Westinghouse 1.L. 41-945.51K
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT
RECEIVER EQUIPMENT-TRANSFER TRIP

Caution: It is recommended that the user of this

equipment become acquainted with the in-
formation in this instruction leaflet and
in the system instruction leaflet before
energizing the system.
Printed circuit modules should not be
removed or inserted when the relay is
energized. Failure to observe this pre-
caution can result in an undesired tripping
output and cause component damage.

If the carrier set is mounted in a cabinet, it must
be bolted down to the floor or otherwise secured be-
fore swinging out the equipment rack to prevent its
tipping over.

APPLICATION

The TCF frequency-shift receiver equipment as
adapted for transfer-trip applications responds<to
carrier-frequency signals transmitted from ghe dis-
tant end of a power line and carried on4the ‘power
line conductors. The Guard signal is transmitted
continuously when conditions are normald1ts, recep-
tion indicates that the channel is operative” and
that there is no fault in the proteeteéd equipment.
The Guard frequency is 100 hertz above the center
frequency of the channel. When a fault“é€curs at the
distant end of the power line protective relays
switch the transmitter locateéd there to a Trip fre-
quency, 100 hertz below the center frequency, and
may alsoincrease the power output of the transmitter
(from 1 watt to 10 watts).

The reception of/ Trip drequency within a fixed
interval after disappearance of the Guard frequency
causes the gnergization of a high-speed electro-
mechanical/ telay which closes the breaker trip
circuit. If tripifrequéncy is not received within this
interval, the channel is not operating normally and a
second relay closes contacts to sound an alarm.
Simultaneously, the Trip relay is locked out so that
a spurious Trip signal resulting later from line noise
cafnet “cause false tripping. Other circuitry, des-
eribed under OPERATION, provides security against
falsetripping caused by severe line noise that over-
rides a normal Guard signal and produces a spurious
Trip signal.

SUPERSEDES I.L. 41-945.51)

*Denotes change from superseded issue.

CONSTRUCTION

The TCF receiverfunit“fer transfer-trip applica-
tions is mounted on, a"standard 19-inch wide panel
10% inches high (6 raek units) with edge slots for
mounting on a standard relay rack. All components
are mounted at'the,rear of the panel. Fuses, a pilot
light, a power switch, an input attenuator, a jack for
metering théy diseriminator output current, and the
control for s4he ¥adjustable time delay in the logic
circuithare‘aecessible from the front of the panel.
See Fig. No. 14

AlY of the circuitry that is suitable for mounting
on printed circuit boards is contained in an en-
closure that projects from the rear of the panel and
is accessible by opening a hinged door on the front
of the panel. Other components on the rear of the
panel are located as shown on Fig. No. 6. Reference
to the internal schematic connections on Fig. 1 will
show the location of these components in the cir-
cuit. The dotted lines enclosing separate areas of
Fig. 1 indicate that the components thus enclosed
are all on the same printed circuit board.

The enclosure that contains the printed circuit
boards is divided into seven compartments. The
partitions between compartments together with the
outer walls of the enclosure provide complete shield-
ing between adjacent boards and from external
fields. Frequency shift receivers for transfer-trip
relaying utilize all compartments if a carrier level
indicator is provided. If this is omitted, the com-
partment on the extreme right, front view, is left
vacant. In frequency shift receivers for applications
other than transfer-trip relaying, the logic circuitry
is not required and the fifth compartment from the
left is vacant in such cases.

The printed circuit boards slide into position in
slotted guides at the top and bottom of each com-
partment, and the board terminals engage a terminal
block at the rear of the compartment. Each board and
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terminal block are keyed so that if a board is placed
in the wrong compartment, it cannot be inserted into
the terminal block. A handle on the front of each
board is labeled to identify its function in the cir-
cuit.

A board extender (Style No. 644B315G01) is
available for facilitating circuit voltage measure-
ments or major adjustments. After withdrawing any
one of the circuit boards, the extender is inserted in
that compartment. The board then is inserted into
the terminal block on the front of the extender. This
restores all circuit connections, and all compon-
ents and test points on the board are readily acces-
sible.

