode, gas fitled wbes
used to provide reference voltages for cperation of the requ-
lator-amplifier circuit. The use of the gas-filied requlator
tubes in this application is satisfactory as religble refer-
ences since there are no excessive currents in those bran-
ches of the circuit. Electron tubes V1, V2, and V3 are indi-
rectly heoted, cathode-type tubes; V1 normally has a high
heater-tocathode veoitage rating, while V2 and V3 have a
heater-to-cathode veltoge rating which is typical for receiv-
ing-type tubes. Because of the heater-to-cathode bregk-
down voltage limitations imposed by the tubes themselves,
it is usually necessary to isolate the filgnent circuits
from each other and to supply the filament (heater) voltages
from independent sources.
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D-C Reguiator Using Twin-Tricde and Pentode
{Balanced Input)

Resistors Rl and R7, in the grid circuits of V1, are para-
sitic oscillation suppressors; they are of equal value, gener-
ally between 270 and 1000 chms. Resistors R3 and R4, in
the cathode circuits of V1, are included for the purpose of
equalizing the current flow of the parallel-connected winde
sections; these resistors are of equal value, generally
between 10 and 47 ohms, depending upon circuit design,
Resistors RS and R6 are connected in parallel with series
raqlatur tube V1 to reduce its plate dissipation. The value
af these resistors is selected so that their current flow
unider all operating conditions is less than the minimum locd
~yrrent: this will ensure a current flow through series requ-
later whe V1 and thereby permit the regulator to function.

Gasdilled requlator tubes V4 and VE provide reference
woltage for the grid circuits of V2 and V3B, respectively.
Prrallel-connected resistors 18 and R1S apply to the cath-
ode of V4 ¢ negative potential which is suificiently nigh to
ensure satisfoctory ionization; these tesistors also limit the
current through V4 once the gas ia the wbe is icaized. Be-
cause tube V35 provides aweleience voltage less nogative
than of V4, its cathode potentigl is accordingly mode less
negative by the voltaqe dmp across resistor B20, which alse
seves g g cutrent Himi esistor once twhe V5 is ionized.
in o tynical d-\m requlater czrw,'., YVamay be a wpe JAZ yus

tube to provide a reference voltage of -150 volts, and V5
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may be a type %51 gas tube to provide a reference vol-
tage in the range o -82 1o -92 volts. By supplying the refer-
ence tubes from an external regulator negative-voltage
source rather than connecting the wkes in the cathode cir-
cuit of the requlator-amplifier stages (as is done in some
d~c regulater circuits), several advantages qre obtained.
First, the cathodes of the requlator-amplifier stoges are at
ground rather than at a high positive potential, thereby alivw-
tng « larger plate swing of the stages; second, the reference
tube is in @ grid circuit rather than in a cathode circult, and
thus ppelates under constant-cuttent conditions; end thisd,
the regulator-amplifier stage gain is greater with this con-
nection becguse cathode degeneration caused Dy gas-tube
impedance is nol present. 'The choice current for the re-
spective gas-filled tuoes, as delermined oy resisiors ©ig,
R19, and 827, is a compromise between shortened tupe life
at idh currenis and higher noise level at low currents.
Capacitors C4and C5, connected across V4 and V5, respec-
tively, ate bypass capacitors to supress the transient noise
generoted by the aas nines. The value of these capacitors
is usually the largest value recommended by the tube
manufac turer.

The reculu:crcmplifle circuit consists of cathode

ier V4, uzed as o balonced nput

Ebor

Qe e s
COUDLED QHOSTTh

slage, COSCOGEd with Pentode wmpliliel VZ, ustd us u wngiv

)
1
b
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ELECTRONICS CIRCUITS NAYSHIPS

A negative voltage is fed from an external requlated
source to the cathode of reference tube V4 through parallel-
connected resistors R18 and R19, and to the cathede of refer-
ence tube VS through resistor B20. Since the plate of sach
reference tube is at ground potential, the negative voliage
at the cathode causes the gas to ionize and the tube to con-
quci. i tiis manner negative reforonce veliage are estab-
lished for the voltage dividers feeding the grid of peniode
ampitfier V2 and the grid of the cathode-fcliower secticn,
V3B, of the differential amplifier. {The action of the gus-
filled reference tubes is the sane as that previously
described, under Gas-Tube Regulator Circuit, in Section 5
of this Hondoook.) Regardless of the value of d-c woltage
applied to the ingut, Ein, of the requlator circuil, the nega-
dve-voiluge seferences in the grid circulite of V2and Vg
will be held constant by the action of V4 and V5, tespectively.

The requlator-amplifier circutt, which consisis of pentode
amplitier V2 onz cathoge-couplea differential amplifier V3,
uses the cathode load impedance of cathode iollower V33
as the cathode input impedance of triode cmpiifier Y3A.
Thus, the signal of the cathode follower is :ppl*ﬂd between
the control grid ané ground, while the outpur ¢of this some
stage is the input to the tricde amplifier, and is applied
betweer the cathode and ground. The grid voltage for the
cathede follower i determined by the setting of voltage-
divider resistor Ri16. The triode amplifier has a fixed volt-
age on its grid, obtained from the function of voltage-
divider resistors R12 and R13. The plate voltage of V3A and
V2B is obtained from the requlated output, Eout; the plate of
V3R s retumed direciy 1o the EHu‘u;O. UL A eEE
the plate of V34 is returned to this potential through plate-
cad resistor B9, which 1s part of the voitage-mvldej net-

wotk conzisting of resistors B9, RIC, and R11. Thus, the

opemtmg potentials at the electrodes of ¥3A and V3R are
such that, under normmai-load conditions, they pemmit o pr
determined value ¢f current to be drawn by V3 ond GE‘VFlOD
an output signal across piate-loed 1esistor 38,

The output sianal of V3A developed across resistor BG
is direct-coupled through resistor K10 tu the grid of pentode
aaplifier V2. This signal, then, acts to control the conduc-
tion through V2 When V2 is conducting, the cument thirough
varatlel coducted plate-load resistorg R7 and R8 develops
@ voltage at the plate af V2; this voliage is coupled to the
ido of V1. The voltage ot the grids of V1 is less than the

&

at the cathodes of thiz tube; hence, the napmal-load
coerating bias for V1o egtaniignen. fhe zerminaar wrm'nf'r.—

resisicr R1E, thereiore, determines the current through V3,
wiich, 1o turn, contiols the current through W/ ana mereny
eatablishes the bias for V1. This bias voltage of V1 initi-
zlly determines the eftertive namal-load internal resistance

af V110 ortoin the desired cutput voltage, Beut, from the
requiaior ciicull,

Assurie, now, Hiat the regulated outout voltooe, Bour,
attemipls to inclease, either becquse of an incregse in the
gw Ein, 12 the requlatar sircnitoor becanse of ¢

ihe load current. Through the voltage-divider

esistors R1Y, Hib, and Ri7, a clighuy higher

-~ o g s
NS TRESU T L Wl el edac an

Frig of ¥3E, cngd o COtesSpONding GECTeUSE il U.U Lidb Vi wiis
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Eocut, remains practically constept. Since most of the locd
current must pass through series requlator tube V1, the tube
stage. As z result of the decreased bigs, V3B now conducts
more current, and this additional current tlow through cath-
ode-load resister Ri4d results in g qeater veltage drop
across this resistor. The valtage at the cathode of V3, in
mringg more positive, increases the bias on V3A and thereby
reduces conduction throuah thig stage. The reduced vlate
zurrent of V3A couses o smaller voltage drop across a plate-
load resistor B9, which, 1n effect, is q positive-guing signal
at the plu'e o‘ Y3A. The dszeremml an .pilfier, therefore,

o TSt Iyert the e B e T

ﬁ.r\(

oo et g
apll d to the grid of V3B,
The positive-geing s
coupled through resiato TI0 0 the grid of sontode an
Y2, where it reduces the bias and causes an increase in the
zconduction of this stage. When the conduction of VZ is in-
creased, the additional plate cumrent througn plate-load re-

sistors 137 and B8 pr au

anal at the plate of V34 is direct-

these resisiors, and thereby develops o regative-going sig-
nal at the plate of V2. This negative-going signal is coupled
to the grids of V1, where it causes the difference in voltage
between the grids and cathodes cf Vi to increase.  The
difference in voltage between the grids and cathodes of

1 the operating hias for Vi. As a result of the bigs .ch ge
increase, the effective intemal resistance of V1 increases.
When the internal resistance of V1increases, less Joad o

Tent flows through V1, the voltage drop across V1 increcses,
and the output voltage Sout, of the requletor circuit de-

2 to its origingl valus,

An action similar to that just described ocours when the
requlated output voltoge, Eout, attempts to decrease.
Throuch the voltage-divider action ot resistors K15, HiG,
and R17, the bias veltage on the grid of V3B s mcrecsed,
since a slightly lower powt.\e potential now exisic across
resistors Ri6 ond R17. As z resultof the mcreu:ed bias,
V3R now conducts less than Current, and the decreased cur-
tent tlow through cathode-load resistor 14 causes a4 smal-
ler vclt::g_ drop 10 ooCur aCTeSs this rosfc'cr. The voltage

3 FANCTRSENS

L

The incregse C. Dxu[’ current o

-._;I.‘ 1

2T0p afTess plote-iood resisiu 18, whidh, L. -.-ficc\, bl

neqgotive-going siznai ot the plate of V34, This ne
qomq 51qm1 15 alrect-coupled tnrcuqh resistor 11l o the

2 resuit of the b wrecse, tte if ctive ictema

When
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ELECTRONIC CIRCUITS NAYSHIPS
the correct value, since the lack of inpu: voltage from the
associated power supply and filter circuit will cause o lack
of output voltage. With the d-c voltage removed from the in-
rwst be capable of passing considerable cuntent. In some
circuit applications where the load current requirements ex-
ceed the capabilities of a single tube, two or more identical
tubes are connected in parailel {as the sections of twin-
triode VI have been paralleled) in order to obtain suitable
requiaticn charccieristics and current-handling capability.
Also, in order to teduce the plate dissipation of seties re-
qulator tube V1, resistors can be connected in parallel with
the tube (as resistors RS and B6 have been connected in this
requiator circuit).

The output of the requlater circuit is coupled to the
qrid of the cathode-follower section, V3B, of the differential
amplifier through coupling capacitor C2  Any ripple compo-
nent present in the output voltage is wnplified in the requ-
lator amglifier, and, since the circuit is basically a negative-
feedback circuit, the ripple component is suppressed. As a
result, the requlator circuit is sensitive to any voltage
changes and is vety effective in removing any fundamental
ripple-frequency component which is present in the requlated
voltage output. Although there are many variations in the re-
qulator-gmplifier circuit configuraten, the function of the
requlator circuit remains the sane, that is, to supply d re-
gqulaied oulput veltage Lo the oed which is independent cf
variations in input voltoge or changes in lead current.

FAILURE ANALYSIS.

General. The d-c requlator using a twin-triode and pen-
tode regulator amplifier includes several components which
are rather critical and thus directly affect the operation of
the requlator circuit. For this reason, the resistors in the
requiator-amplifier circuit are normally close-tolerance {on
the order of 1, 2, or 5 percent) resistors with good tempera-
wre-stability characteristics. The operation of the circuit
will be impaired if these resistors should change in value
for any reason. Since the regulator circuit attempts to hold
the output voltage constant, it is usually good practice to
determine whether the load current is within tolerance before
suspecting wouble within the regulator circuit proper. A
load-current megsurement may be made by inserting a mii-
liammeter (having a suitable range) in series with the cut-
put of the regulator circuit. Also, a voltage measurement
should be made at the input to the regulator circuit te deter-
mine whether the unregulated voltage output from tne power
supply (and filter circuit) is within tolerance.

