ELECTRONIC CIRCUITS NAYSHIPS

SECTION 21
CONTROL CIRCUITS
PART A. ELECTRON-TUBE CIRCUITS

AGC (AVC) CIRCUITS.

dviomaiic voiume centroi, AVC, is ¢ control circuit that
automatically changes the over-all gain of a 1eceiving sys-
tem in a manner which is inversely related to the strength
of the received carrier signal. The terr - AG€¢ and AVC
have been used interchangeably far several years, and some
confusion has resulted from this practice. The exact use
of one or the other term is determined principaliy by the
1ype of ircuii{s) being controlied or by the type of useful
output obtained from the controlled system.

Originally, the circuit was used extensively in radio
ond communications equipments where the useful output
vbtuined was an audible signal heard in headphones or
from o loud speaker; the circuit was therefore called auta-
matic volume control. However, basically the same circuit
has also been employed to provide automatic control of
amplification, or gain, in other electronic equipments. Since
these similiarly controlled equipments produce a useful
ocutput that does not necessarily result in an qudikle out-
put signal, the term valume does not apply; in this case
the term gain is technically correct. For example, if the
basic circuit is used to control the amplification (gain} of
the r-f and i-f amplifier stages in g communicatiens or

AYC circuit; on the other hand, if it is used to control the
amplification (gain) of the i-f amplifier stages in a radar
receiver, or the r-f and i-f stages in a television receiver,
it is called an AGC clirevit. In either example the elec-
tronic function is the same—te control an output signal in
accordance with the strength of the input carrier signal.

In the paragraphs to totiow and throughout this sectian,
the distinction between AGC and AVC will sot be made.
The term AGC (automatic qain control) will be used to de-
signate the circuit that controls useful output, regardiess
of whether it is in the form of a visual (video) display or
similar indication, or an audible signai.

The basic AGC circuit is intendad to maintain the oul-
put of a receiving system nearly constant within relatively
narrow Umits, and must do so as the input carrier signal
level vuries over o considerable range. AGT ootion is no-
mdlly accomplished by developing a d-c contrat voltage
which is proportional ta the qmolitude of the recaived ~or
rier signal, and then applying this voltage in the form of
bias to requlate the gain of ane or more ramate ~opaff
amplifier stages within the recaiving sy sletti

Remote Cutaff Amplifler Characteristics. Refore dis-
cussing the operation of a typical AGC circuit. o brief re-
view of the action of ¢ typical remote-cuiof! penivde ampli-
fier tube will be given. This review should provide a
better understanding of the ef{ect obiained by changing
the opplied grid bias 1n accordance with the strength of
the received carrier signal.

The acrompn !
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an r-f or i-f amplifier, and the effect on plate-current varia-
tion cdused by a change ir control qrid higs. ‘When the sigr
nal input to the receiver is small (eq1), the developed AGO
voltage is low and the plate current varietion (ip1) is center-
ed about point A on the illustration. When the signal input
to the receiver is large {eqq), the developed AGC voltage
increases and the plate current variation (ip2} Is centered
about point B on the illustration. The plate current wiria-
tion, ip1, resulting from a small signal input (eq1) to the
teceiver and the plate current variation, ip2, resulting

from a large signal input {eg3) are approximately equal and,
in theory, should produce output signals of approxtmately
the same amplitude. Although the relationships given in
the iliustration are idealized, they serve to show the effect
of applving a negative rontral valtage tn am amplificr stage.
Ln uctual practice, it 1s necessary to supply the AGC volt-
age to several remote cutoff amplifier stages simultmeocus-
ly in order that the cumulative effect will produce a satis-
factory control of siqnal amplification by the contmlled
stages.

0 Ib

E /1, Cheracteristic Curve for Typica! Remote Cutol
Pentode Ampiifiar

TYPES OF AGC CIRCUITS,

Automatic galn control circuits vary somewhat because
ot the over-aii gain chotacteristics required of the receiv-
Ing system. However, most AGC citcuit configuratinns
fall into one of three general classifications: simple AGC,
delayed AGC, and amplified and delayed AGC. These three

clossifications of AGC circuits are described briefly in

< R T
Mmple AGC, A sinpic AGT Clivuil wid ¢ diode-de-
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tector circuit {described in Seetion i) are very similar in
many respects. For this reason, the AGC circuit and the
signal detector citcuit of o receiving system are frequently
combined within a single stage. The accompanying block
diagram illustzates g simple AGC system; this AGC system
makes use of a negative d-¢ control voltage obtained direct-
ly from the signal detector output, since the rectified voltage
produced by the detector is propertiona! to the amplitude

of the received carrier.
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The resulting d-c voltage obtained fram the detector
circuit is filtered by an R-C circuit to remove any ampli-
tude modulation components present in the detector out-
put, and is then applied as btas to the control grid of each
stage to be controlled in the receiving system. The time
constant of the R-C filter is long enough to remove the
lowest modulation frequencies from the d-c voltage, but
short enough that a change in d-c bias level will respond
to moderately rapid changes in received signal strength
due to signal fluctuations, foding, etc. The simple AGC
circuit {s employed in many typical AM superheterodyne
receivers which use a diode-type detectar; it is olso em-
ployed in some FM receivers which use a ratic-type detect-
Cr.

Delayed AGC. The term delayed AGC i3 used to de-
note a voltage delay, and should not be confused with a
time delay. The simple AGC system just described is ef-
fective on all received signals, from the wedkest to the
strongest. [t has the disadvantage of developing an AGC
voltage even for very weak received signals and, os a1e-
sult, the sensitivity of the receiver to weck signals is re-
duced considerably. Therefore, in order to increase sen-
sitivity and enable the receiver to respond 1o weok signals,
it is desirable to provide a means of delaying the applica-
tion of AGC voltege until the received signal recches a pre-
datermined value, sometimes called the threshold level
of AGC. The accompanying biack diagram illustrates a
typical delayed AGC system.

The delayed AGC system mokes use of ¢ fixed delay
voltage applied to a separate AGC detector, The delay-
ed AGC detector must be g separate dicde, independent
of the signal detector {demodulator) diode, because the
fixed delay voltage prevents the AGC detector diode from
rectifying an t-f signal until the signal level exceads the
value of the delay voltage. Thus, if separate dicdes were
not used, the delay valtage would prevent the detector
{demodulator) diode from rectifying weak signals which
are below the threshold level established by the value of
the delay voltage. Once the signal level rises and exceeds
the value of the delay voltage, the AGC detector begins
to rectify and produce g 4-c cutput veltage which is opplied

Simple AGC System
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Simple Delayed AGC System
as bias to the controlled stages. The requirement for
tiltering of the d-c cutput voltage to remove amplitude
modulation components and the R-C time-constant con-
siderations are essentially the same as for the simple AGC
system. The delayed AGC circuit is employed in many AM
broodeast, communication, and dual-diversity super-
heterodyne receivers, as well as in similar microwave and
radar receiving systems.

Amplified and Delayed AGC. There are many varia-
tions in amplified and delayed AGC systems, However,
these various AGC systems can be classified according to
two categories: systems which amplify a signal before
rectification, to obtain the AGC voltage, and systems
which amplify the AGC voltage after signal rectification,

In either cuse, a form of delay veltage is incorporated so
that the maximum sensitivity of the receiver can be realized
for weak-signal reception. When amplified and delayed
AGC is used to control a receiving system, the over-all
output versus signal input characteristics can be made to
approach an almost ideal condition.

The accompanying illustration shows block diagrams
for two basic types of amplified and delayed AGC systems.
Part A of the illustration shows a system in which the sig-
nal is amplified by an AGC i-f amplifier bedere rectifice-
tion by the AGC diode. Part B shows a system in which the
signal voltage is amplified by o d-¢ amplifier after recti-
fication by the AGC diode, The d-c amplifier stage is fol-
lowed by o delay dicde which supplies AGC voltage te the
cantrolled stages only when its cathode is negative with
respect to its plate, and the diode conducts; when the de-
lay diode is not conducting, the AGC eutput voltage is
zero and the receiver gain is ot maximum for all signals be-
low the threshold of AGC operation.

Note that both AGC systems illustrated incorporate a
form of delay voltage, In the amplifled and delayed AGC
system illustrated in part A, the delay voltage is opplied
1o the AGC detector, which follows a separate amplifier;
the separate amplifier receives its signal fom the last {-f
amplifier of the receiving system. Another variation of this
AGC system employs an independent AGC omplifier chan-
ne} consisting of several stages and having ¢ greater
over-all amplification (guin) than does the signal -f ampli-
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Amplified and Delayed AGC Systems

"

fier chapnel, In the AGC sysiem [llustrated in part B,

the delay voltage is shcwn applied to the d-c amplifier
stage. One possible variouon of this circult applies a de-
lay voltage to the AGC detector as in the circuit for the
delayed AGC system shown in part A. In practice, however,
almost all AGC circults using a d-c amplifier to control

the AGC veltage employ a delay dicde n the cutput to
prevent the d-c output voltage from ever becoming positive
with respect to ground.

TYPICAL AGC CHARACTERISTICS.

One of the purposes of the AGC system is {o hoid the
if for r-f} signal input to the detector (demodulator) re-
latively constant over a considerable range of received
signal strength at the input terminals to the receiving
system. [t was previously stated thet ¢ simple AGC sys-
tem accomplishes control of receiver gain by varying c
negative d-¢ bias voltage applied to the control grids
of remote cutoff tubes in the r-f md i-f stages of the re-
cejver, Thus, as the received signal increases, the sig-
nal at the detector alse increases, resulting in a gqreater
neqative d-c valtage gvailable for control purpeses. The
control {bias) voltage is appiied to the early stages of the
receiver ta reduce the aver-ali goin. “The reduciion in re-
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ceiver gain lowers the input to the detector and, within
limits, tends to keep the detector output from rising too
rapidly as the input signdl increases. However, it is vir-
tually impossible to hold the input to the detector (de-
modulator) constant, becquse the AGC voltage is depend-
ent upon the strength of the received signal, which is
amplified by the controlled stages of the receiver and
rectified by the detector. Thus, an increase in the strength
af the received signal means that the rectified output of
the detector also increases, and this voltage (or o comes-
ponding voltage) is, in turn, fed back as o control voitage.
Therefore, it 1s reasongble to assume that there myst al-
ways be some increase in the receiver-output voltage. The
rate of increase, however, is determined by the individual
circuit design, and desirable characteristics can be ot-
tained which approach the ideal characteristic.

The accompanying illustration graphicaily compares
the receiver-output characteristics of typical AGC systems
with the characteristic of a receiver using a conventional
diode detector without AGC. The plot of receiver output
versus input signal strength for a receiver without AGC
{cutve A) shows that the output tises rapidly for an in-

rreqse in qimmal sfrmgth- imwmmr' the recsiyar output
ore in sig frength; however, the recelver culpul

21-A-3
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soon becomes distorted because of overloading which oc-
curs with large input signals. The plot of receiver output
for ¢ receiver with simple AGC (curve B) shows that even
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Receiver Cutput Verses {nput Signal Strength

small input signals are acted upor by the AGC voltage,
and, as a result, the output obtained from weck signals is
teduced. The plot of receiver output when delayed AGC is
used {curve C) shows that the output for small input signals
closely follows the output obtained when no AGC is used
and that, when the input signcl reaches some predetermined
strenqth, the output is prevented from rising too ropidly as
the input signal is further increased. The plot cf receiver
output when amplified and delayed AGC is used (curve D)
approaches an {deal condition wherein the receiver is
sensitive to weak signals and the output is held relatively
constant once the input signal exceeds some predetermined
strength.

METHODS OF FEEDING AGC-CONTROLLED STAGES .
Two methods are used to feed AGC voltage to the grid
of g controlled amplifier tube. These two methods are
commonly called series feed and parallel (or shunt) feed.
In either method, the AGC voltage is actually in “'series’’
between the control grid and the cathode of the contrclled
tube. The terms series feed and parallel feed are used for
convenience to identify the circuit arrangement which en-
ables the AGC voltage to be applied to the control grid.
AGC systems utilize one method or the other in feeding the
control voltage to an individual tube. Sometimes, because
of resonant circuit design or interstage coupling arrange-
ments, one method is used to feed one stage of the receiver
and the other method is used to feed another stage. For
example, in a typical VHF superheterodyne receiver, the
single -f amplifier is a parallel-fed stage while the i-f
amplifier channel incorporates several series-fed stages.
The series-feed arrangement is illustrated in pert A of
the accompanying simplified schematic diagram. Imped-
ance Z is normally a tuned circuit, ttansformer,or other
coupling impedance., Resistor R and capacitor C form a
de coupling netwerk; in addition, capacitor C must also be
considered as a d< blocking and 1-f bypass capacitor for
the grid-circuit impedance, Z. The d-c path for the appli-
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cation of contral voltage to the grid of the tube is through
impedance Z; in other words, the impedance is in */series’’
with the contro! voltage.

G
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c
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SERIES FEED PARALLEL FEED

Methods of Feeding AGC-Contrelled Stages

The parallel-feed arrangement is illustrated in part B of
the accompanying simplified schematic dicgram. In this
circuit, resistor R i 5 effectively in parallel with impedance
Z, and provides a “'parallel’’ (or '*shunt'’) d-c path for the
application of control veltage to the grid of the tube. The
value of the resistor is usually mode high s¢ as not to
“swamp'! or 'load’’ the impedance; however, the actual
value of resistor R together with the other resistors in the
series circuit between the control grid and cathode must
not exceed the rated maximum qrid-circuit resistance re-
commended for use with the particular type of tube. Capo-
citor C is a d-¢ blocking capaciter, and is used to prevent
impedance Z from acting es a voltage divider in conjunct-
ion with resistor B.

AGC TIME-CONSTANT CONSIDERATIONS,

In a previous paragraph it was mentioned that a d—c
control voltage obtained from a detector must be filtered
to remove any modulation or alternating component of the
rectified pulsating voltoge; otherwise, if not removed, the
modulation or altemating component would be applied to
the controlled stages, along with the d-c voltage. If any
modulation component is fed back to the grids of the con-
trolled stages, o degenerative effect occurs and, as a re-
sult, the percentage of modulation on the carrier signal
being amplified by the contralled stages will be reduced
accordingly. Also, this effect may introduce considerable
amplitude distortion in the output {demodulated) signal.

An R-C circuit is normally used to filter the d-c control
voltage. The design of a suitable R-C {ilter, of necessity,
moy be o compromise; the time constant must be sufficiently
long to effectively filter out the lowest modulation-frequency
campenent from the control voltage, and the time constant
must be short erough to permit o change in d-c control volt-
age when rapid fluctyations in signal level occur. (Time
constonts are discussed in Section 2.} Thus, the R-C net-
works of the AGC circuit influence the ability of the con-
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Simpie AGC System

trol voltage tc follew rapid changes in the strength of the
received signal.

A simple AGC system is illustrated in the above simpli-
fied schematic diagram. - The r-f amplitier, mixer, and first
i~f amplifier stages are series-fed and controlled by AGC
voltage taken from the detector {demodulotor) dinde, (The
second i-f amplifier stage is seif-bigsed and is not controi-
led by AGC woltage.) Rl is the detector load resistor and
capacitor C1 is the r-f bypass capacitor for Rl Resistor
R and capaciter 2 form an R-C network to filter the AGC
woltage cbtained from the detector. Resistor 13 and copoci-
tor C3 form a decoupling network for the mixer stage;
similarly, resistor R4 and capacitor 4 form a decoupling
network for the 5-f amplifier stage.

The time constant of an AGC system will depend lorge
1y upon the design of the tecelving system ond the type of
transmissions to be received. Typical values ot ume con-
stents used in communications work tange from .1 second

to 015 second. The time constont of an R-C circuit is
given as:
TC=RC
where:

= resistance in megonms
T = copocitance in microtarads

However, the typical AGU circuwt is usually & complex
network, and, hermuse of the oction of the detector dicde
in the circuit, the charge time constant and the discharge
time constant of the cirruit are not the same. The charge
time constant for the AGC system shown in the illustration
when the detector diode is conducting and rectified d—<
cutrat is developed actoss load resistor Ri can be ex-
pressed us follows

Charge 1\v = RZ2(CZ2+C5+

TC = time in seconds
R
o

AL [ Tl (=g Tl |
U4 HACR . RATA
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The discharge time constant for the system when the
detector diede is not conducting {or is conducting less)
can be axpressed as follows:

Discharge TC={R4 + H2 « R1IC4 + (R3 + HZ + RIYC3

+{RZ + R1)C2 + RIC

Note that the discharge path for the network is not the
same as the charge path. Furthetmore, because detector-
load -f bypass capacitor Cl is usudlly a small value, the
temm RICI in the discharge time-constant expression can be
naqiected because its effect on the over-all time monstant
is smal.

Octasionally, the detector load resistor, Rl, is used as
a manuel volume control for the receiver; the variable con-
tact of the volume control is coupled by means of a capa-
citor to an oudio amplitier stage. When this is the cose, the
audic coupling copacitor, together with the grid resistar for
the succeeding amplifier stage, may have an effect upon the
AGC time constant, especially when the volume contro] is
adjusted for maxirmm volume. Although the effect upon
AT action by the qudio coupling eapacitor and the grid
~irouit of the amplifier stoge is @ design consideration, the
effect is usually neglected when making ume-constast coi-
oalmtigns,

The following example Mustrates the aifference between
the charge and discharge time constonts in a typical AGC
svstem, The resistors and capocitors 1o the simplitied
sdhiematic given enrlier are ossigned fypicul circult values
as follows:

Rl = lmeg 01 = 00001 wef
K2 - 1 meg C2 =0.05 puf
R3 = 0.1 meg (100K) C3 = 0.05 puf
54 -0 1 meg LI0GKS C4 = 0.01 uf
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To calculate the charge time constant in seconds:
Charge TC = R2(C2 + C3 + C4) + R3C3 +R4C4
= 1(0.05 + 0.05 + 0.0 + (0.1 2 0,05)
+{0.1 x 0.01)
=0.11 + 0.005 + 0.001
=0.116 second
To calculate the discharge time constant in seconds:
Discharge TC=(R4 + B2 + R1)C4 + (B3 + R2 + R1IC3
+ (R2 + R1)C2Z + RIC1
= (2,1)0.01 + {2.1)0.05 + (2)0.05
+ (1)0.0001
= 0.021 + 0,105 + 0,1 + 0.0001
= 0.2261 second
Thus, from the calculations made above, the charge
time constant is found to be 0.116 second and the discharge
time constant 0,226] second. From this example it can be
seen that if the discharge time constant is too long and
the received signal fodes rapidly, the output of the receiv-
er will be reduced until the R-C networks have discharged
sufficiently to permit the receiver gain to increase and com-
pensate for the drop in input signal level. This inability of
AGC voltage to respond and follow rapid changes in input
signal level is called time delay (o1 time fog ) in the AGC
respense. The greater the values of B and C, the longer
the AGC time constant end the time delay of the AGC sy-
stem; the smaller the value of B and C, the shorter the
time constant ond the time delay. However, if the charge
time constant is o0 short, modulation components which
are present on the d-c control voltage may cause degenera-
tive effects. {These eftects were mentioned eurlier in this
discussion.) Thus, reducing the values of R and C below
some practical minimum for a particular AGC system re-
sults in a reduction of filter efficiency; therefere, if is
usually necessary to reach some compromise between
filter efficiency and time delay in the design of on AGC sy-
stem.

SIMPLE AGC CIRCUIT.
APPLICATION.

