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The Contractor guarantees that at the time of delivery thereof the supplies provided for under this contract
will be free from any defects in material or workmanship and will conform to the requirements of this contract.
Notice of any such defect or non-conformance shall be given by the Government to the Contractor within one
year of the delivery of the defective or non-conforming item, unless a different period of Guaranty is specified
in the Schedule. If required by the Government within a reasonable time after such notice, the Contractor shall
with all possible speed correct or replace the defective or non-conforming item or part thereof. When such cor-
rection or replacement requires transportation of the item or part thereof, shipping costs, not exceeding usual
charges, from the delivery point to the Contractor’s plant and return, shall be borne by the Contractor; the Gov-
ernment shall bear all other shipping costs. This Guaranty shall then continue as to corrected or replacing sup-
plies or, if only part of such supplies are corrected or replaced, to such corrected or replacing parts, until one
year after the date of redelivery, unless a different period of Guaranty is specified in the Schedule. If the Govern-
ment does not require correction or replacement of a defective or non-conforming item, the Contractor, if re-
quired by the Contracting Officer within a reasonable time after the notice of defect or non-conformance, shall
repay such portion of the contract price of the item as is equitable in the circumstances.

INSTALLATION RECORD

Contract No.: NObsr-52696 Date of Contract: 27 June 1951

Serial Number of equspment ...l
Date of acceptance by the Navy ... ...l
Date of delivery to comtract destimation ...
Date of completion of tnstallation ...

Date placed in Service ...l

Blank spaces on this page shall be filled in at time of installation.
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Misc llan ous Data

Means:

REPORT OF FAILURE

NAVSHIPS 91689
AN/FGC-7A

FRONT MATTER

Report of failure of any part of this equipment, during its entire service life, shall be made to the Bureau of
Ships in accordance with current regulations using form NAVSHIPS NBS 383 (revised) except for Marine Corps
equipment, in which case the "Signal Equipment Failure Report” form shall be used and distributed in accord-
ance with instructions pertaining thereto. The report shall cover all details of the failure and give the date of
installation of the equipment. For procedure in reporting failures see Chapter 67 of the Bureau of Ships Manual
or superseding instructions.

ORDERING PARTS

All requests or requisitions for replacement material should include the following data:

1. Federal stock number, or when ordering from a Marine Corps or Signal Corps supply depot, the Signal

2.
If the appropriate stock number is not available the fol.owing shall be specified:
1. Equipment model or type designation, circuit symbol and item number.

Corps stock number.
Name and short description of part.

2. Name of part and complete description.

3.

Manufacturer’s designation.

4. Contractor’s drawing and part number.

5.

CA MY B W N

JAN or Navy type number.

DESTRUCTION OF

ABANDONED MATERIAL IN THE COMBAT ZONE

In case it should become necessary to prevent the capture of this equipment, and when ordered to do so,
DESTROY IT SO THAT NO PART OF IT CAN BE SALVAGED, RECOGNIZED, OR USED BY THE
ENEMY. BURN ALL PAPERS AND BOOKS.

. Explosives, when provided.
. Hammers, axes, sledges, machetes, or whatever heavy obiect is readily available.
. Burning by means of incendiaries such as gasoline, oil, paper or wood.

. Grenades and shots from available firearms.

. Burying all debris, where possible and when time permits.
. Throwing overboard or disposing of in streams or other bodies of water.

Procedure:

v

1.

NN

0~ AW

Obliterate all identifying marks. Destroy nameplates and circuit labels.
. Demolish all panels, castings, switch
. Destroy all controls, switches, relays, connections and meters.

- Rip out all wiring and cut interconnections of electrical equipment. Smash gas, oil, and water cooling sys-

tems in gas engine generators, etc.

Smash every electrical or mechanical part, whether rotating, moving or fixed.
. Break up all operating instruments such as keys, phones, microphones, etc.

. Destroy all classes of carrying cases, straps, containers, etc.
. Bury or scatter all debris.

and instrument boards.

DESTROY EVERYTHING!

ORIGINAL
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Safety Notice
and Resuscitation

SAFETY NOTICE

The attention of officers and operating personnel is
directed to Chapter 67 of the Bureau of Ships Manual
or superseding instructions on the subject of radio
safety precautions to be observed.

This equipment employs voltages which are danger-
ous and may be fatal if contacted by operating person-
nel. Extreme caution should be exercised when work-
ing with the equipment.

While every practicable safety precaution has been
incorporated in this equipment, the following rules
must be strictly observed:

KEEP AWAY FROM LIVE CIRCUITS:

Operating personnel must at all times observe all
safety regulations. Do not change tubeés or make ad-
justments inside equipment with high voltage supply
on. Under certain conditions dangerous potentials may
exist in circuits with power controls in the off position
due to charges retained by capacitors. To avoid casual-

ties, always remove power and discharge and ground
circuits prior to touching them.

DON’'T SERVICE OR ADJUST ALONE:

Under no circumstances should any person reach
within or enter the enclosure for the purpose of ser-
vicing or adjusting the equipment without the immed-
iate presence or assistance of another person capable of
rendering aid.

DON'T TAMPER WITH INTERLOCKS:

Do not depend upon door switches or interlocks
for protection, but always shut down motor generators
or other power equipment. Under no circumstances
should any access gate, door, or safety interlock switch
be removed, short-circuited, or tampered with in any
way, by other than authorized maintenance personnel,
nor should reliance be placed upon the interlock
switches for removing voltages from the equipment.

RESUSCITATION

AN APPROVED POSTER ILLUSTRATING THE
RULES FOR RESUSCITATION BY THE PRONE
PRESSURE METHOD SHALL BE PROMINENTLY
DISPLAYED IN EACH RADIO, RADAR OR
SONAR ENCLOSURE. POSTERS MAY BE OB-
TAINED UPON REQUEST TO THE BUREAU
OF MEDICINE AND SURGERY.
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Figure 1-1.

Teletypewriter Repeater Set AN 'FGC-7A

ORIGINAL



GENERAL
DESCRIPTION

NAVSHIPS 91689
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Section l
Paragraph i

SECTION 1
GENERAL DESCRIPTION

1. EQUIPMENT ILLUSTRATION

Figure 1-1 illustrates the Teletypewriter Repeater
Set AN/FGC-7A which utilizes an AN Cabinet CY-
614/G to house eight Teletypewriter Repeaters TT-
63A /FGC.

2. PURPOSE AND BASIC PRINCIPLES

Teletypewriter Repeater TT-63A/FGC (hereafter
referred to as Repeater) is capable of accepting tele-
typewriter signals in audio (on/off) form or in direct
current form (polar and neutral) having up to 45%
bias distortion and regenerating the signal to have less
than 5% bias distortion at the output.

a. Two Repeaters may be used to receive a Diplex
teletype signal. One Repeater will produce the leading
diplex signal at its output regenerated to standard
simplex timing. The other Repeater will produce the
lagging diplex signal at its output regenerated to stan-
dard simplex timing.

b. Each Repeater will operate on 60, 75, or 100 wpm
teletype signals.

¢. Regeneration of the teletype signal in the Re-

peater is accomplished by electronic means. Sampling
pulses are generated in the Repeater to synchronize
with the center of each teletype pulse. If a sampling
pulse coincides with a mark, the pulse‘operates a relay
circuit to produce a regenerated mark at the Repeater
output. If the sampling pulse coincides with a space,
the relay circuit will produce a space of proper dura-
tion at the Repeater output.

3. DESCRIPTION OF UNITS

The Teletypewriter Repeater TT-63A /FGC is illus-
trated in Figure 1-2. The panel is 3/16” thick by 19”
long by 8-3/4” high, and is finished in ocean gray
enamel. The chassis extends 10-1/2” behind the panel
and is supported to the panel on each side by brackets.
The controls most often used are located on the Re-
peater panel. Seldom used controls and fuses are lo;
cated behind the access door in the center of the panel.
Input, output, and power connections are located at
the rear of the Repeater chassis. All vacuum tubes and
relay are readily accessible from the rear of the Re-
peater and are mounted in a vertical position. The
Repeater normally functions as an individual unit in

~BIA/FGC

TT
LETYPE

Figure 1-2. Teletypewriter Repeater TT-63A 'FGC

ORIGINAL
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l Section
Paragraph 3

the Teletypewriter Repeater Set AN/FGC-7A. On
Diplex reception the input of two Repeaters are con-
nected in parallel and the outputs operate two tele-
typewriters. A separate power supply to operate the
teletypewriter printer is required as the output of the

Repeater is in the form of relay contacts. - (DgRy Key inGr)

4. REFERENCE DATA

a. Nomenclature: Teletypewriter Repeater Set
AN/FGC-7A housing eight teletypewriter Repeaters
TT-63A/FGC.

b. Contract NObsr-52696, 27 June 1951.
7 Contractor:‘Stelma, Inc.

d. Cognizant Naval Inspector: Inspector of Naval
Material, Bridgeport, Conn.

e. Number of packages per complete shipment.

«f. Total cubical contents including equipment
spares:

g. Total weight including equipment spares:
h. Input: 60, 75, or 100 wpm teletype signals.

iz Input keying: tone — 500 to 3,600 cps, 30 ma
polar, 60 ma neutral, simplex or diplex; dc keying
must be negative with respect to ground on mark,
tone keying may be either normal or inverse.

j. Output: Relay contacts in series with a 310 ohm

NAVSHIPS 91689
AN/FGC-7A

GENERAL
DESCRIPTION

resistor. Either mark Hold or Normal output opera-
tion available.

k. Acceptable input distortion: 45% mark or space
bias.

L. Output distortion: less than 5%.
m. Tone input level: —20 DBM to 0 DBM.

n. Power requirements: 105 to 125v, 50 to 60 cps,
85 watts per Repeater TT-63A /FGC.

o. Visual operation indicator: Neon lamp on front
panel.

p. Power Supply: Built in on each Repeater.

q. Monitor Teletypewriter: Front panel jack for
monitor teletypewriter.

5. EQUIPMENT APPLICATIONS

The AN/FGC-7A equipment is similar from a me-
chanical standpoint to the AN/FGC-7 equipment ex-
cept for location of blank panel. From an operational
standpoint, the equipments are also similar except for
the differences pointed out in Table 1-3. Circuit-wise
there is a considerable difference between the output
circuits of the TT-63/FGC and the TT-63A/FGC.
This book covering the AN/FGC-7A Teletypewriter
Repeater Set should not be used in conjunction with
the AN/FGC-7 equipment. The book for the AN/-
FGC-7 equipment should not be used for the AN/-
FGC-7A equipment.

TABLE 1-1. EQUIPMENT SUPPLIED
OVER-ALL
QUANTITY NAVY DIMENSIONS
PER TYPE voL-
Bl NAME OF UNIT St e o WEIGHT
MENT TION HEIGHT | WIDTH | DEPTH
1 Teletypewriter Repeater Set consists of 8 | AN/FGC-7A| 87-1/2 22-3/8| 24 27 575
Teletypewriter Repeaters TT-63A/FGC
mounted in one AN cabinet CY-614/G
Equipment Spare Parts Carton
2 Instruction Books Mounted in Equipment
Unless otherwise stated, dimensions are inches, volume cubic feet, weight pounds.
1-2 ORIGINAL
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1 Secti n

NAVSHIPS 91689
AN FGC-7A

TABLE 1-4. TELETYPEWRITER REPEATER TT-63A, FGC
ELECTRON TUBE COMPLEMENT

sYmsolL TYPE CirRcuIT
Vi JAN-GSN7GT Audio Amplifier
V2 JAN-GHG6GT Series Limiter
V3 JAN-GH6GT Signal Full Wave Rectifier
V4 JAN-GSN7GT Trigger
V5 JAN-6SN7GT One Shot Multivibrator
V6 JAN-6SN7GT One Shot Multivibrator
v7 JAN-6SN7GT Gated Multivibrator
V8 JAN-GSL7GT Gate and Phase Reverse
V9 JAN-G6SL7GT Coincidence Gate
V10 JAN-6SN7GT Bistable Trigger
Vil JAN-G6SN7GT Cathode Follower and Gate
Vi2 JAN-5U4G Full Wave Rectifier
Vi3 JAN-0D3/VR150 Voltage Regulator
Vi4 JAN-0D3/VR150 Voltage Regulator
V15 JAN-0C3/VR105 Voltage Regulator

GENERAL
DESCRIPTION

ORIGINAL



THEORY OF NAVSHIPS 91689 Sctind
OPERATION AN /FGC-7A Paragraph 1
SECTION 2
THEORY OF OPERATION
1. GENERAL DESCRIPTION OF CIRCUITS for the character Y is illustrated in the Functional

a. Since the Teletypewriter Repeater Set AN/FGC-
7A consists of eight individual Teletypewriter Repeat-
ers TT-63A/FGC, this description will confine itself
to a Teletypewriter Repeater TT-63A/FGC.

(1) Figure 2-1 illustrates a block diagram of the
Repeater showing routing of signal from input to out-
put. Figure 2-2 is a functional drawing showing wave
shapes of the signal at pertinent points of the circuit
on a time base. The time base is for 60 wpm operation,
but similar circuit function occurs at 75 and 100 wpm
so these time bases are not shown. A speed switch not
shown on the Block Diagram changes timings in tubes
V5, V6, and V7 to permit circuit operations to synchro-
nize with either 60, 75, or 100 wpm operation.

(2) Constant reference will be made during the
following discussion to tubes, points, or lines desig-
nated by letters in Figures 2-1 and 2-2. Reference to
these figures should be made when necessary without
further direction.

(3) It will be assumed that a keyed tone teletype
signal is applied to the input of the Repeater. A signal

Drawing, Figure 2-2 where tone is on for the stop
mark and off for the start space.