No Outpur. In this d< reguictor circuit, the no-output
conditton is likely to be limited to one of the following pos-
sible causes: the lack of filament voltage applied to series
requlater tube V1, the lack of applied d-c voltage (from the
associated power supply and filter circuity, or a short-cir-
cuited load (including cutput capacitor C3). A visual check
ol the glass-envelope series regulator tube, V1, should be
made to determine whether the filanent is it; if the filauent
is not lit, it may be open or the filament voltage may not be
applied. The tube filament should be checked for continuity;
clse, the presence of filament voltage at the tube socket
should be determined by measurement. The d-¢ voltage op-
plied to the regulator circuit should be measured at the in-
put (plate of V1) to determine whether it is present and cf

CHANGE 1
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tion of resistor Ri6 is open to cut off V3B, cr that resistar
R13 i3 open to cause the heavy conduction of V3A.

If pentode amplifier V2 has low emission, the voltage
drop across plate-ioad resistors R7 and B8 will be below
put to the circuit, resistance measurements can be made
ucross the load to determine whether the load circuit, includ-
in capacitor C3, is shorted. ( The resistance measured
across the load circuit will normally be something less than
the total value of the voltage-divider resistors, depending
upon the load circuit design.)

High Ourput. The high-output condition is usually caused
by a decrease in cperating bias for the series requlator tube,
Y1, which, in turn, cguses the tube to decrease its internal
resistance and permit the regulator output voltage to rise
above normal. Therefore, any defects in the electronic re-
qulator circuit which can cause a decrease in the operating
bias for V1 should be suspected. Voltoge measurements
should be made at the socket of V1 to determine whether
bigs {cathode-to-grid) voltage is present. The series requ-
lator tupe, V1, moy be checked by substitution of a tube
known to be good to determine whether the tube is defective
{gid-tc-cathode short, etc).

A visugl check of gas-filled requlator tube V3, which
provides ¢ reference voltage for the operation of the cathode-
follower section (V3R) of the differential amplifier circurt,
should be made 1o determine whether the tube 1s conducting.
A voltage measurement made between the cathode and plate
ol V5 wiil determine whether sutficient neqative voltage is
present at the tube to cause conduction. If the veltage is
more negative than normal, the tube may be defective; a
tube known to be gocd may be substituted to check for pro-
per operation of the V5 reference-voltage circuit. If the volt-
age measured across V5 is less negative than normal, it is
likely that resistor B20 has changed in value.

A visual check of requlator-wnplifier tubes V2 and V3
should be made to determine whether their filaments are lit;
if the filaments are not lit, they may be open or the filament
vcltage may not be applied. The tube filaments should be
checked ior continuity; also, the presence of filament volt-
age at the tube sockets should be determined by measure-
ment.

The bias voltages applied to V2 and V3 should be meas-
ured to determine whether these tubes are improperly biased,
causing the operating bias on V1 to decrease. Assuming
that V4 and V5 are cornducting normally o provide the pro-
per reference voltages, if the voltage at the grid of V2 or
V3B is below normal, there will pe an increase in the bias
on the respective tube. In this case it is pessible that re-
sistor RY, R10, or R11 has changed in value to increase the
hias of V2, or that resistor R15 or R16 has changed in value
to increase the bias of V3B; in addition, an improper setting
of variable resistor K16 will ailect the bias voltage at the
grid of V3B. A high output {rom the regulator also will re-
sult when the voltage at the arid of V3A is gbove normal,
and thereby cause a bios dectense on this stage; o change
in the volue of resistor R12 or R13 will produce this effect.
If V2 or V3B is biased to cuteff, or if V3A is corducting
heavily as a result of o high positive voltage at its qid, V1
will be made 10 conduct heavily as a result of a decreased
operating bigs. In this case, it is likely that resistor B9 or
R1G is open to cut off V2, that resistor R15 or the top por-
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ELECTRONIC CIRCUITS NAVSHIPS
high positive voliage will be placed-on the'grid of V3B if
the bottom portion of resistor B16 or resistor R17 is open, or
it capacitor C2 is leaky or shorted. A bias sufficient to cut
off V3A will result if resistor R12 is gpen; also, an open
cathode resistor, Rlid, in the differeniial amplifier will cut
off V34,
nutal; iereiote, the bius of Vi will be deg
high output from the regulator will resuit, Under this circun-
stance, 4 tube known to be good should bie substituted at
V2 and operation of the circuit ooserved to detemine wheth-
er tube V2 is the cause of the trouble.

Low Output. The low-output conditicn of the requlator
is usually caused by ar increase in operating bigs for the
series requlaior tube, V1, whick, in tumn, cuuses the tube to

Inedse e el rebinihnde and gendr thetagulatrias
rot voltage o fedl below normal, Therefore, any defects in
the electronic requiator circuit which can cause an Increase
in the operating pics for V1 should be suspected. Trouble
in cne section of V] {such as low cathode amission oOf an
open tube element} will cause @ reduction in the cutput. 'he
tube may be checked by substitution of a tube known to be
good to determine whether tie tube is defective. Voltage
measurements should be made ¢t the socket of V1 1o deter-
mine whether the pias {cathode-to-grid) voltage is excessive,
The equalizirng resistors, [{3 ord R4, in the cathode circuits
of V1 should be measured to determine that netther one 1s
open, that they have not increased in value, and that they
are of equal resistance.

A visual check of gas-filled requator tube V4, wh'ch
provides d reierence vol wage o the Speratsn of pentod
plifier %2, should be made to determine that the tube 15
condurcting. A voltane megsurement made petween the cath-
ode and plate of V4 will detennine whether sulficient v
age 1$ present at the tube to cause conduction. I the volt-
age IS more negative than normal, the iibe may be defective;

& tibe known tohe good may be susbiiviied o chegk I
proper cperauon of the V4 relerence voltage circuit. I the
voltage measured across V4 Is less negative than noral,
it 15 likely that resistor R18 or B19 15 open. thereby pro-
viding 2 voltege which is nct sulficiently neqative 10 cauze

The bias voltages applied to V2 and V3 shouid be megs-
ured to determine whether these tubes are improperly biased,
f-ﬂ__'c:w“; the oremting hicg on V1 tn incrense, churf‘_:ng that

orovide the ¢
s h

Uve tube, i %
or Rl has chansed in value to decreaze

thot cacistmr Hm ap P foe

™ - P [ a—
Bropen sty of s
;

Goie tesisiul UG will wlfect e pius voltc ge gl tie ar

of V3K A tow output from the  £290 Intar alan will reg

V34 15 below ronmal,

aon thic crmnns o ~honae i
£ gErnLErst T507 & ooaange

will produce tias etfect. 1 w2

when the v

tharehy o

PR R i o k)
Ll v L WLl i 3 H—.‘n}l\ il
inCredsed Operating DlAs. N thls case, i1 1S wuxely :hat
Ll s open or capacitor S0 s deoky

resiston
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s pracing y tign positive J&,xluu&: un tne gric of VZ, A
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It is possikle for the symptom of @ high posiuve valage
at the grid of ¥2 or V3B to be caused by a defect in the vole
age reference circuits. For example, if capaciter T4 or O5
’pomlieling reference tubes ‘v’4 and V5, respectivel ) i
e e st foon V2 5

1~ i
JCUi\y Of 3hoIteq, uu: gllua u. PENINAT Gmpaliill

ode follower V3B will be returmed to ground ;nmecd of

o] $300m mmma e i 4 = A
their reapactive negotive vollage reforence. Az 2 rem

the voltage disuibution across ihe respecive volluge divid-
ets will be such that the voliage at the grid of VI or VB iz
made more positive. Separately, the voltcce at the grid of
vz wiil pe more positive if referance tube ¥4 1s defeciive,
ar condition will be noted for me grid of V3B if
0 is open. The result of each of the loregeing

! pe gn ircrease n ne bico on series redul 2

mil
zesis:or HZ

age drop GCross pime—]oau res1sils 17 and M6 will be extes
sive; wherefore, o tuve known 0 be good snould pe substi-
whed and operctionzol thescirguin oober“ed 0 deterrured
whether tupe V2 is the couse of the trouble. If citferential
azplifier wbe V3 has low emission, the voltage drop across
ity plate-load resistor (R9) will te velow nomal; thereiore,
the zias of VZ will be decreased, and :n turmn, casae an in-
crease in the blas of V1 ang d decrease in the cutput of the
requlater. A tuoe kncwn to oe good should pe subsntuted

at V3, and cperation of the circuit abserved 1o deternune

lalziotes

As mentioned previousiv GXCSSS
cause the vutput voltage to be low, eso

carrent

B S T = LT ot Gyt P P £
v A TR3UIING 0 SXCSE3IVE WOLGGE Q10 JSIGES kt

focd current exceeds the raung of the power supody [recuit-
1y in 4 decrense in the applied valtagel. Far thes

R TN | QNN = s S [T . O | S
5005, oulpul CORACIlon Lo SNOuLl S ChLECKET

whethierdt icadsitony. AdosgpEnnnt sunnne

result in reduced output voltage, olthough the reguia
plifier circuit (V2 and V3) may be hnc:zonlm no.'r.uh\; Bt
still be unable tc compenscte for the d
Poor Regulation Characteristics. ‘."
slow Tespanse, etc, are requently cuased o
balunced trinde sections in series remlatar tube V1, un-

CIease in outpu

felX D ul-

g e

anc the upphed voliages are important 12
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R

D-C REGULATOR USING PENTODE AND TWIN-TRIODE
(BALANCED QUTPUT).

APPLICATION.
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CHARACTERISTICS.
Hegulated output voltege to load is nearly constant,
even though chenges in ingut voltage or lood current occur.
Voltage-divider principle employed, using variable
rezistance {electron tube) in series with loed resistance;
series electron tube moy be a triode, a triode-connected
centode, or a pentede with separate screen-voltage supply.
Uses pentode amplifier amd twin-triode differential
ampiifier 1o control the series electron tube.
Uses jas-tube regulater circlits as referencevoltage
scurces,
Warigtion in basic circuit permits positive (plate and
screen) or nejative (bios) supply voltages 1o be requlated.

CIRCUIT ANALYSIS.

General. The d-c regulotor using a pentode amplifier
and a twin-triode differentiat amplifier is capable of pro-
viding very stable output voltage regulation. [n this dis-
cussion the term "requlation’’ means the maintenance of a
necrly constart sutput voltege, regardless of changes in
the input valtoge or tne load current. The variations in
output voltage that normally resuit from comporent aging,
chanyesin operational environment, etc, are usually con-
sidered in the design of the circuit, and are compensated
for by using close-tclerance (on the arder of 1, 2, ur 5
percert) cemponents whose values do not deviate from the
nominal by more thar the strict limits specified.

In tnis type of voitoge regulator, requlation is accom-
piished by allowing the cathode-to-plate conduction re-
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0967-000-0120 YOLTAGE REGULATORS
sistance of an electron tube, in series with the sutput of g
power supply, to function as a voriable resistance, and
thus provide the voltage drop necessary to compensate for
any change in output voltage. That is, the change in output
voltage is compared and amplified in the pentode and twin-
triode requictor-amplifier circuit, and applied as a bies volt-
age to the grid of the series requlator tube, thereby varying
the conduction resistance of this tube. The varying con-
duction resistance of the requlator tube, in turn, varies the
load current drawn by the series circuit and the voltage
drop across the series reguiator tibe; in so doing, the
series regulator tube cbsorbs the change in the cutput
voltage. Voltage regulation of approximately 1 percent
can be otained with this type of electronic d-c regulator,
depending on the circuit design.