The basic AGC circuit is used in many communications
and broadcast receivers and in certain radar and television
receivers, to obtain a d-¢ control voltage which is supplied
as an automatic bias for the r-f ond i-f stages of the 1e-
ceiver.

CHARACTERISTICS.

D-C control voitage is obtained directly from a detec-
tor (demodulator) dicde of from an odditional diode used as
a half-wave rectifier,

Uses an B-C network as an output filter,

D-C output voltage varies in proportion to r-f input volt-
oge. This clrcuit has a disadvantage in that weak input
signals produce a small output voltoge which, in tum, tends
to lower over-all receiver sensitivity to weak signals.

CIRCUIT ANALYSIS.

General. The diode detector circult, described in Sec-
tion 11, and the diode detector with AGC circuit, described
in this section, are very similar. Because of this similar-
ity and because it is o simple matter to add a few compe-
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nents and make use of the detector cutput as a source of
control voltage, the functions of the detector md AGC cir-
cuit are frequently combined in a single stage. The recti-
fied voltage produced by the detector (demodulator) diode
across its load resistance is proportiondl to the amplitude
of the received carrier; therefore, the resulting rectified d-c
output voltage can be used to control the over-dll gain of
the receiving system. An R-C network is used to filter the
pulsating d-c output of the detectar and also to remove my
modulation component which might be present,

Circvit Operation. A combined detector and AGE cir-
cuit is illustrated in the accompanying circuit schematic.
(A comparison af this circuit with the typical diode detector
given in Section 11 will show that the circuits are basicdly
the same except for the addition of resistor R3 and capo-
citor C3.) Tronsformer T1 consists of tuned primary and
secondary windings which are resonant at the frequency of
the i~f amplifier; T1 is the output transformer of the i-f
amplifier channel in a conventional receiving system.

ey
T {
T = DE-
r —l b = MODULATED
-F 5 ouTPUT
INPUT |

AGC

E QUTPUT
+

c3

Compined Detector (Demeodvlator} and AGC Circuit

Electron tube V1is an indirectly heated cathode-type
diode, and may be included within the envelope of o multi-
purpose tube; the filament (heater) circuit is not shown on
the schematic.

Capacitor Cl, resistor Rl, and capaciter C2 form a Jow-
pass B-C filter network. Potentiometer {variable resistor)
R2 is the diode lood resistor, and also the manual volume
control for the receiver. The setting of potentiometer R2
detemines the amplitude of audio output signal which is
coupled by capacitor C4 to succeeding amplifier stages.
Resistor B3 and capaeitor C3 form an B-C network to filter
the d-c voltage applied to the contralled stages os sutomatic
bias,

The operation of a typical detector {demodulator) cir-
cuit is given in the circuit analysis portion of DICDE DE-
TECTORS, Section 11, and may be reviewed at this time
if desired. Thus, for the purpose of this discussion, it is
sufficient to say that a d< voltage which varies in ampli-
tude according to the medulation frequency is developed
across diode load resistor R2 whenever a modulated signal
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is applied to the input of the detectar circuit. The polarity
of the rectified voltage is given on the simplified schematic
diagrarm.

The R-C network consisting of resistor B3 and capact-
tor C3 is connected o the juncticn of resistors Rl and R2.
The negative voltage at this point is a d-c voltage with an
alternating component which is the result of amplitude mod-
ulation present on the r-f signai. The purpose of resistor
R3 and capacitor C3 is to remove the modulation components
so that ¢ steady d- voltage is qvailable as a bias voltage
for the controlled stages of the receiver,

Assume for the moment that o weak signal is being
teceived. In this case the voltage developed across diode

Sy 1s
]“”A ragigtor [ZQ'J ""” ho o 5:“"“ .’ultu\J\., \.uld uLm acouuulg

AGU output voltage will also be small; therefore, the
value of grid bias voltage applied to the controlled stages
will be small, and the gain of controlled stages will be

reduced cnly = slight amount.

Next, assume that a moderate signal is being received.
In this case the voltage developed across diode load re-
sistor B2 will increase in value, and, as a result, the value
of grid bias voltage applied to the controlled stages will
also increase; thus, the gain of the controlled stages will
be further reduced.

Now, assume that a strong signai is being received, In
this case the voltage develaped across diode load resistor
R2 will increase considerably, and, as a result, the bias
voltage applied to the controlled stages will also increase;
thus, the gain of the controlled stoges will be still further
reduced.

From the three signal input conditions just described,
it can be seen that as the strength of the input signal to the
receiver increagses, the detector output and the value of the
contrel voliage increase as a result, and, to offset the in-
crease in input signal strength, the over-all yoin of the re-
cejver iz reduced. Conversely, as the strength of the input
signal to the receiver decreases, the detector ocutput and
the value of the control voltage decreases as d result, and,
to offset the decrease in input signal strength, the over-all
gain of the receiver is increased.

The effect of an automatic bias contrel voltage is to
evel out'’ the response of the receiving system. Thus,
the change in receiver output for a given change in input
signal is always less with an AGC circuit than it is with-
ot an AGC circnit.

A simple AGC circuit which is independent of the de-
tector (demodulator) diode 1s iliustrated in the accompany-
ing schematic; this circuit is a variation of the basic diode
detector circuit discussed previously in Section 11. The
diode, V1, 15 not used to demodulate the signal; instead,
it is used only as a hali-wave rectifier to obtain an AGC
voitage which is proportional to the input signal. The
diade may be a separate electron tube, or may be inciuded
within the envelope of a multipurpose tube, Capacitor C1
is an r-f coupling capacitor, and is normally connected to
a relatively high-impedance signal scurce, such as the
slete o{ the detector {demodulator) diode or the plate of the
last - amplifier tube. The d- output voltage is developed
uCioss diode ivad resistor 0 as the result of c:irmn‘l ecti-
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Simple AGC Diode Circuit

R-C network tc filter the d-¢ voltage applied to the control-
led stages,

The main disadvantage of the two AGC circuits just
described is that otl received signals — including weak
signals — will develop AGC voltage. Thus, even o very
weak signal will produce a small omount of AGC voltage,
causing a reduction in the over-all receiver gain at a time
when maximum gain is desired.

FAILURE ANALYSIS.

General. Befcre suspecting trouble In the AGC cir-
cuit, it must first be established that the detector {demod-
ulator) circuit and the rf and i-f amplifier circuits are
functioning normally. Checks must be made to determine
whether there are any shorted, leaky, or open components
in the B-C netwcrks of the controlled stages (either series-
or parallel-fed). Defective components in these networks
will affect the AGC voltage distribution, the AGC circuit
time constant, and perhaps the rescnance and selectivity
of the tuned coupling circuits.

Ne AGC Valtage. The AGC woltage no-output condition
is generally caused by q failure in the detector (demodula-
tor) circuit, and is usually accomplished by a lack of detec-
tor output. Since the AGC circuit is often o part of the
detecter circuit, the correct opergtion of the detector should
be determined {as given in Section 11) before investigating
the AGC circuit for a possible failure. An exception to
this procedute is the case where a dicde which is indepen-
dent of the detector (demodulator) diode iz uged to obtain
AGC voltoge, The procedure for failure analysis of the in-
dependent AGC diode circuit is essentially the same as
the procedure given for the detector (demodulator) dicde
circuit,

in either the simple AGC nitenit or the independent AGUT
diode circuit, if the output capacitor of the R-C filter net-
work is shorted, the AGC output voltage will be developed
srioss: thodiltee tesistor, and, Lherefore, no AGC voltage .
will be applied to the controlled stages.

Because AGT circuits are nearly alwayvs low-voltage,

+ 1 e
h'”"-‘"‘"‘“"’"""“ "JC"“AS it will be NeCessIyY 16 use G suit-

abie vacuum-tube volimeier when making AGC voltage
measurements,
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Low AGC Voltage. Low AGC voltage will result in
greater than normal over-ll receiver gain, and will often
cause distortion when « strong signal is received. With a
known r-f or i-f signal (either medulated or unmodulated)
applied to the input of the receiver or to the input of the
detector circuit, a d~¢ voltage measurement should be made
across the diode lead rasistor to determine the value of
negative AGC voltage present. {AGC voltaqes should
always be measured with a suitable vacuum-tube voltmeter.)
A second voltage measurement should then be made at the
output terminals of the AGC circuit (across the output capa-
citor of the B-C filter network} to determine whether the
voltage at the output is the same value as the voltage mea-
sured at the input to the R-C filter network. If the output
voltage measured is less than the input voltage, it is likely
that a voltage-divider action is taking plece, causing a
current to [low in the circuit, with a consequent voltage
drop across the filter resistor. In this case, the output ca-
pacitor of the R-C filter network may be lecky, or the capa-
citors, tuned circuits, or other impedances in the controlled
stages may have leakage paths to ground (chassis). Mea-
surements may be made throughout the voltage distribution
system to detetmine the points at which voltage-divider
action is occurring, in order to further isclate the faulty
component. As an alternative, the circuit connection at the
output of the B-C filter network, sometimes referred to as
the AGC bus, should be disconnected to isclate the con-
trolled stages; the components of the networks associated
with these stages should then be checked by means of
resistonce measurements to locate the foulty component(s)
in the voltage distribution system.

AFC CIRCUITS.

Automatic Frequency Control circuits have a wide range
of applications in radio, television, and radar. Their pur-
pose is to automatically compensate for any drift in local
oscillator frequency, as well as 1o automatically lock onto
the selected frequency once the receiver is tuned to the
approximat e frequency. Thus, it is the function cf afc to
compensate for the warmup time of the receiver, during which
the receiver is very susceptible to drift, as well as to com-

pensate for any error in the mechanical tuning of the receiver.

Qur discussion here will be primarily concemned with afc
systems which change the frequency of the local oscillator
to compensate for any frequency drift which may occur in
the 1 stage of the receiver, and also counteracts any ten-
dency towards a frequency drift in the local osciliator.

The introduction of afc to a receiver necessitates the
employment of one or more additional circuits, consisting
essentially of @ discriminator and a control device. The
function of the discriminator is to change the direction and
amount of the frequency errorinto a corresponding correction
or control voltage variation. Many discriminators or detec-
tors employed in £m receivers are cupoble in themselves
of providing an afc voltage, so it may not be necessary in
these casesto add a discriminator to the receiver. This
type of afc system is shown in part A of the accompanying
illustration. If the receiver detector is not capable of pro-
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ducing an afc error veltage, the addition of an afc discrimi-
nator becomes necessary, as shown in part B of the illustro-
tion. This error voltage, regardless of how it is obtained,

is now applied to the control device, whose function it is

1o receive the error voltage from the discriminator and change
it into a frequency correction for the local oscillator.

R-F I-F DISCRIM—
AMPLIFIER MIXER AMPLFIER INATOR
LocaL [ cowTroL | ERROR vOLTAGE
ik LS
osciLLATOR| DEVICE
A)
R-F kxeR 1 DISCRIM-
AMPLIFIER MPLIFIER INATOR
AFC
LOCAL |CONTROL Ak,
osciL aTor | pEvicE NATOR
(8)

8lock Diagrams of Typical AFC Systems

If the output of the i-f amplifier is at the proper fre-
quency, it is coupled directly through the discriminator and
no error voltage is coupled back to the control device.
Thus, the local oscillator frequency remains the same.

If the i~f frequency is too high, the error voltage, for exam-~
ple, increases, and provides the necessary adjustment to
the local oscillator. Conversely, if the i-f frequency is too
low the error voltage, for example, decreases, and provides
the necessary odjustment to the local oscillator.

A more refined method of afc contains its own separate
mixer. This type of afc is used primarily in rader end thus
the receiver employs two converters: one converter is used
to mix the echo siqnal, and the other is used for the afc.

A block diagram illustrating such a system is illustrated
below.
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CONTRGL LOCAL ol SHGNAL I-F
DEVICE OSCILLATOR MIXER AMPLIFIER
AFC AFC TR TRANS-
MIiXER [ ATTENUGATOR TUBE MITTER
3 T
| il i
&

Block Diagram of Dosble Mixer AFC

Since the trmmsmitted pelse is used as the frequency
sampie for the cic mixer in this opplication, it is not neces-
sury thata mmne preceed the o[c mlxer. A fixed attenuator

1t

jr'-r :zi theale oporcmor. is the same as thatof
any other afc system, that is, the mixer discriminotor
produces an error voltage for upphcctmn to the control
device, and the wntrol device changes the local cacil

rﬂﬂl'pn"w 23 necessory. Tt should be noted that ¢

100 TEMEL

')

fuk: O7 0W SUDpiies two mixer circuits
usual one, bor this power requirement iz ea
e G Ui g sbecidl osciiiotor ube.

Exawt ivs of cirenits which may te used as control

: g od in this chapter. The ,Jariicmar control
iz contingent upon the receiver in which the
& be used. The phrmh..ﬁrr.r. remtrod et ter
emmple is most commonly used inradar receiver applica-
tions becaure of ita sweep voltage characteristics, while
for the same reason, it is not used in the standord i-m radio
receiver. A control device commonly found in the f-m radic

receiver is the regctance tube control device, or the thyra-

i lut

v o
ol wulliOr Jdevive,

PHANTASTRON AFC CIRCUIT.

APFL CATION
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ot 1ot osTlGor or transmitter drift.

me o

CHARACTERISTICS.

Uses a hard tube phantastron ascillatar as a seareh
SWECE,

Search sweep operates of a rate of about one cycle per

e e 4
[ES P
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Automatically controls the local oscillator repeller
voltage to maintain the proper i-f difference frequency.
Output may be token from the zaothode, screen, or plate,
and be sither positive or neqotive.
Combines a stable multivibrator action with d-c ampli-
fier action in one tube,

CIRCUIT ANALYSIS,
General, 'The phantestron sic system provides a means
of automatically controlling the frequency of a klystron
local oscillator. The Outyhl of the receiver discriminator
is goupled through o pumr ur“phi staqe to a dicde search
stopper stage. The phantastron scarch tube, in the absence
b ool dlqmﬂ:& fioin Gie sedic siopue diode, upp;it::: u
one cycle per second sawtooth wave to the klystron repeller.
Wnen the sweeping klystron reaches a trequency which pro-
duces the proper output from the discriminator, the search
stopper divde applies u twsesing bius w the grid of the
phanstastron search tube and converts it into ¢ d-¢ amplifier.
Corrections for small frequency changes are then accom-
plished by the search stopper 2iode and the d=c amplifier.
Circuit Operation. 1he accompanying schematic illus-
trates a typical phantestron-diode afc sweep circuil.
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couples the suppressor of V2 to the screen and also acts
as a screen bypass to ground via resistor R6. Resistor RA
serves the dual function of octing as a charging and dis-
charging resistor for C4, and as a qround retum resister for
the suppressor of tube V2. The voltage divider network
consisting of R7, B8, and F9 is connected between the
plate of phentostron sweep tube V2 and the -30C volt repeller
supply to the klystron local oscillator. Resistor B8 is

a potentiometer to permit manua! adjustment of the local
oscillater voltage for approximately the proper frequency.

In normal operation, the application of plate voltage to
phantastron tube V2 causes the plote to draw current, which
decreases the plate voltage abruptly because of the high
resistance of B4. This drop is applied through capacitor
C3 10 the control grid. The control grid voltage will not
decrease far enough to cut off the plate current, since the
source of voltage is in the plate circuit. The plate voltoge
ep now begins 10 decrease gradually while the control qrid
voltage eg of V2 now rises slowly as C3 discharges, causing
plate voltage ep to continue to drop and produce o negative-
going output sweep voltage as shown in the accompanying
waveform illustration.

Since the plate current of ¢ pentode remains nearly
constant over ¢ specific range of plate voltage, the dis-
charge of C3 is fairly linear. When the plate voltage drops
sufficiently to reach the bend or knee in the tube Ep - Ip
characteristic curve the plate current no longer remains
constant and decreases towards zero, Since the cathode
current of the phontastren is essentially constant, the
screen grid drows the current not being drawn by the plate,
and the screen voltage drops. This drop in screen voltage
is applied tc the suppressor qrid through C4 and develops a
suppressor voliage across R6 which causes an additional
drop in plate current. The process is regenergtive md soon
cutsoff the plate current. The plote current remains cut off
until C4 discharges sufficiently to allow the plate to =start

drawing current again. During plate current cutoff C3 charges.

This circuit action is repeated at a rate of about one cycle
per second, developing o negative sawtooth sweep at the
plate of the phantastron. As the negative sweep voltage

is applied to the voltage divider consisting of R7, K, ana
R9 the klystron repeller voltage becomes more negative, and
the klystron frequency increases.

Normatly, the discriminator staqge is connected te produce
negative output pulses for an intermediate frequency greater
than 30 megacycles. Since these pulses are inverted by the
pulse amplifier stage ond produce o positive pulse input to
the cathode of search stopper diode V1 through C1 the diode
will not conduct, and the klystron frequency is perzitted to
rise until the intermediate frequency becomes less than 30
meqacycles, at which time the discriminator produces posi-
tive output pulses. At this point the locking action begins
to take place. The positive discriminator pulses are am-
plified and inverted by the pulse amplifier stage. The in-
put to the cathode of the search stopper now is o series of
negative pulses which cause the diode to conduct. After
a few pulses capacitor C2 is charged sufficiently by the
voltage drop across R2 1o hold the phantastron qric bias
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Phantastron Waveforms

constant., The gradual decrease of V2 plate voltage now
ceazes and stops the neqative sweep of repeller voltage,
and the repeller voltase is held constant at this point, A
small displacement of the intermediate frequency from 3¢
megacycles will exist in crder to maintain, a charse on G2,
and keep the phantustron plate at the desired potential.

If the klysiron local oscillator frequency or the magrie-
tron transmitter frequency now change to procduce an i-f
greater than 30 mc, positive pulses cre applied to the search
stopper diode to prevent it from conducting and the nesative
going plate voltage sweec contirues until it brir-s
intermediate frequency back to 30 me. If the drift iz
opposite direction and causes the intermediate frequency to
turther decrease in frequency the search stopper ziode
conducts heavier and develops a larger bias on the arid of
V2. Tube V2 now acts like an amplifier and the glate cur-
tent decreases as the neqative grid bias increases, develap-
ing @ positive voltage swing in the output across the piate
voltage divider. Thus theklystron frequency is lowered to
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bring the intermediate frequency back to the normal 30 me
difference value,

FAILURE ANALYSIS.

Na Output. Loss of plate or screen voltage due to failure
of the power supply, or if resistor B4, B7, B8, RO and RS
are defective, or a defective tube V2 can make the circuit
inoperative and prodice a no<ntpit condition. Mensure the
positive and negative supply voltoges with a voltmeter to
make certain that the supply or a blown fuse is not the
toult. Check the resistance of R4, B5, B7, R8 and B9 with
an chmmeter for continuity and proper value. If the resistors
are satisfactory and the voltages are normal, V2 moy be
at fault. Usually failure of any other components will

nrnriw-n an imrroper sweep or a constont outm rathar than

none at all,
Low Output, Low suppiy voltage, a defective tube Vz,
or a change in value of resistors B4, "%5 Re6, K7, B8 and

RQ can oroduce @ o surmat, Thock

’ v 5A] s o
w2 Can pro 0w SWiDan LnolK

o hmedsplaeltys
with @ voltmeter, and the resistor for value with on ohm-
meter,

Improper Sweep. Normally, with no input to search stoo-
per tube V1, g constant neqative output sweep voltage should
occur about onge each second, indicating that V2 is operat~
ing normally. A {oster or slower swoep Indicates that V2
is nol operating curtectly. A [uster sweep will indicate
reduced time constents such as ¢ shorted resistor or lower
valued capacitor, while a slower sweep indicates an in-
creased time constant such as a lerger value of resistance

or capacitance. Check the velues of FZ, B3, and R6 with an
ohmmeter, md check &% And (T4 with an in-cironit canani-

tance checker. If circuit voltanes are normal and the capac-
itance and resistance are sotisfectory, VZ is most likely
at foult. It is usually necessary that the aic circuit be
adjusted so that the local oscillator frequency cannot
p(lss through the wrony sideband, or improper locking will
Constunt Sweep. A constant sweep with no lock-in occur-
ring indicates either o failure ¢f the search stopper circouit,
diode V1, or failure of the preceding pulse amplifier or
discriminator stages. Check ior a pulse input from cothode

to ground of V1 with an oact ‘Im\rmﬁ-a It pulses exict on the

input side of C1 but not across £, capacitor C1 is open.
If pulses exist across Bl and e vellage appears ucross
R2, either C2 is shorted, or V1 i defective, If the voltaze

at the anode of V1 is !cw, check the values of R and R2
with an chmmeter and the sopasity of C2 with o copecitance

checker,
THYRATRON AFC CIRCUIT.