(4) The tone signal is amplified by triode Vi4,
limited by dual diode V2 to allow operation sa 3
ing line levels, and again amplified by triode Vif%
This signal (point B Fig. 2-1 and line B, Fig, 2-3¢ &
then applied to a full wave rectifier tube V3, the
put of which is illustrated in line C. The curve am:
rise and decay time of voltage is due to filtering
the rectifier. The output of V3 is applied to ¢
tube V4 as is the dc input voltage when polar of
tral dc keying is applied to the Repeater, instend wt
tone keving. - L

(5) Trigger tube V4 performs the functiom of
giving a square wave positive voltage output. (Sus’,
line D). Output from V4 is applied to VSA, V8B, ag
V9A. Output from V4 is also differentiated and @

one shot multivibrator lag tube V5. The op 3
time of this tube (point F, Fig. 2-1 and line F, Fig. i

is adjustable by means of the RANGE control i
normally set for 11 ms on 60 wpm teletype so tl

GATING VOLTAGE 4
.
! .
|
PHASE
L CINPUT SPEED REVERSE { ves
[ RANGE
TOVII®
FALSE
oc START
AMPLIFIER _RECTIFIER TRIGGER LAG GATE GATE MULTIVIBRATOR
i i
TONE 1 ] ]
INPUT . ILQE F [ H I o COINCIDENCE
>—A ViA : vis v3 3 va {¢ vs {t VeA | ve %4 it veB : VoA RATES
| |
S 1
) -
WAVEFORMS AT POINTS A,8B,C,ETC., ARE
ILLUSTRATED IN FIGURE 2-2 N e NV, N
s6A . % I "
i
T Y ' L
: GATE :IIARKAHOLD |
] y 4 | 8ISTABLE
vi2 VHB VIOB  VIOA
' s S8 PV aana ) TRIGGER
\ +150v + 130V 0! * | "NORMAL :
H
RECTIFIER 1 I; FROM u o onToN
ves
5‘:)5/:23\0,. ‘.I’ viz vis vi4 vis CATHODE :
B FoLLoweR | VI'A :D_:é.“" vr
| X1
[ VOLTAGE’REGULATORS ’ FILTER
POWER SUPPLY

Figur 2-1. Block Diagram

ORIGINAL
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THEORY OF
OPERATION

tube will trigger off at the time «enter of the start
space. Output from V5 is differentiated at point G
(see line G) and the resultant positive pulse is applied
to the False Start Gate tube V8A. This triode tube is
gated by the Trigger Signal so that if the differentiated
pulse from V5 coincides in time with the Trigger sig-
nal, the pulse will appear at output of V8A and oper-
ate Gate tube V6. If the differentiated pulse from V5
does not coincide with a Trigger signal, no pulse will
appear at the output of V8A. Assuming a start pulse
of 8 ms length due to noise or some other random
condition, the pulse from V5 will occur 11 ms after
the start of the 8 ms trigger signal, will not coincide
with the Trigger signal and no pulse will occur at the
output of V8A. Under normal conditions the pulse
- applied to the input of V8A will appear at its output
and the one shot multivibrator gate tube V6 will be
triggered to its operating condition. Tube VG remains
in its operating condition for 143 ms (line H) during
which time it performs two operations: (1) Lag tube
V5 is biased off (connection N on the Block Diagram)
so that additional pulses after the start pulse will not
trigger this tube, (2) Multivibrator tube V7 is turned
on for 6-1/2 cycles of operation and then off. See line
1. The multivibrator output is differentiated to pro-
duce a positive sampling pulse for each of the six 22
ms teletype pulses and for the stop mark. See line J.
These sampling pulses are about 1 ms wide. A SPEED
control consisting of a ganged variable resistor permits
adjustment of the multivibrator frequency so that a
sampling pulse occurs exactly at the center of each
teletype pulse.

(6) The sampling pulses are applied to both sec-
tions of coincidence gate tube V9 which operates in
similar fashion to False Start Gate tube V8A. A gating
voltage is also fed to the coincidence tube V9A from
the trigger tube output. A gating voltage 180° out of
phase with the trigger voltage is fed to tube V9B.
Tube V8B is used to secure the phase reversal. The
first, third, and fifth sampling pulses applied to V9A
will coincide with a positive gating voltage to that
tube and will appear at the output of tube V9A to
drive tube V19A. (See line K). The second, fourth,
sixth, and seventh sampling pulses applied to tube
V9B will coincide with a positive gating voltage to
that tube and will be applied to tube V10B. (See
line L).

(7) Tube V10 is a bistable trigger tube which
triggers to one stable state when a pulse is applied to
the “A” section. When a pulse is applied to the “B”
section it triggers back to the original state. Output
from tube V10 is shown in line M. This is an undis-
torted replica of the input signal. Cathode follower
tube V11A is used to drive the relay K1 and is driven
by the output from tube V10A. The input impedance
of V11A is high and does not load tube V10. A Poten-
tiometer in the grid circuit of V11A regulates the relay
current and provides the output DISTORTION con-
trol. Relay output will also look like line M.
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(8) Two types of output operation are possible
from the Repeater. For MARK HOLD operation
switch S6A applies a pulse from Gate tube V6 to trig-
ger the Bistable Trigger tube V10A to mark at the
end of each gate cycle. Thus the output will return
to mark even when the input goes from mark to steady
state space. For NORMAL output (output follows
steady input state) a transition from mark to space
will allow the last multivibrator sampling pulse to
sample space and leave the output on space. On a space
to mark transition sampling pulses are not generated.
The transition pulse is therefore applied from tube
V8B through an RC differentiating circuit to Gate
tube V11B and then through switch S6B to Bistable
Trigger tube V10B to trigger the output to mark.
When the Repeater is in operation with a message, the
Gate tube V6 keeps tube V11B disabled (point 0, Fig.
2-1) during all space to mark transitions. Signals then .
applied to tube V11B from tube V8B do not appear at
the output of V11B.

(9) During operation the sampling pulse ‘at the
center of each 22 ms teletype pulse is about 1 ms wide,
it is possible for the input signal to have mark bias dis-
tortion extending 10 ms into the space signals and still
have the sampling pulse sample correctly. Output
from the Repeater will be correct and undistorted as
long as sampling is correct. Similarly, space bias dis-
tortion may extend 10 ms into the mark signals with-
out faulty operation. Thus 45% bias distortion may
be tolerated by the Repeater without producing faulty
output. Speed adjustment of the Repeater must, of
course, be perfect to secure operation at _45Y, bias
distortions. -

2. CIRCUIT ANALYSIS

Circuit analysis for the Teletypewriter Repeater TT-
63A/FGC will be divided into sections of the circuit
which accomplish specific individual functions. These
functions are combined to produce the overall regen-
erative function.

4. INPUT AND AMPLIFIER CIRCUITS — The
input and amplifier circuits are illustrated in Figure
2-3. Tubes V1, V2, and V3 are utilized in the amplifier
circuit to secure a dc voltage to properly operate the
following trigger circuit from tone inputs of —20
dbm to 0 dbm. The dc input circuits provide suitable
impedances to the dc input lines.

(1) TONE INPUT — Keyed tone input to the
Repeater is applied to the primary of the input trans-
former T1 which has a nominal impedance of 600
ohms. Resistors R2, R90, and R5 form a fixed atten-
tuating network at the secondary of T1 so that ampli-
fier tube V1A is not overloaded when 0 db input is
applied to the Repeater and Input Attentuater R6 is
set for zero attentuation. Switch S2 must be set to
TONE during tone input operation so that the output
from T1 is connected through S2 and Input Attentu-
ator R6 to the grid of amplifier tube V1A. For Diplex
operation switch S1 is thrown to DIPLEX thus open-
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Figure 2-3.

ing resistor R2 from across the secondary of T1. This
reflects an impedance of 1200 ohms to the primary so
that when two Repeaters are connected in parallel for
tone input, the impedance is again 600 ohms and the
operating level of the Repeaters is relatively un-
changed over that for Simplex operation. Tubes V1A
and VIB provide amplification of the tone signal so
that inputs of —20 db will properly operate the Re-
peater. Output from V1A is capacitively coupled
through capacitor Cl1 to the series limiter tube V2.
Tube V2 is a dual diode series limiter which provides
relative uniform output from the front end with
changing input levels from —20 db to 0 db. Tube V2
operates to clip the top off each side of the sine wave
input at a predetermined level as follows: The plates
of V2 are returned to a slightly positive point (junc-
tion of R10 and R12) through resistor R11 so that
current flows in both sections of the tube and the tube
conducts. Signals of relatively small amplitude applied
to the input cathode (pin 4) of V2 are then passed to
the output cathode (pin 8) without clipping. As the
signal level is increased, a certain amplitude will be
reached where the voltage on the positive peaks of the
sine wave applied to the input cathode exceeds the
static plate to cathode voltage. When this amplitude
is reached, the tube ceases to conduct and clipping on
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the positive half of the wave results. ‘When the signal
voltage swings negative beyond the static value of
plate to cathode voltage applied to the output section
of the tube, this diode does not conduct and clipping
on the negative half of the signal results. By proper
selection of R8, R11, and R15, symmetrical clipping
of the positive and negative halves of the signal is
achieved. Output from limiter tube V2 is further am-
plified by -triode V1B which is transformer coupled to
rectifier tube V3. Tube V3 is a full wave rectifier
whose function is to supply a dc voltage to operate the
following trigger tube V4. Resistor R16 loads the sec-
ondary of T2 to reduce phase shift through the trans-
former. Keying switch S3A is connected so as to secure
either positive or negative output from tube %3, In
the NORMAL position of S3, the center tap of trans-
former T2 secondary is grounded and a negative out-
put at the junction of R17 aad R18 is secured to oper-
ate the trigger tube. In the REVERSE position of S3
the plates of V3 are grounded and a positive output at
the junction of R17 and R18 is secured. Capacitors
C36 and C2 provide filtering of the rectified signal.
Resistor R4 provides an optimum load to the output of
tube V3.

(2) DC INPUT — When polar or neutral dc
keying is applied to the Repeater instead of tone input,
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switch §2 must be set to dc. The Input Attenuator
RG is then connected between the input line and the
input to trigger tube V4. For neutral simplex opera-
tion switch S1B connects resistor R3 in parallel with
resistor R1 across the dc input terminals to present an
impedance of 310 ohms. For diplex neutral operation,
the dc inputs of two Repeaters are connected in parallel
and switch S1 is set to DIPLEX opening resistor R3.
The input impedance of each unit is now 620 ohms
and the paralleled impedance is 310 ohms. For polar
simplex operation, resistor R1 and R88 present a 1240
ohm input balanced to ground. When two Repeater
inputs are connected in parallel, the polar input im-
pedance is 620 ohms balanced to ground. Input atten-
uator R6 provides a means of adjusting the level to
the following trigger tube V4 for either tone or dc in-
put to the Repeater.

b. TRIGGER CIRCUIT — The trigger circuit illus-
trated in Figure 2-4 is provided to accept the dc input
signals from either the rectifier tube V3 or directly
from the dc inputs and provide a stable square wave
dc teletype signal voltage at the trigger output. A
uniform square wave voltage is essential for optimum
operation of the following sampling pulse generating
circuits and gating circuits. Trigger tube V4 utilizes
a direct coupled flip-flop circuit to secure a square
wave voltage across the output load resistor R26.
Threshold action is secured in V4 as random input
voltages below a certain critical level necessary to trig-
ger the tube will have no effect on the circuit. If there
is considerable noise on the input signal, input to the
trigger tube should be adjusted to provide about 6 db
more signal input than will just trigger V4. If the in-
put signal is varying in amplitude, however, input to
the trigger tube must be adjusted to provide enough
signal above the trigger point of V4 that the varying
level never falls below the trigger point.

(1) Operation of the trigger circuit is as follows:
Keying switch S3 shorts out resistor R25 when set for
NORMAL keying. This puts the grid of V4B at a
negative potential, the plate draws no current and neon
lamp 12 is on. Voltage (about 18 volts) is now de-
veloped across resistor R26. When signal is applied
to the Repeater as during the stop mark, a negative
voltage is applied to the grid of V4A. This reduces
the plate current causing the plate of V4A and the grid
of V4B (coupled to the plate through R22) to swing
positive, Plate current is drawn in V4B, the plate
voltage drops below the operating potential required
for neon lamp 12 and the voltage across R26 drops to
zero. Since application of a negative voltage to the
grid of V4A causes an increase in the plate current or
V4B, the current through the common cathode resis-
tor R24 increases, causing the cathode bias voltage to
increase. This effect on V4A is in the same direction
as the application of the initial negative voltage to
the grid so that a regenerative action results and a
very steep drop off in voltage across R26 results. Upon
removal of the negative voltage to the grid of V4A,
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Figure 2-4. Trigger Circuit

the circuit flops back to its original state very rapidly
due to the regenerative cathode coupling and neon
lamp 12 is turned on instantly. Capacitor C3 %peeds
up the action of the trigger circuits so that the rise
and decay time of voltage developed across R26 is
very small (less than .25 ms).

(2) When keying switch S3 is set to REVERSE,
resistor R25 is inserted in the grid circuit of V4B so
that V4B normally draws current. The voltage at the
plate of V4B is below the operating potential of 12
and no voltage is developed across R26. Switch S2 also
connects a positive output voltage from rectifier tube
V3 to the grid of V4A. The inverse tone input signal
will now have tone during the start pulse so that a
positive dc voltage will be applied to the grid of V4A.
The plate current of tube V4A will increase causing
the voltage at the plate of V4A (and the grid of V4B)
to swing in a negative direction. Tube V4B is thus
biased off causing the voltage at the plate to swing
positive. Neon lamp I2 turns on and a voltage is de-
veloped across load resistor R26. The common cathode
coupling of V4A and V4B causes regenerative action
and sharp rise and decay time of voltage across R26 as
before. The keying switch S3 thus provides the same
output keying across R26 regardless of whether the
tone input is normal or inverse. The output keying
across R26 is inverse (ON during the start period)
and is used to operate the following circuit. When dc
input keying is applied to the Repeater, the input
must be negative on the stop mark. DC input keying
which is positive on the stop mark will not properly
operate the Repeater.