Circuit Operation. A typical d-c requlator circuit using
a pentode amplifier and twin-triode differential amplifier
is tllustrated in the eccompanying circuit schematic
Electron tube V1 is a parallel-connected twin-triode used
as the series requlator tube. (In applications where the
current drain exceeds the current-handling copability of a
single series regulator tube, two or more tubes of the sane
type may be connected in parailel.) Electron tube V2 is
another twin-triode, and is used as a cathode-coupled
differential amplifier stage. Electron tube V3 is g high-gain
pentode amplifier. Together, tubes V2 and V3 function as
the regulator-amplifier circuit; pentode V3 is the input
stage, and twin-triode V2 s the output staze. Tuhes V4
and V5 are cold-cathode, gas-filled tubes used to provide
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reference voltages for ogeration of the requlator-amplitier
circuit. The gas-filled re\,umtor u.bes in tH- opplxcat:on

are bu\.lalu\.torv as reliable
1

nave g neaier-iv-cainode voli-

ting J‘-hu,,h i3 L,wuul fur receiving-type tubes.
Becouse of t.le heater-to-cathice uTEC!k'JGWTl voliage linite
ticns lmposed by the tanes themselves, it is ,sucily necs
os5ary 16 1solate e tlament circuits from each other and
by the f nt (heater) voltoges from independent

2, the rid siroits o sernies
parasitic wu.llut On suppressors;

”l'ﬂlx)' hetweon 7‘70 and 1000

s Fairs
I NSV CENOEEIoUnE iy

Gle tmciuded Dof te puipose of equalizing the current fiow
I gi-connected lude sectivfis; these fesistors
qual value, generally between 10 and 47 chms,
depending upon the circuit design,
The requiator-amplifier circuit ronsists of pentode
amplifier V3, used as ¢ sinjle-ended input stage, cascaded
with cathode-coupled ditferentiol amplifisr V2, used as a
batunce=d output stage. The lelt-hand section of the
differentiol amplifier, V2A, functions as a triode amplifier,
d the risht-hand section, V2B, functons as a cathode
tonower. Trhe balanced sontigurction of twin- Lnodn V2

) 1s ur:pued to the grid of the
sulput signal i taken from the
, the cothoze-couplad differential

Ughinputiniedonoe gnd piovide Bigh

iqnel inversion ’Fet\w‘em the input

I Eir, ;rav:des p]ne -fo}taqe Horg
ifier V24, Control grid veltage for this same

stage [s obtained from voltage-divider resistors R6 and 87,
s3 the requloted output »ohcqe, Eout. Re-
on resistor tor wiode amplifier V2A

and cathode follower V25,

A0

=c requlator wbes V4 and V5 furnish reterence
ges tor pentode arplifier V3; V4 is in the cathode
Resistars

1Im sArEE Wi TRTRreRre DiDE V4

=triking sotential ana lsu 10 act as uurrem-hmmnc resistors
(el Ao Tadl 0 BB HG R oo EAS ol koGl e, fesistors F10 ane Ml

s 2 voitage divider to provide the d-c operating

b odluel Gild Ol Hz_:..f.ud;_ GmphLE NE

Flawe yolrane for the ventode o JEM'H‘ is lunmshed by the
requlated outpat throuah plate-lead resiztor R9. Capacitor
) eonnectad in ‘-ﬁmllpl with reference tnbe V4, is a hy-

L proviges o low-impedance path at the
egquency (usually 120 cps), to reduce
ot dmnﬂ_ﬁor"”!‘r in otno ~othode siroait of Y3,

ol o pomeramien hotwinon
Qiay EOMBrDIEe moninno

2 valug WOICE DIETS (Ow IHLECONCE 16 the pUWel-3upply
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ripple frequency anc a value which is not 5o large as to
affect the normal cperation of the reference tube, V4.

Gas tube VO is in series with voltage-divider resistors
R12, B13, and R14 across the requlated output, Eout.
Because this crranyement permits g larger percentage o
ne OutDUt-VDllGﬁe variations to pe coupled to the control

arid of the pentcae amplifier, the over-all aun of the reg
ulatar amglifier is mods qreater. In some deg regulotorb,

two Of more J0S wbes may be used in series with ine
vcltage-divider resistors. The number and type of gas
tibes uged in this marner depends upen the voitage drop

o6

the ntpu. Jnd the ’:rj:i of pentode ur.':s‘-i-
desi that the largest pf"tlo
elatbiline] e pss B EE

tube(s), With ¢ jas tube ploced in a grid circuit, such as
V3 iz in this d=c regulator, an azditional advantage 1s

reqiized inthat thern
.utt_, Sud. s T ., 5
Therelore, the a5 twbe iz selected solely on the merits of

its obility to requlcte at the same voltage each time the
power supply {equipment) is turned on and the degree 1o
which the voliage is requisted at a constant value so long
as the equipment is in operation. Capacitor 3, connected
in paraife! with V5, Is used to suppress the transient noise
generated by the gas tube, and thereby prevent these
undesirchle siqnals from appearing on the grid of pentode
amplifier V3. The value of capacitor C3, which is usually
the largest value recommended by the tube manufaciurer,

is g ~ompromize b

weer o ualue which eliminates the

iransient noise and a value which 13 not S6 1drge 45 to
affect the normal operaton of reference whe Vo
\,-;Jpﬂc.t()r 8] couples thie full vaive of npple voztu}e
from the output of the re]uiator citcuit to the arid of V3 ,'
{ capacitor O were not used, only o portion of the rippl
ttage would be applied 1o the grid of V3, as dete.uu'm
Hy the action of V'-\ and \/ﬂ]fgnn—diu\der T
B13, ond Rl4. The value of capacitor C2 is chosen sc
that it is just large erougl" to provide satl fua..IOT)a ripple
SuppreSSJOn. It the vaiue of capacitur C2 were maae oo
large, the respense ume of the requlater Sircult 1o normal
f=a output-vouaqe variations would be atiected; avalue of
trom U.0l o Ol microrarud s ey et e

i

VO

;'i‘

sistors Rl

1=

!z: w(D

Il HGst It.’gd.ld
ampiifier cirzuits. Copacitor U4 is connected across the
output terminals tO lower the output impedance of the
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follower section, V253, and the triode-amplifier section,
VIA. Tre output tmpedance of the cathode follower acts
as on impedance in series with the cathode input to the
tiode amplifier, The sum of the plate currents of V2A and
V2B is equal to the current through cathode resistor R8.
Tris value of current is essentially constani; thet is, an
ircrease in the plate current of cothods iollower V2B causes
an almost equal decrease in the plate current of trinde
amplifier VZA. In this manner, the current tareush resistor
RE :s kept essenticlly constant.

As previously mentioned, the operation of this requ-
letor circuit is based upon the voltage-divider principle
ot using a variable resistance in the form of electron tube
V1 in series with the lead resistance. The requlated outpat
voltage, Eout, appears across the veltage dividers formed
by gas tube V3 and resisters R12, R13, end R14, and
resistors B6 and K7, which are connected across the output
of the regulator circuit and in parallel with the load, The
total resistance of these voltege-divider resistors in paraiiel
with the load resistance constitutes one part of the resist-
arce in the requlator series voltage-divider crramgement,
which includes the varicble cathode-to-plate resistance of
series regulator tube V1. The currents which pass through
the paralie! branches (voltage-divider resistors and logd re-
sisterce) combine, and this total current sosses through
series requlator tube V1. When the cathode-to-plate resist-
ance of V1 is controlled to vary the voltage drop across this
tube, the output voltage developed across the load can be
requlated end maintained at a constant value.

In order to understand how the d-c requlator circuit
operates under varyingload conditions, it is necessary
to exaning first the static voltage distribution under normai-
load conditions, The cathode of series regulator tube V1
Ls held positive with respect o ground by the output volt-
age, Eout, while the grid is held somewhat less positive
by the acticn of the requlater-umplifisr circuit. The differ-
ence between these two voltages is the bias voltage for V1,
which i at the proper value for series requlator tube V1 to
have the required amount of cathode-to-plate resistance to
produce the correct output voitage. The output voltage is
applied to reterence tube V4 through resistors R10 and R11,
causing V4 10 ionize and conduct, thereby establishing a
reference voitage at the cathode of pentode amplifier V3.
In @ like manner, gas tube VS also ienizes and conducts to
produce ¢ constant voltege drop in the voltage-divider
circurt consisting of that tube as well as resistors B12,
Ri3, and RBl4. {The action of the gas-filled reference
tubes, V4 and V5, is the same as that previously sescribed
under Gas-Tube Requlator Circuit earlier in Section S of
this Handbook.) Regardless of the value of the d-c valtage
appiied to the input, Ein, of the requlator circuit, the volt-
age at the cathode of V3 will be held constant (by the
aztion of V4) for use as a reference voltage, Likewise,
the veltage at the top of resistor R12 will be held constant
by the action of a5 tube V5.

The input to the requlator-amplifier circuit, as determined
Ly the setting of resistor R13, is cpplied w0 the grid of
pentode amplifier V3. The output signal of this stage,
developed oerass plate-load resistor RS, is direct-coupied
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1o the grid of VZB-the cathode follower input section of
cothode-coupled dilferential amplifier V2. The cathode
load impedance of cathode follawer V25 is uged as the
cathode input impedance of triode amplifier V2A, Thus,
the signal to the cathede {ollower is applied between the
control qrid and ground, while the output of this same stage
is the input to the triode amplifier, and is applied between
the cathode and ground.  The grid voltage for the cathode
follower is determined by the voltage drop across the
pentace plate-load resistor, B9, The tricde amplifier, V24,
has a fixed voltage on its grie, obtained from the junction
of voltage-divider resistors R6 and R7. The plate voltage
cf V2A is obtained from the unregulated input, Ein, through
plate-load resistor B1; the plate of V2B is retumed direct-
ly to the regulator output, Thus, the cperating potentials at
tne electrodes of VZA and V2B are such that, under normal-
load conditions, they permit a predetermined value of current
to be drawn by ¥Z and develop an output signal across
plate-load resistor 1.

The cutput signal of VZA developea across resistor Rl
Is direct-couplec through resistors R2 and R3 to the qgrids
i series requlater tube V1. This signal, then, acts to
control the conduction through V1. That is, when diffor-
ential amplifier V2 is corducting, the voltage drop across
V24 plate-load resistor R1 provides o voltage for the crids
of series requlator tube V1; this voltage is less than either
the plate or cathode voltage of V1. The difference in volt-
age between the cathodes and qgrids of V1 is the operating
bias for V1. Thus, the setting of resistor R13 determines
the current through V3, which, in turn, determines the cor-
duction of V2, and thus the voltage drop across resistor
F1, which establishes the bias for V1. Tt is this bias level
that initially determines the effective internal resistance
of V1 10 obtain the desired output voltage, Eout, from the
requlator circuit,

Assume, now, that the requlated output voliage, Eout,
attempts to decregse, either because of g decrease in the
wiput voltage to the regulator circuit or because of an in-
crea.e in the luad current. Through the voltage-divider
actien of resistors RiZ, B3, and Ri4, a slightly lower posi-
tive voltage now appears across E13 and R14. This rezults
in ¢ decrease in the positive voltege applied 1o the grid of
pentoue ampiilier V3 and a corresponding increase ir, the
bics voltage betwaen the cathode and the grid of V3. {The
cathode veltage of V3 remains constant because of the
action of reference whe V4.) As a result of the increasel
bias, V3 now conducts less curren:, and this reduced
current flow thiough plateload resistor B9 results in o
smaller voltage drop acress RY; thus, the voltage ot the
platz of V3 increases. Since the voltage ot the plate of V3
is also the grid voltage of cathode followsr V2B, the bias
on V2B now decreases. As o result of the decreased Lias,
V2B conducts more curtent, and this additional current flow
through cathode-lond resistor 58 results in a greater voltage
drop across this resistor.  The voltage at the cathode of V2,
in going more positive, increases the bias on triode armpli-
tier V2A, and thereby reduces conduction through this
stage. The reduced plate current of V2A causes a smaller
voltage drop scross plote-load resistor R, which, in effect,
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ELECTRONIC CIRCUITS NAVSHIPS
tr.e operating bias for V1 should te suspected. Voltage
measurements should be made at the socket of V1 to deter-
mine whether bics {cathode-to-arid} voltage is present.
The series requlator tube, V1, may be checked by sub-
stitution of a tube known o be good to determine whether
the tube is defective{grid-to-cathode short, etc).

A visual check of the gas-filled requiater tubes, V4 and
V5, which provide the reference volteges for the operation
of pentode amplifier V3, should be made to determine
whether the tubes cre conducting. A voltoge measurement
made between the plate ana cathode of V4 or V5 will deter-
mine whether sutficient voltage is present at the tube to
cause conduction. If the voltage is above ncimal, the tube
may be defective; a tube known to be good may be substi-
tuted to check for proper operation of the respective ref-
erence-voltage circuit. [f the voltage measured ocross V4
is below normal, it is likely that resistor B10 or R11 isopen.
A below-normal voltage measurement across V5 will in-
dicate that resistor K12, R13, or R14 is probably open.