APPLICATION.
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CHARACTERISTICS.

Utilizes two thyratrong, functionin as relavation oscil-
lators.

Output.
Sweeps continuously with 0 input.
Sweep speed chanqges {or o chane ir eror voitage.

CIRCUIT ANALYSIS.
General. The thyratron atc syotem provides o mecns

of controlling thﬂfrecuu“"v ol o L lator.

The output of the receiver

ks Geg 4
gipalse amplifiendigny, o

first relaxation oscillatnr

tron lgr-n pc(-j]

Ry Rodoe
SCCICH SICDECT; . v aid

COTy DLy S sy ol P ooien-
sary because of the relatively large oscillator frequency
drifts encountered in nign freguency ragar, Two thyratrons
,dn wbkich the

i pange ol e
n, acts gs the

JV'CCP ﬁ(.,l
search stopper. The L'er‘rcH GHinse T B
fine tune control, tu'mq the klystron local cscillator so

as to produce precisely the comrert i-f frequency for lock

System desiqn is such that it sweeps o large band of

frequencies, and locks onto the o frequency when it
reaches the discriminster cress-cver toint. An error voltaae
from the discnimingtor controls the =paed of the serrch stop-
pet (the first thyratron), and in the cheence of an error volt-
age, such as when the transmitier is not operating, the
sweep generator (second thyratron) hunts continuously.
When the transmitter is cperating, and when thei-f frequency

withiv the sneatear bans
g Bmithivstnesogelvrt saae

by the dlSCrlmmGtOl’ the value of which determines
cutput of the search stapper.

Circuit Operation. A schematic diagram of a thyratron
afc circuit is illustrated in the occompanying schematic,
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Thyratron AFC Circuit
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Thyratron VI is the search stopper, functioning as a
relaxation oscillator. Capacitor, Cl is the input coupling
capacitor, and R3 is the grid resistor. Capocitor C2, con-
nected between the plate and cathode of V1, determines the
repetition rate of the search stopper. RI ond R2 fom a re-
sistive series charge path for capacitor C3, which determines
the repetition rate of sweep generator V2. R4 is the grid
resistor for V2, and RS and R6 form an cutput voltage divider,
to supply @ portion of the output to the repeller of the klys-
tron. Bias supply Ecc,, applied to the arid of each tube,
determines the firing point of the thyratron. Voricble re~
sistor R7 permits setting the repeller voltage to the proper
value so that the sweep generator outputcauses the klystron
local escillator to hunt by an equal amount above and below
the cross over frequency.

If the transmitter is operating, and the local oscillator
and the transmitter differ by approximately the intermediate
frequency, the search stopper receives a series of pulses from
the discriminator {one pulse for each pulse of transmitted
enerqy). The time constant of capacitor C2 in the plote circuit
of the search stopper is such thet it charges sufficiently to allow
V1 to fire once for every three or four discriminator pulses
at the input. When the thyratron ionizes, the plate potential
drops to a voltage which is very close to the cathode poten-
tial. This is due to the low conduction resistonce of the
tube. The capacitor begins to rapidly discharge, ond as
soon as it discharges sufficiently, the tube deionizes.
Immediately upon deionization, the capacitor begins recharg-
ing, and the cycle repeats. The seurch stopper continues
to ionize and deionize at the same rate, as long as the
pulses frem the discriminator remain at the same amplitude.
These sawtooths generated by the search stopper are
smoothed out to a pulsating d-c voltage, by the RC network
in the plate circuit, and are applied to the repeller of the
klystron. Under these conditions, the klystron repeller
is kept at its proper operating voliage, and the i-f frequency
is correct. If there is o change in the intemmediate fre-
quency because of local oscillator drift, the amplitude of

the pulses arriving at the input to the search stopper changes.

For an increase in the i-f frequency, the pulses for example,
decrease their amplitude. Since the amplitude of the pulses
on the grid are now less positive, C2 in the plate circuit
must charge to a higher voltage to ionize the twbe. Thus it
takes a longer period of time for the tube to reach the
ionization potential, and the repetition rate is slowed down.
A slower repetition rate produces o lower average plate cur-
rent, so that theaverage plate voltage is increased in a posi-
tive direction. This voltage change appears ot the repelier
of the kiystron, and the klystron local ascillator changes its
frequency accordingly, automatically correcting the i-f
frequency.

For a decrease in the i-f frequency, the opposite condi-
tion prevails. The pulses arriving from the discriminator
arrive at a greater amplitude, cousing V1 to ionize more
frequently, and produce o higher average plate current.

The higher plate current causes the average plate voltage
to decrease, and this decrease (a change in the negative
direction) is applied to the repeller of the klystron. The
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more negative repeller voltage changes the klystron local
oscillator frequency cccordingly, and the change in the

i-f frequency produced by ascillator drift is corrected.

During the time that V1 controls the repeller voliage,
sweep generator V2 remains cut-off, because itsplate volt-
age is not positive enough to allow it o jonize. Theseorch
stopper’s ability to vary the repeller voltaqe, however, is
limited. If the i-f should drift too far off frequency, the
search stopper no longer receives pulses of sufficient om-
plitude from the discriminator to ionize V1, and the plate
waltage increases towards the value of supply voltage
Enb. It is under this condition that the sweep generator
tube is activated. As the plate voltoge begins rising, C3
in the plate circuit of V2 beqins charging, and the output
voltage to the repeller beqgins incregsing positively. The
isnization point of the tube is established by qgrid bies Ece,,
and as soon as C3 charges sufficiently to bring the plate
voltage to the proper level, the tube fonizes, rapidly dis-
charching C3, and dropping the plate voltage (and thus the
repeller voltage) to almost cathode potential. When the
capacitor discharges sufficiently, the tube deionizes, and
C3 again begins charging, repeating the cycle. The sweep
output which is generated by this action is applied to the
repeller. As the sweep voltage rises (during the time that
V2 is deionized), the repeller voltage also rises and the
local oscillator frequency changes gccardingly.

When the sweep voltage at the repeller reaches the
proper voltage to produce the correct i-f frequency, search
stopper tube V1 once again receives operating pulses from
the discriminator, and prevents V2 from {onizing, stopping
the long sweep and locking-in the local oscillater. Once
again search stopper tube V2 "fine tunes" thelocul oscil-
lator, unti! the next large oscillator frequency shift occurs,
whereupon the long sweep cycle repeats.

FAILURE ANALYSIS.

No Outpet. A defective V1 and V2, an open resistor R1,
R2, B5, R6, a R7, a shorted C2 o C3, or the loss of supply
voltage can cause a no-cutput condition to exist. Check R1,
R2, R5, R6, and R7 with an ohmmeter for proper value, Cneck
capacitas C2 and C3 for value, or possible sharts or opens
with an in-circuit capacitor checker. Measure the plate
supply voltage, and the bias supply voltagewith a voltmeter
for proper value, ond correct if necessary.

Continvous Hunting. The loss of input from the discrim-
inator, anopen Clor C2, or an open K3 can cause the failure
of thealc system to lock on to the correct frequency. With
an oscilloscope, check far the presence of the pulses from
the discriminator at the input. If not present, a defect is
present in some precedingcircuit, and the afc system is prob-
ably not defective. If c signcl is present, thyratron V1 may
be at foult, Check R3 with an chmmeter for proper value,
and check capacitors C1 and C2 with an in-circuit capacitor
checker for moper vaiue.

Mo Hunting. A defective thyratron V2, an open C3, or
an open B4 are the only components which can cause the
system not to hunt when the frequency drifts beyond the
control of the search stopper. Check resistor B4 with an
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chmmeter for proper velue, and capacitor C3 for proper value
with an in-circuit capacitor checker,

REACTANCE TUBE AFC CIRCUIT
APPLICATION,

The reuciance tube aic circuir is used in radio receivers
when it is desired to maintain the local oscillator frequency
or the output of the mixer stage of the receiver at a specific

frequency, which is elways in the i-4f poss band.

CHARACTERISTICS.
Converts an input voltage change to o reactance variation
at the oULput.
Controls the frequency of thereceiver local oscillater.
Utilizes a triode, with cothode (self} bias.

CIRCUIT ANALYSIS,

General. [n the basic reactance tube AFC system, a
reactance tube is used to change the resonant frequency of
the receiver local oscillator by an amount and direction which
carresponds to the amount and direction of the frequency
shift of the incomingsignal. I the i-f {requency of thein-
put changes, it causes the discriminator to produce a d¢
voltage at its output having an amplitude and polarity which
is proportional to this change. It is this d< voltage which
is applied to the qgrid of the reactance tube. The reactance
tube circuit is connected across the tank circuit of the local
nscillator, and its characteristics are such that a change in
its conduction produces the same effect as ¢ change in re-
actance across the cscillater tank circuit. Thus, the resonant
frequency of the local oscillater tank circuit changes, com-
pensating fa the frequency drift in the i-f stage.

Cireuit Operation. A schematic diagram of o hasic re-
actance tube AFC contrel circuit is illustrated below.

LZ _L—
\\:/ N

ERKCR !
l VOLTAGE I L_
] o i | _L
l T R!§ Ra2 B2
i_ =+

Basic Reactance Tube AFC Control Circuit
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Triode V1 is the reactance tube, usingcathode bias,
supplied by resistor R2 and capacitor C2. L] is an t
choke which keeps the r-f out of the plate voltage supply.
1.2, together with (3, is the oscillator tank circuit, con-
nected across the Cl-Fil combinction (‘1 and Rl moke up
prevents the d-c from being applied to the oscillator tank
circuit. The error voltaqe from the discriminator is applied
between the grid of V1 and ground, as shown on the ilius-
tration.

With no error voltage applied to the grid of Vi, the only
voltage present across the C1-3] netwark is the voltage
across the oscitlator tank circuit, L2 and C3. The values
o ] and RE arechosen so that the reactance of T ic lorge
in comparison to the resistance of R1, permitting the capaci-
tive reactance 1o be the current c:omfol‘mq component, and
causing the voltage across 1t to lag the current through it by
approximately 90 degrees. Since the same current which
flows through C1 also {lows through R, and since this
current leads the applied voltage by 900, it produces a
voltage drop acress the resister which leads the applied
veltage by 90 degrees. Thereactance tube is effectively in
shunt with the oscillator tank (C3 and [.2) and the phase
shift network (C1 aond Rl Capacitor C4 allows the a« com-
ponent of current to pass through it, and at the some time,
pevents the d< plate voltage from being applied to the
phase-shift circuit and the tank.

The relationship of the currents and the voltagesin the

" )
J!
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diagram, as illustrated below.

$ip
lh'g
heg
" 90
} .

Relationship of Currents and Voltages
with no Modulation laput

Yoltage &p is the gkt
ground voltage which app
Teactance tube, the phase-shilt network dand the oscillator
tank circuit. The ac grid-input voltage is applied across
Rl. This voltage drop acrass Rl is in phase with the plate
current ip and the grid current, ig, o relationship character-
istic of amplifier tibes.
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Since both ip and ig are in phase with eq, and since
eq leads ep by aprroximately 90 degrees, ip and ig also
lead ep by 90 degrees. Both of these currents are supplied
by the oscillator tank circuit, and since they lead the tank
voltage, they act like the current in a capacitar. Thus the
injection of these currents into the tank circuitaccomplishes
the same effect s placing a capaciter across the oscillator
tank circuit. The frequency of the tank in this case is,
therefore, decreased. With no error voltage applied at the
input, this frequency is the operating frequency of the local
oscillator.

i the i frequency drifts, the output of the mixer changes,
and the discriminator produces an error voltege at its output
which is proportional to the drift in i-f. This error voltage is
produced as result of the input frequency to the discriminater
being different than the frequency to which it is tuned. The
amplitude and polarity of the errar voltage is determined by
the amount and direction of the frequency drift, respectively.

Consider now the application of this emor voltage to
the grid of the reactance tube, It is important to keep in
mind that we are not speaking of actual copacitive reactance
or capacitance changes. Our concern here is an effective
capacitance produced by the leading current in the R1-Cl
combination. [f the voltage applied to the grid of V1 in-
creases in a positive direction, the plate current of V1'also
increases, and since this cument is an effective capaci-
tance shunt across the oscillator tank circuit, the frequency
of the oscillator is decreased. Conversely, when the grid
signal shifts in a negative direction, V1 plate current de-
creases, and since this current is an effective reduction
in copacitance across (shunting) the oscillator tonk circuit,
the frequency of the oscillator is increased.

To summarize, a positive error voltage causes an in-
crease of frequency, while a negative signal causes a de-
crease in frequency. Likewise, a large amplitude error valt-
oge causes a greater frequency change than a smaller am-
plitude error signal.

If resistor Rl and capecitor C1 were reversed, and their
values were changed so that the resistance of R1 becomes
large in comparison to the reactance of Cl, circuit operation
will be reversed. The result of the change is that an induc-
tive (lagging) current is injected into the local escillator
tank circuit instead of a capacitive {leading) current, as
in the previcus example. A positive errer voltage will now
preduce a decrease in local oscillator frequency, anda
negative errar voltage will produce an increase in local oscil-
lator frequency.

FAILURE ANALYSIS.

Mo Outpur. An open or shorted LI, an open K2 or C4,
the absence of the plate supply voltage, the absence of the
input error voltage, or a defective V1 may cause a no-cutput
condition to exist. Check L1 for an ¢pen, and RZ for proper
value with an chmmeter. Check capacitor C4 for value with
an in-circuit capacitance checker. Check for the presence
of the plate supply voltage and the presence of the input error
voltage with a voltmeter. If plate voltage is not present,
either choke L1 is open or the power supply is defective.
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¥ an error voltage isnot presert the trouble is in the dis-
eximingtor or if stages. [f the output is still not restored
with normal plate and input voltages, the tube is probably
at fault.

Improperly Controlled Output, A defect in necrly any
component in the circuit cen produce a condition in which
the afc circuit does not control the local oscillator.

Check L1 for continuity, and capacitars Cl, C2, and C4
with an chmmeter for opens or shorts, and resistors Rl

and R2 for value. Check for the proper value of plate sup-
ply voltage, and the correct error voltage. If the condition
still exists, check all capacitors with an in-circuit capaci-
tor checker for their proper value, Also, do not neglect
the possibility that the discriminator may be detuned from
the propet frequency, causing the frequency to shift in the
wrong direction.

DC AMPLIFIER AFC SYSTEM.

APPLICATION.

The dc amplitier afc system isused in cw, radar, or radio
applications where a slowly varying dc error voltage is used
directly to produce autometic frequency control action,

CHARACTERISTICS.

DC coupling is used between the discriminator and control
stage.

No gfc sweep is used (it is o non-hunting system) .

The error voltage is generated by o discriminator.

Can be used on either CW or pulsed systems.

CIRCUIT ANALYSIS.

General. The dc afc amplifier system forms a simple
tracking system for a reflex klystron. It uses a diseriminator
to convert any deviation from the i-f amplifier center fre-
quency inta bias variations which are applied to the grid of
a dc amplifier. Since the plate of the de amplifier is con-
nected to the repeller of the klystron local oscillator, any
varigtion of the grid bias varies the plate voltage of the dc
amplifier and thus the repeller voltage of the klystron. This,
in turn, vories the frequency of the local oscillator in such
a direction as to return the local oscillator to the proper fre-
quency with respect to the tronsmitter frequency. The sys-
tem requires manuc! adjustment of the klystron resonator and
of therepeller voltage, to bring the differencefrequency
signal within the bandpass of the afc discriminator, before
the system can produce any tracking action. Although this
system will compensate automatically for slight frequency
variaticns of the transmitter, or of the lecal oscillater, it
will not correct the klystron frequency if ever the difference
signal falls outside the bandpass of the afc discriminator.
Such a situation commonly oecurs whenever the receiver
ig turned on after having been inoperative for a number of
hours, and necessitates a manual readjustment of the repeller
voltage. More complicated afc systems use a simple search
sweep to cbviate the necessity for initial adjustrment.

Cireuit Operation. A schematic diagram of a typical dc
amplifier afc circuit is shown in the zccompanying illustration.
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to V2. Consequently, V1 conducts mare heavily than V2
and a large positive output voltage is developed at the
cathode. This positive increase in bias causes the plate
current of dec amplifier V3 to increase, lowers the plate
voltage, and consequently increases the neqative repeller
vsliage. As gresult, the local useillotor frequency in-
cregses and returns the it ditference frequency back to its
ariginal value.

Conversely, when the transmitter frequency decreases,
and a negative output voltage is applied to V1 while a more
positive output is applied to ¥2. Diode V2 now corducts
more heavily than V1 and a large negative volage is de-
veloped across R4, The negative sutput develcpes GCross

B4 18 larger than the positive cutout soroas B3, 30 that the

agrid of V3 is driven in a negotwe ditection. The increcsed
positive output across R5 produces an effectively less neqo-
tive repelier voltage and the klystron is shifted in the cor-
rect irequency direction to compensate. These changes
are slowly varying d-c voltages for cw operation. For
pulse operation, design is such that the filter capacitors
are quickly charged by e low resistance path through the
diodes, while the discharge is slow through the high resis-
tance shunting load resistors. Thus an effective pulse
stretching action is produced which provides well filteted
dc for pulse control.

FAILURE ANALYSIS,

No Qutput. Lack of klystron voltage or improper repelier
vwltcge con couse a no-output condition. Check buih the
positiveand neqative supply voltages with a high resistance
volunetet 10 determine that @ fuse or the supply is not at
fault. Do not neqlect the fact that potentiometer B7 may be
misadj usted and couse the klystron to operate on ¢ frequenc
out. of range of the discriminator. Lack of reflector voltage
on the klystron may be caused by a defective B7 or RS.
Check the tesistors for rroper value with an chmmetor, He-
sistors R5 and B6 will affect the klystron voltage also,
and may be checkedwith an ohmmeter. If resistors RS, A6,
R7, and B8 appear satisfactory and the power supplies are
normal, tube V3 may be drawing abnormal current and pre-
venting circuit action. Normally, failure of the discriminator
or input circuit will show as @ inability w provide proper
lacal oscillator action rather than no output at ail, If re-
sistor R3 or B4 opened, or if the grid of V3 were shorted
lack of 4rid bias on the de amplifior ..w..l cause the loca
oscillatar to operate outside the range of the discriminstor.
Check the voliage from V2 grid 15 gicund und : i
R3 and B4 with an chmmeter.