(3) For polar input to the trigger circuit it is
desirable that the circuit trigger one way with a nega-
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tive input and remain in that state until a voltage of
opposite polarity is applied to the input. This action
is accomplished by using tube V8B, the grid of which
is connected through current limiting resistor R61 to
the output voltage developed across resistor R26, and
the plate connected back through resistor R60 and
switch S1C (when set to POLAR) to the grid of tube
V4B. Resistor R62 serves as the plate load resistor for
V8B. When a negative voltage is applied to the grid
of tube V4A the plate of V4A and grid of V4B go
positive. The plate of V4B goes negative and the neon
lamp 12 is out. Tube V8B is cut off and its plate goes
positive to make the grid of V4B more positive
through the connection of R60. The grid of V4B is
now held positive to such an extent that removal of
voltage to the grid of V4A will not let the circuit trig-
ger back to its original state. However, when sufficient
positive voltage is applied to the grid of V4A, it will
conduct, dropping the voltage at the grid of V4B
which in turn is cut off allowing neon lamp 12 to go
on.  This causes tube V8B to draw current and further
cut off tube V4B through the connection of resistor
R60. Since the connection between V4B and V8B pro-
vides positive feedback, the trigger action is very
sharp. Circuit constants are such that approximately
the same value of positive voltage is required at the
grid of V4A to trigger the circuit one way as negative
voltage is required to trigger the circuit the other way.

c. SAMPLING PULSE GENERATING CIRCUITS
— The six one ms pulses required for sampling the
six 22 ms teletype pulses are generated and adjusted
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for timing in tubes V5, V6, and V7. (See Figure 2-5).
Tubes V5 and V6 are one shot multivibrators of the
cathode coupled type. Tube V7 is a free running mul-
tivibrator when it is gated on by tube V6. The samp-
ling pulses are secured by differentiating the output of
V7. The SPEED control varying the frequency of V7
determines the spacing between sampling pulses (nom-
inally 22 ms for 60 wpm operation). Gate tube V6
determines the number of sampling pulses. Tube V5
and associated RANGE control varies the position of
the sampling pulses in respect to the teletype signal
pulses.

(1) LAG CIRCUIT — The trigger output signal
developed across load resistor R26 is differentiated by
capacitor C5 and resistor R89 to provide a positive
pulse to trigger the grid of lag tube V5A. The nega-
tive pulse resulting from differentiating is removed
by crystal CR1. The plate of tube V5B normally draws
current due to the connection of its grid through re-
sistor R32 and R33 to a positive voltage. Tube V5A
is then biased off due to the voltage developed across
the common cathode resistor R31. When a positive
pulse of sufficient amplitude is applied to the grid of
V5A, the circuit triggers into a state where V5A draws
current and V5B does not. After a time interval de-
pendent mainly on the capacitance of C32 and resist-
ance of R32 and R33, the circuit triggers back to its
normal state with V5B drawing current. The voltage
at the plate of V5A drops to about 100 volts when the
circuit is triggered and suddenly shifts back to the B+
value at the end of the cycle. The change of voltage
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in a positive direction is differentiated by capacitor C8
and resistor R35 to supply a trigger pulse of proper
amplitude to trigger gate tube V6. This trigger pulse
is gated by tube V8A (as described in Section 2-2¢)
before being applied to the grid of tube V6A. RANGE
control R32 is a variable resistor in the timing circuit
of V5 and functions to change the operating time of
tube V5. Thus the delay between the leading edge of
the start pulse and the position of the first sampling
pulse is made adjustable from about 2 ms to 20 ms.
For operation at 75 and 100 wpm switch S4A connects
appropriate values or capacitors (C6 or C7) into the
timing circuit of V5 so that operation of the RANGE
control is approximately the same for 60, 75, or 100
wpm teletype signals. Potentiometer R6G varies the
voltage applied to R32 to allow adjustment for circuit
tolerances. This is a factory adjustment.

(2) GATE CIRCUIT — Gate tube V6 utilizes a
one shot multivibrator circuit similar to that of tube
V5 except that its operating time (143 ms for 60 wpm )
is much longer than that of tube V5. Tube V6 accom-
plishes two major functions: (a) Multivibrator tube
V7 is turned on for 6-1/2 cycles of operation and off,
(b) Lag tube V5 is rendered inoperative after the start
pulse and is kept inoperative until the following stop
mark. The operating time of tube V7 is determined
primarily by capacitor C9 and resistors R43 plus R34
plus R42 plus R38A. For 75 to 100 wpm operation
switch S4B connects capacitors C10 or Cl1 into the
timing circuit of tube V7 to provide proper operation
of the circuit at different teletype speeds. Variable re-
sistor R38A is part of a three gang variable resistance
SPEED control and smoothly varies the timing of V7
about =10%. Sections R38B and R38C of the SPEED
control vary the frequency of multivibrator tube V7
in unison with the timing of gate tube V6 so that for
any setting of the SPEED control, only 6-1/2 cycles of
the multivibrator occur. The SPEED control nomin-
ally provides for ==10% variations in speed from the
speeds of 60, 75, or 100 wpm selected by switch S4.
Variable resistors R42, R47, and RG65 provide a fine
adjustment of the timing of VG so that variable resistor
R38A tracks properly (gates only 6-1/2 cycles) with
R38B and R38C at any speed.

(a) Multivibrator tube V7 is turned on for
6-1/2 cycles and off by gate tube V6 as follows: Multi-
vibrator tube V7 utilizes a symmetrical multivibrator
circuit with the exception of the connection of resis-
tor R46 between R38B and B+. Neglecting resistor
R46, resistors R38B, R48, and R39 form a divider net-
work between B+ and ground with the grid of V7A
connected to the junction of R48 and R39. An equal
resistor network from B+ to ground consisting -of
R38C, R52, and R41 has the grid of V7B connected to
the junction of R52 and R41. Equal plate resistors R49,
R50, and equal coupling capacitors C14, C17 provide
a symmetrical circuit which will multivibrate at 45.45
cps {nominal for 60 wpm setting) if gate tube V6 is
out of the circuit. When gate tube V6 is in the circuit,

ORIGINAL

NAVSHIPS 91689
AN/FGC-7A

Sctin2

Paragraph 2. c.(1)

V6B draws current due to the connection of its grid to
+150 volts through resistors R43, R42, and R38A. The
voltage at the plate of VGB is then below 100 volts due
to the voltage drop across plate resistor R46. The vol-
tage at the grid of V7A is now considerably below the
voltage at the grid of V7B, since the resistor divider
network connected to the grid of V7A connects at its
B+ end to less than 100 volts, while the resistor divider
network at the grid of V7B connects at its B+ end to

siderable current causing sufficient voltage drop across
the common cathode resistor R40 to bias off tube V7A,
and V7 will not oscillate. At the moment tube V6 is
triggered by a pulse from lag tube V5, the output sec-
tion of V6 (V6B) ceases to draw current and multi-
vibrator tube V7 starts to oscillate. To make sure
that oscillation starts immediately in tube V7, capacitor
C12 applies a pulse from the plate of V6B to the grid
of V7A at the moment of starting. Capacitor C38 ap-
plies positive pulses at each half cycle point from the
plate of V7A to the grid of V6B. At the time of the
seventh positive pulse, the voltage at the grid of V6B
is nearly to the point where the tube will trigger back
to its stable state with V6B drawing current. The
seventh positive pulse causes this triggering action to
occur so that V6 always triggers off at the 6-1/2 cycle
point of the multivibrator’s operation and in turn shuts
the multivibrator off until the gate tube V6 is again
triggered on by the lag tube V5. Capacitors C20, C21,
and C22 in the multivibrator circuit help to stabilize
the frequency of oscillation. Capacitors C15 and C18
provide the proper frequency of operation of tube V7
for 75 wpm teletype speeds. Capacitors C16 and C19
provide the proper frequency of operation of tube V7
for 100 wpm teletype speeds. Variable resistor R91 in
the cathode circuit of tube V7 allows adjustment to
compensate for circuit tolerances.

(b) Lag tube V5 is rendered inoperative by
gate tube V6 after the start pulse in the following man-
ner: The grid of V5A is returned to the cathode of V6
through resistors R28 and R27. When tube V6 is in
its off state (V6B drawing current), a positive voltage
is developed across the cathode resistor R37. A greater
voltage is developed across the cathode resistor of V5
so that the grid of V5A is just biased off. Under these
conditions, a positive pulse of normal amplitude will
be sufficient to trigger the grid of VSA. When V6 is
triggered from V5, V6A draws current while V6B does
not. Since the plate resistor of V6A is much higher in
value (R45=33,000 ohms) than the plate resistor of
V6B (R46=10,000 ohms), the voltage across the cath-
ode resistor R37 will be much less when gate tube V6
is in the on cycle than when in the off period. Thus
the grid of V5A will be returned to a much more neg-
ative point (with respect to its cathode) when the
gate is on than when the gate is off. Under these con-
ditions the pulses following the start pulse, although
applied to the grid of V5A are not of sufficient ampli-
tude to trigger the circuit. The gate cycle extends
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Figure 2-6. Gating Circuits

about 22 ms into the stop mark of the signal (60 wpm
operation) at which time it turns off and the lag tube
V5 is again ready to be triggered by the next start
pulse. The extension of the gate cycle into the stop
mark allows the Repeater to recover quickly if a start
pulse is missing and the gate cycle is started by a fol-
lowing pulse.

(3) FALSE START GATE — Tube V8A is one
half section of a 6SL7GT tube which is connected as
a cathode follower. The tube is normally biased far
beyond cut-off by cathode resistor R36 and resistor
R44 connected between cathode and B+. The grid of
V8A is connected through resistor R35 to the gating
voltage (developed at the output of tube V4) and
also receives pulses from lag tube V5 through capaci-
tor C8. At the time of the teletype start pulse the
gating voltage (plus 17 volts) is applied to the grid of
V8A so that the tube is biased just beyond cut-off. A
pulse now applied through capacitor C8 to the grid
will cause plate current to flow and the pulse will
appear at the cathode. If the pulse is applied to the
grid of V8A when there is no gating voltage, tube V8A
will be biased so far beyond cut-off that the amplitude
of the pulse will not be sufficient to cause plate current
to flow and the pulse will not appear at the cathode.
Assuming a random pulse of 8 ms duration is applied
to the Repeater, this pulse will cause a gating voltage
of 8 ms duration to be applied to the grid of V8A.
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The pulse to the grid of V8A through capacitor C8
under normal setting of the RANGE control at 60
wpm operation will not occur until 11 ms after the
start of the 8 ms gating pulse. The pulse through
capacitor C8 will thus occur 3 ms after the gating vol-
tage has ceased and will not appear at the cathode of
V8A to trigger the following gate tube V6. As long
as tube V6 is not triggered, no output can be secured.
from the Repeater. '

d. COINCIDENCE GATING CIRCUITS — The
coincidence gating circuits are illustrated in Figure
2-6. They are used to drive the output circuit of the
Repeater to provide the regenerated signal. Two input
voltages are applied to the gate tube V9. Sampling
pulses from the multivibrator V7 are applied to the
grids of V9 through capacitors C23 and C24. These
pulses appear at the grids as positive and negative
spikes about 1 ms in duration. A gating voltage essen-
tially of the same width as the teletype signal pulses
is applied to V9A from the- trigger circuit output
(neon lamp I2) through resistors R57 and R55. A
gating voltage 180° out of phase with the output from
neon lamp I2 is applied to the grid of tube V9B
through resistors R53 and R59. Tube V8B provides
the required phase reversal. Resistors R57 and R56 in
the grid circuit of V9A, and resistors R53 and R58 in
the grid circuit of tube V9B keep the amplitudes of
gating voltage to V9A and V9B roughly equal. The
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cathodes of V9 are connected to the grids of V10 (not
shown). Resistor dividers in the grids of V10 keep the
cathodes of V9 at potentials which prevent any flow
of current except when a positive sampling pulse from
the multivibrator V7 coincides with a positive gating
voltage at one of the V9 grids. The teletype start
space applies a positive gating voltage to the grid of
tube VOA. Tube V9A does not conduct however until
the first sampling pulse applied through C24 occurs.
This pulse appears at the cathode of V9A and is ap-
plied to the grid of tube VIOA. The same sampling
pulse applied to the grid of V9B through capacitor
C23 does not appear at the cathode since the gating vol-
tage to the grid of V9B is negative at this time. Nega-
tive pulses applied through capacitors C23 and C24 to
tube V9 have no effect since the gating voltages alone
do not allow tube V9 to draw current. If a mark fol-
lows the start space, a positive gating voltage will be
applied to the grid of tube V9B and the second positive
sampling pulse will be transmitted through tube V9B
and be applied to the grid of tube V10B. Thus, posi-
tive sampling pulses coinciding with space appear at
the cathode of V9A to drive the grid of tube V10A,
and those coinciding with mark appear at the cathode
of V9B to drive the grid of tube V10B.

(1) MARK HOLD operation is secured in the
Repeater by supplying a pulse from the plate of gate
tube V6B to the cathode of V9A (and grid of V10A)
through capacitor C27 and resistor R69 when switch
S6 is in the MARK HOLD position. A negative pulse
is thus applied to the grid of V10A at the end of each
gate cycle which triggers tube V10A to mark. Since
the gate cycle is started each time the input to the Re-
peater goes from mark to space, the output of the
Repeater will be returned to mark at the end of the
gate cycle even though the last sampling pulse would
sample space (as in a steady state transition from mark
to space).