A visual check of requlator-amplifier tubes V2 and V3
should be made to determine whether their filaments are lit;
if the tilaments are not lit, they may be open or the fila-
ment voltage may not be opplied. The tube filoments should
be checked for continuity; also, the presence of {ilament
valtage at the tube sockets should be determined by measure-
ment.

The bics voltuges epplies o VZ cnd V3 should be
measured o determine whether these tubes are improperly
biased, causing the cperating bias on V1 to decrease.
Assuming that V4 ana V5 are conducting normally te provide
the proper reference veltages, if the voltage at the grid of
V2A or V3 is below normal, there will be en increase in the
bias on the respective tube. In this case it is possible that
resistor RS or R7 has changed in value to increase the bias
of VZA, or that resistor Rl12, R13, or R14 has changed in
value to increase the bigs of V3; in addition, an improper
setting of variable resistor R13 will affect the bias voltage
at the grid of V3. If V2A or V3 is biased to cutoff, V1
will be made to conduct heavily as a result of the decreased
operating bias. In this case, it is likely that resistor R6
is open to cut off V2A, or that resistor R12 or the top portion
of resistor R13 is open to cut off V3.

A high output from the regulator will also result when
the voltage at thegrid of V2B is above normal, thereby
causing a bias decrease on this stage. This condition will
result when pentode amplifier V3 is in cutoff because of a
floating control grid or open cathede circuit. In the case of
a floating contrel grid, it is likely that the bottom portion
of resistor R13 or resistor B14 is open; and open cathode
circuit of tube V3 will result if resistor R10 or R11 is cpen.

If the differenticl amplifier tube, V2, has low emission,
the voltage drop across V2A plate-ioad resistor R1 will be
below normal; therefore, the bics of V1 will be decrecsed
and a high cutput from the requlator will result. Under this
condition, a tube knowm to be good should be substituted
for V2 and the operation of the circuit observed to deter-
mine whether tube V2 is the cause of the trouble. An
open cathode resistor, B8, will produce the same etfects
as a defective differential amplifier tube.
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Low Qutput. The low-output condition of the regulator
iz usually caused by an increcse in operating bias for the
series tejulator tube, V1, which, i turn, causes the tube
to increase its internal resistance and permits the regulator
output voltage to fall below normal. Therefore, any detects
in the electronic requlater circuit which can cause an in-
cregse in the operating bias for V1 should be suspected,
Trouble in one section of V1 {such as low cathode emission
or an open tube element) will cause a reduction in the out-
put. The tube may te checked by substitution of a whe
known to te good to determine whether the tube is defective,
Voltage measurements should be made at the socket of V1
10 determine whether the bias (cuthode-to-grid) voltage is
excessive. The equalizing resistors, B4 and R3, in the
cathode circiite of V1 should be measured to determine
that neitherone is open, that they have not increcsed in
value, and that they are of equal resistance.

A visual check of the gas-filled requlator tubes, V4 and
V5, which provide the reference voltages for the operation
of the pentode amplifier circuit, should be made to deter-
mine that the twbe is conducting. A voltage measurement
made between the plate and cathode of V4, and alsc between
the plate and cathode of V3, will determine whether
sufficient voltage is present at the tuke to ccuse conduction.
lf the voltage measured across V4 is below normal, or if
no voltage is present, it is likely that capacitor Cl is
either leaky or shorted. A below-normal voltage measurement
across V9 will indicate that capacitor C2 or C3 is probably
either leaky or shorted.

The bias voltages applied to VZ and V3 should be
measured to determine whether these tubes are improperly
biased, causing the operating bias on V1 to increase.
Assuming that V4 and V5 are conducting normally to pro-
vide the reference voltages, if the voltage ot the grid of
VZA or V3 is above normal, there will ke o decrease in the
bias on the respr-z* . tube. In this case, it is possible
that resistor RS or R7 has changed in value to decrease the
bias of V2A, or that resistor RiZ, R13, or R14 has changed
in value to decrease the bias of V3; in addition, an improper
setting of variable resistor R13 will affect the bias voltage
at the grid of V3. If V24 or V3 is biesed by o high positive
voltage on its grid sc that either tube conducts heavily,

V1 will bemade to conduct less as a result of an increased
operating bigs. In thiscase, it is likely that capacitor C2
is leaky or shorted, thus placing a high positive voltage
on the grid of V3. A high positive voltage will be placed
on the grid of VZA if resistor R7 is open.

If plate-load resistor R1 (for differential amplifier V2)
is open, the bias voltage applied to the grids of V1 will be
made learger, causing ¢ decrease in the requlator cutput.
Also, if tube V2 is shorted and conducting heavily, the
voltage drop across plate-load resistor R1 will be excessive;
therefore, o tube known to be good should be substituted
and the operaticn of the circuit observed to determine
whether tube V2 is the cause of the trouble. If pentode
amplifier tube V3 has high emission, the voltage drop across
its plate-load resistor, RS, will be above normal; therefore,
the bias of V2B will be increased, thus cousing on in-
crease in the bias of V1 and ¢ decrease in the cutput of the
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requlator. A tube known to be good should be substituted
for V3, and the operation of the circuit chserved to deter-
mine whether tube V3 is the cause of the wouble. If re-
sistor B9 isoper., the cathode {ollower {V2B) control grid
will be f}OG‘u.l ; this will cause the cathode {ollower 1o
cutoff, Asc result the requlctor output will decrease.

A~ e e i T Avroae iy Vrmd aiemnmb e
S WERUonea gn_“uu.uf, CHCTSEIVE 2004 SUricng Can

cause the output voltage to be low, especially if the loag
current exceeds the maximum rating of series requlater
tube V1 (resulting in excessive voltage diop across V1)

or if the load current exceeds the rating of the power suppiy
(resulting in o decrease in the applied voltage). For these
regsons, output capacitor C4 smu” be checked tc deter-
mine whether it is satisiactory. Leoxy output capacitor

could result in reduced Cutoat velte je,

Bogan tho raae
i1 =,

ulator-amplifier circuit (V2 and Y3) may be functioning
normally but still be unable to compensate for the decrease
in output.

Poar Regulation Choracteristics. VOhGgE’ jnSthllit‘,’,
siow respunse, etc, are frequently caused by weak or un-
balanced tricde sections in series regulator tube V1,
unbalanced cathode resistors R4 and RS, or defective
requlator amplifier tubes V2 and V3. The gain of the reg-
ulator-amplifier stage is determined primarily by tubes V2
and V3 and their applied voltages; therefore, the condition
of VZ and V3 and the applied voltages are important factors
governing satisfactory operation of the regulator circuit.

General. Electromagnetic requiaters are automatic
devices which are magnetic rather than electrenic or
mechanical in nature. These regulaters are of two basic
types: the induction regulater, which employs a varicble-
inducter transformer, and the saturable-core-reactor requiater
An application of the induction regulator is its use in an a-c
power regulator and distribution system wherein the
unregulated power from the generating source is converted
into ¢ form required by the electronic systems or equipment
at a particular facility or installation. The saturabie-core-
reactor requlator is used in such applications as the

regulation of the a-c voltage input to an electionic equipment

or the equipment’s power supply, or the requlation of the d-¢
voltage output from the power supply in o given electronic
equipment. Loch of the two ypes ot elecunmannetic re-
gulators wili be discussed in the {cilowing patugraphs.

inductien Regulater. An example of un 1ncuction
regulater used in an a-c regulation and distribution system
is illusirated 1n ine accompanying biock diggram . The
input power (in this case, three-phase, 80-cps ac) 1s
applied througn o wonster switch thar auromeucelly
COMMECts 10 Gn eMergency power SoUTce when the nonal
source voltage between any phase and the neutral line
falls below a predetermined level. When the normal source
voltage returns to the proper level, the transfer switch
again connects to the normal source.

fler passing lhluuqn the transier swilch, the inpul power

18 ﬁnmlpn Thrnnrjn the system main cireyit breqker 1o o three

puu:c VOO PUipuDT UL b ;1;1::-;—;_;:1'..::\: [R=-{F ISRV
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limit any short-circuit cutrents within the system 1o a pre-
selected value of the regulator full-load current for any ane
phase. The reactor oppases large, rapid changes of

current until a clicuit breaker trips and opens the circuit; in

le— 34,60 ru (INORMAL)
TRANSFER e dETER
SWITCH CHACINTS
l— 3¢ 60 ~, [EMERGENCY)
MAIN 3¢ moucnog&
CIRCUIT —ed  REGULATG
BREAKER REACTOR CONTROL CIRCUITS
t
REGULATED
REGULATED
A-C POWER -a—  QWTPYT
TO EQUIPMENT GRE AKPRS

A-C Regulation and Distribution System Using
induction Regulator

this manner the system is protected and the effects of short
circuits are localized. The output from the three-phose
recctor is cpplied to the induction requlater and its associoted
control circuits. The regqulcted a-c output is ther fed through
a circuit- breaker panel to the applrcble equipment.

.ul{ﬂgﬁ Gna CUrTeny MelLis Monitel o ‘uuG «'Sliu..gCu and

curtents at the outpu: of the induction requlaior,

A simplified diagram of o three- p'nase induction regulator
ona s ntroi CitCuits (s given In the 'Jc."cmparvmj
LAGuid, g ,Vuugc—acg,mh.u Sl o o this
regulator is o vanable-incuctor transformer which is split
into a rerating section and A stationary section, The
totating section, ot rotar, for each phase 15 connected
zcross the dnput line; hence, it is in parellel with the load
(HL) for that phase. The stationary section, or stator, for
each is connected in series with the input line: heace,
it is 1n series with the load fof that phoace. A vanalion in
the cutput {load) voltage is ortained by rotting the roter
inside the stator to change their flux linkage in both
maanitude and direction. Thus, depending upon their
relotive anqular positions, the totor indices in the staror

voliare -.m CHRET A

S UPPOSes e sne volige,  When the stmor
voltage, ine load voltane is qreqter

voitage aids ne o
puT voltage.
muximum when both the tlux linkaae between rotor and

SLA00 ARG the vorlQae INSUCs In Ny stalog are moxanum
and the staw; '-MII’V;G‘ s in phase with the rotor voliage,

AN TR

har 1%, e 1ol voliage witl ne

e g [ESIN! N
Sticn Wellstar lamedidghadartei el nbat i HigkEge

Detween 1otol and stater and e voitage induced i the
stator will ogain be maximum, but the veltage induced in

the stator will be out of phase with the rotor voltage. Hence,
. 4
L

£3 e R e tat ]

1is thne the stator voliuge spposes the totor voliage
and the leco voliage 15 minimum. For reislive anguior

nositions of towr mid STator Detween the exrremes noted,

ph
Y

9]

ag

"o lika
32 -

cond St il Gl T4 U TGO,
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Three-Phase Induction Regulotor,
Simplified Diagram

The rotation of the 1otor is accomplished by a reversitle
motor, which, in turn, is controlled by the cction of two
relays; this arrangement is iilustrated schematically in the
uccompanylng diagras,  in ¢ typical apgiication of an
induction regulator, a variable-inductor trensformer and
its associated control circuits are placed in each phase
line of the distribution system. In this case, howevar, only
the control circuits for phase 1 will be gnalyzed; the phase
2 and phase 3 control circuits are identical to those of
phase 1, and thus will not be considered in this discussion,
The output veltage of the selected-phase variable-inductor
transformer js sensed by a voltage-requlating relay, K1,
which causes a motor-control relay, K2, to operate q
reversible motor. The motor, Bl, drives the rotor of the
applizable variable-inductor transiormer in the direction
necessary 10 compensate for the output-voltage variation.