!mpropﬂr AFC Action. USuclly improper alo aciiun vun
be isolated w a malfunction in tae crscriminator. _,10 e W1

and itz associate

s o
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Use an in-circuit copecitance checker to check for the pro-
per capacitance value. Use an ohmmeter to check L1 and
2 for continuity, and alsc R1, B2, R3 and R4 for proper
value. Check C3 and C4 for proper value with a capacitor
checker.

SERVOME CHANISM CIRCUITS.

In rodar systems, as well as in industrial and other
widespread applications, it is often necessary to contral
the angular position of one shaft by the positioning of another!
shaft. When the two shafts are close together this control
may be accomplished directly, by gears, or by some other
mechanical means. However, when the controlled shaft is
located some distance from the controlling shaft it is usually
impractical to interconnect the two shafts mechanicolly and,
gs @ consequence, some other method must be employed to
move the controlled shaft in correspondence with the con-
trolling shaft. Two systems used to transmit mechanical
shalt angles to a remote location by means of electrical volt-
ages are the synchra system, and the servemechanism. The
synchro system accomplishes mechanical shoft transmission
without power amplification. That is, mechanical power
output is equal to mechanical power input, neglecting
losses. In applications where the torque of the controlling
shaft must be amplified before it is applied to the controlled
shaft, the system used is known as a servomechanism.

The synchro system employs two or more self synchroniz-
ing units, similar in appearance to small electric motors.
Synchros are used extensively in remote indicator systems,
where information is to be transmitted between twe points.
Such information includes antenna position data in gzimuth,
or in elevation, meter readings, and many types of computer
data. Since the controlled shaft is usually fastened to a
dial or pointer, the synchro system adequately supplies

the small gmownt of torque required to move the shaft. In
oddition to remate indicator applications synchro devices
are widely used as basic elements of servomechanisms.
Synchro systems ate discussed in detai! in the following
paragraph of this Handbook.

The servomechanism is essentially a high gain power
amplifier operating on the closed loop, or error-sensitive
principle. That is, theaction of the power amplifier is
gaverned by an error, which exists when there is an angular
displacement between the controlling (or input) shaft, and
the controlled {or output} shaft. Servomechanisms may be
clussified according to motive characteristics. Three types
of motor drives are used extensively in positioning systems:
the d-c motor, the a-c motor, and the hydraulic motor.

The d-¢ servo moter is a high torque device widely
used in servomechanisms where smooth control of heavy
loads is desired. The d-c servo motor is g specialized form
of d< motor in that it is designed to provide nearly linear
changes in speed with proportiongl changes in armature
current. Thisfeqture permits the d-¢ servo moter to change
direction and speed of rotation smoothly, and with
minimum mechanical strtess on the controlled mechanism.

A servomechanism utilizing a d-c- servo motor
drive frequently uses a synchro system to produce an error
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voltage, which is indicative of the anqular error between the
input and output shaft. This error voltage is applied toa
phase sensitive d< servo-amplifier, also called a d¢ servo
motarcontrotler, which compares this error volage to an
a-c reference voltage, und produces an output which drives
the d-c seryo motor. The rolarity of the servo-amplifier
output is dependent upon the direction, either clockwise or
counter<lockwise, of the anqular displacement between

the input end output shaft, and hence, the servo drive motor
rotates the controlled device in the desired direction, As
the output shaft is rotated by the servo moter toward @ posi-
tion of alignment with the input shaft, the ertor voltage pro-
duced by the synchro control transfarmer (the synchro cut-
put device, which is mechanically coupled to the output
shaft) decreases, since the amplitude of the error voltage
is properticnal to the amount of error between the input

and output shaits,

The cutput of the d-c- serve motor-controller decrzases
and, therefore, the servo motar rotates slower. When the
output shaft reaches a position of alignment with the input
shaft, an error voltage is no lenger produced, and the servo
motor comes to rest. In systems where heavier loods must
be positioned, thyratren servo motor<controllers are some-
times used because of their higher efficiency and power
handling capabilities, which are necessary to drive the
larger servo motors used with the heavier loads. In ap-
plications where very large loads are positioned, the servo
motorcentroller does not directly drive the servo motar.
Instead, it excites an electromechanical power amolifier,
such as a d-c generatar, several cascaded d- generators,

a Ward-Leonard system, or an Amplidyne, which is used to
drive the d-c servo motor. The Word-Leonard system may
be used, either with or without the electronic servo motor-
controller, Electromechanical power amplitiers provide
substential goin, and in the Amplidyne system, which pro-
vides the highest gain of them all, a power gain of 10,000
may be realized. An important refinement that is frequently
found in servomechonisms is an anti-hunt circuit, Anti-
hunt provisions are necessary because of the tendency of
the load to coast past its ordered position due to inertia.
When the load comes to rest, there is an angular displace-
ment between the input and output shaft in the direction
opposite to the original error, andan error voltage is pro-
duced which causes the output shaft to be rotated back
toward the ordered position. Again, due to inertig, the load
¢oasts past its ordered position and again an error voltage
is produced, which ogoin causes the servo motor 1o rotate
the load toward its ordered position. The load is now
oscillating about the ordered positicn. Friction losses in
the servomechanism would dampen out this oscillation, or
hunting, os this condition is commonly referred to, if it were
not for another factor. This factor is the existenceof a time
delay in the positioning system which tends to cause the
applied torque to be proportional to a post error, rather than
apmesenterror. The torque applied to the load by the servo
motor lags the error voltage by some angle, and is thereby
applied in the wrongdirection for a short period of time after
the load coasts past the zero-error, or ordered position.
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Thus, the time delay in the controller creates d regenerative
action, reinforcing the oscillations each time the ordered
position is passed in much the same way that regenerative
feedhack in an ascillator sustaing ascillations, Overshoot
and hunting may be eliminated by increasing the friction of
the mechanical drive, by decreasing the qgain of the power

it ne r for the
amplifier, or by compensating clectionically for the time

delay of the servo motorcontroller. The first two methods
mentioned are usually unsatisfactory, since increasing the
friction of the drive train decreases system efficiency, and
decreasing power amplifier gain leods to sluggish response.
Anti-hunt circuits, therefore, suppress oscillations by com-
pensating for the effect: of the time dOle of f"le Servo metor-

mrrtradlan
SR 0LIT.

and varied. In smull Servos a smple inertia damper may
suffice, whereas in larger applications vatious electronic
anti-hunt circuits are used. In general, an anti-unt circuit
wrovides regenemtive feadback when the emur vollage i
increasing, and degenerative feedback when the error volt-
age is decredsing.

Servomechanisms using a-¢ servo motors are used where
a rapid, cccurate, and low cost servomechanism is required.
The a< motor is, however, essentially a constant speed
device and this characteristic makes it less desirable than
the variable speed d-c motor in some opplicaticns. 4 few
advantages of the a- servo metor servemechanism are, no
commutator or brush maintenance, and the a< servo motor-
conttollers, used with o servomechanisms are not subject
to drift (development of an output su:mcll with ne signal in-

puf\ whisk in o A~

controllers. An a-c servo motar servomechamsm mcy he
quite similar to the 1< systen. The only variations would
be the type of servo motorcontroller, and the servo motor
itself. This system, like the d-¢ servo motor syster and all
other servomechanisms operates on theerror-sensitive
inciple.

The servomechanism is one type of servo system. A
servo System mdy or may not involve mechkonical motion.
Automatic f*equenc*,' contre! and autsmatic gain control

circuits are examples of non mechanical serve systems, In
all cases, however, e cutput of the sysiem 1s {ed back for
comparison with the mput, and the error, or ditference volt-
age is used for control of the system. By strict definizion,

g servomechanism is 9 Serve sys ! :
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SYNCHRO CONTROL SYSTEMS.

APPLICATION.

Synchro control systems are used in radar sets, com-
puters, and In eny other system where it is necessary to
indicate the enguiar position of ¢ shatt, ¢r 10 trenamd
mechanical shaft angles to some remote location.

CHARACTERISTICS.

Electrically trensmits mechanical shaft date, {angu-
bar position} from one point 1o another.

Does not provide power amplification, i.e., mechanical
power autput is equal to recharicol power input.

CIRCUIT ANALYSIS.

General. Synchros are xnown by a wide variety of trade
names such as Selsyn, Autosyn, Telesvn, Teletorqie and
others which are not too frequently encountered. The pre-
ferred name however, is synchro, which applies to all the
various types. Synchros are devices which convert mechan-
ical shatt angular rotation to electiical signals and vice
versa. When information is in the form of ¢ shaft position
s0 that it is expresssd in terms of the anglé between the

B e T P TN = =
acwal ghoiy noDilon Gnd SOmT IITD o7 TEIETensE pOsiion, It

can be converted by a synchro to a set of three voltages
called synchro data. In this form such information can easily
be transmitted to another point where a second synchro is
used to set a second {repeater) shaft to a corresponding
angular position. It some instances this second synchro,
directly or indirectly through gears, mechanically positions
the repeater shaft. In other instances where powsr amplifica
tion is required, the secaon.? synchro provides only a voltage
output, which drives u serve system. It is important to
note that there 1s no power 3din in g pure synchro system.
Neclecting friction looses the mechanizal power outpit of
the repeater {or receiver) synchro is equal to the mechanical
power input to the transmitter. There are five general types
of synchro units, each classified according to function.
These include transmitters, receivers, differential trans-
mitters, differential receivers, and contro! transfarmers

The synchrc transnitter, which is sometimes called a
synchro generator consists of a rotor which caries a single
winding, and a stator made up of three separate windin

dlsplcr:ﬂd 1200, Tre mter is excited by an g source und
it Is uswally coupiad directly or through gears to 0 controlling

d-contr
shaft. The roter 15 usuelly <o restrained that it connot turn
excepl Maet the iluence of the conuclling shaft. The
voltages induced in the stator windings as a result of the
alternating tield cregtes nv the rotor winding are ropracenta-
tive of the anqular position of the rotor of any instant,

The synehro recelver, sometines referred to as synehro
motors ate sumlar eiectrically 1o rﬁr’ syehra tranamittor
The rotor of the Sy monrn s

o0 Ol SRS TGSl

synchro transmitter; free tn hirn nn_rl L |r1”u drives o light

load, suzh oz @ pointer, 2ial, of some other indicating

devu,e. [he drive 1s accomplisned directly, or through a
that the rotor 3s-

Hght qear train. The onqular posy ot
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sumes is dependent upen the stator voltages received from
the synchro transmitter.

The differential synchro transmitter {abbreviated 75,
tesembles the reqular synchro transmitter in that the rotor is
mechanically driven, ond the stotor is similar. However,
there are three separate windings on the rotor, and these
windings are electrically displaced 120 degrees. Differential
transmitters are used to compensate for errors existing in
various parts of a synchro system. With the insertion of a
differential synchro transmitter in g synchro system, the
angular position of the receiver rotor with respect to the
transmitter rotor may be varied by turning the rotor of the
differential transmitter.

The ditferential synchro receiver is similar in desion to
the differential transmitter, but the rotor (s free to turn.

It is used when it is desired to interpret the sum or difference
of two angular positions. If the differential synchro receiver
is connected to two synchro transmitters, the differential
synchro receiver assumes a position corresponding to the
angular sum or difference (depending on the comnections)

of the transmitter rotor positions.

The synchro contral transmitter is somewhat similar
to the synchro receiver. The windings of the control
transformer have a higher impedance than the windings of
the other synchro units, and the rotor of the control trans-
former is not free to turn. Voltages from o synchro transmit-
ter produce a voltage in the rotor of the contro! transiormer,
which is representative of the anqular displacement of the
transmitter rotor. The control transformer is used where it
isdesired to chtain a voltage output only, which is indica-
tive of angular position.

Cireuit Operation. The synchro transmitter operates
as a variable transformer with its rotor as the primary and
the stator windingsas secondaries. The voltages induced
in each stator windingare proportional to the cosine of the
angle between the rotor and the individual stator winding.
The following diagram illustrates a typical synchro clrcuit
consisting of a synchro transmitter and receiver.

52 ¥ 52v sz §s52v
L 1 b R
115V sy
R2 gocPs R2 60 CPS

53 268V

2ev

; L

Synchro Transmitter-Receiver Circuit

When a- voltage is applied to the rotor of the synchro
transmitter, voltages are induced In the stator windings

CHANGE 2

0967-000-0120 CONTROL CIRCUITS

(81, S2, and 33), ard the magnitude and phase of these
voltages are dependent Lpon the position of the syachro
rotor.  The turns ratio between the synchro rotor and stator
is generally 2.2:1, so that the moximurn voltage that can be
induced across an individual stator winding is 52 volts when
standard 115V, 60 cycle, AC iz applied to the wtor. The
rotor of the synchro itlustrated iz, by convention, in the
zero degree position. This raference is used throughout
synchro systems. Designations 51, 52, §3, RBl, and B2
are also standmed designations for all synchros. When the
roter of the synchro transmitter is in the (0 position flux
linkage between the rotor and winding 32 is maximum, and
52 volts is inducted acress 52. Stotor windings 51 and

33, howevet, are at 602 angles to the rotor and only half
as much voltage (26 volts} is induced across S) and across
$3, since the cosine of 60 is 0.5. At this point, circuit
operation can be more easily understood by aasuming that
the receiver rotor is removed. Since the stator windings

of the transmitter are connected directly to the stator wind-
ings of the receiver, the voltage applied to each individual
receiver stator winding corresponds to the voltages induced
in each stator winding of the transmitter. Current flows
from 32 of the transmitter through 32 of the receiver, and
divides equally through 31 ard $3, since equal voltages are
applied to S3 and S1. Current flow will, of course, be re-
versed wheh the polarity of the input voltage reverses, Eact
stator winding in the receiver generctes a magnetic field,
but the important point to consider is the resultant field.
The following vector diagram illustrates the direction and
magnitude of each receiver stator field and the resultant
field.

000*

-«——— RESULTANT FIELD

-———a

050° P 330°

180*

Resultont Receiver Field Yector Analysis
{Transmitter Rotor At 09)

As can be seen from the vector diagram, the resultant
field points in the same direction as the transmitter rotor.
Should an iron bar rotor be placed in the receiver field it
tends to line itself up with the resultant field. However,
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the iron bat rotor can align itself in either of two positions
1800 apart as shown in the following illustration.

" | )"
L+ 4f £ L L 470
b qADS 4L

W 0T
L L

Behavior of Electromagnet and lron Bar

In fiqure A the iren bar rotar s held in the position il-
lustrated. The paths of the magnetic lines of force are
lengthened and when the bar is released it quickly rotates
to position B in accerdance with the stretched rubber band
concept for the behavior of magnetic lines of {orce. Tigue
C illustrotesthe pozition that the rotor would gssuue i it
is rotated 1o G position, woete the 'Y end of the bar iz
nearer to the electromagnet than the X erd, and is released.
Thus o synehre socelver with an iron Dar rotor displays
ambiguity, that is, it has two stoble positions 180° apart.
To avoid the possibility of this 18(F errar the rotors on syn-
chro receivers are energized by the same a« source as the
transitter rotor, 1nis makas the recsiver rotor an claciro-
magnet, and there is now only one stable condition. In
addition to the advantage of having only one stable condi-
tion, the energized rotor pravides much gradter torgque, and
synchro recelvers with energized rotors 4o not have constant
STAtor current < gn lron bor receiver would have., hustrates
below is a standard synchro ransmitter receiver system with
the transmiter 1otor positioned ar 330° and the receiver
rotor held at 0°

L e

« CIEOTES

eoch Jspiac 3‘”L frcm the roter and the voltage induced

in 82 and §3 i-

SEORT ikt uJ, 1o nuw Gt [._Jli
10 .'(.‘U.Il]e s maux.e“* in bL T‘e
o

Jngles 1o the roar an

PRIt u\julll
nopm tiunal 1o tne cosine of the angle betwenn the receiver
otor and the receiver stotor windings. Hecelver stater wind-
ing 52 is paraliel to the rotor and 52 volts is induced in 52,
51 and 53 are ﬁis“l”‘ﬁeﬁ ATC from the rotar and 25
induced acros
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Transmitter 3309, Receiver Held At 0

between the stator windings of the trans:itter and receiver,
and stator current flows, setting up a stator field in the
receiver in such g direction as to exert a clockwise torque
on thereceiver rotor. Remember that the {ransmitter is sc
constructed that the transmitter roto not rotate except
under the influonce oftho ¢ i.‘nmmu hait. When the
synchro receiver rotor, which is being held at 0°, is re-
leased it rototes in o clockwise direction due to the clock-
wise torque applied to it as a result of the receiver stator
Hield, generated by stater current, As the receiver rotor
approaches 33(P the “r-ree of unhalance hebwoon
transmitter and receiver dimin . and l‘ence stator cur-
rent decreasas, sinse the voltzges induzed In the receiver
stator windings by the receiver rotor approach the voliages
induced in the transmitter stator windings by the transmitter
roter, When the receiver rotor reaches the same bearing as

the trgnemittor 1o phdie en .L‘A‘\_ e '\ir\“ﬁgn(‘ Al A

ighateehitndabatinitaie un s ohde o mnoucen
i the tecelver stator windings are equcl to the voltage
induced in the tronsmitter stator windings. A balanced
condition now exists, and stator current no longer flows,
hence, torque is no longer procuced, and thereceiver rotor
ceases to turn, [t can be geen, then, thot the transmitier
supplies stator curent to establish o field in thereceiver,
and produces torque only when the receiver is out of alian-
ment with the transmitter. Torgue produced in the recelver
is propff.ruom*' o) t"c ShoiH
rotar and the re
the trgue procuced i
10 overcome the friztion of Dearings an
reason, friction is mode s Yow ag pazsih
ecelver, and the maximar sreap in 2vn
generally less than 19, Anath :
frequently encountered i tie
ditferential synchro transmittar i<
where @ correction must be insected in the o 4
tion being tronsmitteﬂ, or where the cum g differonce of two
angles must be transmitted. An exuiple of tais 1 the
zonversion of the relative bearing of @ torget to true
It hus neep pre A TETON
variahieranstor

et The tranamitte

ull wrron annles,

unau:ll

Ioac. ror this

Ly e
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chro differential transmitter as well as all synchro units.

In the case of the synchro differential transmitter, the
stator is the primary of the variable transformer, while the
rotor windings serve as the secondary. The following
schematic diagrom illustrotes o differential transmitter
inserted between ¢ synchro transmitting and receiver.

s2v
sz S2v 52

000°T

000" DT
CO00“R

Differentic] Transmitter Connections

In o differential synchro transmitter the voltage ratio
is one to one. With the differential transmitter at its elec-
trical zero {0°) synchro date is passed from the transmitter
to the synchro receiver without alteration. In the above
illustration both the synchro transmitter and differential
transmitter are mechanically positioned to 02. Since the
rotor of the synchro transmitter is at 09, 26 volts is induced
in transmitter stator windings 51 and 53, and 32 volts is
induced in stator winding S2. The stator windings of the
synchro transmitter are directly comnectad to the statee
windings of the synchro differentic] transmitter, and the
voltages induced across the transmitter stator windings are
developed across the differential transmitter stator windings.
The diffetential transmitter rotor windings are directly con-
nected 1o the stator windings of the synchro receiver and
whatever voltages are induced in the differentio] mtor
windings are applied to the stator windings of the receiver.
When the differential transmitter rotor is positioned at 0° all
three rotor windings, which are positioned electrically 120°
apart, form an angle of 0° with their respective stator winding
(Rl with S1, R2 with 52, =tc) and maximurm voltage is induced
in each rotor winding. Since the effective turns ratio is 1:1,
52 volts is induced in B2, and 26 volts is induced in Rl and
R3, Therefore, 52 volts are applied to receiver stator wind-
ing 52, and 26 volts are applied to stator windings S1 and $3.
The resultant receiver stator field is in the same direction
as the transmitter rotor, and the receiver rotor aligns itself
with this field, As long as the DT is positioned at 0° the
receiver rotor positions itself gt the some bearing as the
transmitter rotor. If the differential transmitter is positioned
to some bearing other than 09 the receiver indicates the
position equal to the transmitter bearing minus the DT
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bearing, or in other words, the recetver indicates the dif-
ference between the transmitter and differential positions.