+(2) NORMAL (86 is up) operation in the Re-
peater is defined as having the output of the Repeater
duplicate the input signal and follow any steady state
input condition. A steady state transition from mark
to space at the Repeater input will be followed at the
output because the last sampling pulse samples a space

condition and commands the output tube V10A to go -

to space. On a space to mark transition the gate cycle
is not started. To return the output to mark under
this condition, a positive pulse is applied from the
plate of tube V8B through capacitor C26 to the grid
of steady state gate tube V11B. This tube conducts
during a steady input state and applies the pulse from
its cathode through switch S6, capacitor C25, and re-
sistor R82 to the grid of V10B, triggering tube V10B
to a mark output condition. During normal operation
of the Repeater when a message is being handled,
pulses at the plate of tube V8B do not reach the cath-
ode of tube V1IB because gate tube V6 is in cycle
with the plate of VGA negative. This negative state
of V6A applies negative bias to tube V11B through
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the resistor network of R78, R79, andR80 and blocks
the passage of signals at the grid of V11B from reach-
ing the cathode.

e. OUTPUT CIRCUITS — The output circuits of
the Repeater are illustrated in Figure 2-7. The circuits
driving the relay produce essentially less than 1%
bias distortion. The distortion at the output of the
Repeater should be under 5% and depending an the
particular relay, may be in the order of 2%. Tube
V10 is used in a bistable trigger circuit which has two
stable states and is driven into these states by sharp
pulses applied to the grids. When tube V10 is in the
state such that V10B is drawing current, its plate po-
tential is at a reduced value. The grid of V10A is con-
nected to the plate of V10B by the divider network of
R76 and R77, and is cut-off. When a positive pulse is'
applied to the grid of tube V10A, V10A draws current
causing the voltage at its plate to drop. This cuts off
the grid of V10B through the divider network of R73
and R74 thus locking the circuit in its second stable
state with V10B now cut off and V10A drawing cur-
rent. A positive pulse at the grid of V10B will trigger
the circuit back to the original state of V10B drawing
current. Capacitors C28 and C29 speed up the switch-
ing action of the circuit. Under MARK HOLD oper-
ation a negative pulse is used to trigger V10A. A neg-
ative pulse readily triggers the circuit when it is ap-
plied to the section of V10 which is drawing current.
A positive pulse triggers only when applied to the
section of V10 which is cut off. Since tube V10 is
driven by successive positive pulses from a multivibra-
tor which are equally spaced, the amount of bias dis-
tortion of the signal at V10 is very low. It is unde-
sirable to operate the output relay of the Repeater
directly from the tube V10 as this would place an in-
ductive load in one leg of V10. For this reason out-
put from V10 is taken from the “A” section plate and
fed to cathode follower V11A through output DIS-
TORTION control R54. This potentiometer regulates
the voltage applied to V11A and thereby the relay K1
current. Capacitor C37 speeds up the action of the
relay to produce greater uniformity of action between
various relays. The contacts of relay K1 are protected
by resistor R83 and capacitor C33 in series across the
contacts. Inductor L2 and capacitor C35 supply filter-
ing to the output line which is not grounded. A jack
J3 provides for connection of a remote teletypewriter
monitor and keeps resistor R63 in series with the out-
put circuit when the monitor is not connected.

f. POWER SUPPLY CIRCUIT — The power sup-
ply circuit is illustrated in Figure 2-8. A single power
transformer T3 supplies filament and plate power for
all tubes in the Repeater. Tube V12 is a full wave rec-
tifier whose output is filtered by reactor L1 and capaci-
tors C30 and C31. All dc voltages used in the Repeater
are regulated. Regulating resistor R84 and tube V13
provide one positive 150 volt supply. Regulating re-
sistor R85 and tube V14 provide a second positive 150
volt supply. A regulated —105 volts is secured by con-

2-9



2s in

NAVSHIPS 91689 THEORY OF
AN/FGC-7A OPERATION
4150V =%
81 éﬁ?? R75
100K 100K
OUTPUT —L c3r c29 R76 R73 ¢z28
- &, Tae 3 Sea T
65N7 2 5
CATH -
FOL L L
! - —_— 4
A B
FROM
L2 CATHODE 3 <
SMH 3 oFvia_ | 8l *7 Fnon:)Fcc;:ooz
0000 9— g——a é M conT
RS4 R7I R?7 BISTABLE R7
OUTPUT 680K > 680k TRICGER < Ba0K
43 DISTORTION
TELETYPEWRITER
MONITOR
”—O ~105 Vv -
R63
310N -L
12w L
Cc35 -
.01
T MF
Figure 2-7. Ovutput Circuits
+isov > +150v
81 vI3
Re4 003/VRI50
31K
usv-w | O 12w 5 2
N
23ov | O
- via
R-W OD3/VRISO
RED Ll RS
1nsv-R O IoH 153'\: s 2
wHiTE 1200000 54
3 A _c30 d cn
7n Vi 2 4
5ufs T MF ’F MF
RECTIFIER Res
. 4. N 2 s
—AAN—
3.1K
12w
s7 vis
- o POWER < R46|(7 0C3/VRIOS
4 18W
TO ALL > - 105V
HEATERS
) F2
i.5 1.5
AMP

) | 1157230V
[T LT

Figur 2-8. Pow r Supply Circuit

2-10

ORIGINAL



Sctin2

THEORY OF NAVSHIPS 91689 n 4
OPERATION AN/FGC-7A Paragraph 2. f.
V6
6SN7
GATE
= |
3 6
i
39K g
I2 Refk
100 TRIGGER
1
—/ V-
e ') GATE O OUTPUT
fe)
S5A
v e e e e e
J2
SCOPE || V=R
MONITOR e
TO RELAY OUTPUT -
TO CONTACT |-2 OF =

RELAY KI

Figure 2-9. Oscilloscope Monitor Switch Circuit

necting resistor R87 between the center tap of the high
voltage winding to secure a —150 volt drop, and reg-
ulating to —105 volts with series resistor R86 and tube
V15. Power switch S7 breaks both sides of the ac line
to tirn the Repeater off. Both sides of the line are
fused by F1 and F2. Capacitors C34 and C13 bypass
either side of the ac line to ground to prevent radia-
tion of noise voltages into the line. Provision is made
for connecting transformer T3 for either 115 volt in-
put or 230 volt input. For 115 volt input the two pri-
maries are connected in parallel. For 230 volt input
the windings are connected in series.

g. OSCILLOSCOPE MONITOR SWITCH CIR-
CUIT — The oscilloscope monitor switch circuit
shown in Figure 2-9 indicates the various circuits to
which the oscilloscope is connected when the switch
is set to different positions. In the GATE position of

ORIGINAL

the switch, the oscilloscope connected to jack J2 is
connected to the cathode of gate tube V6 to view the
gate cycle. In the TRIGGER position of the switch,
the voltage across load resistor R26 is viewed. The
gating voltage for the coincidence gate tubes plus the
sampling pulses are seen at this point. In the OUT-
PUT position of the switch, the output voltage to the
teletypewriters is seen. This voltage can be observed
only when a power supply is connected in the output
circuit to operate the teletypewriters.

WARNING

When the oscilloscope monitor switch is in
the OUTPUT position a dangerous potential
may exist between the case of the oscilloscope

and ground. Suitable precautionary measures
should be taken. .
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SECTION 3
INSTALLATION

1. UNPACKING

The steps for unpacking the Teletypewriter Repeat-
er set AN/FGC-7A are illustrated in Figure 3-1. After
removal of the Teletypewriter Repeater Set AN/FGC-
7A from its packing crate, the equipment should be
thoroughly inspected for damage. Both front and rear
doors of the rack should be opened for this inspection.

2. INSTALLATION

The Teletypewriter Repeater Set AN/FGC-7A
should be installed using the following procedure:

a. Open the back door of the rack and remove the
wood bracket supporting the back of each Repeater.
These supports are necessary only during shipment. A
bolt at each end of the bracket must be removed to
free the bracket.

b. Select a location for the equipment which pro-
vides sufficient clearance to allow opening the front
and back doors of the rack. Access to the rear of the
Repeaters is necessary for replacing tubes. A location
convenient to a source of ac power and to the teletype
input and output lines is desirable.

¢..Provide cable entrance to the racks in the manner
most suitable to the particular installation as follows:

(1) Determine whether power and signal lines
can bhe brought into the equipment most conveniently
at the top of the rack or at the bottom of the rack.
The top plate of the metal box at the top rear of the
rack may be removed and drilled for cable entrance.
Either or both of the small side plates at the bottom
of the rack may be removed and drilled for cable en-
trance.

(2) If several racks are to be installed side
by side, the small side plates at the bottom of adjacent
racks may be removed and cables pulled through these
openings from one rack to another.

d. Install the equipment in the selected site using
the Outline Drawing illustrated in Figure 3-3 as a
guide to floor mounting and clearance dimensions.

e. Make up cables to connect power and signal vol-
tages to the equipment and from the equipment to the
teletypewriters. No cables are provided with the equip-
ment except those wired in the rack as indicated in
the Primary Power Distribution Diagram, Figure 3-1.
Cables carrying ac primary power to the equipment
should be adequate to supply one kw to each equip-
ment rack. The AN/FGC-7A and TT-63A/FGC come
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connected for 115 volt ac line input. For operation on
230 volt input rack the TT-63A/FGC may be recon-
nected as shown in Figure 3-4 for 230 volt operation.
The trouble lamp on the AN Cabinet CY-614/G must
be changed to a 230 volt lamp if it is to be used.

f- A power supply suitable to operate the teletype-
writers must be connected in series with the output of
each Teletypewriter Repeater TT-63A/FGC as illus-
trated in the Interconnecting Drawing, Figure 3-5.
Output wiring should be made in accord with this
drawing. If the equipment is located in a position
where radiated noise may be troublesome to receivers,
the output lines from the equipment should be shield-
ed and the shielding grounded to the GND output ter-
minal on the Repeater terminal board. Since neither
connection of the output from the Repeaters is con-
nected to ground, a two-wire shielded cable is necessary
to connect the output from each Repeater to the re-
spective teletypewriter. A suitable variable series re-
sistor may be necessary in the output circuit to each
teletypewriter for securing the optimum operating
current.

g In making input wiring to the equipment the
following considerations should be observed:

(1) For Neutral or Polar dc inputs the side of
the line connected to the negative terminal board con-
nection must be negative during the mark signal. The
positive Neutral input connection to the Repeater is
grourdd. The positive Polar input connection to the
Repeater is 620 ohms to ground as is th negative ter-
minal. Inputs that are balanced to ground are thus
provided for polar operation.

(2) Tone input to the Repeater is normally 600
ohms balanced to ground but one of the Tone input
terminals may be grounded to provide unbalanced in-
put if desired.

(3) For diplex operation the inputs of the two
Repeaters to which the signal is fed are wired in par-
allel (plus to plus and minus to minus for dc inputs).

(4) Input lines should be shielded if there is
much chance of noise pick-up by the leads or if there
is noise radiation from the leads.

3. INITIAL ADJUSTMENTS

After the Teletypewriter Repeater Set AN/FGC-7A
has been installed and the Repeaters wired in accord-
ance with Section 3-2, each Repeater should be oper-
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ated and checked. Adjustments should be made only
if checks indicate such a need.

a. INITIAL CHECK — Make an initial check on
the Repeater as follows:

(1) Turn the Power switch to ON. The pilot
lamp should light immediately and the neon lamp
should light within a few seconds.

(2) Open the access door on the Repeater Panel
and flip the toggle switch labeled NORMAL-RE-
VERSE to REVERSE. The neon lamp should now be
off. Return the switch to the NORMAL position.
These checks determine that the equipment is powered
and that the trigger circuit is operating.

b. OPERATIONAL CHECK AND AD]JUST-
MENTS — An operational check should be performed
on each Repeater after installation to make sure the
equipment is properly adjusted for operation.

(1) Allow the Repeater to operate for at least
fifteen minutes to warm up and stabilize.

(2) Determine the speed (60, 75, or 100 wpm) of
the incoming signal~which will operate the Repeater.
Set the front panel SPEED selector switch to the cor-
rect position.

(3) Determine the type of teletype signal for
which the Repeater is connected at the input (DC
Neutral, Polar, Diplex, or Tone), and set the three
keying switches behind the front panel access door for
operation on the input signal used. The toggle switch
with NORMAL and REVERSE designations should
always be at NORMAL unless a tone input with in-
verse keying (tone off during stop mark) is connected
to the keyer. The TONE-DC switch is set for either
tone or dc inputs. The NEUTRAL-TONE, POLAR,
DIPLEX-TONE switch is set to NEUTRAL-TONE
for either neutral dc or tone simplex signals. For polar
dc inputs the switch is set to POLAR, and for diplex
neutral dc or tone the switch is set to DIPLEX-TONE.

(4) Set the NORMAL-MARK HOLD toggle
switch to secure the desired type of output operation.
Operation during a signal will be the same for either
position but on steady states the NORMAL position
provides an output which is the same as the steady
input state. On MARK-HOLD the output will stay
on mark for either mark or space steady input.

(5) Connect an oscilloscope having a low fre-
quency sweep to the oscilloscope jack behind the access
door. An oscilloscope similar to the OS-8,/U is suitable.
See Figure 3-2 for the oscilloscope connections.

(6) Apply a teletype signal to the Repeater. The
neon lamp should blink when the signal is applied.
If it does not, advance the INPUT ATTENUATOR
clockwise until a point is reached where the neon
lamp just begins to blink. Advance the INPUT AT-
TENUATOR six steps clockwise (6 db) beyond the
trigger point.

(7) Set the SPEED switch on the front panel to
the speed of the incoming signal.
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(8) Set the rotary OSCILLOSCOPE switch lo-
cated above the jack on the subpanel to the TRIGGER
position. ,

(9) Apply an undistorted repeated character
telegraph test signal to the repeater. Operate and ad-
just the oscilloscope to see the trigger signal. The low-
est frequency sweep of the oscilloscope will usually
be the sweep to use to see one complete teletype char-
acter. This is a dc teletype signal on which should be
seen a sampling pip for each of the teletype pulses and
for the stop pulse. See Figure 3-2 for a typical pattern
for the character Y.

(10) Adjust the front panel RANGE control for-
ward and backward and observe that the sampling pips
move forward and backward across the teletype pulses.
It should be possible to adjust the RANGE control so
that a sampling pip coincides with the exact center of
each of the teletype pulses.