The sensing element of voltage-requlating relay K1 is
an jron-core sclenoid, which is suspended on a compensat-
ing spring. (The solenoid core and compensating spring
are shown dotted in the illustration.) The solenoid cutrent
is made proportionul to the output voltage by inserting
limiting resistors Rl ang R2 in series with the solenoid
coil. In this manner, the solenoid current is maintdined
constant for a given voltage, and yet it can still change
with the voltage to be regulated, A holding coil is wound

CHANGE 1

in the opposite direction over the solenoid ceil of K1;

the halding coil, HC, 1s excited through the tapped seclions
of the K2 motor-control relay coils. The purpose of the
helding coil s twoiold: to medify the “puli” of the K1
solenoid, and to hold the contacts of K1 closed until the
contrel motor has caused the variable-inductor transformer
to carrect the output voltage. When voltage-requlating re-
loy K1 is in operation for a normal output veltage, the

pull of its solencid, which varies with the current through
the coil, and the tension of the compensating spring are
balanced against the weight of the sclenocid core. The
solenoid core operates a set of single-pole, double-throw
contacts mounted on opposite ends of a pivoted beam and
separated by equal distances from the stationary conlacts;
one normally open contact of the set closes when the
cutput voltage increcses, and the other normally open contact
of the set closes when the cutput voltage decreases, This
action causes voltage-regulating relay K1 to operate
motor-contrel relay K2, which, in turn, causes contmol motar
Bl to turn and thus rotate the rotor of the variable-inductor
wransformer to correct the output voltage when this voltage
is higher or lower than normal. In the accompanying diagram,
the synbois (L) and (R} denote the compenents that

produce the action necessary to ‘'lower’’ and *'raise” the
output voltage, respectively.
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pull and draws the solenoid core farther into the coil, thus
telaxing the tension on the compensating spring. When

the tension on this spring is relaxed sufficiently, the
normally open contacts on the K1 (L) section of the voltage-
requlating relay close. When this occurs, the *'lower*’

(L) cail of motor-control relay X2 energizes and closes the
normally open (N.0.) contacts on the K2(L) section of this
telay. Closing the K2{L) contacts of the moior-control
relay applies a voltage to the control metor, Bl, thus
energizing the motor and causing it to turn to the “lower”
dgirection, The control motor is mechanically coupled to the
rotor of the phase [ variable-inductor transformer.  Therefore,
when the motar tumns, 1t also tums the 1otor of the variable-
inductor trensformer in the direction which will cause less
flux linkage between the rotor {primury) and the stator
(secondary). As aresult, there will ke less voltage
induced in the stator; that is, since the stetor, or output,
voltage varies with the flux linkage between the rotor and
the stator, reducing the flux linkage causes a reduction in
the output voltage,

The control motar turns the sotor of the variabie-
inductor trensformer until the output voltage again tecomes
normal. As this point is gpproached, the current through
the solenoid coil of voltage-regulating relay K1 decreases,
since this current is proportional 1o the cutput voltege.
Thus, at the predetermined level of output voltage,
sensed by the current through the coil of K1, the weaker
magnetic field resulting from the decreased cuzrent exerts
a lesser pull on the solencid core of K1, 5o that the weight
of the core and the tension of the compensating spring are
again in balance. When this occurs, the (K1(L) contects
of the voltage-regulating relay open, thereby causing the
lower’’ (L) coil of K2 ¢ de-energize and, in turn, to open
the K2{L) contacts of the motor-control relay. Opening
the K2{L} cortacts of the motor control relay removes the
energizing voltuge from control motor Bl, and the motor
stops turning. When the motor stops turning, the rotor of
the variacle-inductor transtormer also stops turning, and
remains stationary at the normal output-voltage level until
a further variation from normal ozcurs.

Assume that the output voliage of phase | now decreasss
below the predetermined level established by the setting
of potentiometer R2. Since the output voltage is lower thun
normal, the control motor must tumn the rotor of the variable-
inductor transformer in the direction which will raise the
voltage; this is accomplished in the manner described
below. The lower-than-normal output voltage of phase 1
causes a decrease in the current through the solenoid coil
of voltage-requlating relay K1. The wedker magnetic field
resulting from the deceased current exerts a lesser pull
on the solenoid core and thereby releases the core f1om
the coil; the additional weight of the core now increases
the tensicn on the compensating spring. When the
solenoid core is released sufficiently, its weight causes
the normally open contacts on the K1(R) section of the
voltage-regulating relay to close. When this occurs, the
“raise’” () coil of motor-centrol relay K2 energizes and
closes the nommally open (N.O.) contacts on the K2(t)
section of this relay Closing the K2(R) contacts of the

CHANGE 1
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moter-contiol relay cpplies a voltage to the control motar,
Bl, thus energizing the motor and causing it to tum in the
Yraise’” direction. The control motor is mechanically
coupled to the rotor of the phase | vaioble-inductor trans-
former. Therefore, when the motor turns, it also turns the
rotor of the variable-inductor transformer in the direction
which will cause more flux linkage between the rotor
{primary) and the stator { secondary). As a result, there
will be more voitage induced in the stator; that is, since
the stator, or output, voltege varies with the flux linkage
between the rotor and the stator, increasing the fux linkage
causes Gn Increase in the output voitage.

The control motor tums the rotor of the varichle-
inductor trensformer until the output voltage again becomes
normal. As this point is gpproached, the current through
the sclencid coll of vollage-requlating reley K1 increases,
since this current is proportional to the cutput voliage.
Thus, at the predetermined level of output voltuge, os sensed
by the current through the coil of K1, the stronger magnetic
field resulting from the increased current exerts a greater
pull on the solencid core of K1, s that the weight of the
core and the tesnion of the compensating spring are agan
in balance. When this occurs, the K1(R) contucts of the
voltoge-regulating reloy open, thereby causing the *rajse’!
(R) coil of K2 w0 de-energize and, in tum, to open the K2(R)
contacts of the motor-control relay. Opening the K2(5) con-
tacts of the metor-contrel relay removes the energizing
voltage from control motor Bl, and the motor stops turning,
When the motor stops turning, the rotor of the veriatle-
inductor transformer also stops lurning, and remains
stationary at the normal output-valtuge level unul a
further variation from normal occurs.

As previously explained, the voliage-regqulating com-
ponent of the induction regulator is the varieble-inductor
transiormer, cnd the voltage-sensing element is the
voltage-regulating relay, K1, The setting of voltage-level
potentiometer R2, which is in series with the coil of relay
K1, deteimines the desired normal-output-voltage level by
establisniny the initial magnitude of current to determine
the amount of pull on the solenocid core of K1 required to
just balance the tension of the compensating spring.  Thus,
the current through the coll of K1 will remain constent as
long as the cutput voltege is normal; when the cutput voltage
changes (increases or decreases), the magnitude of the
current will change proportiondlly and cause the induction
requlater to compensate {or the change in voltage, By
establishing the magnitude of current through the holding
coil of relay K1, the setting of helding-ffect potentiometer
R3 determines the modified pull of the solenoid core and
the length of time that the K1 contacts are held
closed. In this manner, the holding ccil helps the requlator
control circuit to rapidly stop the roter of the variable-
inductor transformer when the output voltage reaches the
predetermined normal level. The resistor-capacitor networks,
R4-Cl and R5-C2, in the "lower’’ and "'raise’ sections,
respectively, of motor-control relay KZ cre used for arc
suppression. Switches S4(L) and S5{F) are limiting switches
in the "lower'’ and “'raise’’ power-input lines to the
control motor; these switches cut off power to the control
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motor and thereby prevent mechanical damage by preventing
the motor from exceeding the desired maximum totation
in the respective directions.

Saturoble-Core-Reactor Regulator. An sxample of a
saturchle-core-regctor regulator used in ihe regulation of
i a-C voltoqe is illustrated in the cocompanying simplified

" Her, the e i Lk s

is used to regulate the o-¢ Vclthe applied to an electromc
equipment or 1o the power Supply within an equipment.

The deqree of saturction of the reactor core is controlled by
a two-stage d-c amplitier, the bias of which is provided

by a full-wave rectifier that recelves its input voltage fron:
1

the requlated nutput. Belore the discussion of the saturible

meTo rametor roelater Ge r-r\u‘w-hr\rl pbrinf roaonr of bk
CSOIC TLOTACT TCQULC.Cl 10 JChninued Biang

operation of a saturable-core reactor will be presented.
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surtounding each tum of the winding expends and cuts the
sther tumns. As aresult, a voltage is induced in the
winding; this voltage opposes the applied voltege and tends
to keep the current in the wire at a low value, While the
current through the wirding is less than the soturation cur-
rent, the opposition {inductive reactance) of the winding

h and permits little curtent ta flow. When the cui-

is hig
rent is increased to the paint where the core 1s saturated,

the reactance becomes zero hecause the rate of change of
flux density is zero. Thus, when the core tecomes saturaied,
an increose in curtent in the winding will no longer increase
the flux density in the core; ot this t
is zero, only the d-c resistance of the wire iimits the

:ince the regctanoe

SEEsL TR tevdss, enisseinnyny
winding is decreased from g moximum value,
field bnqms to coliapse and cut the tums of the wind-

na. Again a voltoge is 1'1dur‘ed in the coll. lhlS voltdqe

rising current and the axpcrrd ng magnetic f eld.
Consequently, the voltage mduced by the collapsing field
ternds to keep the current in the wire at a nigh value, even
though it is decreasing towars zero.

A practical satrabie reactor is different from an
crdinary iron-core coil {just described) in that there we
two windings associated with the core, as shown by

the SR zziponent in the acoonpanying figure. Jne

of the windings is called the cont,ol winding, and the other
15 called the load wirding., The control winding is in the
olate circult of the output stage of the two-stage d-¢
amplifier, and the load winding isin the input circuit of the
G-c- voilage uppLeo from the source. Thus, the variation
:nimpedanse of the input circuit, of whicn the saturable
reactor loud winding is @ part, can be used 1o regulate
voltages in a manner similar to the use of the variatle
resistance characteristic of an electron tube,

The components in the circuit of the accompanying iigure

may be grouped into three sections: input, rectification,
and sensing-control. The input a-c is applied across aute-
uanslome: T, whilch is in series with the load winding of
saturable reactor SBRI1. Copaciter Ci, which i3 across the

loed wingiey doms ootuned cironitowithabe lood winding:

tel clrenit of
capaciter C1 and the lead winding is tused is shighdy low-
er tr‘an the mput ilne trequency, that is, it 1 vne the in-

h-r..:q‘-:n'u- Turve.

TR

) gnvy 3 ST o o
The fesondnt frequency 10 which the pard

= j. torring .:r! L,\, ,1.9.,

]

Ine circuit operales in the manner Gescribed celow.
The unrequlated w-c input voltage, Ein, is applied across
Jutotranstormer 1l and the load winding ¢f saiurable reactor
SRl "Or‘"ected in series. The cutotmr\sformer feeds power
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and R3; the voltage divider provides the bics woltage lor
the input stage of the two-stage d-c amplifier. The bios
voltage, as selectec by the setting of variabie :esistor
2, controls the conduction of the d-c amplifiers, ond
thereby controls the resultant current through the controi
winding of saturable recctor SR1. Adjustment of auto-
transformer T1 and variable resistor B2, therefore, determines
the value ¢f the desired o-c cutput voltage, Eout, to be
requlated; any variations from the desired value of output
voltage will be automatically compensated ror by the acticn
of the regulating circuit.

Assume, first, that there is an increase in the a-c
output voltage, Eout. The increased u-¢ voltage coupled
10 the secondery of power transformer T2 results in ¢
greater d-c voltage across the voltage divider in th output
of the rectifier. Thus, ¢ higher positive voltage is
sensed at the wiper arm of variable tesistor B2, thereby
cousing a decrease in the bias of the input d-c amplifier
which, This decrease in bios causes an incregse in the
conduction of the input d-c amplifier which, in turn Je-
velops a bias on the output d-c amplifier
and decreases the conduction of the cutput stoge. As a
result, the current through the control winding of saturable
reactor SR1 is reduced, thereby decreasing the degree of
saturation of the reactor core. The saturable reactor now
presents a greater impedance to the a-¢ input voltage, thus
permitting a greater voltage to be dropped across the reactor,
and, consequently, lowering the voltage applied to auto-
transformer T1. With less voltage coupled from the auto-
transformer, the output voltage decreases: thus, the a-c
output voltage is returned to the value desired initially.