TO®

DT 120° R 240°

Effect of Changing Differential Transmitter Position

In the above illustration the synchro transmitter is po-
sitioned at 00 and the differentic) transmitter rotor has been
rotated to a position of 120P. Maximum voltage is now
induced in rotor winding Rl which is connectad to stator
winding S1 of the receiver. Twenty six volts is induced in
rotor windings R2 and R3, e¢nd is applied to thereceiver
stator windings, The resultant receiver stator field points
toward 240° and the receiver rotor aliqns itself toward
2409, In all cases, where the differenticl transmitter is
directly connected between the transmitter and receiver, the
receiver shalt position is equal to the position of the trans-
mitter shaft minus the position of the differential. If it is
desired tc have the differential position added to the trans-
mitter reading, it is necessary to reverse 51 - S3 and Rl -
R3 of the differenticl. It has been stated that the DT is ef-
fectively a 1:1 transformer. Actually there is a slight step-
up ratio since extra tums are added to the rotor to bring the
voltage ratio up to 1:1 to make up for transformations,
copper, and core losses present in the differential trans-
mitter. The fact that this ratio difference between the stator
and rotor exists, gives rise to an electrical condition of
unbalance, which occurs when a differential transformer is
inserted in a synchro system. In a conventional synchro
system there is no stator current when the transmitter and
receiver are in ¢ balanced state {in dlignment). However,
when a differential transmitter is inserted in the system,
the no stater current condition no longer prevails when the
system is in balance. The reason for this is that the dif
ferential stator windings can be designed to match the
impedance of the transmitter stater windings, or the imped-
ance of the differential rotor windings can be made to match
that of the receiver stator windings. Since the differential
transmitter cannot be made @ one to one transformer in both
directions, it is not possible to match both input md output
impedances at the same time. As ¢ consequence, thers is
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current flow in both transmitter and receiver stator circuits
even when the system i3 bolanced, and the effect of this
curtent is 1o reduce the accurccy of the system. Synchro
capacitors may be used to reduce this stator current and
hence, incredse system ccauracy. Synchro capacitors will
be discussed in a subsequent paropraph. The differential
synchro receiver is comnacied between two syachuu truns-
mitters, and it is used to indicate the angle between the two
transmitter shaft positions.

¥iring Diagram of Synchro System
Designed to ADD Transmitter Position
To Differential Position

¥ NG 180" DR 060° T NO.2 §20°

Synchro Differential Receiver inserted Between Two
Synchro Transmitters

I the wbove iilustration synchro trousmitter numoer §
is mechanically positioned to a bearing of 180° and trans-
mitter number 2 is positioned at 1200. The differenticl

: : sow o :
\ai - O I O U IO SR 00 NS, . .

Tegelyes 1e BLS‘C[HCSH mulw e L C GLIIT L L n.:nuLLt:l,
¥ ™ Al bbb de Too

but the DR ! srsmamatiat, d6008e

4y b Tm -

tC UM, Gt i abteretedeldel Srning oysiem

bc‘.kir‘ic:se“l state is ochieved when the thqua applied 1o

ar s
the recoiver otator . NINDINGS Ly the Wansnaatler dIe CdliCeigw

by equai and opposmq voltaqes Induced across the receiver
stator windings by the recelver rotor. The synchro systen
.

illustrated aghove attaine g holon

ate when the il

i
ferential receiver assumes an (mqumr position equal to the
difference between the angular positions of the twe trans-
mitters. If either, or both, of the synchro transmitters are
moved the synchro system becomes unbalanced, and stater

current {lows, creating torgue which rauses the differential
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receiver to rotate until once again a belanced condition is
reached. The synchro control transformer (CT) is used to
produce an output voltage which is indicative of the error
between two shafts. This output voltage is called an error
voltage because it exists only when the two shafts are not
in alignment.

Tre tollowing ithustuation depicts a simple synchro
transmitter CT circuit and associoted drive equipment.

a4

. CRIVE
——— oo
: MOTOR | )

CONTROL

» !
S RY SERVD
I R2 i AMP

REFERENCE
INPUT

Simple Antenna Contro| System

The synchro transmitter is mechanically positioned by
a hand crank. The synchro transmitter is connected to the
syachrc contiol transformer in the stondard manner, that is,
51 of the transmitter to 31 of the receiver, etc, The control
transformer rotar is connected to a servo amplifier and the
servo amplifier drives a drive motar, which is geared to the
device being controlled; in this case, it is an ontenna. The
antenna is mechonically connected back to the control
transtormer to provide feedback. When the CT rotor is in
alignment with the transmitter rotor there is no error voltage
pioduced, and hence there is no ourpit from the servo am-
plifier gnu thediive sator does nnt operma. It 1s important
1o note that the CT wtor is cunsidered 1o be in alignment
'v'-'i'u'. U:c Udisinitter Totu wien the oL Toter 18 ";i icce:
900 from the transmitter rotor. In this pesition no voltaqe
Lo lirduced 1n e ST 10w since he L[ 1010 15 now per-
pendicular to the resultant C7 stator field. When the syn-
chro U‘J'l‘-"'ll[(:"' roftor

ned o aaTo e
U ainew postiion; thi

saner stator field also rotates to
some new posnmn, ans this field is no longer perpendicula
to the CT rotor so that g voltage is row induced across the
CTroter. This a+ vnltage is o]
where it is con pc.eu with o reference voltaye, which is of
the zaom

A R S R T 1
Sume P"n 30 Q5 hetransmitier rotor excitation vartane,

1o the gorun m—-m—\'!.hex
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and an output is produced from the serve amplifier, which
causes the antenna drive motar to rotate the antenna, As
the antenna rotates toward the desired position the error
voltage produced by the CT diminishes, since the CT is
mechanicaily coupled to the antenna. When the antenna
reaches the desired position the rotar of the CT is now
perpendicular to the resultant receiver stator field set up by
the synchro trapsmitter and the £T output error voltage is
zero. There is no longer an output from the serve amplifier
and the drive motor ceases to rotate the antenna. The stator
windings of @ control tronsformer consists of many turns of
fine wire, and presents d high impedance to current tlow,
thus reducing the load presented to the transmitter, and
allowing several control transformers to be utilized in cen-
junction with q single transmitter. High impedance windings
are also necessary since the rotor of the control transformer
usually operates into a high impedance load such as a servo
amplifiar.

When the rotors of synchro devices turn in unison with
their input and output shafts such devices are known as one-
speed synchro systems. When g synchro receiver is in align-
ment with the transmitter no torque is developed, and with
any movement of the transmitter rotor, the receiver must
first overcome the restraining forces of the load before it
can follow the transmitter. Ever with no load the receiver
must first overcome the restraining forces due to the friction
of the receiver bearings before rotation occurs. This re-
silts in gn angular displacement between the input and out-
put shaifts, called the no load errar. Geared synchro systems
are used when a high degree of accuracy is required. The
following diagram illustrates the difference in ertor between
1-speed and 36-speed systems.

T | SPEED R

T 36 SPEED [

Comparison of ERROR Between 1-Speed and
36-Speed Synchro System
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It can be seen in the cbove illustration that the 36-
speed synchro system is for more accurdte than the che-speed
system. [n hoth systems the error caused by becring friction
anrd resistance of the load amourts to one deqree. In both
systems the controlling shaft is rotated 100, In the 1-
speed system the transmitter is rotated 122 and the 1° error
limits the receiver rotation to 90 and hence the cutput shaft
rotates only P. In the 36-speed system, however, the trans-
mitter is rotated 350° when the controlling shaft is rotated
10°, and the 10 error limits the receiver to 359¢ of rotation.
This 3599 of rotation causes the outpat sheolt to rotote
9.97°. In other words, system error of the 36-speed system
is only approximately .03° compored to 1° for the one-speed
system., One disadvantage of geared synchro systens is
thot the self synchronous feature of the ore-speed syster iz
lost. When power to o one-speed systen i interrupted, and
the transmitter is tumed the receiver of course deoes not
follow, but when power is restored it cliqns itself corectly
with the tronsmitter, However, in a qeared system, such as
the 36-speed system used extensively in the Navy, 36-cosi-
tions of the output shaft exist for which the receiver is in
alignment with the transmitter.

The selt-synchronous feature of the onespeed system
and the high accuracy of the 36 speed system can be com-
bined by making use of coarse and fine synchros comnected
to the same input and output shaft. Such a system is il-
lustrated below.

COARSE T COARSE R

Sl

2
52

& -—

115V 607

36-Speed Synchro System Using Coarse-Fine Synchros
(Dual Speed System)

In the coarse-fine synchro system, incarrect alignment
of the 36-speed systen is preventas, he when the shalt
erer is large the one-speed antrol, ard reduces
the error to a small value. At this point the 36=peed synchio
takes over, and further reduces the errer (o g very snall
value, When a dual-speed synchro syotem tilizes a control
transformer to drive a servonesharisin o cross-over system
or synchronizer must be us Tre function of this aystem
Is to determine whether tnie coarse or fine OT error vohiage
is fed to the servo amplifier. When the input shaft of a
36-speed syster is turned 2,50 the fine C7 rotor is disploced

S

syston
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900 from its zers voltage position. This position provides
maximum induced voltage in the fine CT rotor, but, more
important, this is the first maximum voltage point since the SYNCHRO CAPACITOR
zero error position. For this regson, cross-over systems
aredesigned so that the fine CT has contrel forerror angles s1 si Ri 31
lessthan 2.5°. For larger error angles the synchronizer or 3
cross-over system cuts out the fine CT and the coarse CT | l/—\}-SE——H—“zu H— =, )y
takes control. There are a variety of cross-over circuits 3 2 < >
in use. One system utilizes a platecircuit relay which RI| RZ
normally allows the 36-speed CT to control the servo sys-
tem. However, when the error ansle increases beyond 2.59, i
increasing the cutput of the coarse C7T, the relay is energized
and the coarse {1-spesd) CT aszumes control of the serve-
mechanism. Some cross-over arrangementa use pirely elec-
tronic switching; tnese usuaily depend upon biasing ang SYNCHRO CAPACITOR
limiting circuits. »~

It hasbeen pointed cut that the differential synchro and
the eynehro romtre! teqr s ferear bt Fres
transmitter, even when the systen reaches a position of
electrical and mechanical balance. The differential draws 33
current because of thestep-up turns ratic hetween stator and rY| R2 rll| R2
rotor. In the case of the control transformer current is drawn
from the transmitter, because the T rotor is not energized, T cT
and opposing voltages a ced in the OT stater.
In order totedace the current oy when either or both of
these units are used, synchro capacitors are connected into
the circuit. Current flow in a synchro system iscomprised SYNCHRO GAPAGITORS
of resistive and inductive current. I the inductive reactance
of a differential stator winding is shunted by an equal
capacitive reactance the indnstive current {s then effeetively 2]
cancelled by the copacitive current, In this case all that the 52
transmitter actually dees pply power demanded by the s3
resistive losses of the . Synchrc capacitors are Rril m2
manufactured with three capacitors contained in a single
unit and are internally connected as illustrated below. T oT cT

Si Sl
52 52

ant fram the

a8
ot anc

? 3¢

Ri R2|

s2
Synchro Copociter Connections
& - transformer and a control transformer are used and each
quuires separate capaciior unit.
Synchro capacitors are used only when it isdesired to
cancel or particlly cancel existing current. The synchro

|(C3 pucltcr iz never usod in cimple transmitterteceiver cir-
1R os' it At ok it ai + ~F
¥ ' culis becquse in such il [
: Os3 stator curent s gss ume:
symehy :Gpcc*to: oinky oo wrent ond th
Synchro Capacitor system out of balance. However, exciting curent in this
type gystem may be reduced by comnecting o capacitor acros:
The individual FADTITONS Qie ratthen to o : tolern~e of tha rotor,
less than one nlto in troper current bal
S')‘TLChl'\'J CUICLIOTE die CUnBeliEl ity Vuflols Jynenio sys- FAILURE ANALYSIS.
tems as ill‘l“tmtﬁ" i s Outout, Foilimo of = racaiver rotor 0 retote whon
N5 Dutpin Hzilimsuels peshemratoe erirrfote
ctions for a the transmitter s rowated, or no-veltage cutpat from a con-
ar and re- At . ~da mrmeatdara s naimbrat manditione . Frooow
s o LIUJ. I.x\.lll;)l.uxiuk.l ul\. B L T PR LSy

bearings or o jammed load could restrain a receiver rotor,

s Lhe connestions for u
wter. In Part O both o differential and lquf of excitation to the transmitter rotor would disable

ceiver, while turt D
transformer and tran

crms 24 bes firat soaditien can bo
Gnde & bR sohahien Sgn e
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readily ascertained by attempting to manually rotate the
receiver rotor, Existence of the second condition (no trans-
mitter excitation) can be readily checked by measwuring the
voltage across the transmitter rotor. If no voltage is present
check for a blown input line fuse, or an open input line. If
voltage is present across the transmitter rotor, but the sys-
tem is inoperative, deenergize the system and check the
continuity of the transmitter rotor. If any two stator lines
are open the synchro system will be inoperative. Resistance
checks can be used to determine continuity of stator wind-
ings and stator leads.

Improper Operation. Improper operation is the result of
incarrect wiring or an open or shorted winding in any of the
synchre units, or excessive friction in bearings. If any of
the stator windings are reversed, the units will not overheat
and they will develop normal torque, but the receiver will
turn in the direction opposite to that of the trunsmitter and
a 120° becring error will exist. I the rotor windings are
reversed, operation will be normal except that o 180° bear-
ing error will exist. An open receiver rotor results in weak
torque, receiver hum, and possible ambiquous behavior,
since the receiver rotor now operatesas an iron bar rotor.
The transmitter supplies excessive current when the 1e
ceiver rotor is not energized, andmay burm out or blow line
fuses. An open or shorted stator winding results in ermatic
operation and could possibly overheat synchro units.

In general, if the synchro units operate smoothly, do
not overheat, and produce normel torque, but do not rotate
in the properdirection and/or an emror which is some mul-
tiple of 60€ exists, the probable cause is incorrect wiring.
Since different units of a synchro system are usually
located some distance from each other, and are connected
by busses or cables which often pass through junction boxes,
wiring errors are frequently made during repair, or during new
installations, or madifications to existing installations.
Symptoms such as overheating, blown fuses, hum, or ermatic
operation are indicative of a short or open winding within
the synchro units, or open or shorted interconnecting cables.
Resistance mecsurements are valuable in locating shorts
and opens in synchro units. While resistance values vary
from one type of synchro to another it should be assumed
thatan chmmeter will show the same reading across rotor or
actoss statar windings of similar units, within close toler-
ances. Be certain that all power is disconnected before re-
sistance or continuity measurements are ottempted. Typical
resistance values are low, ranging from a fraction of an
ohm in the rotor of large synchros, to several hundred ohms
in the stator windings of smaller units.

SERYO MOTOR-CONTROLLER CIRCUIT.
APPLICATION.

The d-c servo motorcontroller, also called a servo am-
plifier, is used in conjunction with a synchro system to
control a servo motor which operatesan indicator dial or
rotates a lood to a similar position.
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CHARACTERISTICS.

Drives d-c serve motor,

Qutput is proportional to magnitude of error input.

Is phase sensitive, direction of servo motar rotation
is determined by phase of error input.

Use is limited to low pawer applications.

CIRCUIT ANALYSIS,

General., Thed-c servo motorcontroller receives an
errar voltage input from a synchro control transformer {CT)
and effectively compares this error voltage with an a-c ref-
erence voltage to provide an amplified d-c output which
drives a d- servo motor. The d—¢ servo motorcontroller
circuit consists of a phase sensitive detector-amplifier,
with the ac reference voltage used as plate voltage, coupled
to a d< amphifier, whose output drives ad-¢ setvo motor.
The magnitude of the d- output, which determines the speed
of the drive motor, is dependent upon the amplitude of the
error voltage. The polarity of the d- output, which deter-
mines the direction of servomotor rotation, is dependent
upon the phase relationship between the error voltage input
and the a< reference voltage.

Circuit Operotion. The cccompanying schematic dia-
gram illustrates a typical d¢ servo motar-controller circuit
and associated synchro and drive equipment.

Transformer T1 couples the error veoltage in push pull
(180° out-of-phase}, from the rotor of the synchro control
tronsformer to the grids of detector amplifier tubes V1, and
V2. Resistors B2 and R3 serve as load resistors for V1
and V2, respectively. Resistors Rl and R4 provide degen-
erative feedback tc the cathode of V1 and V2.

Transformer T2 applies the a reference voltage in
parallel (in-phase) to the plates of detectar-amplifier tubes
V1 and V2. Capacitor C1 and C2 filter the pulsating de
developed across R2 and R3. V3 and V4 serve as d am-
plifiers with B5 and R6 as their cathode resistor, and K7
and BB as their plate load. D-C servo motor Bl is mechan-
ically geared to the load to be positioned and is also me-
chanically coupled back to the synchro control transtormer.

Tubes V1 and V2 conduct only on positive altemations
of the a< reference voltage. When the synchro control trans-
former is in alignment with the synchro command transmitter
there is no error signal input, and V1 and V2 conduct
equally during the positive portion of the reference signal.
Thus equal voltages are developed across R2 and R3. At
this point V1 and V2 are functioning as rectifiers, and the
voltage across R2 and B3 is pulsetingd<, which is filiered
by capacitors Cl andC2, and applied to thegrids of V3 and
V4. DC amplifier tubes V3 and V4 conduct equally under
this condition, and the voltage developed across R7 is equal
to the voltage across BB. Therefore, no difference in poten-
tial exists between the plates of V3 and V4 and, hence, no
current flows through the armature of servo motor Bl, and the
motor will not rotate. When the synchro command transmitter
is moved to some new position, the synchro control trans-
former is no longer in alignment with the command transmitter
rotor and an error voltage cutput is produced by the synchro
control transformer and is applied to the servo motor-con-
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Serve Motor-Coutroller Circwit

troller circuit. It is important to keep in mind that, the ac
reference voltage applied to the plates of V1 and V2 is from
the same sourceas the synchro excitation voltage, and any
emor voltage induced into the contre! transformer rotor is
cither in-phase or 180° oui-oi-phase with the reference volt-
age. Assume that the angular displacement between the
synchro command transmitter and the synchro control trans-
tormer is In such a direction that the error voltage induced
across the CT roter is in-phase with the reference voltage.
When the reference voltage goes positive, o positivehalf
cycle is applied to the grid of V1 and a negative half cycle
of errar voltage is applied to the grid of V2 {remember that
Tl iseffectively a push-pi:!l transformer). The conduction
of V1 increases and, therefore, an ircreased voltage Zrop
occurs aciuss FZ and (his voitage isfiitered ny {1l and ap-
plied 10 the grid of d-c wnplitier v3, causing the conduction
of V3 to increase. At the same time, the negative half evele
of errur voltage appiled to the gria ot v/ decreases conduc-
tion of V2, causing a decreased voltage drop across R3, and
consequently the d< voltage soup!