(11) Set the RANGE control so that the first
sampling pip coincides with the center of the start
pulse. The last sampling pip should now coincide
with the center of the last intelligence pulse. If it does
not, the variable' SPEED control located on the sub-
panel is in need of adjustment and step (12) should be
performed.

(12) After the setting of the RANGE control to
center the first sampling pip on the start pulse, adjust
slowly with a screwdriver the SPEED control until the
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next to last sampling pip is exactly centered on the last
intelligence pulse. A sampling pip should now be vis-
ible at the exact center of each of the six teletype pulses
and one in the stop mark. This represents the correct
adjustments for the RANGE and SPEED controls.

(13) Set the OSCILLOSCOPE selector switch to
the OUTPUT position and observe the output signal
from the Repeater. This signal will be seen only if
the output circuit to the remote teletypewriter and
series power supply is connected and operating. If
there is any discernible bias distortion on the output
signal (mark and space pulses not equal), adjust slowly
with a screwdriver the DISTORTION control until
mark and space pulses are equal in length.

WARNING

When the oscilloscope monitor switch is in
the OUTPUT position a dangerous potential
may exist between the case of the oscilloscope

and ground. Suitable precautionary measures
should be taken.

(14) Connect a teletype printer to the MONI-
TOR jack on the Repeater panel and check operation
of the printer.

Note

The polarity of the MONITOR jack depends
on the polarity of connection to the output
terminals of the Repeater. The tip of the
plug going into the MONITOR jack is nor-
mally negative and the shell positive. If bat-
tery connections are not as shown in Figure
3-5 thé reverse polarity may apply at the
MONITOR jack.

Change the undistorted test character to a test mes-
sage. It should be possible to rotate the RANGE con-
trol over its full range without causing faulty printer
operation.

(15) Rotate the Range control clockwise to 100.
If the monitor printer prints errors, there is mark bias
distortion (the mark signals are elongated).

(16) Rotate the Range control counterclockwise
to zero. If the monitor printer prints errors, there is
space bias distortion on the signal. If the SPEED ad-
justment was not made correctly, an indication of bias
distortion on the signal when the RANGE control is
rotated to its extreme limits may be false. Acurate
speed adjustment of the Repeater is necessary before
the RANGE control can be varied over its full range on
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a signal free of bias distortion. The final setting of the
RANGE control should be that which centers the
sampling pips on the teletype signal pulses as seen on
the oscilloscope. This setting should be at approxi-
mately 50 on the RANGE control.

(17) Perform the above checks on each Repeater
in the Teletypewriter Repeater Set AN/FGC-7A. After
these installation checks, the equipment is ready for
normal operation.

4. REMOTE INSTALLATION OF TELETYPEWRITER
REPEATER TT-63A/FGC

In some cases it may be desirable to use a singl Re-

‘peater at a location remote from the Teletypewriter

Repeater Set AN/FGC-7A. For such an installation the
following steps are necessary:

a. Remove any wiring which may be connected to
the terminal board at the rear of the Repeater in the
rack.

b. Disconnect the Repeater power cord from the ac
receptacle in the rack by pulling out the plug at the
rack outlet.

¢. Remove the four machine screws securing the Re-
peater panel to the rack.

d. Pull the Repeater out of the rack using the two
handles on the Repeater panel.

e. Place the Repeater in the desired location remote
from the rack. A position convenient for wiring would
be advantageous.

f. Connect the ac power cord of the Repeater to a
source of 115/230 volt 50/60 cycle power. An exten-
sion cord may be necessary for this operation as the
power cable on the Repeater is short for rack instal-
lation.

g- Connect the teletype input line to the proper in-
put terminals of the Repeater.

b. Connect the teletype output terminals to the tele-
type printer or output line as the case may be. As indi-
cated in Figure 3-4, a suitable power supply must be
connected in series with the Repeater output circuit
and the teletype printer. If it is desired to send a
keyed tone over a line from the Repeater, a tone gen-
erator may be connected in series with the Repeater
output terminal and one side of the line. The ground-
ed output terminal should connect to the other side of
the line. Capacitor C33 (See Figure 7-2 for the loca-
tion of capacitor C33) must be disconnected from the
circuit for this type of operation. ‘

i. Perform an operational check on the Repeater as
outlined in Section 3-3b. The Repeater is now ready
for normal operation.

3-9, 3-10
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SECTION 4
OPERATION

1. INTRODUCTION

The Teletype Repeater TT-63A /FGC should seldom
require attention from the operator after the equip-
ment is installed, checked, and adjusted as outlined in
Section 3. While the adjustments of the Repeater
are very important to secure optimum performance,
it should not be necessary for the operator to readjust
the equipment unless another type of signal input is
connected to the Repeater, or unless the speed or am-
plitude of the input signal changes.

2. CAPABILITIES AND LIMITATIONS

The Repeater is specifically designed to correct for
bias distortions in teletype signals and when properly
adjusted mark or space bias distortions of 45% are
corrected to less than 5% at the Repeater output.
There are conditions which will cause faulty operation
of the Repeater. These conditions are most often
found in signals from radio circuits.

a. If there is a missing start pulse due to a fading
signal, the Repeater will be started by a following in-
telligence pulse and will print errors for a few charac-
ters until the Repeater corrects itself.

b. If the start pulse is too short in duration (less
than 10 ms for 60 wpm operation), it will be treated
as noise and intercepted by the Repeater so that a fol-
lowing intelligence pulse longer than 10 ms will act
as the start pulse and errors will be printed for a few
characters.

c. If there is a missing intelligence pulse or if there
is a split or knock-out in one of the intelligence pulses
at the point sampling occurs, an error will be printed.

d. If the speed of the incoming signal changes, the
amount of bias distortion that can be accepted by the
Repeater will be reduced. Since the change in speed
would appear as an increase in distortion to the opera-
tor, periodic speed checks should be made on the Re-
peater as outlined in Section 5-1.

3. OPERATION OF EACH FUNCTION

The Repeater is intended to perform two general
functions. The first is to regenerate single channel
teletype signals before operating a teletype printer.
The second is to regenerate diplex teletype signals to
single channel form for the operation of a teletype
printer.

Figure 4-1. Telelypewriter Repeater TT-63A/FGC,
Panel and Sub-Panel Controls

ORIGINAL
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a. OPERATION ON SINGLE CHANNEL CIR-
CUITS — The following steps are required to put the
Repeater into operation after an input signal is applied
to the unit and the remote output power supply is
connected and powered.

(1) Turn the POWER switch to ON. Allow fif-

teen minutes for warm-up of the equipment.

Note

The Repeater is designed for continuous oper-
ation and should normally be powered con-
tinuously after first being turned on unless
there will be long intervals (a’week or more)
when there will be no signals applied to the
Repeater input.

(2) Rotate the INPUT ATTENUATOR counter-
clockwise to the last position (o). Advance the IN-
PUT ATTENUATOR clockwise until a step is reached
where the front panel neon lamp first begins to blink.
This is the trigger point. Rotate the INPUT ATTEN-
UATOR six steps further in a clockwise direction _be-
yond the trigger point. If the INPUT ATTENUA-
TOR Tteaches fore six steps can be made, set to 0.
If tone input signals which are known to vary consid-
erably in amplitude are operating the Repeater, more
secure operation may be had by advancing the INPUT
ATTENTUATOR 10 or 12 steps beyond the trigger
point. :

(3) Set the RANGE control of the Repeater to
50. The remote teletype printer to which the Repeater
is connected should now be operating. If this teletype-
writer is too distant for observation, connect a monitor
teletype printer to the MONITOR jack on the panel
of the Repeater and check that the monitor teletype-
writer is printing correctly. If it is not printing cor-

NAVSHIPS 91689
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rectly, the installation was faulty and the steps out-
lined in Section 3-34 should be repeated.

(4) Rotate slowly the RANGE control of the Re-
peater to 0 and to 100. Check if the teletypewriter
prints correctly at all settings of the RANGE control.
If the teletypewriter begins to print errors at any par-
ticular setting of the RANGE control, make the final
setting of the RANGE control half way between the
settings at which errors begin.

EXAMPLES: If the teletypewriter makes er--
rors above 80 on the RANGE control, the
final setting of the RANGE control should be
40. If the printer makes errors above 70 and
below 10 on the RANGE control, the final
setting of the RANGE control should be 40.

Note

If the RANGE control causes printing erors
when set to 0, it is probable that the subpanel
SPEED adjustment is incorrect. The SPEED
adjustment should be checked as outlined in
Section 3-3b.

b. OPERATION ON DIPLEX CIRCUITS — Oper-
ation of the Repeaters for diplex signals is similar to
that for simplex signals with the exception of the ad-
justment of the RANGE controls. Adjustments on
the two Repeaters connected for diplex operation are
as follows:

(1) Perform the first two steps as in Section 4-3a
on each of the Repeaters. Make sure the keying switch-
es behind the access door are properly set as outlined
in Section 3-3a (3).

(2) Set the RANGE control of one Repeater to
25 to secure operation on the leading diplex signal.

e 2 D

- SR L

% L LA

"RANGE" CONTROL OF FIRST REPEATER
SET TO SAMPLE LEADING SIGNAL

"RANGE" CONTROL OF SECOND REPEATER
SET TO SAMPLE LAGGING SIGNAL

A

DIPLEX SIGNAL AS SEEN ON OSCILLOSCOPE CONNECTED FOR
"TRIGGER" SIGNAL ON BOTH REPEATERS

Figure 4-2. Oscilloscope Patterns, Display Operation
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(3) Set the RANGE control of the second RE-
PEATER to 75 to secure operation on the lagging
diplex signal.

(4) Connect a monitor teletype printer to the
MONITOR jack of the first Repeater. Observe that
printing is correct. Rotate the RANGE control of the
first Repeater from 0 to 60 and observe at what set-
tings incorrect printing begins. Make the final setting
of the RANGE control half way between the settings
at which incorrect printing begins.

x (5) Connect the monitor teletype printer to the

MONITOR jack of the second Repeater. Observe that
printing is correct. Rotate the RANGE control of the
second Repeater from 40 to 100 and observe at what
settings incorrect printing begins. Make the final set-
ting of the RANGE control half way between the set-
tings at which incorrect printing begins.

(6) Perform the following check using an oscillo-
scope with a low frequency sweep (such as the OS-
8/U) if difficulty is experienced in securing operation
on diplex signals or if operation of the Repeater is
restricted to less than 30 points on the RANGE control.

(a) Connect the oscilloscope to the OSCILLO-
SCOPE jack behind the access door of the first Repeat-
er. Figure 3-2 illustrates this connection.

(b) Set the OSCILLOSCOPE selector switch
to the TRIGGER position and adjust the oscilloscope
to observe the trigger signal. Figure 4-2 illustrates
typical patterns where one Repeater is adjusted to
sample the leading diplex signal and the second Re-
peater is sampling the lagging diplex signal.

(¢) Adjust the RANGE control of the Repeat-
er from 0 to 50 and observe the movement of the samp-
ling pulses on the signal pulses. It should be possible
to adjust the sampling pips to the exact center of the
leading diplex signal pulses. If it is not possible to do
this, set the RANGE control so that the second samp-
ling pip is centered with the first intelligence diplex
pulse and make a slight adjustment of the sub-panel
SPEED control so that the next to the last sampling
pip coincides with the center of the last leading diplex
intelligence pulse.

(d) Set the OSCILLOSCOPE selector switch
to the OUTPUT position and check the output signal
for equal mark to space ratio. Adjust the DISTOR-
TION control for correction if necessary.

WARNING

When the oscilloscope monitor switch is in
the OUTPUT position a dangerous potential
may exist between the case of the oscilloscope
and ground. Suitable precautionary measures
should be taken.

NAVSHIPS 91689
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(e) Repeat the above steps (), (b), (¢), and
(d) for the second Repeater except in this case adjust-
ing the RANGE control from 50 to 100 while observ-
ing the sampling pips on the lagging diplex signal
pulses. Make final RANGE and SPEED adjustments
to center the sampling pips on the lagging diplex sig-
nal pulses.

4. ADJUSTMENTS FOR CHANGING SPEEDS

If the Repeater is to be operated at a speed different
than that for which it was originally adjusted, the
following steps must be performed:

a. Set the front panel SPEED selector switch of the
Repeater to coincide with the speed of the incoming
signal. _

b. Operate the Repeater as outlined in Section 4-4a.
It is probable that slight readjustments of the sub-
panel SPEED control and DISTORTION control will
be necessary as outlined in Section 3-35.

5. SELECTING OUTPUT

The desired type of output operation may be secured
by setting the NORMAL-MARK HOLD toggle switch.
Operation during a signal will be the same for either
position but on steady states the NORMAL position
provides an output which is the same as the steady in-
put state. On MARK-HOLD the output will stay on
mark for either mark or space steady input.

6. SUMMARY OF OPERATION

The following summary describes briefly the opera-
tion of the Repeater.

a. Turn POWER switch to ON. Allow 15 minutes
warm up.

b. Advance INPUT ATTENUATOR clockwise
from the infinity (%) position until the froat panel
neon lamp first begins to blink. Advance the INPUT
ATTENUATOR clockwise six steps beyond this point.

c. Set the RANGE control to 50 for normal simplex
operation.

d. For diplex operation set the RANGE control of

one Repeater to 25 and the RANGE control of the sec-
ond Repeater to 75.

e. For operation at a different speed, set the front
panel SPEED control to coincide with the speed of the
incoming signal.

f. Set the NORMAL-MARK HOLD toggle switch
for the desired type of output operation.

g. Turn the POWER switch of the Repeater to OFF
to stop the unit.
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SECTION 5
OPERATOR’S MAINTENANCE

1. ROUTINE CHECK CHART checks will assure that the Repeater is in optimum
Table 5-1 illustrates routine checks which should be a.dj““mem' They will also disclose the Q‘Tality of the
made on the Repeater daily using an oscilloscope with signals applied to the Repeater and delivered from
a low frequency sweep, similar to the OS-8/U. Such the Repeater.