Consider, now, the analysis of the circuit operation for
the condition of a decrease in the a-c output voltage,
Eout. The decrezsed a-c voltage coupied to the secondary
of power transformer T2 results in o lower d-c voltage
across the voltuge divider in the output of the rectifisr.
Thus, a lower positive voltage is sensed at the wiper am
of variable resister R2, thereby causing an increase in the
hias of the input d-c amplifier, This increass in bios
cause ¢ decrecse in the conduction of the input d-c amplifier,
which, in turn, decreases the bias on the output d-c ampli-
fier and increases the conduction of the output stage, As
a result, the current through the control winding of
saturable reactor SR is increcsed, thereby increasing
the degree of saturation of the reactor core.  The saturakle
reactor now presents a lower impedance to the a-¢ input
voltage, thus permitting less voltage to ke dropped ccross
the reactor, and. consequently, raising the voltage applied
to autotrensformer T1. With a greater voltage coupled
from the autotransiormer, the output voltage increases;
thug, the a-c output voltage is retumed to the value desired
initially,

The circuit will also compensate for variations in
the unregulated o-¢ input voltage, Ein, For an incregse
in the input voltage, the circuit operation is the same as
previously described for an increase in the cutput valtage;
also, for a decrease in the input voltage, the circuit
operation is the same as previously described for a decrease
in the output voltage. Although the configuration of the
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circuitry of the d-c amplifiers may vary in the regulator
circuit, the purpose of this section is always to sense

the variation in the voltage coupled to the rectifier, and
then to control the degree of core saturation of the satura-
kle reactor to compensate for the variation in voltage.

With slight modifications the saturable-core reactor
requlator circuit just described can be used for requlating
the d-¢ voltage output of an equipment’s power supply;
such a medified circuit is illustrated in the accompanying
figure.  Note that the fuliwave rectifier of the previous
circuit is omitted, and the cutput of the power supply is
used in its place to furnish the bias voltage for the input
powered supply controls the o< input voltage to the
power supply, to provide regulation. Otherwise, the circuit
function and operation in all respects are the same as
described previously under this heading.

POWER SUPPLY
AND FILTER

9 CONTROL

WINDING : ot

R2 (REGULATED
A-C QUTPUT)

2 STAGE
DC AMPLIFIER

{OUTPUT) | (INPUT)

R3

- L
SR

LCAD
WINDING

Regulation of D-C Yoltage with
Saturable-Core Reoctor
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PART B. SEMICONDUCTOR CIRCUITS

SEMICONDUCTOR REGULATORS

General. The semiconductor voltage requlator performs
the same function in a power supply circuit as the electron
tube-type regulator.. In the place of tubes, solid state
devices are utilized to accomplish requlation. In a manner
similar to the electron-tube-type, the semiconductor circuit
reacts automatically to compensate for changes in the in-
put voltage and load current and provide @ constant output
voltage to the load.

Although a variety of circuit arrangements are possible
for semiconductor voltage regulators, they are generally of
two hagic tvpas: the shunt rime md eeries type. Opera-
tion of the shunt-type is similar to that of the electron-tube
gaseous-type voltage requlator. [t is commonly used where
input voltage variations are small and the load remains
relatively constant. Moat applications require the series-
type requlator. The seties type is a more efficient requ-
lator and is used in power-supply applications where the
load resistance and input voltage are large. Variations of
the bosic seties-type semiconductor regulator include the
constant-current regulator and the switching regulator.
Where a constant current rather than a constant voltage is
the primary requitement, the series current requlator is
employed. Typical switching-type regulaters include the
silicon-controlled-rectifier requlator, the transistor-phased-
tectifier tequlator, and the transistor-chopper requlator.

When good stability is required, and the input voltage
and load current are subject to excessive variction, a regu-
lator-amplifier circuit is employed in the shunt- and series-
type requlators, Essentially, the requlator-amplifier cireuit
in semiconductor requlators is a high-gain, direct-coupled
amplifier having low noise and good stability character-
istics. In direct-coupled amplifiers using semiconductors,
drift coused by temperature changes during operation is
always a design problem; therefore, a requlator-amplifier
circuit using semiconductors is always a more complex cir-
cuit than is its electron-tube equivalent. Moreover, the
voltage stability of the semiconductor reference-voltage cir-
cuit with respect to temperatute changes is ancther im-
portant design consideration. As a resuit of these and
other design problems, it is necessary to provide temper-
ature compensation at critical points throughout the circuit
in order to obtain the best possibie overall performanc
characteristics for the semiconductor regulator circuits

Shunt-Type Reguiater. The shunt-type regulator, while
one of the simplest semiconductor requlators, is usually
the ieast efficient. 1t may be used te provide 2 teyuluted
output where the load is relatively constant, the voltage
low to medium, ond the output current high. The shunt regu-
jator utilizes the voliagedivider principle to cbtain regu-
lation of the output voltage.

The ceeompanying illustration shows the shunt-type
regulator reduced to its fundamental form. The fixed resis-
tor, Rg, is in series with the parallel combination of the
inad resistance, Ry, and the variable resistor, Ry, and foims

a woltage divider across the input circuit,
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Simple Shont-Type Voltage-Regulator Circuit

A brief operational description of the basic shunt-type
regulator will serve 1o explain the munnet in which regu-
lation of the output voltage is achieved.

All current that flows in the complete circuit passes
through the sevies resistance, Rs. The magnitude of this
current, ari tus the valve of the voltage drop across Rg, is
controlled by scrigble resistance Ry. The voltoge across
Rs is equa! 1. the difference between the larger voltage of
the d-c sourc: and the cutput voltoge across load resistance
Bi. The difference voltage across Rs is varied by action
of resistance Ry, as required, to compensate for circuit
chenges and maintain the output voltage to the load con-
stant at the desited value.

~ If the input voltage to the requlator circult decreases,
the voltage across load resistance Ry and the variable
resistance, Ry, tends to decregse. To counteract this de-
crease, the resistance of Ry is increased; this reduces the
total current flow through Rs and thereby the voltage drop
across it. Thus, by decreasing the difference voltage of
Rs to compensate for the decrease in the input voltage, the
output voltage remains constant at its nominal value. Con-
versely, if theinput voltage increases, the voitage across
Br and Ry tends to increase. To counteract the increase,
the resistance of Ry is decreased; this results in more cur-
rent through Rs and thus an increase in the voltoge drop
gcross it. The increase in the difference voltage compen-
sates for the increase in the input voltage, and agein, the
cutput voltage remains constant at the regulated value,

The shunt requlator must be copable of withstanding
the entire output voltage of the d-c source; however, it does
not have 1o carry the full load current unless it is required
to requlate from the no-load to the full-load conditien.
Since series drepping resistor Rs, used with the shunt requ-
lator, has relet’ve'y righ power dissipation, the over-ail
efficiency of this «: ne of requlator may be less than that of
other types. Cne g vantage of the shunt-type requlator is
the inherent overi» <1 and shor-circuit protection offered.
This is because | : series resistance, Rs, is between the
d-¢ source and the load: thus a short circuit or overload
metely decreases the output voltage drom the regulator cir-
cuit. Note that under no-load conditions, however, the
shunt regulating deviee must dissipate the full output;
therefore, the shunt-type reguictor i most often used in
constant-iood appilcarions.
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From the general discussion given in the preceding
parcgraphs, it can be seen that the shunt-type voltage requ-
Iator is eszentially q voltage-divider circuit, with the owt-
put voltage produced across the load being held essentially
constant, regardless of input voltage or load current varia-
tions. The contiol action required to vary the resistance of
R+, and, consequently, to produce a variable-voltage drop,

is compietely aqutomatic. This basic principle of voltage
requlation is used in the transistorized, shunt-type voltage
requlators to be described later in this section of the hand-
book.

Series-Type Regulatar. The seties-type requdator, as
the name implies, places the requlating device in series
with the load; requlation occurs as the result of varying the
voltoge drop across the series device. The series regulator
is preferable for high-voltoge and medium-cutput-current
applications where the load may be subject to considerable
variation. Mest critical semiconductor applications requir-
ing a requlated voltage source utilize the series-type requ~
lator; s o result, there are many requlator circuit confiqura-
ticns. These circuit configurations vary from one applica-
tien to another, depending upon the regulation required to
be maintained over a given temperature range. The series-
type requlator employs a requlator-amplifier circuit which
has the same basic function as the requlator-amplifier cir-
cuit in the electron-tube regulater.

The series-type requlator can be compared to @ variable
resistance in series with the d—c source and the load, thus
forming a veltage divider; the variableresistance action of
the series requiating device maintuins the output voltage
across the load resistance at a constant value,

A simple series-type voltage-requlator circuit is shown
in the accompanying illustration to help explain this
principle of voltage requlation.

R

s
+0- 7/6 +
SERIES
REGULATING
UNREGULATED DEVICE REGUL ATED
INPUT RLS outPuT
(FROM O-C
SQURCE)
—_ O~ -

Simple Series-Type Voltage-Regulater Circuit

The variable resistor, Rg, is in series with the load
resistance, Ry; thus, the two resistances in seties form
a veltage divider across the input voltage. The load cur-
rent passes through Ks, and couses ¢ veltage drop to occur
acrogs it. The veltage drop across Rg depends upon the
value of resistance of Rg and the Joud current through it.
Since the input voltage 1o the requlator circuit is always
greater than the desired output voltage, the voltage drop
across series resistor Rg is varied to obtain the desired
value of output voltage across load resistance RL.
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I{ the input voltage to the regulator circuit decregses,
the voltage across load resistance Ry, and variable resis-
tor Bz alse decrenses; 1o counteract this voltage decrease,
the resistance of variable resister Rg is decreased so
that o smaller voltage drop occurs across Rg, and the volt-
aqe ucross the load resistance retums to its former value.
Conversely if the input voltage to the regulater circuit in-
creases, the voltage across load resistance By also in-
creases; to counteract this voltage increase, the resistance
ot Rgis increased so that a larger voltage drop oceurs
across Rg, and the voltage across the load retums to its
former value,

In a practical transistorized series-type 1egulator, the
series requlating device must be capable of carrying the
full-load current of the requlator., Requlation is performed
by sampling the cutput veltage taken from @ voltage divider
and comparing this sample voltage with a reference voltage;
any deviation from the desired output voltage when compared
with the reference veltage represents an error voltage,
which is amplified and used to contral the series device.

It ig interesting to note that a simple shunt-type regulator,
using a breakdown (Zener) diode, is frequently employed as
the reference-voltage sowrce or as @ preregulater in mote
compiex seties-type requlators.

From the general discussion given in the preceding
paragraphs, it can be seen that the seties-type (as well as
the shunt-type} voltage requlator is essentially a voltage-
divider clrcuit, with the output voltage produced across the
load being held essenticlly constant, reqardless of input
voltage or load current variations. The control action re-
quired to vary the series regulating device, and, consequent-
ly, to produce a corresponding variable-voitage drop, is
completely automatic. This basic principle of voltage regu-
lation is used in the transistorized, seties-type voltage
requlators to be described later in this section of the hand-
book,

BREAKDOWN DIODE SHUNT-TYPE REGULATOR.

APPLICATION.

The breckdown-diode shunt-type requiator is used as a
voltage regulator where the load is relatively constant.
This circuit is frequently used in more complex regulator
circuits as a reference-voltage soutce and as o prerequlater
in transistorized series-type requlators,

CHARACTERISTICS.

Uses a breakdown, or Zener, diode as shunt requlating
device,

Regulated cutput voltage to lood is nearly constant,
even though changes in input voltage or changes in load
cutrent occut.

Vaoltage-divider principle employed, using fixed resist-
ance and breakdown diode in series; requlated load is taken
from across dicde.

Variation in basic circuit permits positive or negative
volteges to be regulated.

CIRCUIT ANALYSIS.
General. The breakdovm-diode requlatos is the simplest
form of shunt-type requlater. The regulator circuit consists
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of g fixed resistor in series with a breakdcwn, or Zener,
diode. The regulated output voltage is developed across
the diode; therefore, the load is connected across the diode.
The requlator circuit develops a definite output voltage
which is dependent upon the cheracteristics of the particular
breakdown diode; breakdown diedes are presently availchle
with voltage ratings between Z and 20 volts, in &, 13, und
2C-percent tolerances, and with power dissipation ratings
as high as 50 watts,

The breakdown, or Zener, dicde is a PN junction which
has been modified during its manufacture to produce a spec-
ific breakdown voltage level; it operates with a relatively
close voltage talerance over a considerable range of re-
verse current. The breakdown diode is subject to a vario-
ticn in tesistance with ¢ change in temperature of the diods;
o circuit which compensates for this change in resistance
is discussed later. The basic theory for the breakdown
diode is discussed in Section 3, General Information on
Semiconductor Circuits.