; wonimpdld oo AL
uilad to the gold of V4 de-

creases, reducing the conduction of V4. Since the conduction
of V3 increased, while theconduction of V4 decreased, g dif-
ference in potenticl now exists between the plates of V3
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decreased voltaoge drop actoss B8. Currentnow flows from
the plate of V3 through the armature of drive motor Bl to the
plate of V4 and the motor rotates drivingthe load in the
desired direction. V1 and V2 conduct only during the posi-
tive half cycle of the a< refetence input, Drive motor opera-
tion, however, is not erratic since filter capaciters Cl and
C2 maintain fairly constant voltages across thegrids of V3
and V4, causing the setvo-motor-controller output to be

foirly constant. The drive motor is also mechanically con-
nected through gecrs to the synchro contrel transformer and
rotates the synchro CT rotoe toward the position of align-
ment with the synchro command tansmitter. As the angular
displacement between the CT rotor and the wansmitter 1ot
diminishes the error voltnge produced by the CT diminishes
and the d-c output of the servomotor-rantrolier decrenses
causing the drive matar to rotate slower. When the ST
reaches the some bearing as the command transmitter, rive
metor rotation ceases becaouse no e voltage s praduced
by the CT, and consequently there is no longer an ourtput
fram the servo motorcontroller. I the svochso command
transmitter is rotated in the other dircction, the resulting
error veltage produced by the synchre contrel transformer
will be 180% cur of phase with the reference voliage. Cir-
cuit operation will be the same, but the polarities are re-
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versed. V1 is driven neqative causing a negative voliage
1o be applied to the grid of V3, and the voltage on the plate
of V3 increases. V2 is driven positive causing a positive
voltage to be applied to the grid of V4, ond the voltage at
the plate of ¥4 decteases, Cument flows from the plate

of V4 through the srmature of servo motor Bl to the plate

of V3, causing the servo motor to rotate in the direction op-
posite to the direction that it rotated previously.

FAILURE ANALYSIS,

Ne Output, Failure of the drive moteor to rotate is con-
sidered to be @ no-output condition. In a positioning system
such as the dc servomotor system, no output could result
from a defective synchro system, a defective servomotor-
controller or o defective servomotor, or associated mechan-
ical drive equipment. The synchro system can be checked
by medsuring the voltage across the CT rotor with an a<
voltmeter as the command tronsmitter is rotated 3609, and
the servo motor-controiler circuit disabled by removing V2
and V4, If the rotor voltage (called the emar voltage) should
vary smoothly from zero volts to about 55 volts the synchro
system is operating namally. To check for a jommed gear
train, load, or servo moter, attempt, with the power discon-
nected, to manually rotate the servo motor shaft. If the wind-
ings of the servomotor show the proper resistance when
checked with an ohmmeter and there is not excessive
leakage between windings the motar is most likely good.
However, if a spare motar is available, substiuiltion is a sure
way of determining the merit of the servo motor, If the servo
motor, gear train and synchio system is good, inability to
pesition the load is most likely due to a defective servo
motarcontroller. Failure of error input transformer T1 and
reference veltage transformer T2 would render the servo
motar<ontroller inoperative. Using an ac voltmeter, check
for 115 VAC on the plates of V1 and V2 to determine whether
or not T2 is defective, T1 can be checked by cbhserving
the presence of an a< ertar voltage on the grid of V1 and
V2, while the synchro command transmitter is rotated.

Check the voltage present at the junction of R7 and B8 to
determine whether or not lack of plate supply voltage is the
cause of no output. Failure of detector-amplifier tubes

V1, V2, or failure of d-c amplifiers V3, o V4, could cause
no=output. Failure of an individual circuit component is

not likely to couse a no-output condition, but instead, an
unbalanced condition would result between the output of

d-c amplifiers V3 and V4, end improper operation would most
likely result,

improper Operation. [mproper operation is considered any
type of operation other than proper operation, such as, slug-
gish or slow rotation of the drive motor, erratic or jerky rota-
tion, or a tendency to rotate better in one direction than the
other. Improper operation could result from a defective
synchro system, excessive hinding of the gear train or load,
a defective servomoter, or defective servo motorcontroller
circuit, Thesynchro system, gear train, ond servo motor can
be checked as explained previously, and if these associated
companents are satisfactory, improper operation is likely
due to a faulty servo metor-controller circuit. The servo
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motar-controller circuit can be thought of as consisting of two
brenches. V1, V3, and osscciated circuit components com-
pise the upper branch, and V2 and V4 together with their
associated components, comprise the lower branch. Any
component defect that alters the performance of one branch
as compared to the other could result in improper operation,
possibly manifesting itself as a tendency of thedrive motor
to totate better in onedirection than the other, or possibly
continuous or erratic rotaticn in one direction. A possible
cause of improper operation is defective tubes. It would also
be advisable to check the dc power supoly voltage, since low
supply voltage could possibly cause sluggish oporation. A
change in value, short, or open of Bl or B2 would, of course,
affect the operation of detector amplifier V1 and, likewise,

a defect in B3 or R4 would adversely affect V2. If Cl or

C2 shorted, V3 or V4, respectively, would be incnerative

as amplifiers and improper operation would result. A change
in value or defect in either RS, R, K7, R8, would destroy
the balance between d-c amplifiers ¥3 and V4, and improper
cperation could result, With the equipment deenergized all
resistors con be checked for proper value with an ohm-
meter, copacitors ClI and CZ ¢an be checked with an in-
circuit capacitor checker.

RESOLVER-DRIVER CIRCUIT,

APPLICATION.

The rasolverdriver circuit is used to drivean a-¢ resclver,
which is used as a computing element in problems invelving
coordinate conversion, coordinate rotation, and resclution
of vectars. Besolverrivers ore also used te drive sweep
resolvers in radar indicators.

CHARACTERISTICS.
Utilizes a pentode and ¢ triode to drive a resclver.
Operates on the principle of a feedback amplifier.
Provides power amplification with minimum distortion,
voltage gain is unity.

CIRCUIT ANALYSIS.

General, The resclverdriver circuit amplifiesan a<
synchro voltages to a power level sufficient to drive an a<
resclver with a minimum of distortion. The resolver-driver
is basically a feadback amplifier consisting of a pentode
voltage emplifier, coupled to a triode amplifier which drives
the resolver primary winding. R-C couplingis used between
the first and second amplifier stage, and distortion is mini-
mized by the use of degenerative feedback which is obtained
from a feedbuck winding within the resolver and is coupled
back to the qrid of the first amplifier,

Circuit Operotion. The following schematic diagram
illustrates a resolver-driver circuit.

Resistor Bl is the input grid resistor for pentode am-
plifier V1. Resistor B2 is the plote locd end B3, which is
bypassed by C1, provides cathode bigs for Vi. Resistor R4
is the screen dropping resistor for V1, and C2 is the screen
bypass capacitor. R-C coupling consisting of capocitor
C3 and resistor K7 is employed between V1 and V2. A
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Resalves Driver Circuit

voltage divider consisting of RS and R is used to drop the
olate supply voltoge to the proper v of plate voltage for
V1. Capacitor C4 bypasses a< voltage variations 10 qround
and prevents unwanted degeneration. Besistor R9 which is
bypassed by C5 3erves as tha cathode bias
amplifier ¥2. The plate lood for V2 is the primary winding
of the resolver. The mxmsry winding of the resolver is
shunted by a serfes 10 netweork, consisting o8 58 and 06,
which is interded 1o compensate the mﬁ"ct;v: lmped—
ance of the resolver wis
factor near units
the feedback win
grig of V1 thar
When an a-c mgut is Gpphed to the input of the resolver-
driver it is amplified by copventionel 1 smrlifier c12ge
3rid ol driver stage

.—.( VD i

Vi, ans is cona~itiunly
V2. Thea< o

el
jJatesiets iticdond ¢

1o
Jdoped across the orimary of the resolver,
andis indugtively conpled 1o the "wlm feediuck winding
and the resclver sec R-C netwark, 58-CE,
cancels the etiects of tho inductive recuiunce of the resclyer
windings and na i
bringing the p( wet factor of the ’]-tj‘ i ?') :‘*-.c :

1o voltage aoplied 1o the orid

CHANGE 2

resistor for triode

cauge of no cutput,

genpr ative teedback develope d by the resolver feedbarik
winding is uttenuated by resis RIOG is opplied to the
qgrid of V1. The value of r{lG iz such thot the amnplitude

of the degenerative feedhack isgrect cnough to reduce the
closed iocp valtage gain 0\‘ t..e solver<driver to unity.

The degenerative feedbar the fidelity end stability
of the resolver-driver, Stability ie imrroved cince g Je-
crease in emission of the tubes, which wouls normally reduce
the outpat {if feedback were not zresent), instead tends to

tH.: ”uv:nwr !Qnﬂ“ 5

v i
ITTULGD

in, cince there (s lesz Joranerg-

o0~
00 cut-of-phase with th

present at the qqc of V1.

FAILURE ANALYSIS.
No Ou!pui A no—cuttn condition in tharess driver
clreurt iure of the power sunply or fziluge

of cre of the tubes, Cheek tho nower cupply voliuge with @

voltmeter, and aise check the tubes. If operation is not te-

tubes which are known to be goed. ¥ spequiion s not te-

stored a detective circuit com popent iz mast likely the
Voltaie checks of tihe ele” r

be helphul in localizing the "ul: fia -

o
that a fuuit in mre tube 2l
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cathode circuit, may effect the voliuge present on other

tube elements. Voltage checks are, therefore, only a means
of localizing the trouble, and further resistance measure-
ments dre usually necessary o locate the component at
fault. Improper plate and screen voltage on V1 could be
caused by a defect in voltage divider RS, b or capacitor
C4. Check B3 ond B6 for proper value and check C4 for a
possible ghort with an chmmeter, If either plote voltoge or
screen voltage is incarrect check for proper value plate load
tesistor A2 and also check C3 for ¢ possible short. Alse
check screen resistor B4 and its bypass copacitar C2 for a
possible shart or excessive leakage with an ohmmeter.
Improper cathode bias could be caused by o defect in cathade
resistor B3 orbypass capaciter Cl. Check R3 for proper
value with on chmmeter, and check C1 for a possible short
or excessive leckage, also with an chmmeter. Improper

grid bias could be caused by a defect in R or possibly a
defect in the feedback circuit, consisting of the feedback
winding within the resclver and R0, or by a defect in the
output circuit of the preceding stege. Check theresistors

in question with an ohmmeter and alsc check the continuity
of the resolver winding. Improper grid bigs on amplifier V2
would result if coupling capaeitor C3 becomes shorted or

if there i= a significant change in the value of grid resistor
R7. No cutput would also result if capacitor C3 opens,
since the a-c signal would not reach the arid of V2. Check
R7 for proper value with an ohmmeter and check T3 with an
in-circuit capacitor checker, since hoth @ short or an open
could cause o no-output condition. Improper cathede voltage
on V2 could be caused by o defect in B9 or a short in bypass
capacitor C5. Check RS for proper value and check C5

for possible leakage or @ short. Ii the primary of the re-
solver opened there would be o no-putput condition. This
can easily be detected since there would be no plate volt-
age on V2. Varicus defectswithin theresclver could cause
ano-output conditicn to exist. The resolver may be checked
by measuring the resistance of its windings and by checking
tor excessive leakage between windings.

Low Output. The resolver-driver {s bosically g feed-
back amplifier. A prime characteristic of o feedback am-
plifier is the ability tomaintain their gain at a predetermined
level regardless of variations in tube characteristics with
age. This chorocteristic exists because o tendency for the
output amplitude tc decrease also results in a decrease in
the amplitude of the degenerative feedback, which is de-
veloped in the output circuit, This decreuse in degenerctive
feedback has the same effect as increasing the input am-
plitude, and the overall effect is for the gain to remain con-
stant. However, if the components deteriorate beyond the
limits of feedback control low output could result. Check
the power supply voltage and adjust if necessary.

i proper operaticn is not restored a defective circuit com-
ponent ismost likely the cause of decreased autput. A
decrease in value of R10 would result in a greater amount of
negative feedback reaching the grid of Vi and result in
decreased closed loop gain, hence, decreased output would
result, Check B10 for proper value with an ohmmeter. Volt-
age checks of tube elements should reveal whether ot not @
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change in operating levels caused by ¢ defective component
is the cause of low output. Any discrepancies found during
voltage checks can be followed up with resistance meas-
urements of suspected components, as explained in the pre-
vious paragraph, to locate the component at fouly. A de-
crease in value of B8 or a shorted C6 could shunt a portion
of the output signal around the primary of the resolver, re-
sulting in decrecsed output. Check RB, with an chmmeter,
for proper value and C6 with an incircuit capacitor checker.
A defective resolver can also cause a low output condition
to exist. Measure the resistance of all resolver windings
being clent for a lower thon normal reading which would
ingicate thot some of the turns on the winding in question
are shorted. ‘Also check for excessive leckage between
windings and to ground.

Distorted Output. A defect in the feedback circuit is a
mime cause of distorted cutput in resolver-driver circuits.
Measure the resistance of the resolver feedback winding
and check the ungrounded end of the feedback winding for a
possible short to ground. Also check feedback resistor
R10and V1 qgrid resistor B for proper value. If the feed-
back circuit checks out good, check the power supply volt-
age and check the tubes by exchanging them with tubes which
are known to be good. If the tesolver-driver output is still
distorted o defective component could be altering the operat-
ing level of one of the stages and causing distortion to
ocour. Voltage and resistance checks may be made, as
expluined previously, to locate the component at fault.

PHASE SENSITIVE NULL DETECTOR CIRCUIT.
APPLICATION,

The phase sensitivenull detector js used in servo control
circuits to operate a de relay when the input emor voltage
ig in phase with the reference voltage.

CHARACTERISTICS.

Qutput (position of d- relay) isdependent upon phase
relationship between an input error voltage and a reference
valtage.

Circuit may be connected so that the cutput relay is
enetgized when both signals are in-phase, or when they are
out-of -phase.

Use a pentode and two triodes.

CIRCUIT ANALYSIS.

General. The phase sensitive null detector consists of
d two stage g-c amplifier, a phase sensitive detecter, and
a relay control tube with a d-c reley in its plate circuit.
Basically the phase sensitive null detector compares a-¢
error voltage to o reference a-c voltage and determines
whether or not they are in phase. The a-c amplifiers provide
sufficient qain so that very small error voltages may be
effectively compared with the reference voltage, allowing on
output to be produced almost immediately after the error volt-
oge becomes in phase with the reference voltage. The ampli-
fied a-c error voltage is applied to the phuse sensitive
detector stage through a transformer. The amplitude and

21-A-28




ELECTRONIC CIRCUITS NAYSHIPS
polarity of the phase detector output is dependant upon the
amplitude of the emror voltage input and the phase of the
enor input with respect to the reference voltage. With the
circuit connected in the stendard monner the phase sensitive
detector stage produces a positive voltage output when the
errar signal and reference signal voltages are in phase.

The detecter stage output voltage is filtered and applied ta
the grid of the final stage, a duc relay control tube., When

0967-000-0120 CRT CIRCUITS
the detector output voltage is positive, as it is when the
error and reference voltages ore in phase, conduction of
the relay contro! tube is increased and the relay becomes
energized. If the eror voltage is out-of-phase with the ref-
erence voltage, the detector cutput voltage is negative, and
the relay control tube does not energize the output relay.
Clrcuit Qperation. 1neicllowing schematic diagram il-

Jic

lustraies a phase sensitive null detector,

+Ebbi

i 1
r-OOUTPUT

CRI &% —————Q RELAY
K I
R9
[ {ls) =
Rz
b s

AC REF
INPUT

ey Sy

- RI3
-

Phose Sensitive Null Datector

Resistor Bl serves gs the input arid resistor for pentode
amplifier V1. & sistor B2 serves us the plate load for V1
while R3 which is bypassed by Tl functions as the cathode
bias resistor for Vi. Fesistor B4 is a series screen dropping
resistor, and co acitor C2 is the screen bypass for Vi,

R<C coupling b ween V] and triode amplifier V2 is orovided
by capacitor T% and grid resistor RS, Resistor B8 which

is bypossed py Lo serves as the cathode bias resistor for
V2, while the ¢ inary L1, of tronsformer T1 which is shunted
by C5 serves o the plate load for V7. Besistore RS and B7
farm o veltoge dvider Delween the plate supply end round
to rovide the roper plate voltage o VI with camcitor 04
functioning 5o . byuass cupgcitor. itansformer TL couples
the error volta =to g phase sensitive detector consisting of
dindes TR G 20 und resistors B9 ana K13, The refer-
ence voitage ir zoupied to the phase detectar stage viz a
centertap on © % secoriury of T1. The oculput of the phase
detector ie op tied 1o filter network consisting of resis-
iurs Rii, Ble ndeapacitor C7. The filtered phase detector
output is appli=c to the grid of relay control tube V3. Ree
sistor K13 se-ves asan unbypassed (degenerative] cathade
bias resistor o V2, while d¢ reloy K1 forms the output load
foxr V3.

CHANGE z

The s arrar voliage is npplied 1o the grid of cuplifier
V1, and the large amplitude enor voltage developed across
plate resistor R2 of amplifier V1 is coupled through capa-
citor C3 to the grid of omplifier V2. Amplified error voltage
is developed across the primary of transformer T and is
inductively coupled 1o the secondary of T1, The o= refer-
ence voltoge iz applied to e pase sensinve null detector
through a center top on the secondary of T1. For ease of
explanation gssume for @ moment that only the g« reference
voltage is opp G the e
pasitive half

from ground, fuoush HI0 s

= B e Tl e T T Tl
£ fred2o SCWCCLOT staye. Luiring the

lied

reneERGl

tige, curent flows

—————

g M oed Ty did Do TC1TS
source, the secondary of TL. Diode CR1 i reverse-biosed for
Skt oyele of ez rinoo s wuitege ane coes not
o developed ueross 410 ana the junction
of B1C, and B13 is above ground sotential. T
negative nalf cycle of the raferense
CR2 fz reversi-biuae) und does not conduct. However,

the nogitiy

(a0 ot

diode CR1 is torwere slased und current flows from the
transfoimer centertop through tne top half of the wi-d:
through CH1 and through RS to o voltage ia de-
veloped across RY and the junctic and Fl] iz below
ground petentiul, Sdute by the
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rectifying action of CR2, and the negative veoltage, produced
by the rectifvinguction of CR1, deviate equally, in their
respective directions, from ground potential since CR1 and
CR2 have the sume operational characteristics und resistors
R9 and R10 are of equal value. The neqative voltage is
filtered by 11 cnd C7 end the positive voltage is filtered
by R12 and C7. The d-c level applied to the grid of relay
tube V3 is, therefore, zero volts, when only the reference
voltage is applied to circuit. The relay control tube V3 is
self biased by its cathode resistor to a conduction level
insufficient to energize output relay K1. Since in effect
there is no output from the phase detector portion of the
phase sensitive null detector when only the a< reference
voltage is applied, conduction of V3 does not increase and
the output relay remaing deenergized. When an ot etror
valtage is opplied in oddition to the a-c referenced voltage,
there is an output from the detector circuit. The polarity of
this output isdependent upon the phase relationship between
the error and reference signals. Only a positive output from
the detector causes the output relay to become energized.
When the a-c reference voltage and the error voltage are

in phase the output relay becomes enargized in the fellowing
manret. During the period of the positive half cycle of
input signal, o positive half cycle of reference voltage is
applied to the centertap of T1, and is applied equally to both
dicdes. The enor voltage, after being amplified by V1 and
V2, is applied to primary winding L1 of T1. A negative half
cycle of error voltage is induced across the top half of L2
while a positive half cycle of error voltogeis induced across
the bottom half of L2. Thea- reference voltage and the

a-c error voltage add across the bottom holf of L2 while
across the top half of L2 they oppose. The result is a
positive detector output during the positive half cycle of
inputs, since diede CTRZ conducts more heavily than CR1
and the resultant voltage drop across Ri0 exceeds that of
R9. When the input signal swings negative, the voltages
across the top half of L2 again oppose while across the
bottom half they add, but they are of such a polarity that
CRZ is back biased and does not conduct. There is there-
fore a positive output from the detector portion of the phase
sensitive null detector when the input signals {error and
reference) are in phase. After being filtered by B12 and C7
this positive voltage is applied to the grid to relay control
tube V3, cousing conduction of V3 to increase, and thereby
energizing output relay K1. 1 theerror voltage developed
across T1 is of greater amplitude than the reference volt-
age, a negative voltage is developed ocross R9 during the
positive alternation af the errar input. However, the posi-
tivevoltage developed acress R10 due to the conductions

of CR2, is of greater magnitude than the voltage developed
across B9 since the reference voliage opposes the error
voltage opplied to CR1 while it aids the error voltage ap-
plied to CR2. Thed< lavel after filtering remains positive
and the output relay remains energized. iWhen the error
voltage is out-of-phase with the reference voltage, cir-

cuit operation is basically the same, except that a negative
output is produced by the detector stoge und is applied to
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the grid of V3. The neqative output is produced because
the two signals applied to the detector stage now add across
the top half of L2, and oppose across thebottom helf. The
magnitude of the current through RS exceeds that of BL0,
and the resultant negative voltage developed across B9
exceeds the positive voltage developed across H10. The
negative voltage applied to the grid of V3 reduces rather
than increases conduction of V3 and output relay K1 is not
energized. The thase sensitive null detector may also be
connected so that the relay becomes energized when the
ertor voltage and the ref erence voltage are out-of-phase.
This may be done simply by reversing either the primary

or secondary windings of T1 or by reversing the diedes.