TABLE 5-1. ROUTINE CHECK CHART

WHAT TO CHECK HOW TO CHECK PRECAUTIONS
Waveform at Trigger position of Connect oscilloscope to sub-panel jack. SAMPLING PIPS should fall on the
Oscilloscope selector switch. Set selector switch to TRIGGER. center of the teletype pulses.
Waveform at OUTPUT position of Connect oscilloscope to sub-panel jack. Output signals should have equal mark
Oscilloscope selector switch. Set selector switch to OUTPUT. and space pulses.
WARNING (a) Fuse failure in the Teletypewriter Re-
. . . L. peater Set AN/FGC-7A rack would normally be indi-
When the oscilloscope monitor switch is in cated by the failure of all pilot lamps in the individual
the OUTPUT position a dangerous potential Repeaters to be on when all power switches are turned
may exist betwegn the case ofﬁthe oscilloscope on. The back door of the rack must be opened and
and ground. Suitable precautionary measures the main power switch and two 15 ampere screw-in
should be taken. type fuses in the power box at the bottom of the rack
must be checked in event of complete lack of power.
2. EMERGENCY MAINTENANCE (b) Fuse failure in an individual Repeater
would normally be indicated by failure of the pilot
a. NOTICE TO OPERATORS. lamp to be on when the power switch is turned on.

Electron tubes in the Repeater would not be lighted.
The two 115 ampere ACTIVE fuses behind the access
door of the Repeater panel should be checked in this

Operators shall not perform any of the following
emergency maintenance procedures without proper

authorization.

event. Two 115 ampere SPARE fuses are located di-

b. REPLA(?EMENT OF TUBES, FUSES, AND rectly above the active fuses on the sub-panel.
RELAY. (2) REPLACEMENT OF TUBES AND RELAY.
(1) REPLACEMENT OF FUSES. (2) The location of all tubes and relay is indi-
cated in Figure 5-1 for an individual Repeater. Tubes
may be checked visually to see if they are lighted, or
CAUTION for warmth. Failure of the front panel neon lamp to
Never replace a fuse with one of higher rating blink when signal is applied to the Repeater may be
unless continued operation of the equipment caused by defective tubes V1, V2, V3, or V4 or a de-
is more important than probable damage. If fective neon lamp T2. The neon lamp may be removed
a fuse burns out immediately after replace- from the front of the Repeater by unscrewing the

ment, do not rcplace it a second time until jewel and unplugging the bayonet type lamp.
the cause has been corrected. If the neon lamp does blink when signals are ap-

OR'GINAL 5-1
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plied to the input of the Repeater, and all tubes are Note
lighted, the relay K1 may be replaced by the spare If tubes are removed from the Repeater for
relay mounted on the Repeater chassis behind the In- testing, they should not all be removed at one
put Level control. All tubes and relays in the Repeater time a;1 d replaced indiscriminately. Remove,
plug in to standard octal sockets. test and replace one tube at a time in its re-

(b) All electron tubes in the Repeater are ac- spective socket. Changing some tubes may ne-
cessible from the rear of the rack. One tube clamp is cessitate slight readjustment to the Repeater
used in each Repeater to hold the rectifier tube V12. controls. Tubes may be tested in a standard
Pressure on this clamp may be relieved by finger or tube tester such as Tube Tester TV-3/U Series
screw driver to remove the 5U4G tube from its socket. for quality.
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PREVENTIVE MAINTENANCE

1. ROUTINE MAINTENANCE CHECK-CHART

Table 61 illustrates checks which should be made
at intervals as indicated. There are no lubrications or
mechanical parts to check in the equipment.

TABLE 6-1.

S ction 6

Paragraph 1

Note

The attention of maintenance personnel is
invited to the Requirements of Chapter 67 of
the Bureau of Ships Manual, of the latest issue.

ROUTINE MAINTENANCE CHECK-CHART

WHAT TO CHECK WHEN TO CHECK HOW TO CHECK

PRECAUTIONS

Waveform at TRIGGER posi- | Daily Connect oscilloscope to sub-
tion of Oscilloscope selector panel jack. Set selector switch
switch. to TRIGGER.

Waveform at OUTPUT posi- Daily Connect oscilloscope to sub-
tion of Oscilloscope selector panel jack. Set selector switch
switch. to OUTPUT.

Waveform at GATE position Weekly Connect oscilloscope to sub-

panel jack. Set selector switch
to GATE.

of Oscilloscope selector
switch.

Rotate above trigger point
while watching TRIGGER
signal.

Input Attenuator Semi-annually

Rotate while watching
TRIGGER signal.

Range Control Semi-annually

Check one at a time in tube
tester such as Tube Tester
TV-3/U Series.

Tubes

Semi-annually

Sampling pips should fall on
center of teletype pulses.

Output signals should have
equal mark and space pulses.

Gate signal should be uniform
in length on each repetition.

No erratic behavior of trigger
signal should b observed.

Sampling pips should move
evenly across teletype pulses.

Replace tubes in same sockets
from which removed. Check
adjustment of controls if new
tubes are put in Repeater.

WARNING

When the oscilloscope monitor switch is in
the OUTPUT position a dangerous potential
may exist between the case of the oscilloscope
and ground. Suitable precautionary measures
should be taken.

6-1
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A FAILURE REPORT must be filled out
for the failure of any part of the equipment
whether caused by defective or worn parts,
improper operation, or external influences. It
should be made on Failure Report form NAV-
SHIPS-383, which has been designed to sim-
plify this requirement. The card must be
filled out and forwarded to BUSHIPS. Full
instructions are to be found on .pages inter-
laced with each pad of report cards.

Use great care in filling the card out to make
certain it carries adequate information. For
example, under “Circuit Symbol” use the pro-
per circuit identification taken from the sche-
matic drawings, such as T-803 in the case of a
transformer, or R-207, for a resistor. Do not
substitute brevity for clarity. Use the back of
the card to completely describe the cause of
failure. Attach an extra piece of paper if
necessary.

FAILURE REPORTS

The purpose of this report is to inform
BUSHIPS of the cause and rate of failures.
The information is used by the Bureau in the
design of future equipment and in the main-
tenance of adequate supplies to keep the pres-
ent equipment going. The cards you send in,
together with those from hundreds of other
ships, furnish a store of information permit-
ting the Bureau to keep in touch with the per-
formance of the equipment of your ship and
all other ships of the Navy.

This report is not a requisition. You must
request the replacement of parts through your
Officer-in-Charge in the usual manner.

Make certain you have a supply of Failure
Report cards and envelopes on board. They
may be obtained from the nearest District
Publications and Printing office.
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SECTION 7
CORRECTIVE MAINTENANCE

1. SYSTEM TROUBLE SHOOTING

The Teletypewriter Repeater Set AN/FGC-7A con-
sists of eight individual Teletypewriter Repeaters TT-
63A /FGC. Each Repeater has its own input and out-
put connections and works as a completely separate
unit in the rack. For this reason the only system trou-
ble shooting that may be involved will be with regard
to an individual Repeater and its input and output
circuits. Test equipment similar to oscilloscope OS-8,/U,
Multimeter TS-352/U, and Electronic Multimeter ME-
25/U Series may be used.

a. INPUT CIRCUITS — If the neon lamp on the
front panel of the Repeater does not blink when the
Repeater is properly adjusted and powered for opera-
tion, there is probably a defect in the input line or
in the equipment supplying input signals to the Re-
peater. The input voltage to the Repeater should be
checked with an oscilloscope or suitable meter.

b. OUTPUT CIRCUITS — If there is input signal
to the Repeater and the neon lamp is blinking, the
teletype printer to which the Repeater is connected
should be printing. If it does not print, make the fol-
lowing checks:

‘(1) Check that the output power supply is op-
erating properly and that output circuit wiring is in
accord with Figure 3-5, Interconnecting Drawing.

(2) Check that the teletype printer is in operat-
ing condition.

(3) Check the signal voltage at the output ter-
minals of the Repeater with an oscilloscope or dc
meter. If no signal voltage is found here, the Repeater
is defective.

2. UNIT TROUBLE SHOOTING AND REPAIR

4. TROUBLE SHOOTING.

(1) TROUBLE SHOOTING CHART — A chart
showing probable troubles, symptoms and corrections
for the Teletypewriter Repeater TT-63A /FGC is illus-
trated in Table 7-1.

The trouble shooting chart represents primarily
a signal tracing procedure wherein the signal is traced
from the input of the equipment to the output by
means of an oscilloscope. The Schematic Diagram,
Figure 7.4, which illustrates wave form at various
points of the circuit is used for reference.

(2) CIRCUIT CONSTANTS.
(a) All circuit components mentioned in Table

ORIGINAL

7-1 are illustrated in Figures 7-2 and 7-3 which repre-
sent the Part Locations Below Chassis and Part Loca-
tions Behind the Sub-panel. All parts shown on the
Schematic Diagram, Figure 7-4 may be found in either
Figures 7-2 or 7-3. The bottom plate must be removed
from the chassis to gain access to the parts under the
chassis. The dust cover behind the sub-panel must be
removed to gain access to parts in this location.

(b) All tube pin connections at which measure-
ments are made by means of an oscilloscope, voltmeter
or ohmmeter are illustrated in Table 7-2, Voltage and
Resistance Chart. The values of voltage and resistance
tabulated in Tabe 7-2 are nominal and may vary within
10%. All measurements are from socket pin to ground
and made with a 20,000 ohm per volt meter using the
appropriate scale for the reading taken.

b. REPAIR.

(1) ELECTRICAL ADJUSTMENTS — The ad-
justments of all front panel and sub-panel controls of
the Repeater are described in Section 3-3b. Failure to
secure proper operation of the Repeater when all cir-
cuit components, voltages, and signals appear normal
is probably due to misadjustment of sub-panel controls
or to improper setting of variable resistors R42, R47,
RG5, or lag control R66 located at the back-top of the
sub-panel. These adjustments are available if the Re-
peater is pulled forward about two inches out of the
rack (See Figure 5-1.)

(a) Sub-panel controls may be correctly set using
the procedure outlined in Section 3-35.

(b) Improper settings of variable resistors R42,
R47, or R65 will be in evidence if less than seven posi-
tive samplings pips are observed on the oscilloscope
during the adjustment of the sub-panel SPEED control.
Variable resistor R42 provides adjustment for this con-
dition at 60 wpm speed, R47 at 75 wpm speed, and RG5
at 100 wpm speed. If there are only six positive sam-
pling pips seen (none in the stop mark), the shaft
of the variable resistor corresponding to the speed of
operation should be rotated clockwise by means of a
screwdriver beyond the point where the seventh pip
first appears until a negative pip appears about one-
half pulse duration (11 ms for 60 wpm operation)
beyond the last positive pip. The control should not
be rotated clockwise beyond the point where this
negative pip appears. If there are more than seven
sampling pulses, operation of the gate-multivibrator
cycle will be erratic causing lack of synchronization

7-1
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TABLE 7-1. TROUBLE SHOOTING CHART

DOES NOT LIGHT

ACLINE
Sf’n.SoErFL'Ao;?prz NEON LAMP 12
POMER ARt
LPQWER TRANS T3 DOES NOT BLINK ON TONE OR DG INPUT
POWER SUPPLV o INPUT SIGNAL )
TUBES VI2,VI3,VI4, V
RESISTORS ‘R84, Rab Ras RE7 g 8?’4 IMPRO%ERLY SET
EﬁPﬁE'EORS €30,C
NEON LAMP
TRANSFORMER T3 BLINKS
DOES NOT BLINK ON TONE INPUT
s DOES NOT BLINK ON DC INPUT
NO _SIGNAL AT PIN [ OF VIA 'NO SIGNAL AT PIN 10F V4
TRANSFORMER T1 RESISTORS R6,RI9
RESISTORS R5, R6 CAPACITOR C2
NO SIGNAL_AT PIN 4 OF ( SIGNAL PRESENT
TUSE VI OR V2 AT PIN | OF V4
Res&%'ggg R'?'Ra R9, RIO.RI)
+ RS, RIO. TUBE V.
12,R13, R14. RIS RESISTORS R20. R2|,R22
R23 R24.R25 R26
! CAPACITAR €3
NO SIGNAL AT PIN | OF V4
THANSFOR: - "TRIGGER"
RESISTORS & R Rio SIGNAL
ZAPACITOR c2 : HAVE "TRIGGER" SIGNAL
f NO SIGNAL SEEN AT "TRIGGER" POSITION OF OSCILLOSCOPE SWITCH
SWITCH S§ w N
JACK J2 GATE" SIGNAL
RESISTORS R26,R64
Y NOSIGNAL SEEN AT GATE' POSITION OF OSCILLOSCOPE SWITCH |
NO SIGNAL AT PIN | OF V5
GAPACITORS C4,C5
RESISTOR R28
CRYSTAL GRI
HAVE "GATE"
SIGNAL
NO SIGNAL AT PIN 2 OF V5
TUBES V5, VI3,Vi5
g!rﬂ%lro;éxc ,C7,C32 TUN:ES:/GBNAL ALEINLOEYE
RESISTORS R29,R30, R31,R32,R33 RESISTORS R36, R44

R66,R67,R68
SAMPLING PIPS ON
GATE TUBE V6 "TRIGGER" SIGNAL

NO Sl AT PIN | OF V8 SWITCHES S4B.55
AGH CAPACITORS €9.C10,CH
C _

RESISTORS R34, R37, R38A,R42
NO SAMPLING PIPS ON “TRIGGER" SIGNAL

R43,R45,R46,R47,RE5

NO SIGNAL AT PIN | OF V7
RESISTORS R388 R48, R39

HAVE SAMPLING
PIPS ON"TRIGGER"

NO SIGNAL AT PIN 5 OF V7
TUBEVT SIGNAL
SWITCH s 4c. 94D
GAPAGITORS C14,CIS, C16,Ci7,C18
gis, €20.C21, 22
RESISTORS R49,R50,R40,R4
R38C, R52, RSl
RESISTORS R51, R6! N " SIGNAL