Circuit Operation. In the accompanying citcuit sche-
matics, parts A and B illustrate a bregkdown diode used in
a basic voltage-regulator circuit. The two parts are ident-
iral in confiquration to the electron-tube, gaseous-type volt-
age requlators discussed earlier in this section of the hand-
book. Resistor R] is the series resistor; semiconductor
VEI is o breakdown, or Zener, diode. The circuit in part
A provides requlation of a positive input voltage, while the
circuit in part B provides requlation of a negative input
voltage,

ign of the breakdown-diade requlater differs

Fingd
Thodeslon ofih
from that oi the gus—lube regulater cireuit in that no i
ing®’, or "'ionizing’’, potenticl must be considered when the
value of the series resistance is determined. It is likely
that both the input voltage and the load current for the requ-
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Simple Breckdown-Uiode Kegulator Lircuits
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lator will be subject to variation; therefore, the breakdown-
diode requlator is designed to operate within the extremes
to be encountered. The series resistor, 51, needs only to
stabilize the load; it compensates for any difference be-
tween the diode operating voltage and lhc unT
put voltage. The value of the series res

istot
ronts of the bragkdoum di Qde
sl

Tatad ino

& "Luu:u in

lh\: bUlilblllCd \.-wl(.'lu...) AU S O e 1Y
The series resisior is generally chusen with the
factors in mind: the minimum value of input voltege (un-
requlated), the maximum value of load current, the minimum
value of breakdown-dicde current, and, knowing the dicde
characteristics, the value of the highest voltage to be
developed ocross the breakdown diode and its parallel load
resistance. Once the value of series resistor Rl is deter-
mined, the maximum power dissiputivn in (he diude con bs
arrived at by considering the maximum value of input volt-
age (unrequlated), the mintmum value of [oad current, and
the minimum value of voltoge developed acTosS the dinde

—~ Af sArina

{dSll‘g e du;u:: Cl zeries resis
In order tc ohtoin

must be operated so that its reverse current [alls thhm

its minimum and maoximum ratings for the specified voltage.
It is important to rote that under no-load conditions, the
breckdown diode must dissipate the full output power; there-
fore, this regulator circuit is nevar used in applications
where d no-load condition is likely to exist. Instead, the
breakdown-diode requlator is most often used in epplico-
tions where the output voltage is fixed and the load current
is relatively constant.

If the input veltage to the requlator circuit decreases,
the vellage decredse appears across the breakdown diode,
VRl and immediately the current through the diode de-
crecses; thus, the total current through series fesistor Rl
decreases, and the voltage drop across Rl decteases pro-
portionately, so that for all practical purposes the output
voltage across the load resistance {(and breakdown dicde)
remains thesame. Conversely, if the input vollaye o the
regulator circuit increases, the voltage increase appears
across the breckdown diode, and immediately the current
through the dinde incraases: thus, the total current through
series resistor Bl increases, and the valtage drop across

shtain stakle operation, the bre

1 increases proportionately, so that for all proctical pur-

noses the nutput valtage acinss the lbad resistance \_Ond
diode) remains the same.
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wirce does not change
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from the

treskdown diode accurs and

source femains constant, so that the output voltage across

the load resistance {and diode) remnins constant. Converse-
.’u, i the ourrent drown by the iond racistance increnees,

he total current drawn fr 1 the input scurce does not
cqunqe, instead, a cotresponding decrease {n current through
the breakdown dinde occurs and the current drawn from the
source temains constant, so that the voltage across the
lnzd resistance (and dinde) remnine ennstant.

Environmental temperatur e extremes, as well os junc-
Hion temperature changes, may result in variations of the ip-
e 'W"ef‘KQOW“ ‘1‘0"19 W"!IC!" ir HITT\_
hangeo of the outpwt woltone. Thug, 1n practical
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variation of the impedance of the breckdown dicde. The
temperature coefficient of resistance of the breakdown
dicde is normally several times larger than the negative
temperature coetficient of resistance of either the forward-
biased or reversed-biased junction diode. To obtain a zero
coefficient of resistance over a wide range of temperatures,
cne commonly used method of temperature compensation uses
neqgative-temperature devices, such as forward-biased dio-
des or thermistors, in series with the breakdown diode.
This method is illustrated in the accompanying diagram.

REGUL ATED
UNREGULATED OUTPUT
INPUT .
(FROM D-C RRS L%
SOURCE)

L) -

Temperature-Compensated Yoltage-Regulator Circuits

The neqgative temperature coefficient of resistance of
diodes CR2 and CR3 in seties equals the positive temper-
ature coefficient of resistance of the breakdown diode, VRI.
By using forward biasing for diodes CRR2 and CR3, the volt-
age drop across them will be kept to o minimum ond, con-
sequently, will have negligible effect on the value of the
output voltage.

When the voltageregulator circuit is temperature-com-
pensated as described above, the total resistance of VRI,
CHZ, oand CR3, in series, remains constant over a wide
range of temperatures; the end result is a constant voltage
output, even though temperature, applied input voltage, or
load current may change during operation.

Silicon breckdown diodes are generally used as the
reference-voltage source in the more complex transistorized
regulators because the breakdown voltage of a silicon
breakdown diode is relatively constant over a wide range
of reverse current.

FAILURE ANALYSIS,

Generol, The shunt-type voltage-tequlator circuit should
never be operated without @ load, since the no-load condi-
tien causes the breakdown dicde to conduct heavily and it
must dissipate power which is normally dissipated by the
load resistance. In this case, if the maximum power dis-
sipation or maximum reverse current rating of the break-
down diode is exceeded for any length of time, the diode
may be damaged; thus, breakdown dicde VRI may be sus-
pected as a possible source of trouble. Therefore, the load
circuit should be carefully checked to determine that a load
is presented to the requlator circuit at all times. It is also
necessary to make d= voltage measurements at the input
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terminals of the regulator circuit to determine whether volt-
age is applied and whether it is within tolerance.

The operation of the shunt-type requlator is based upon
the voltage-divider principle; therefore, voltage measure-
ments made across the cutput terminals of the regulator cir-
cuit and acress series resistor R1 (observing correct volt-
meter polarity) are necessary to determine whether the out-
put voltage is within tolerance and whether the drop across
series resistor Rl is excessive. If the load is shorted,
there will be no output from the requiator circuit, and the
full autput voltage will be measwed across seriss resistor
Rl. Also, if series resistor Rl should become cpen, there
will be no output frem the circuit, and the full output valtage
will be measured across the resistor. The value of series
resistor Bl con be checked by ohmmeter measurement to
determine whether any change in resistance has occumred;
disconnect one terminal of R1 from the circuit when making
the megsurement.

It hreakdown diode VR1, or diede CR2 or CR3, should
become open, the output voltage will be higher than normal;
if breakdown diode VR should fail and become shorted,
the voltage will be lower thar normel, and diodes CR2 and
CRE3 will become overloaded. If dicdes CR2 and CR3
should fail and become shorted, the output voltage will be
subject to changes with temperature variations, since the
temperature coefficient of resistance for the series diode
combination will be changed. In general, if the output volt-
age is above normal, this is an indication that either an
open circuit or an increase in impedance haos occurred in
the shunt elements VR1, CR2, and CR3) or in the load of
the regulator circuit. If the output voltage is below normal,
this indicates that either series resistor R1 has increaseg
in value, the input voltage is below normal, or the load cur-
rem is excessive because of d decrease in load resistance
{excessive leakage or shorted components in the load cir-
cuit).
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PART €. ELECTROMECHAMICAL CIRCUITS

ELECTROMECHANICAL REGULATORS.

General. Electromechanical requlators are automatic
devices which are mechanical rather than electronic in
neture and affect the power source itseli; these requlators
hold the autpnt of o d-c qenerator, a-c generator (alter-
nator), or other source of primary power at a predetermined
value, or vary the output according to a predetermined plan.
Because the power source olways has some internal resist-
ance or reactance, the output voltage changes when the
load is varied; the amount of output-voltage variation de-
pends upen the design of the & or o generatet. In the
sasp of o oo-o generator (Ql[gynr}tnr)' tha power factor of
the load also influences the amount of variation. Under
conditions of varying load, some foim of voltage regulation
is necessary to maintain the output veltage relatively con-
stant: thus, the primary purpose of the requlator is to auto-
maticclly compensate for any changes in output voltage.

Electromechanical veltage regulators control the genera-
tor or alternator output by controlling the current flow
through the field (or exciter) winding of the machine. In
most cases, control is accomplished by changing the resist-
ance of the field circuit, which controls the field current,
thus controlling the output voltage.

The cperation of a typical regulation system can be
briefly explained as follows: a drap in output voltage
sensed by the requlator causes the requlator to increase
the field current, and an increase in field current causes a
corresponding increase in output voltaoge to compensate for
the original drop in output veltage.

1f the output voltage should rise, the regulator decreases
the field current, causing a corresponding decrease in out-
put voltage to compensate for the original rise in voltage.
Thus, the requlator senses a change in cutput voltage and
compensates for this change by altering the field current
accordingly. The major ditference between voltage-requ-
lator systems, concerns the method used to contrel the lield
current.

The accompanying illustration shows o simplified cir-

cult for controlling the cutput of o generator.
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Simplified Circvit for Control of Generator Output

In this siwplified circuit, voriable resister R, is con-
nected in series with the shunt field circuit of the genera-
tor. The purpose of this resistor is to control the current
ah the field winding and thus affect the strength
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increased, less current flows through the shunt field, the
magnetic flux developed by the field winding is decreased,
and the voltage output developed across load resistance
BL is decreased. Conversely, if the resistance of By is
decregsed, more current flows through the shunt field, the
magnetic flux developed by the field winding is increased,
and the voitage output develuped ucioss load esistance Bl
is increased. This principle of output-voltage control was
briefly described in connection with rotating electromech-
anical power scurces (generater and inverter), discussed in
Section 4, Part C, of this handbook.

There are three common types of electromechanical
requlatoss in general use: the vibrating-contact regulator,
the carbon-pile regulator, and the multitapped resistor regu-
lGior using o linger-lype contootor of simily machanicgl
device. A brief description of the construction, operation,
and application of the three types of voltage requlators is
qiven in the paragraphs which follow.

Vibrating-Contact Regulator. The vibiuting-coniuct
requlator is commonly used to control the output of baliery-
charging generators in automotive, small-boat, and some air-
craft applications where the speed of generater rotation
varies with engine speed. The vibratingcontact regulator
operates on the principle that an intermittent short circuit
applied across a resistor which is in series with the shunt
field winding causes the output voltage of the generator 1o
fluctuate within narrow voltage limits; such o regulator will
maintain an average value of output voltage which is in-
dependent of load changes, The cccompanying illustzation

i - I e e LT e vel P Pt A et
shows o simplified circuit fura ~comiact regulatorn.

\ 4 —T’—_—“‘G

L é SHUNT ]
FIELD
I ) . i
‘ I { cen i'—%’f‘“
2 [

R? ‘
sl
|
Li—e | |

* - 5

Kt
POTENTIAL
COoiL

Simplified Circuii for Yibialing-Contact Regulater

In this simplified circuit, g vibrating-contact relay, ri,
15 used as 4 vOIage Tequialut, esisiul i ls o sulldys
dropping resistor in series with & solenoid, callea the
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value of resistor R2 is chosen sc that if the vibrating con-
tacts of the relay were not in the circuit (held open}, the
value of output voltage would be approximately B0 percent
of the desired value of cutput voltage when the generator
is running @ normal speed. [ the ;
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can be seen that in actual practice when the contacts open
and close rapidly to intermittently short out resistor B2,
the ocutput voltage will reach a value which is greater than
60 percent of the desired value and less than the maximum
value. For example, when the output voltage of the genero-
tor rises above ¢ critical value, the voltage developed
across the potential coil of the relay develops sufticient
magnetic flux to attract the armature {or 1eed), and con-
tacts 1 and 2 of the relay momentarily cpen to place resis-
tor RZ in series with the shunt {ield winding., Thus, the
current through the field is momentarily reduced and the
output voltage of the generator is also momentarily teduced.
Then, when the output voltage of the generator drops below
a critical value (after the opening of contacts 1 and 2, the
veltage developed across the potential coil decteuses so
that there is no longer sufficient magnetic flux to attract
the armature, and contacts 1 and 2 of the relay close to
short out resistor B2, Thus, the current through the field
winding is maximum and the ocutput voltage of the generator
is momentarily increased.