FAILURE ANALYSIS.

No Output. Failure of the output relay to become
energized when the proper conditions are met, i.e., error
andreferences voltages either in or cut-of-phase depending
upon how the circuit is connected, is considered to be a no-
output condition, Failure of any of the three stages (the
a~c amplitier, the phase detector, or the relay control tube)
of the phase sensitive null detectar could cause a no-output
condition to exist. Failure of the power supply would of
course disgble the circuit and no outputalso would result.
Check the plate supply with a high resistance voltmeter and
likewise check the tubes. If the power supply voltage is sat-
isfactory and the tubes ore good, a defective circuit compo-
nent is most likely the cause of no-cutput. Withan error voltage
applied 10 the input and the reference veltage removed check
with an oscilivscope for presence of amplified errcr voltage on
the secondary winding L2 of T1. Also observe the waveform
present at the grid of V1 to make sure that the no-output
condition is not caused by no input. [f there is no error
voltage present at the secondary of Tl check the primary
of T} to determine whetheror not Tl is defective. If the a<c
ertor voltage is present in sufficient amplitude at the plate
of V2 the a-¢c amplifier stages may be assumed to be good.
If the error voltuge is not pregent at the plate of V2 a defect
likely exists in the o-c amplifier stages. Voltege checks of
tube elements, which should give an indication of the lo-
cality of the faulty components may be made, and then with
the circuit deenargized, resistance measurements of sus-
pected components may be made to determine the component
at fault. Improper grid bigs on V1 could be caused by a
defect in R1, ot in the output circuit of the preceding stage,
while improper cathode bias could be coused by a defect
in R3 or a shorted Cl. A defect in voltage divider Re, R7
o a shorted or leaky bypass capacitor C4 would alter bath
plate and screen voltage on V1. A change or defect in K2
would alter the plate voltage on V1, and a defect in R4,
or a shart in C2, would affect screen voltage on Vi, Keep
in mind that improper grid or cathode bias would also alter
plate voltage on an amplifier stage. Improper gridbigs on a-c
amplifier stage V2 could be caused by a shorted coupling
capacitor C3 or o defective grid resistor B3, while improper
cathode bias could be caused by a defect in cathode resistor
R8, or a shorted cathode by pass capacitor C6, Lack of
plate voltage on VZ could be caused by an open primary
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winding, L1 of T1. Capacitor C5 should be checked since
the g-c error signal would be shunted around T1 if C5
shorted, If the a— reference voltoge is not present
check the source of the a-¢ reference. 1f the a-c amplifier
is operating normally, and the reference voltage is applied
to the detector stage, a no-output condition could be caused
by ¢ defective phose detector stage or relay control stage.
The relay control stoge may ke easily checked by measuring
the resistance of R13, the cathode resistor for V3, and by
checking the continuity of relay coil K1, Also check the
mechanical action of relay K1 since it could become jommed.
Diodes CR1 and CR2 of the phase detector stage should be
checked by disconnecting cne lead of each diode and meas-
uring the front to back retio of each diode, In general the
buck ratio of most diodes zhould e greater thon 18:1. The
other components of the phase detector stage, r:ﬂsiﬂtﬁrq R,
R10, B11, end K12, may be checked by measuring their
resistance. Filter capaciter C7 may e checked for oroper
value with an in-circuit capacitor checker.

Improper Operation. LCIratic operation, failure of the out-
out telay Lo energize, or any type of operation rather than
proper cperaticn could be caused by improper plote voltage,
a decrease of gain of the a~ amplifiers, an unbalance of
the phase detector stage, or it couid be caused by decreased
emission of the relay control tube, or o mechanicnl defect
in output relay K1, Check the power supply veltage and
adjust or repair it if necessary. [f proper operation is not
restored, the tubes may be at fault. 1f the phase sensitive
null detector still does not function properly, the various
stages may be chacked individually to localize the trouble.
The gain ol the ac amplifier may be checked by comparing
the amplituge of the arror voitcge input with the amplioide
of the error voltage developed across the primary, L1 of T1
using an oscilloscope. For small error veltages the gain
should be around 3000. Be sure to remove the reference
voltage when making the previous check since the refer-
ence voltage applied to the secondary of T1 could
be inductively coupled to the primary of Tl and cause
a possible emonesus reading. If the a-c cmplifier is deter-
mined t5 be defective, the faulty component may be loccted
as explained in the preceding paragraph. The phase detecter
stage may be checked by removing either V1 or V2 (this
disghles the o amplifion) and Ceusaing e voltege on
the grid of V3, Any voltage reading ather than zerc volis
indicates an unhalance of tre phase detectar stage, Checx

the o SEMRSHERE B8 sx:‘?‘_zw' 2 Snle BEsEiiaEh LY
ing pczruculcn— attention to the front o back oo of TR
SOmpAred to DHE an e resiztznos of 1S J.LM(-,' R
and R11 compared to R12. Filter copacitor &7 should be
chocked {or mager walue with o imoizoult Copuite: checker,

since o change in volue of C7 can aavemei\,’ anect Cucuxt
performancs, HPI"” ooptrel ot ; :
measuring the 4-c resistance of the cﬂt:u: .'C".x,'
and by chooking the weclunlcul operation of the relov and
also checking the resistarce of cathode resistor F13.
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ELECTRONIC CIRCUITS
PART B. SEMICONDUCTOR CIRCUITS

AGC (OR AYC) CIRCUITS.

It is often desirable to control qutomatically the
output of a number of amplifier stages so that a
relatively constant output level is maintained regard-
less of input signal variations. For example, in com-
munications circuits, signal feding will cause the
signal at the input of q receiverto vary from a few
microvolts to thousands of microvelts almost instant-
ly. Consequently, without automatic volume contral,
the receiver outpul would be unbearably loud end
greatly distorted on strong signals if the receiver
were set for reception of weak signals. In electron
tube receivers. the common method of contrailing the
voluine is 1o incorporate o circuit which agutomaticaily
varies the bias veltage of the -f and i-{ stages to
control the over-ail gain, This is known as avtomatic
gain control (AGC) and is sometimes referred to alsn
as automatic velume controt (AVC). Similar circuit
arrangements are used for transistorized equipment.

In other instances it is desired to keep an qudio or

video output level constant regardless of input level
variotions; circuits used for this purpose are called
volume compression circuits and are discussed in

Section 6, AMPLIFIER CIRCUITS, in this handbook., The
circuit discussions on AGC in this section will be

limited to circuits used to control the gain of r-f

or i-f stages.

AGC circuitry in the semiconductor field falls into
two general clazses. One cluss uses ihe variation of
d-c bias on one ot more elements of a transistor
amplifier stage to control its gain. The othet class
employs ¢ diode o another transistor to shunt the
input signal to ground (or around the contrelled stage)
and thereby reduce the over-aligain. The output of
the second detector in a superheterodyne receiver pro-
vides, in oddition 40 the desired signal, o 4 com-
ponent which is proporticnal to the carrier strength of
the received signhal. This d-c component offers a con-
venient method of controiling the bias on a preceding
t-f or i-{ amplifier and thus controlling the stage gain.

Variaticn of transistor bias to control the gain may
be Gocomplished either by changing the emitter curcent
(1) while the collector voltage is held substantially
constant, or by changing the collector voltage (V¢) by
means of the callector current,  Thesetwe methods ore
sometimes called reverse AGC and forward AGC, Tespec-
tively, The accompanyi ;

of the two methods. In the fiqure, curves are shown for

ina i

Tttt e e iR late el
T DOMParison

condigurations. Upon examination of the figure, it is
svident that the two confiqurations perform similarly,
with the common-emitter circuit providing a somewhat
groater contre! range. The emitter current control clicuit is
more generally used than the collector voltage control cir-
cuit, mainly because of the very low collector voltage
provided. At low collector voltages the cellector
capacitance is incteased {an inherent disadvantage in

the transistar); consequently, the alohy cuteff fre-
Guehey 1s redneed, mokin
ORIGINAL
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i~f amplifier. The illustration also indicates an
important difference between the semiconductor AGC cir-
cuit and the electron tube AGC circuit; namely, the
transister AGC unit operates at very much lower power
and voitage levels. For example, over the first decude
Imetween L0l and 0.1 ma}, the CE emitter-control cit-
srovides s range of from opproximately S1w 18 4b
gain variation with a current variation of only 100
microamperes. in the coilector-voltage control cizcuit
a similar range is covered with a variation of only
.28 volt. Over the seconddecade, this performance
is halved with the curve reaching its zenith and then
deciining.

When the bias of the transistor is changed by AGC
contrel, the input and output impedances also change
and produce q shift in the bandwidth and center fre-
quency to which the circuit is tuned, For example,

when ihe wriiie cunent of o CF sioge is reduced o

i ey

o
F o . “
decre\'jsé ihé Jain, it QOuses 0N inciense n m_rnll 1mNeannee
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andcapecitance. s ¢ result, the bandwidth of o parailel
resonant circuit used with it is decreased (becouse of
the increcsed ), and its center freguency is shitted
higher. This is a basic disadvantage of this type of
circuit and presents a desiqn problem. In addition, at
the very low currents and voltages given in the examples
the stage cannot handle much power, particularly since
the reduction is usually in a downward direction. The
usual practice is te apply AGC contro! to a single

stage (eitker the lst tf or if), rother than to a number of
stages as is common in electron tube practice. In those
cases where substantial power is required to drive

arnd control the emitter current of the transistor gain-
controlled stage, a d-c amplifier may be provided.
Usually, however, amplification is obtained by applying
the control voltage to the hase of the transistor amplifier
and allowing it to act as its own d-c amplifier. Delayed
AGC action can also be provided by adjusting the bias
to be effective only above or below the desired operating
level. Typical circuits are discussed in the following
paragraphs.

EMITTER-CURRENT CONTROL.

APPLICATION,

Emitter-current control of AGC is universally used in
transistorized receivers to keeo the output valtage relative-
ly constant regardless of input signol variations.

CHARACTERISTICS.

To eontrol a PNP transistor, AGC circuit requires a
positive voltage which increases as receiver input siqnal
increases; to control an NPN transistor, it requires a neg-
ative voltage which increases as input signal increases.

For CE configurction, provides 18 db control for first
decade of emitter current variation, decreasing to half this
value for successive decades (for CB configuration, the
range is appreximately 5 db less).

Uses base bias voltage variation to provide d-c ampli-
fication of control signal.

When transistor amplifier is directly controlled by control
source (detector) , the source must be capable of supplying
full emitter cutrent of transistor amplifier.

Resistive component of input impedance increases as CE
emitter current decreases.

Input and output capacitance decrease as signal strength
increases, and this decrease shifts center tuning frequency
upward.

CIRCUIT ANALYSIS.

Ganeral. The emitter- current controlled AGC clreuit
operates normelly with maximum gain at zerc input signal.
As the input (detected) signal increases in strength, the
emitter current of the controlled amplifier 13 reduced. Hence,
the gain of the transistor is also reduced. Therefore, with
a large input signal the emitier- current controlled ampli-
fier operates at a very low level. As a general rule, cur-
rents above 500 microamperes have little control over the
qain; that is, the gain variation for currents over S00micro-
amperes s so slight that the circuit provides too smail g
range of control to be useful. However, as the emitter cur-

ORIGINAL

900,000,102 CONTROL CIRCUITS
rent s reduced below 500 microamperes, the over-cll qain
is greatly affected. The most effective control action is
obtained over a current range of 10 to 100 micreamperes
(o5 illustrated by the emitter current control curve shown
above) .

Since the emitter current operates over a very small cur-
rent range for large input signals, distortion is produced by
detector nonlinearity. Cver the middie range of operation
the detecter is linear und little distortion s produced. At
very low levels of input signal, distortlon again occurs
hecause of detector nonlinsatity In the small-signel region.

Circuit Operation. 1 he accompanying ligure shows a
typical emitter-current controlied amplifier.
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{FROM DETECTOR}

Emitter-currant Controlled Amplifier

Capacitor Cl is a d-¢ blocking ond a-¢ coupling capaciter
which prevents the low d-c resistance of the input trans-
former from shorting the base and bias npetwork te ground,
Resistars Bl and R2 provide fixed voltage-dividet bias for
the base circuit. Since the buse ls negative with respect
to the emitter, forward bias is applied. The AGC control
signal is also applied to the base, and consists of o post-
tive voltage which increases as the signal at the detectar
increases. When the control voltuge Increases, the total
forward {negative) bias on the base Is reduced, and the
emitter current ls reduced accordingly. Emitter swamping
is provided by R3 (by-passed by C2} to provide temperature
stabilization of the amplifier {refer to Section 3, paragraph
3. 4. 2, BIAS STABILIZATION, for u discussion of emitter
swamping and voltage-divider biasing) . The collector is
tapped down on inductor L of the series -tuned resonant
output circuit, consisting of L and C, to provide proper match-
ing. The output circuit iz tuned to provide maximusm gain
and selectivity at the intermediate frequency. Capacitor C3
is a2 d-c blocking and a-c coupling capacitor for the next
stage (o trunsformer may be used in place of L, C, and C3
if desired) .

Consider now the dynamic cpetation of the circuit,
Normally C1 is resting, with the base biased for class A
operation by voltage divider Rl and B2. Emitter and
collector current values are normal class A values for
quiescent canditions. #hen an i-f signal is applied be-
tween base and ground through C1, normal CE amplifier
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action occurs (assuming, of course, that no AGC voltage is
applied from the control circuit) . This, then, is the con-
dition for no AGC where the amplifier operates at full gain
with a very weak input signal. It is further assumed that
the AGC oontrol cireuit is inoperative becayse of delayed
AGC since the cireuit is normally almost instantanecus in
action. For this condition the emitter d-c current is ot its
maximum value. As amplification occurs, the instantaneous
emitter current varies (decreases for the positive portion of
the signal and increases for the negative portion), Since
both positive ond negative variations of signal are equol
{assuming a sine wave) , there is nc average change in
emitter current. The instantaneous i-f variations, however,
are cmplified and appear in the collector circuit (refer to
Section 6, B-F AMPLIFIERS, TUNED INTERSTAGE ({I-F)
AMPLIFIERS for o complete discussion of normal amplifier
action) . As for as the amplifier is concerned, R3 is
effective only for temperoture variations, because it is by-
passed by C3 for i~f signals. When the amplified signal
appears in the detector, a d-c voltage is developed, in ad-
dition to the demodulated signal. This d-¢ valtage is pro-
portional to the carrier strength and is taken at @ point in
the detector which provides an inczeasingly positive d-c
voltage for am input signal which is increasing (for PNP
transistors) . Assume thet the input signal level rises toa
point where the detector positive AGC control voltage ex-
ceeds the delay voltage and provides o positive d-c voltage
1o the base of the transistor. Since the base of the trans-
istor is negatively biosed, the positive control voltage adds
algebraically to reduce the total forward biss. Consequent-
iy, hole flow through the transistor is reduced, and the
emitter current is reduced aecordingly. -(Both base and
collector currents are reduced.) Therefore, the transistor
forward current gain and the effective amplification of the
transistor are reduced. Undet these conditions, the trans-
istor still amplifies the i-f signai, but not as much as be-
fore the forward bigs was reduced. Thus as the input sig-
nal increases, the autput of the transistor is decregsed.
When the input signal becomes weaker, the detector control
voitage is decrensed, the forward bias, in tutn, is increas-
ed, and the emplifier produces a qreater output signal. In
this manner, the cutput of the omplifier is controlled by the
input voltage, which automatically controls the gain of the
tronsistor amplifier.

The over-ail power gair is contingent upon matched input
ut) conditions, When the base curent is reduced
by AG(T action, the effect is the same as though the input
resistance of the Yansistor were incressed (Bin = Vin/Tink
The output impedance olso changes, hut net as much as the
input impedance. Thus 2 mismatched input and output con-
dition results, Such a condition enhances the control action
and provides more effective AGC control. Where insufficient
range of contrel is provided by a single stage, more than
Sne stuge of control is used. However, this is the excep-
tion rather than the rule, since cutoff bias may be reached
on exuemely strong signals, or AM modulated signals may
be compressed to the point where actual suppression of
modulation occurs (P signals are not affected by this

ST ; e
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Ancther design oroblem {5 introdneed hy the chonge of

input and output capacitance with signal strenqgth, In the
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CE circuit, both capacitances deereass with strong signals.
As a result, the center frequency of the tuned output circuit
is shifted upward. (In the CB circuit this effect is exactly
opposite, and ¢ downward shift is produced.) As the design
of transistors improves, it is probable that types similor in
action to the remcte cuto!f electron tube will be developed
and used in AGC circuits. At present, however, the action
is the same as that of a sharp cutoff tube, so that control
amplifiers must be restricted to handling fractional powers
to avoid blocking and distortion, and some circuit detuning
must be expected.

FAILURE ANALYSIS.

o Outpur. Usuaily a no-output indication is produced
only by an open- or short-circuited condition in the con-
trolled stage. Observation of the signal using an t-f probe
and oscilloscope will indicate where the signal disappeats.
Unce this is determined, ¢ resistance or voltage analysis of
that poction of the circuit should teveal the defective
component.