[GAFACITORS c2%.c24 J OUTPUT

NOSIGNAL SEEN AT "OUTPUT"POSITION OF OSCILLOSCOPE SWITCH

| 4
NO SIGNAL AT PIN | OF V9A QUTPUT CIRCUIT NOT CONNECTED

‘| CAPACITOR C
RESISTORS n55 R56, RST [ DEFECTIVE RELAY K|

NO SIGNAL AT PIN 4 OF V98

TUBE V8
CAPACITOR C23
RESISTORS R53, R58, R59, R6I,R62

NO SIGNAL AT PIN 2 OF VIO
TUBES V.
cAPAcnrorbs
RESISTORS R54 é7o R7I,R72,R73
R74,R75,R76,R

NO SIGNAL AT PIN 3 OF VIIA
TUBE VIIA
RESISTOR R54
RELAY KI

7-2 ORIGINAL
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Clo

J2

s2

Cll

S3

-63A FGC,

-Panel

Teletypewriter Repeater TT

Part Locations Behind Sub

Figure 7-3.
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CORRECTIVE NAVS
MAINTENANCE AN _FGC-7A

TABLE 7-2. VOLTAGE AND RESISTANCE CHART

TUBE LAYOUT

6SN7GT 0C3/VRI05 0D3/VRI50 0D3/VRISO

6SN7GT 6SN7GT 6SN7GT 6SN7GT

(BOTTOM VIEW)

MEASUREMENTS MADE WITH ELECTRONIC MULTIMETER
TONE- DC SWITCH S2 SET TO “TONE"
NORMAL - REVERSE SWITCH S3 SET TO "NORMAL"
ALL MEASUREMENTS MADE TO GROUND

SAC VOLTAGE

444 MAY VARY, DEPENDING ON SETTING OF R9I
K= X 1,000
M= X 1,000,000

TABLE 7-2 VOLTAGE AND RESISTANCE CHART
PIN | PIN 2 PIN 3 PIN 4 PIN 5 PiIN 6 PIN 7 PIN 8
TuBE TVPE
v R \4 R v R \Z R v R v R v R v R
Vi o 27K 46 132k | 1.8 1.8k | 1.2 | 178K | 145 35k | 6.4v | 1.2k 0 o |*s2 0 |6SN76T
V2 [ e |'e2 o .8 275K | 1.0 | 96K .8 275K 2] (4 [ 1.1 | 185k [6MH6GT
V3 o o |[‘e.2 o} -.8 130K o 11K | -.8 130K © o (] ¢} 'K |eHecT 1
va |-s 850K 27 | 220k | .7 1.6k | -28 | 310K | 76 135K | .7 | .6K (] o ‘62 0 |esSN76T
V5 37 1.3M 148 45K 51 12.7x 50 2.2M 105 44K 51 12.7K o | ° ‘6.2 [} ssn;cr_
Ve 31 56K 140 62K 41 8.5K 41 ™ 100 43K 41 8.5K o [} - 6.2 o 6SNTGT
V7 36 | 610k | 148 | SeK 53 I‘Q‘K s3 | 730K | 90 s6K | 53 Lok o o [ s o |esN7eT
v 18 510K 148 33K 32 56K | -.| I'M 39 94K [+] o (<] o |[‘e.2 [ 6SL7GT
VAl -20 390K 148 40K 5 242K | -49 330K 148 40Kk |-23 235K ] o * 6.2 [} esuisvr“
Vio .5 250K | 4.6 112K o (] -22 | 235k | 102 | 143K o [ [ o |[*se.2 0 |eSN7GT
Vil | -8 270K 148 | 40K [¢} 4K 6 1.3M | 148 | 40K | 138 | 23K (] o |[*s.2 0 [esn7er |
Vi o o 270 | 36K [ @ | 400 | 4| O 0 | 400 | 41K 0 ® 270 | 36K [suac
Vi3 0 ® o o o 00 [ © 148 33K o © o <) [¢] © |0D3/VRI50
vVia 3} © o 0 [¢] o] 0 (¢4 148 | 40K 0 @ o e} [ © Tov3/vkisol
ViI5 o [¢ ) -109 68K o @© [} [+ ] [¢] [o} o @ o (e} T ;—Wﬁ(; 605;@?5
NOTES —

WITH NO SIGNAL AT INPUT

l.
2
3
4
5
6. ** MEASUREMENT MADE TO CT (TERM. 6) OF POWER TRANSFORMER
7
8
9

ORIGINAL
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Paragraph 2. b. (1). (b).

between the sampling pips and the signal. This con-
dition may be corrected by rotating the appropriate
gate control completely counterclockwise and then ro-
tating clockwise to secure the negative pip beyond
the seventh positive pip as previously described in this
paragraph.

(c) Variable resistor R66 may be set to adjust
the extent of range of the front panel RANGE control.

NAVSHIPS 91689
AN/FGC-7A

CORRECTIVE
MAINTENANCE

With the RANGE control set at its maximum clock-
wise setting and an undistorted test signal applied to
the Repeater, adjust R66 until the sampling pip on the
start pulse is close to the end of the start pulse (within
2 ms at 60 wpm). The sampling pip should now be
close to the center of the start pulse when the RANGE
control is set to 50.

(d) Variable resistor R91 in the Repeater is used

TABLE 7-3. TUBE OPERATING VOLTAGES & CURRENTS ’
HEATER
TUBE SYMBOL PLATE PLAYE CATHODE GRID
TYer DISIG. FUNCTION ® (MA) ® ® ®
GSN7 V1A 1st Audio Amplifier 46 1 1.8 0
GT V1B 2nd Audio Amplifier 145 29 6.4 12 6.2
GH6 V2A Series Limiter (input sect.) 8 .01 1.0 —
GT V2B Series Limiter (output sect.) 8 .006 1.1 — 6.2
6H6 V3A . —8 0 0 —

GT V3B Full Wave Rectifier — Y o — 6.2
6SN7 V4A Trigger (input sect.) 27 4 7 —.5 6.2
GT V4B Trigger (output sect.) 76_ 0 7 -—28 )
6SN7 V5A Lag (input sect.) 148 0 51 37 6.2
GT V5B Lag (output sect.) 105 4 51 50 )
6SN7 VGA Gate (input sect.) 140 0 41 31 6.2
GT V6B Gate (output sect.) 100 4.7 41 41 )
6SN7 V7A Multivibrator (input sect.) 148 0 53 36 62
GT V7B Multivibrator (output sect.) 90 24 53 53 )
GSL7 V8A False Start Gate 148 0 32 18 6.2
GT V8B Phase Tnverter 39 8 0 —1 )
GSL7 VIA Coincidence Gate 148 0 .5 —20 62
GT V9B Coincidence Gate 148 0 —23 —49 ’

GSN7 V10A Multivibrator 4.6 1.2 0 .5
GT V10B Multivibrator 102 0 0 —22 62
GSN7 V1iA Cathode Follower 148 0 0 —18
GT V11B Steady State Gate 148 6 13.8 6 6.2
5U4G V12 Full Wave Rectifier 240 (AC) 64 —_ — 5.0
D3/ :
3R?50 Vi3 Voltage Regulator 148 17 — — —
OD3/
VR1350 Vi4 Voltage Regulator 148 21 — — —
0C3/
VR?;Oi V15 Voltage Regulator —108 19 —_— —_— —_

7-6

ORIGINAL



iy T

R e yne . . - e

T T Ayt e T T e - S - om—— e A LR o |I.x....,ﬁ!. - ,\1‘. h( Ty oﬂN
) ™ — ! g
4
8L ‘LL VNIORIO )
. woiBoiq syow yog : ‘
. '294/VE9-11 19ipedey seyamedhserey v..n onByy § R
; S I N I O 1
N dm
uounow | -
¥3LWMIIA13 13
o LTI
/ & —SYYTIY,
) HAS'
“ 21
\ % AN
\ N\
SOINA/£20 _— \ru
an | %0222 : ! n A e
Wire g0 Az esu Y
088 920 T  .< 184 r %009 y3o9NL
it 1 v28$ 3avise - 5
INS9 ; i X aw |¥3d103
OIA : )y 9pNG vi
) 089 2IA I
) | S——— . \ ~ 09 2 . N
- TN F ) 3ukEm l_
! . C =ASH
T w , HIv) " voss T GED O |uns
ve ! oswiA7eqo ] -
AN 2 | inn an E0 251 g . $ ! LNSS BIA . - ve's o |y
e F [T AN so - 19 L., | 20| wozmg | 4 i , o
ond ST TR 635+ 150 VeA| PRLTL Ticeg 19ug / o _ 0 | m-nsn
e : ) ¢~o.,.4 | PP 3 £l :
S ] %022 ] fe)
wogwod W - su OSIuNEa0 [ X oam 3uvds
. . L4 B8 | o
° o — ., “ ; 09y
: O | siovnoo
- ! , ° 104100
%089 - ’ - 1.4. A4 .
68 < : Ss 8ss ; :%wom“w Q | ane
\ / \l ° . . ; - T8 T T TNeisT T T T s
AN v : ; INOL e N o N o |+
AN *dido ® o ° e ne vuLnaN
3ANOL 039
x<._oaq._<¢5uz d d ~AA -
. : W
T (><>NP +
- B 7 conom% ¥v10d
v | Dk’ sam s N , 3 e |- *
. h 93N Yy 93N L] . weed %0012 No1d, | .. S o an | 4
: - g9 wy 38 N 928 983 woﬁ.WA 12} b33 Lt , |
| < NN SOIN N Y | oan e : & R ’ ne3 1009
| . %xom oIS €1 200" %9l 0lg i H / A8, d.onmA" . AN
15y H««o vy 120 ovy 025 SRS, amd M Lo cs 41 mu
: ool v 0 : 33001 Iy ‘8L
< <
i st o 3%
31 o
BIALLINN of 2218 |¢ em.‘..,. m.-mmw 218 Ik ¥
INS9 . |
NS veug =T\ unumzn =\
Iy 1
| “EFawy PA
- ZNS9
/ I ViA £ 2 )
h_: 7
2900° 4
m_o 8! ) N HOSI<
\ >4 ." ) w“
. 4N
B
!L! [le]
\ oo_
93N
sl
25y g
4 X : = %001 S
4982 o e ,awv 3
14 L 44
£ m @&ﬂ
W < 081NOD 033dS 8td m 7 _