The cycle described above is repeated when the po-
tential coil again develops sufficient magnetic flux to at-
tract the armature and open the contacts of the relay; the
action described is rapid, ond continues at a rate of ap-
proximately 60 to 240 times a second, so that an average
voltage is maintained regardless of changes in lood. If the
load is increased and the output voltage tends to fall, the
momentay voltage decrease is reflected by a decrease in
voltage applied to the potential coil; thus, the amature vi-
brates more slowly, pemitting an increased average current
flow in the field winding. As a result, the output voltage
is returned to the notmal value. On the other hand, if the
load is decreased and the output voltage tends to rise, the
womentary voltage increase, when reflected to the poten-
tial coil, causes the armature to vibrate more rapidly end
thus dectease theaverage current {low in the field winding.
As a result, theoutput voltage is returned to the normal
value,

In @ practical application of this type of regulation,
means must be provided for adjusting the requlator to ob-
tain the desired value of output voltage. This is accomp-
lished by one or both of the following methods: resistor
RI or resistor R2 is made adjustable to change the value of
tesistance in the circuit, or the armature (reed) tension is
made adjustable to change the amount of magnetic flux re-
guired to attract the amature to the solenoid.

The vibrating-contact requlator is sometimes used to
control the cutput of a multiphase o-c generator {alternator).
When this is the case, the potential coil receives its npero-
ting current from a rectitier connected to one phase of the
a-c output, and the requlation action is the same as that
described for the d-c generator.

From the brief discussion given here, it can be seen
that the vibrating-contact requlator acts as an automatic
variable resistance in the field circuit of the generator, to
hold the cutput voltage at a steady value for any chenge in
load which oceurs within the no-load to full-load operating
conditions of the generator.

Corbon-Pile Regulator. The carbon-pile regulator is
commonly used to control the cutput of generators, alter-
nators, and inverters used in automotive, shipboard, and air-
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craft applications. The carbon-pile requlator operates on
the principle of o variable resistance {in the form of a stack
of carbon disks) in series with the shunt field winding, to
control the current through the field and thus the output
voltage of the generator. The accompanying illustration
shows a simplified circuit for a carbon-pile requlator.
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Simplified Circuit for Carbon-Pile Regulator

In this simplified circuit, resistor Rl is a voltage-
dropping resistor in series with ¢ solenoid (electromagnet),
called the potential ceil; the resistor detemmines the cur-
rent flow through the solenoid, and thus affects the mag-
netic flux developed by the solenoid. A resistance in the
form of a stack of carbon disks, called the pile, is placed
in series with the shunt field winding, to act as a variable
resistance which can be controlled automatically, The re-
sistance of the carbon pile depends upan the mechanical
pressure applied to the pile by a spring which presses a
movable iron grmature against the end of the pile. The
greater the mechanical pressure applied to compress the
carbon disks, the smaller will be the resistance of the pile;
if the mechanical pressure is decreased, the resistance of
the pile increases. A chenge in mechanical pressure is
accomplished by placement of the solenoid in proximity to
the iron grmature so that the magnetic flux developed by
the solenoid acts to pull {attract) the iron armature away
from the carbon pile. In a steady-state condition, the mag-
netic force attracting the iron armature is opposed by the
mechanical force of the spring against the iron armature.

For example, assume that the output voltage of the
generator rises above a critical value, The voltage de-
veloped acress the potential coil increoses to develop g
stronger magnetic field. Thus, the potential coil offers
greater gttraction to the iron armatute and relieves the
mechanical pressure exerted on the carbon disks; as a re-
sult, the resistance of the pile increases, the current
through the shunt field winding decreases, and the output
voltage returns to its former value. Conversely, when the
output valtage falls below a critical value, the voltage
developed across the potential coil decreases, and the
strength of the magnetic field developed by the potential
coil also decregses. Thus, the potential coil offers less
attraction to the iron armature, and the spring places a
greater mechanical pressure on the carbon disks; as a re-
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sult, the resistance of the pile decreases, the current
through the shunt field winding increases, and the output
voltage returns to its former value.

The cperation of the carbon-pile requlator may be brief-
ly summarized as follows: when the output voltage rises,
the spring pressure applied to the carbon pile decreases,
causing an incregse in pile resistance and o decrease in
shunt field current; when the output voltage falls, the
spring pressure applied to the carbon pile increases, caus-
ing decredse in pile resistance and an Incregse in shunt
field current. The resultant dectease or increase in shumt
field current lowers or raises the generator output, accord-
ingly.

Tn m vractical goplication of this type of requlator,
means must be provided 10 adjust the reguiglof in Gidel (o
obtain the desired value of sutput voltage. This i= nor-
mally accomplished by an initial adjustment of the mech-
anical spring pressura {with resistor H1 set at mid~range),
tc obtain o steady-state condition whereby the magnetic
force and the mechanical force are in balance; minor varia-
tions in voltage characteristics during normal operation are
compensated for by an adjustment of resistor R1, which
controls the current through the potential coil, to set the
generatar output voliage to the desired value,

The discussion in the preceding paragraphs has been
primarily concetned with the opesation of the catbon-pile
regulator in conjunction with a d-¢ generator; however, this
type of tegulator can be used equally well in an a~ gen-
erating system. In practice, the output voltage of a multi-
phase a-¢ qenerator {aiternator) is controlled by varying
the d-c excitation current applied to the field winding of
the machine. In thiz case, the carbon-pile requlator ob-
tains a d-¢ voltage for operation of the potential coil from
a rectifier which is connected to one phase of the a-c out-
put, and the regulation action is the same as that describ
ed for the d=c generator.

From the brief discussion given hete, it con be seen
that the carbon-pile requlater acts as an qutomatic varickl
resistance in the field circuit of a d-c generator or in the
fiald {exciter) circuit of an a-¢ qeperator (alternator), o
held the output voltage at o specified value of voltage re-
nardless of changes in load.

Multitapped-Resistor Regulataer. The multitapped-re-

sistor regulator is commanly nsed to control the output of
Jenerators, altornators, and invertars used in shiphoard and
shore-based mpplicztions. The multitapped-resistar reqi-

l

ator operates on the drincinle of o stepped, variobie re-
sistance connected in series with the generator hield wins-
ing to control the current through the field, and thus the
cutrat of the qenerator. Hasicolly, the muitilaoDed-resistor
regulctor consists of a single multitapped resistor (or sev-
erai resistors connected in series), the ®erminals of which
are either selected or shoreed out autemetically to obtain

the desired resistance value. The name given to g particular

.Lgulutcr CC‘.".E!Q“"‘"‘""" iz derived from the manner in which
the over-all series resistance is determined. For example,
the name finger-type requlator, tiited-plare requlator, or
rocking-disk er...':‘.O' mezely sigmifies the electromerhuni-
ol nethod used to achisve physizal contact

and thus oplain d Varlabie-fesiSlanee Ululi wilii., e
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requlating device. The accompanying illustration shows a
simplified circuit for a typical multitapped-resistor requlator.
In this simplified circuit, resistor Rl is a voltage-drop-
ping resistor in series with a sclenoid, called the potential
ceil; the resistor determines the current fow through the
solenoid, and thus affects the mqqnetic flux developed by

the solencid. Resisiur D2 is the series resistor in the
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Simplified Circuit for Muititapped-Resistor Regulator

shuni-field circuit; RZ is a multitapped resistor, with the
taps on the resistor connected to leaf springs (fingers)
which are insulated from each other and are stacked one
above the cther. Electrical contacts are located ot cne end
of each leaf spring. These contacts are arranged so that
as mechanical pressure is increcsed at one end {lower end)
of the stack, the number of electrical contacts that close is
.nu.ecsed to short out sections of resistor B2, Thus, the
greater the mechanical pressure opplied to the stack of
leaf springs, the smaller the effective series resistance of
RZ. If the mechanical pressure is decreased, the effective
series resistance of RZ will be increased. A change in
mechanical pressure is accomplished by placement uf the
sclenoid in proximity to the iron armature, which {s spring-
loaded and Iinked mechanicaiiy through a lever system (o

the stack of lzaf Sp1ing3. N3 .;..e”"” claote condition, ihe

muyretic force Gt‘xGCth the iron armsture ic opposed "",’

qomir ot
‘4\:«\.111,.\

the iron urmuture, and only a few contacts are closed on
tre stack of leul springs o provide some alcedizie whor
of resistance.

When g chonge in geneiotorn cutpat ¥o
voitage developed across the poter 508
the magnetic flux developed by the potential coil aiso
changes. As a result, the mechanical force exerted on tie
tack of leaf springs is altered to change the number of
ontacts which ar clcsed. This, in tum, changes the value
i ns

resistance (B2) s with the shunt field winding and
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across the potential coil increases to develop a stronger
magnetic field, Thus, the potential coil offers greater at-
traction to the ircn armature and decreases the mechanical
pressure exerted on the stack of leaf springs (through the
lever system); as a result, the value of resistance (R2} in
series with the shunt field winding increnses, the comrent
through the shunt field winding decreases, and the ocutput
voltage returns to its former value. Conversely, when the
output veltage falls below a critical value, the voltage
developed across the potential coil decreases, and the
strength of the magnetic field developed by the potential
coil alsc decreases. Thus, the potential coil offers less
attraction to the iron armeture, and the wmature spring
places a greater mechanical pressure on the stack of leaf
springs; as a result, the value of resistance (R2) decreases,
the current through the shunt field winding increases, and
the output voltage retutns to its former value.

In a practical application of the multitapped-resistor
requlator, regardless of the mechanicel configuration
empleyed to change the value of resistance, means must
be provided for adjusting the requlator to the desired value
of output voltage. This is normally accomplished by an
initial adjustment of the mechanica! spring tension which
acts upon the armature and lever system {with resistor Rl
set at mid-range), to obtain g steady-state condition where-
by the magnetic force and the mechanical force ore in bal-
ance. Minor variations in voltage characteristics during
normal operction are compensated for by an adjustment of
resistor R1, which controls the current through the potential
coil, to set the generator cutput voltage 10 the desired value.

The discussion in the preceding paragraphs has been
primarily concerned with the operation of the multitapped-
resistor requlator in conjunction with a d-¢ generator; how-
ever, this type of requlater is frequently used in an a-c
genercting system. When the multitapped-resistor regulator
is used to control the output of a multiphase a-¢ generator
(alternator), the regulator abtaing a d-c voltage for operation
of the potentic! coil from a rectifier connected to one phase
of the a-c output voltage, and the requlation action is the
same as that described for the d-c generator .

In conclusion, it can be seen that the multitapped-
resistor regulator acts as an outcmatic variable resistance
ir the field cireuit of a d-c generator or in the field (exciter)
circuit of an a-¢ generator (alternator), to hold the output
voltage at a specified value of voltage regardless of
changes in load.

From the brief descriptions of voltage requlaters given
in the preceding paragraphs, it can be seen that the vibrat-
ing-contact regulator, the catbon-pile requiator, and the
multitapped-resistor requlator are merely controlled, auto-
matic variable resistors. The detailed theory of cperation
and the construction of electromecharical requlators are
covered in Navy publications on basic electricity (or in
course moterials for EM and AE ratings), and, therefore, will
not be treated in this handbook. Only the basic principles
will be discussed in this section of the handbook, as re-
quired, to provide a better understanding of the application
and the failure analysis of the electromechanical requlators
discussed.
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