Low Output. 1f excessive bias Is produced, cutcff cur-
rent may be reached, or the signal may be reduced se much
that little range of control is offered. In such cases the
increase in amplitude coused by AM modulation can couse
suppression of modulation. Such a condition can be ob-
setved on on oscilloscope. 1f oscillations octur in the con-
trolled stage, @ preceding stage or a following stage, an
excessively strong input signal to the detector will result,
and the control stage mav be hinsed off. Bemaval of the in-
put signal would cause the gain to increase, as evidenced
by an increased neise output with no signal present. 1f an
output signal is still observed, the signal is being produced
internally threugh feedback, and it will probably be neces-
sary to temporarily discennect each stage preceding the
detector and control amplifier from its collector supply to
locate the defective stage. An glternotive method for on
experienced technician is to quickly shert-circuit the input
or output of a stage to determine whether the oscitlation
ceases. Do NOT short-circuit the input or output to ground,
or the transistor rating may be exceeded or the heavy cur-
rent produced may cause the delicate i-f transformer winding
to open.

Distartion. The changing of the input and output imped-
ances and capacitances by changes in signal strength will
cause a shift in the tuned frequency and the overall circuit
U. Therefore, it is to be expected that some distortion
will oceur. particularly on quickly varying strong signals.

If the distortion is continuous, an improperly opetating cit-
cuit er o defective transistor may be the couse, Uzgean
oscillescope, and simolate o varying input signal by means
of a signal generator connected to the input circuit, Ohser-
vation of the wavetorm at various points in the circuit sheuld
Indicate the defective portion, wherfeupon a resiswnce ana-
lysis will isolote the defective companent in this pertion of
the citcuit. If the wavelomns preceding ond {ollowing the
controiled amplifier are jdentical except for amplitude, the
distortion is probably occurring in later stages and is not

cousad kv the control circnit
v the control of
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AUXILIARY DIODE CONTROL CIRCUIT.

APPLICATION.

Auxiliary dicde control AGC clrcuits are used in con-
junction with the reqular limited range AGC circuit,
normaily employed in solid-state receivers, to provide ad-
ditional AGC action when extremely strong signals are en-
countered,

CHARACTERISTICS.
Provides considerable AGC action for strong signals.
Has little or no etfect on weak or medium strength
signals.
Utilizes ¢ diode o shunt strong siqnals around one
of the i-f amplifier stages, thereby decreasing system gein,
Auxiliary diode operation is indirectly controlled by the
reqular AGC circuit.

CIRCUIT OPERATION.

General, Automatic gain control circuits in the semi-
conductor field can be placed into two general classes.
One class, referred to in this Handbook as standard AGC,
uses a variation of bias on one or more of the transistor
elements to control the gain of the receiver, while the
other class employs a diode to shunt the input signal around
the controlled stage to lower the gain of the receiver, The
auxiliary dicde AGC circuit operates on the latter principle,
however, it is usuclly used in oddition to a standard AGC
system to obtain improved control, and to prevent the
receiver from being cverloaded when very strong signals
are received, since the range of control of most standard
AGC circuits is somewhat limited, especially at high input
signal levels. In a receiver using both auxiliary and
standard AGC, the auxiliory AGC circuit is controlled by the
standard AGC circuit. When weck and medium strength
signals are recsived the quxiliary AGC circuit is not
operated, and the receiver output is held fairly constant
through the action of the standard AGC circuit {which
frequently uses emitter current control, although collector
voltage control can be used, if desired). As the input
signal increases beyond a predeterminad peint, the AGC
control voltage increases to g level sufficient to forward
bias the auxiliary diode AGC circuit, ond the cuxiliary
diode canducts. The conducting diode provides a low
impedance shunt around the standard AGC controlled stage,
creating o great deal of additiona! AGC action. Ttis
impertont to keep in mind that the quxiliary diode AGC circuit
does not operate independently, rather it operates in con-
junction with o standard AGC circuit, and its operation is
controlled by the standard AGC circuit. A knowledge of
standard AGC circuits, (emitter current control or callector
voltage control} is helpful in the understanding of the auxil-
iary dinde control circuit. For the interested reader, detailed
information concerning these circuits is located in this
section of this Handbock.

Circuit Operation, The cccompanying schematic dia-
gram illustrates a typical emitter current controlled ampli-
fier with auxiliary dicde AGC.
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Auxiliary Diode Control Circuit

Transfermer T1 provides inductive coupling between the
controlled amplifier and the preceding stage. Resistor
Rl1, which is in the collector circuit of the preceding stage
develops bias for the anode of auxiliary diode CRL.
Resistor R2 together with resistor B3 form @ base bias
voltage divider between grournd and the necative supply to
forward bias the emitter base junction of transistor Q1.
Resistar B4, which is bypassed by copacitor C1 is a con-
ventional emitter stabilization resistor which compensates
for ambient tempercture variation. Capacitor CZ, together
with the primary of transformer T2 forms a tuned output load
for amplifier Q1, and the signal developed across the primary
of T2 is inductively coupled to the sezandary of T2 to the
following stage. Resistor RS also develops cathode bias
for quxiliary disde CRI, and capacitor 23 shuats 1o ground
any signal vcltage that may be developed across RS, Fe-
sistor RS should not be confused with the resistor used
in the ~ollecter voltage contro! AGC circuit since the value
of RS is iasufficient to ackieve cellector veltage control,

When there is no signal input to the receiver, there
is no voltage developed. Auxiliary diode CB) is normslly
back bigsed by the voliage drop ccross RS caused by the
quiescent collector current of U1, and by the higher negative
voltage, applied to RL and the cellector of the preceding
converter stage. Component volues are such that the
voltage across Rl exceeds the voltage drop across K5 there-
by back biasing (or reverse bigsina) auxiliary diede CRI,
since the cathode of CR1 is less negative than the anode.
When an input signal is applied to the receiver, AGC volt-
age is produced by the receiver detector and is coupled to
the controlled stage, or stages. This AGC veltage, which is
in the form of a dc voltage, is directly proportional to the
average carrier power receivad by the receiver. However,
delayed AGC is usually used and the AGC voltage must
exceed a fixed "'delay voltage® olso called the Mthreshold
voltage! before AGC voltoge is applied to the controlled
stage. In this manner the receiver gain is maintained gt a
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maximums, since there is na AGC uction when wedk signals
which are below a predetermined level are received,
Assume that a signal is received whick is of sufficient
amplitude to overcome the AGT delay voltage. The positive
AGC voltage (positive AGC veltage is used with PNP
transistors, negotive voltzoe s used with NPN transistors)
developed in the receiver detector is appliec to the junction
of bias voltane divider BZ, B3 and decreaszes the forward
bias applied to the emitter base junction of O1. The con-
duction of Ol decreases, resulting in a decrease in qoin of
the stage. Decregsed conduction of Q1 also results in o
decreased voltage drop across B3 which in effect de-

i Cdf_‘ CRl. As

(ST i

creases the criginal back hies

rigi
the strength of the ingit

Arm llr\“"-—vn ingreacos, roou)
INCTSIICT, TTlul

:— e ILUC‘( l"
conduction of Q] and a furtrer decrecse ﬂ"? veoltage
drop ceress RO, Whern the voitage dru_u SCTCSS D5 ne lonqer
exceeds the voltace irop across 31 (th

TR hanmrmos o

L DPCCINeS TOIT : Iy
diode CR1 is no lerager back bl.cse" CR1 then cendusts,
and provides a lovv impedance (shunt) path cround IF
amplifier stage 31, Much of the IF signal genemte-:‘ In the
converter stage is then shunted around 51 through CR1 and
C3 to ground, providing additional AGC acticn (signal re-
duction). Component vaiues ore usually chosen sc that tne
auxiliary ciode is back hesed for ull but very strong
signais.

= the cnode of

N

FAILURE ANALYSIS.

Generol, When moking voltage checks use o vocuum-
tube voltmeter to aveoid the low volues of multiplier rec
ance employed on the low veltaze ranges of the standard
20,000 ohm-per-volt meter, 3
per polarity when checking continuity with an chmmeter,
since a forward bias throuch any of the transistor junctions
will cause a false low resistance reoc‘inc.

No Output. No putput from the cuxiliary diode AGC
controlled amplifier could ke caused by defecuvﬂ TOWEr
supply voltage, defective transistor or diade, or by a
defective circuit component, Theck the nawer sueely
voltage with a VTVM. If the uansistor is not defective,

@ defective circuit compenent is more likely the cause
of no output., An open emmer, base, or collector

circuit, or a shorted base or co Hector circuit, would render
H resy I* ‘F’ tl—\ the

e ro-

Q1 inoperative o and seoout e Tower
MOV e I S A f
Temoved, TheCr e «

short 1o ground w
and RS ior :ri open.
primary of TZ for an open, and check ©
siple short, A defective auxiliary "'y:_yﬂ_a or
virlue of cirmst

cutput condition, rather than a n

Low Output. Ii oscillations occur in tne contreiled
stine, or in a sinoe folbowing vhe contredled siose, thore

could be excessive input to th
excescive AGT voltoge produced by :h: Fotooior ol

greatly reduce the gain of the controlied stage cousing o low
output congition to exist. Oscillations of this tyoe usuaily
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result in excessive recelver noise, in addition to low output.
i an cutput signal is present with no input applied to the
receiver, oscillations are probably being produced internclly
through feedback and it will probably be necessary to tempa
arily disconnect each stage, preceding the detector, from

its collector supply to locate the oscillating stage. [m-
oroppr power supply voltage, 4 defective tronsister or

uu,-.uu-u‘y dicde, or g defective clrcuit component which
alters the hias on either the wmsistor or cuxdlicry dicde
could also cause a low output condition to exist. Check
the power supply voltage and adjust if necessary.
Check the front to back ratio of the diode. H proper
operation is not restored g defective circuit component
is probably the cause of low output. A change in

ithe value of either Rl ot RS could uler the bios
applied to quxiliary diode CR1, possibly causing CR1 to
conduct continuousiy, and greatly reduce the zain of the
controlled stage for atl input signal levels. A chonge in
vaiue of either B2, B3, or R4, would diter the emitier sase
biags of Q1 and could alse redusce the qain of the stage for
all input signal levels. If C1 opens, the resulting deqen-
eration across R4 could alsc lower the quin of the stage

If C2 or C3 become leaky low output could also result, All
resistors should be checked for proper value with an ohm-
meter and oll capacitors with on in-cirouit cupocitor checker
if the trouble cannct cthersise be located,

Distorted Output. Some distortion may occur in AGC
centrolled stages, since the input and output impedances
vary as the gain of the stage is varied by the AGC circuit.
The condition may be especially noticeghble on guickly
varying strong signais. However, if distortion is continuous
an improperly operating circuit or a defective transistor
usually is the couse. A resistive onalysis, with the power
removed, should reveal the companent at fquit.

COLLECTOR VOLTAGE CONTROL CIRCUIT.
APPLICATION.

Collector voltage control AGC is one method of AG
control uged In transistorized receivers to kesp the "Jt[&ut
level relatively constant reqardless of input signal strenzth
varigtions.

CRARACTERISTICS,
Autemetic gain contrel is achieved by very

lector valtage m-\mncm toam iuf omn

14
¥hen PNP transistors are used
be neqative. Dor NPN mansistoes a positive AGT voliens

is required.

CIRCUIT ANALYSIS.
Generat, The power qain o
fier may be varied by varving the do oo ‘e"‘cr 'Jultcne of

;\,n qmwi Flar  Thic reie L
19951-) EEDEA SRS ShHel SR LI

irter 'vv--“i_

oqe automatiz gain contrel, B
the tase of the controlled
is varied whick in turn ve

Variatien of 4o ool 1;=.~w
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fier power gain) is accomplished by passing the dc collector
current through a series resistor in the collector circuit. An
increase in dc ccllector current results in an incregsed
voltage drop across this collector resistor, which lowers

the collector voltage and the gain of the amplifier decreases.
In the collector voltase control AGC system os in other AGC
systems, over cll receiver gain is maximum for weak siquals
and is decreased by AGC cction when stronger signals are
received, so that the receiver output remains fairly constant.

It is interesting to note the similarities and differences
between emitter-current control and collector-voltage con-
trol. Circuitwise they are quite similer, the mejor difference
between them is the addition of a large resistor in the col-
lector circuit of the collector voltage control AGC circuit.

In both circuits the AGC veltage is applied to the base of the
transistor, however, each circuit uses a different polarity
AGC voltage, The AGC voltage in the collector voltage
controlled circuit is polarized sc that it increases the for-
ward bigs at the emitter base junction, when a stronget
signal is received (as the carrier increases), thereby in-
creasing conduction of the transistor. Thus, an incregsed
voltege drop coccurs across the collector resistor as the
forward bias increases the collector current, resulting in a
decrease of voltage at the collector. This decrease of
collector voltage, in turn, lowers the power gain of the
amplifier.

In contrast, the AGC voltage applied to the emitter
current control AGC circuit, is of such a pelarity as to
decrease the forward bias at the emitter base junction, when
a stronger signal (carrier) is received. As the forward bias
is reduced, the conduction of the transistor decreases.

Since there is no large series resistor in the collector cir-
cuit of the current controlled AGC circuit, the anly re-
sistance offered to the flow of collector current is the nor-
mally low dc resistance of the output transformer; therefore,
the collector voltage remains practically constant despite the
change of collector current. The gain of the amplifier,
however, decreases since the emitter current decreases.
Hence it is seen that the current controlled AGC circuit
operates near the region of emitter current cutolf, while the
voltage controlled AGC circuit operates near the limits of
collector current saturation, As a result, transistorized
AGC circuits also usually used ¢ strong signal, shunting de-
vice such as an auxillary diode to secure effective AGC
action over large ranges.

Circuit Qperation. The following schematic diagram
illustrates a typical collector voltage automatic gain con-
trolled amplifier.

Resistor Rl together with resistor R2 forms g base
bias voltage divider between ground and the neqative supply,
to furnish fixed forward bias to the emitter base junction
of Q1. Thenegative AGC control voltage from the dectector
is applied to the base of Q1 through decoupling resistor B3
and hoth B2 and K3 are bypassed by Cl. Resistor R4, which
is bypassed by capacitor C2 is a conventional emitter
stabilization resistor, sometimes called ¢ emitter
swamping’’ resistor, intended to prevent transistor oper-
ational characteristics frem varying with changes in tem-

CHANGE 2

0967-000-0120 CONTROL CIRCUITS

:

Icq

¥
AGC cc
VOLTAGE

Collector Voltage Controlled Amplifier

percture. Collector voltage control is achieved by the
addition of resister RS to the collector circuit of Q1. Capa-
citor C3 together with the primary of output transformer T1
form ¢ tuned output load for amplifier Q1. Capacitor C4 in
conjunction with collector voltage control resistor RS also
forms an i-f decoupling network to prevent if energy from
feeding back into the power supply.

With no siqnal input the conduction of Q1 is determined
by the fixed forward bios applied to the base of Q1 by base
bias voltage divider R1, R2. There is no detector output
and hence no AGC voltage is developed. Thegain of the
controlled stage is at a maximum since the voltage drop
across coilector voltage resistor B5 is at a minimum and
the voltage appliad to the collector of Q1 is, therefore, maxi-
mum. When ¢ signal of sufficient strength to produce a
detector AGC output large enough to overcome the AGC de-
lay voltage is received an AGC control voltage is applied to
the base of contrelled amplifier Q1. The pelarity of this
voltage is such as to increase the forward bias applied to
the base of the transistor. In this case controlied amplifier
Q1 is a PNP transistor and the AGC control voltage is, of
course, negative. Conduction of Ql is increased and the
resultant collector voltage drop across RS increases, re-
ducing the actuai voltage applied to the collector of Q1,
and thereby reducing the gain of the amplifier. The receiver
output remains relatively constant since a further in-
crease in input signal strength tends to increase the AGC
control voltage. This results in a further increase in con-
duction of Q1 and an increased voltage drop across RS, As
a consequence, the collector voltage of Q1 decreases and
the gain of the controlled amplifier is, again, lowered,

Collector voltage control is not frequently used be-
cause of the low value of collector voltage applied to the
transistor. At low collector voltages the collector capa-
citance is increased and consequently the alpha cutoff
frequency is reduced, making the transistor a poor r-f or
i-f amplifier.

21-B-$




ELECTRONIC CIRCUITS NAYSHIPS
FAILURE ANALYSIS.

General. When making voltage checks, use a vacuum
tube voltmeter to avoid the low values of multiplier resis-
tance employed on the lowvecltage ranges of ¢ standerd
29 Ooﬁ nhme r\er-\rnlf meatar po r-nrn{n" aleo o r\}-\carua

proper polarity when checking continuity with an chmmeter,
since g forward bias through anv of the transistor junctions

will amien a fales lau racictanma romdine
Yia CQUGT O 10ua00 O3 TEGIGANCe FCGLNG.

Me Output. No output from the collector voltage con-
trolled amplifier could be caused by defective power supply
voltage, a defective transistor, or by a defective circuit
compenent. Check the power supply voltage. An open
emitter, base, or collector circuit, or o shorted base
or collector circuit would render Q1 inoperative, md

rarmirid ememe e W ale L\n T Tar el
OO Cuipul WOuLG fesdal. Wil T powor TCmovig,

check the hase and collector circuits with an ohm-
meter for a possible short to ground. If the coi-

lector circuit appears to be shorted to qound capacitor C4
may be shorted or the primary of Ti moy be shorted o it
case. Check the emitter and ccllector circuits for a pos-
sible open, paying particular attertion to B4 in the emitter
circuit, and RS and the primary of T1 in the collector cir-
cuit, Check resistors Bl and RZ for proper vaiue, since
an cpen or short of either part would alter the bias npplied
to Q1 and drive Q1 etther heavily into scturatien or into
cuteff. This condition would probably produce little or ne
output from the controlled stoge. If capacitor C2 becomes
shorted, the output signal would be shunted around trans-
former T1 and there would not be any cutput coupled to the
following stage. Improper AGC control voltage caused by a
defect in the AGC detector cirquit, could alec zouse 2 ne-

or cirg
output condition to exist. The existence of this condition
may be determined by mecsuring the voltaie pre
base of Q1 with no signal applied to the receiver.

Low Output. A low output condition could be caused
by defective power supply wltage, a defective trcmsmtor,
defective circult components, or by self og
selt oscillation would result in an excessive detector input,
it would alsc result in the generation of excessive AGC
control voltage, and therefore could couse o low autput.
Oscillations of this type usually also result in excessive
receiver neise in addition to the low cutput. I an output
stqnai is present with no sinnal inout to the receiver, seif
oscillations are probably being produced internally throuah
feedback, If self oscillations are not the cause of low
output, check the DOWET deuxv voltage with a high e
sistance volmmeter. I proper operation is still not
restored, o defective circuit component s most 1 tha
cause of low output A nanqe in the vaiue of :’1 RZ or

oo, Sireoe

OE Ql cnd low ou-tpu'. '.‘."J‘AI", _rag-_lt. If ﬂmzttpr h\mr‘ 25 orpr
citor T2 opened the resuiting degenerotion would lower the
gain of Gl and a fow output would aiso result. Low aut-
put would alen rasylt if RS ineransed in value since the
collector voltage applied to 31 would be correspordingly

reduced, A defect in cutput tronsformer T wonld also re-

duce the output by eitner detuning the vutput tank wiich
consists of O and the primary ot T1, or by reducing the
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ameunt of signal coupled to the following stage.

Distorted Output. Since the input and output impedances
of the amplifier vary as the gain of the amplifier is
varied by AGC, some distortion is to be expected especially
when gtrong signals are received, However, if distortion is
severe and continuous a defective transistor, power supply,
or circuit component orobably exists, The power supply and

tha tramcictnr chonld ke skasbad and i dictartian naresices
WS GONSISIOr SncuUil o0 CheCKod, OGndil QISICIuon plisists,

voltage checks of the transister elements should be made
with a VTVM to locclize the trouble. Besistance measure-
ments with the power removed, may then be made fo locate
the feulty component.
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