VL294/NV . © 3ONVNIINIVW , IR
(uws 68916 SAIHSAVN | JAILIINIOD . |

>




CORRECTIVE NAVSHIPS 91689 scind

MAINTENANCE AN/FGC-7A
' BLU 37 58 BLU 26
: 24 32 GRN 28 000000 ol —
83 ki3 :93 21 . vEL 21 (X8RN 23 BLU 23 ol BLU 32
1 BLU 63 2 X)BRN 25} g k 23 QAl=a
o YEL 1L oty GRN It r—@—o/r BLU 24}BLK 21 7 V3 3 BLU 21| pep 21 S wH 32
wq r ¥4 212
33 OR 11 [BRAN 2310 BLU 10fww i2 dﬂ—/,*——ﬂ’—'z M———M 2152 | cijeis|eie]| TS
rel O- BLuai|gLu i3 : s RED 32|52 YEL 20wy 12 YEL 63 =|u 0 s
M BRN
WH 63 YEL2l L PUR 74 LLE-L S v
o 2 R2 BRN 24 (X) GRN 32[5 y 24 BLU 58 54
- YEL 10
§+ HO—{res |—0T 2 YELI3 PIN3 @ﬁ E—an 26 0 BU2pues YEL 58
= Y|
- BN 13 1BLU 12 / GRN 13 GER P £l 23 GRN 25 RED 58 55 S4 REAR
21| O~ }J—" GRN 23 ! BLK 24 2{wh 21 WH 76 | oRY 79 TERM4 GRY 20
s ______m [R5} - o o
= 3 s7 GRN 63
BLK 13 ! YEL 25 BLK 59 RM1 GRY 2 59
g+ ELLS PINE LU 32 R2! EL GRN 28 - GRY 78 o o TERMI GRY 20 R 20T
N ; BLU25 PIN2 771 BLK 32 ¢ [
a YEL12 PIN 6 PING YELI2 [pruzs PiNZ GRNZ6 . lones | —°
] 4 YEL24 PIN 8 N. ﬂ'ii_hb«;‘/ PIN4 YEL 24 :’;’; 23 ::: 26 BLU 25 PIN S 1 OIN
,._bv-' O BLU 25 A_[_—’il—‘ﬂ R29 BLU 21|BLU 53
22 2 1cy 40|41 ja2(|a3]a4aas
as Ll BLU 58/GRN 25
55 O- OR 60 e T 5}—o PIN 2 BLU26 !
°s ! PIN5 BLU26 (RN TS PUR 64 c32{ c6 | c7 |ciafcis|cie
o) R30 t BLU 21 R30 GRN 40|WH 14 A
w /1 ! YEL 26] WH 64 WH_53
g R ! WH 58
a )
& O GRN 56 RI3 T—od GRN 26| GRN 32
renus nvao A F33 }-od BRN 26 (X) e 58
23| O o o BRN 28 (X) o 38
WH 32 == GRN 29 YEL 58 NOTE:
> 1 iy §
23| © J - BLU 2 GRN 58 | L. UNLESS OTHERWISE INDICATED WIRE
N TERM 4 GRY20 v RaS P2 BLu2r BLU 21 R46 — USED IS NO.2 STRANDED WIRE
Ba RED 16 ! R46 | PINS BLU 27 GRN 26 of 56 2.ALL DOTTED LINES INDICATE NO.24
= H [ RN 28 veL 76 SOLID BUSS WIRE
I@f‘ 3 ‘ 3.°X" INDICATES NO.I8 STRANDED WIRE
Y| 7 PUR IT
: GRN 43 28 GRN 21| YEL 2 s FrONT
5T ! {BRN 27 00) R49 BLU 32[grN 27 RED 68 FRONT PANEL — _ _
i .{ [BRN 29 (X) BLU 58 46la7| [sus cHassis
PUR 67 to—{RAE}! YEL 30 .r oLk 6ol YEL22 l 6__ 62 GRN 80 OR 76 ’r
g
! Rz} ,(I{ GRN 31 7 v 3o GRN 32|27 PING o YEL 57 ¢33 ® d) {wh 76
P
:’ €75 ol GRN 65]YEL 32 S GRN 37]BLU 28 PIN2 co | en
! vEL6S[BLU 32 RS0 > - BLU 58|77 piNe 22 RED 29 a8 @ PUR 57
REI [ |7 _PiN3 v
N YELIS| YEL 84| L Re3 | ; I BLY 57]
Rl BLU 28 PINS 7 :
; > \ WH 14 29 RN 21f - — |, —— W} - 4
YEL 28
=g wH 22|8RN 28(x) RED 32 ' o3
RN 30 (X) " RED 22|GRN 28
foRn 30 ol 2 veL 32
BLU 29 GRN 19 Q7 v8 3 YEL 32 <2
GRN 59 °
— saviy L, o
BRN 20(X) PIN I} m PINIO (X)BRN 20 GRN 30 PINI ca GRY 55
o PINS RED 20|RED 56 OR 73 . |
RED20 PINT <§‘/ ?—l——“ {Re8 } “lwn 32 R2 053 BLK 28 73 XF2
1 RED 29
{me7 }—o PUR 32 o —BLKk T4lBLK 76 GRN 27
GRN 31 o (RTTT WH 32 Q wh 3z |OR22 — privr 1
BRN Pl 19 S i - —wl ‘ = . o c9 | 80
c29
® PIN2 BLU B[ GRN69 T f 0]
- RED 15 A ] | BLu 74f 51 65 YEL 3
10} a () [P —= | 30 T 1 .y EL 32
= YEL 21|8RN20 PIN9 7 RED30JBLU 3t PIN 5 =TR75 1 RED wH 22|RED 20 PINID | ] s6
@ 7 vn,/3 1R7S ot LI P | BLU 67]
YEL 21 6/ YEL 17|GRN 31_PIN 4 . (P RED 50 | \ o o P
¥ GRN 21 i | : | YEL 21
I'_ _____ 5 YEL | e C?B_ ] GRN 21 RED 7 :
IWH69 I
| WH A_@FA: ieu.u 22 R7?S R?74 __GRN 22|.o\ 29 ) o RED 49 | R3] BLU 27
= ! -o—Rél_ 1o’ REC 49~ | ———BLU 27
" : 20 PINS _(X)BRN 1g[BLU 3! PIN2 RTT o BLU 69 . YEL 30 - b ——___ J s RED_ 70
PIN2 _(X) BRN 18]8LU 81 L =101
GRN 31
: PIN | _RED 5! '_‘%}’T)I wh 21 GRN 19 @ aume— I c27 YEL 65 t g7 BOu o PUR_21
== (R0} H J 24 PINS GRN 32
L | @/ PIN 8 (X)BRN 19 ca7 8l 68|Co g \o
I ®\_ . BLY 22 N BLU 65
P R —
BLU 13 | IN 7_(X)BRN 19 . \ po—,
wH 8
I PIN 4 _RED I8 c36f 52
I QO —wisdfe
I - 84
{ PIN 6 RED 18 -
| t GRY | 32 RI7
| ) GRY 1 STATION 82 FOUND ALONGSIDE STATION 32
r RY S STATION 83 FOUND ALONGSIDE STATION 21
L GRY 55
T GRY 55
RED WH
—— i -
-

Figure 7-5. Tel typewriter R peat r TT-63A/FGC,
Wiring Diagram
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CORRECTIVE
MAINTENANCE

to set the sub-panel SPEED control at the center of its
range. This control is located to the right of the sub-
panel on the main chassis and is available when the
Repeater is pulled forward about two inches out of the
rack. (See Figure 5-1.) To adjust this control, the sub-
panel SPEED control should be set to the center of its
range and control R91 adjusted with a screwdriver
until the next to last sampling pip is set to the center
of the last teletype intelligence pulse. Readjustment
of variable gate resistors R42, R47, and R65 will prob-
ably be required if any adjustment is made on R91.

(2) MECHANICAL ADJUSTMENTS — There
are no mechanical devices in the Repeater which re-
quire adjustment.

(2) REMOVAL AND REPAIR — Since nearly
all small parts in the Repeater are mounted under the
chassis on terminal boards, the replacement of these
parts is readily performed. In replacing more compli-
cated parts such as the SPEED selector switch S4, the
Wiring Diagram, Figure 7-7 should be closely followed
in rewiring the replacement part.

NAVSHIPS 91689
AN/FGC-7A

Scﬁn7

Paragraph 2. b. (1). (d).
(3) COMPONENT CHARACTERISTICS.

(2) ELECTRON TUBES — Normal operating
currents and voltages of all tubes in the Repeater are
shown in Table 7-3. Table 7-4 lists the Tube Charac-
teristics for tubes used in the Repeater.

(b) RELAY CHARACTERISTICS — Charact r-
istics of the Western Electric relay K1 used in the
Repeater are listed in Table 7-5.

........ LD 1 I 3

(4) DRAWINGS.

(2) SCHEMATIC DIAGRAM — The Schematic
Diagram of the Repeater is illustrated in Figure 7-4.
Voltage measurements, resistance values and wave-
forms are shown on this diagram for convenient servic-
ing.

(5) WIRING DIAGRAM — Th Wiring Dia-
gram of the Repeater is illustrated in Figure 7-5. Rout-

ing of all wires to various parts in the equipment is
illustrated. .

TABLE 7-4. TUBE CHARACTERISTICS
. . M N
ruBE MENT MENT :;‘{:‘ GRID "cl;;‘ PLATE “F‘:"c':" (Micromhos)
VOLT- CUR- - BIAS nl RESIST- "
TYPE AGE RENT TION
AGE RENT ) v) A) ANCE FAC.
) (a) (Ohms) ToR NOR- | MINI- Is TESY
MAL | mum | (ma) voLr
(Mu)
Each Sect.
6SN7GT 6.3 0.6 250 —8 9 7700 20 2600 2000 40 30
150
6H6GT AC 8.0
Each Sect. 6.3 0.3 Max. Max. 15 20
6SL7GT
Each Sect. 6.3 0.3 250 —2 2.3 44000 70 1600 1200 40 30
450
5U4G AC 225
Each Sect. 5.0 3.0 Max. Max. 225 75
5 Min.
OD3/VRI150 150 30 Max.
5 Min.
OC3/VRI105 105 30 Max.
ORIGINAL 7']1
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NAVSHIPS 91689 CORRECTIVE
AN/FGC-7A MAINTENANCE
TABLE 7-5. RELAY CHARACTERISTICS
coiL OPERATE RELEASE
RELAY RESIST- CURI_'!ENT CURRENT CONTACTY
TYPE ANCE WINDINGS WINDINGS RATING MOUNTING
(Ohms) SERIES SERIES (Watts)
AIDING AIDING
275B 4000 =109, .008 .0035 20 Octal Socket
Vertical
Position
ORIGINAL
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TABLE 8-1.
TABLE 8-2.
TABLE 8-3.
TABLE 8-4.
TABLE 8-5.
TABLE 8-6.
TABLE 8-7.
TABLE 8-8.

NAVSHIPS 91689
AN/FGC-7A

SECTION 8
PARTS LIST

Weights & Dimensions of Spare Parts Boxes.

Shipping Weights & Dimensions of Spare Parts Boxes.
List of Major Units.

Table of Replaceable Parts.

Maintenance Parts Kit.

Cross Reference Parts List.

Color Codes and Miscellaneous Data.

List of Manufacturers.
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NAVSHIPS 91689

AN/FGC-7A

PARTS LISTS

TABLE 8-1. WEIGHTS AND DIMENSIONS OF SPARE PARTS BOXES

EQUIPMENT SPARES STOCK SPARES
SPARE OVERALL DIMENSIONS VoL SPARE OVERALL DIMENSIONS voL
PARTS UME WEIGHT | PARTS UME | WEI MY
BOX HEIGHY | WIDTH | DEPTH BOX HEIGHT | WIDTH | DEPTH

TABLE 8-2. SHIPPING WEIGHTS AND DIMENSIONS OF SPARE PARTS BOXES

EQUIPMENT SPARES STOCK SPARES
SHIP- SHIP-
PING | SPARE | OVERALL DIMENSIONS VoL- PING | SPARE OVERALL DIMENSIONS voL-
BOX | PARTS UME | WEIGHT | BOX | PARTS UME | WEI HT
NUM- | BOX | HEIGHT | WIDTH | DEPTH NUM- | BOX | HEIGHT | WIDTH | DEPTH
BER BER

TABLE 8-3. LIST OF MAJOR UNITS
NAVY TYPE

SYMB L GROUP

NAME OF MAJOR UNIT

DESIGNATION

RACK MOUNTING CABINET — A unit of Teletypewriter
Repeater Set AN/FGC-7A.

1-100 TELETYPEWRITER REPEATER — A unit of Teletypewriter
Repeater Set AN/FGC-7A.

CY-614/G

TT-63A/FGC
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PARTS LI5TS NAVSHIPS 1689
AN FGC-7A
TABLE 8-5. MAINTENANCE PARTS KIT
KEY QUANTITY FOR QUANTITY FOR KEY QUANTITY FOR QUANTITY FOR
DESIG- USAF BUSHIPS DESIG- USAF BUSHIPS
NATION EQUIPMENTS EQUIPMENTS NATION EQUIPMENTS EQUIPMENTS
Cl13 1 0 12 5 0
C30 1 0 K1 0 16
c31 1 0 \4! 50 0
C32 1 0 V2 10 0
CR1 8 0 \':] 10 0
F1 40 0 V12 10 0
I1 5 0 V13 10 0
JL V15 5 0
TABLE 8-6. CROSS REFERENCE PARTS LIST
JAN REFERENCE JAN REFERENCE JAN REFERENCE
DESIGNATION DESIGNATION DESIGNATION DESIGNATION DESIGNATION DESIGNATION
CM20A271K c3 RC20BF104] R2 RC20BF684] R17
CM35B222K C13 RC20BF105] R27 RC20BF824] R23
CM35C102K C5 RC20BF122] R14 RC30BF103] R30
CM35C202] C2 RC20BF124] R10 RC30BF123] R29
CM35C472K c4 RC20BF135] R41 RC30BF163] R40
CM35C511] c12 RC20BF152] R24 RC30BF223] R49
CM45B103] Cl4 RC20BF154] R4 RC30BF331] RS3
CM45B622] C16 RC20BF155] R48 RC30BF333] R4S
CM45B822] — c7 RC20BF182] R9 RC30BFG683] R13
CM50B123] c6 RC20BF184] R15 RC30BF822] R37
CM50B133] C32 RC20BF205] R25 RC40BF621] R1
CM50B273] C33 RC20BF224] R20 RW32G311 R63
CP41B1DF405V C31 RC20BF274] R44 RW32G312 R84
CP41B1DG205V C30 RC20BF275] R43 RW33G402 R87
JAN-OC3/VR105 V15 RC20BF334] R18 RW33G502 R85
JAN-OD3/VR150 Vi3 RC20BF335] R12 ST22K §7
JAN-5U4G V12 RC20BF393] R26 - ST22N )
JAN-GH6GT V2 RC20BF474] R35 TF1A03KB T3
JAN-GSL7GT \ RC20BF563] R51 TF1A10EA Tl
JAN-6SN7GT V1 RC20BF564] R19 TF1A15EA T2
JJ-103 )2 RC20BF683] R36 TS101P01 XK1
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NAVSHIPS 91689
AN/FGC-7A

Section 8

TABLE 8-8. LIST OF MANUFACTURERS
ABBREVIATIONS PREFIX NAME ADDRESS
AB CBZ Allen-Bradley Co. 118 W. Greenfield Ave.
Milwaukee, Wis.
Aerovox CAW Aerovox Corp. 742 Belleville Ave.
New Bedford, Mass.
A-H&H CHH Arrow-Hart & Hegeman 102 Hawthorne St.
Electric Co. Hartford, Conn.
Birtcher CAIS The Birtcher Corp. 5087 Huntington Drive
Los Angeles 32, Calif.
BTC Berkshire Transformer Co. 15 South St.
New Milford, Conn.
Buss CFA Bussman Mfg. Co. 2530 W. University St.
St. Louis, Mo.
Cinch CMG Cinch Mfg. Co. 2339 W. Van Buren St.
Chicago, I1L
CTS CTC Chicago Telephone Supply Co. | Elkhart, Ind.
Daven CDN Daven Co. 160 Summit St.
Newark, N. J.
Dialco CAYZ Dial Light Corp. 900 Broadway
New York, N. Y.
GE CG General Electric Co. One River Rd.
Schenectady, N. Y.
H-D Harry Davies Molding Co. 1428 N. Wells St.
Chicago 10, Illinois
H-H CHU Harvey Hubbell, Inc. 447 Concord Ave.
Bridgeport, Conn.
IRC CIR International Resistance Corp. 401 N. Broad St.
Philadelphia, Pa.
Jones CJC Howard B. Jones 2300 W. Wabansia Ave.
Chicago, 111
Mallory CMA P. R. Mallory Co., Inc. 1941 Thomas St.
Indianapolis, Ind.
National CNA National Company, Inc. 61 Sherman St.
Malden, Mass.
Oak COC Oak Mfg. Co. 1200 N. Clybourne Ave.
Chicago, Illinois
Sangamo CAN Sangamo Electric Co. 1935 Funk St.
Springfield, IlL.
WE Ccw Western Electric Co. 120 Broadway
New York 5, N. Y.
W-L CAO ¥ard Leonard Co. 45 South St.
Mount Vernon, N. Y.
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