A portion of the receiver operates from a regu-
lated 20 VDC supply, and the remainder from a regu-
lated 45 V.D.C. supply. These voltages are taken
from two Zener diodes mounted on a common heat
sink. Variation of the resistance value between the
positive side of the unregulated D.C. supply and the
45 volt Zener adapt the receiver for operation on
48, 125, or 250 V.D.C.

External connections to the receiver are made
through a 24-circuit receptacle, J3 (see Fig. 1). The
r-f input connection to the receiver is made through
a coaxial cable jack, J2.

OPERATION

Input Control

The signals to which the TCF receiveriesponds
are received through a coaxial cable connected to
jack J2 of Fig. No. 1. Resistow R4ypand 20-volt
Zener diodes CR1 and CR2 proteet the receiver
from abnormally high voltages/receiyed through the
coaxial cable. Input attenuator RS, reduces the signal
to a level suitable for bestperation of the receiver.
The attenuator is adjustablé from the front of the
panel and can be clampedypat the desired setting. A
scale on the panel isf’graduated in db. While thi§
scale is typical rather than individually calibrated,
it is accurate within“enefor two db. and is useful in
setting approximate levels. Settings should be made
by observation of the db. scale of a suitable a-c
voltmeter when possible.

Crystal Filter

From the attenuator, the signal passes through
a crystal filter, FL1. This filter has a narrow pass
band,hand frequencies several hundred cycles above

or below the center frequency (fc) of the channel
are greatly attenuated. Fig. 4 shows a typicalgeurve
for the crystal filter, as well as a characteristig
curve for the intermediate frequency filter, FL2%and
for the discriminator output. The narrow pass band
of FL.1 permits close spacing of channel frequencies
and reduces the possibility of _false operation
caused by spurious signals such as mawresult from
arcing disconnects or corona diseharge.

Oscillator and Mixer

From the crystal filter, the/signal enters the
oscillator and mixer stage af, the receiver. Crystal
Y11, transistors Q12 and,Q13, or IC201 (Fig. 16)
and their associated resistors and capacitors, com-
prise a crystal-controlled” oscillator that operates
at a frequency 20°kHz above the channel frequency,
fc. The output from“this local oscillator is fed
through transfermerfT11 to potentiometer R12, and
the later is adjusted to feed a suitable input to the
base ofymixXentransistor Q11. The output of FL1 is
impreéssed“on the emitter-collector circuit of Q11.
As (the result of mixing these two frequencies, the
primagy of transformer T 12 will contain frequencies
of /%20kHz, 2fc + 20kHz, fc + 20kHz and fc.

IFsAmplifier

The output from the secondary of T12 is ampli-
fied by Q31, in the intermediate frequency amplifier
stage, and is impressed on filter FL.2. This is a
two-section filter, with both filters contained in a
common case. Its pass band is centered at 20kHz.
While its passband is much wider than that of the
crystal filter, it eliminates the frequencies present
at its inputthat are substantially higher than 20kHz.

Amplifier and Limiter

The output from the second section of the IF
amplifier stage is fed to potentiometer R52 at the
input of the amplifier and limiter stage. Sufficient
input is taken from R52 so that with minimum input
signal (5 mv.) at J2 and with R5 set for zero atten-
uation, satisfactory amplitude limiting will be ob-
tained at the output of the limiter stage.

Discriminator

The output of the limiter stage is fed to the
discriminator. The discriminator is adjusted at the
factory to have zero output (as measured by a milli-
ammeter inserted in the circuit at jack J1) at fc-25
hertz. The adjustment for zero output at fc-25
hertz is made by capacitor C88. C83 also is ad-
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justed to obtain a maximum voltage reading across
R84 when the current output is zero. Maximum cur-
rent output, of opposite polarities, will be obtained
when the frequency is 100 hertz above or below
the zero output frequency. This separation of 200
hertz between the current peaks is affected by the
value of C86, (the actual value of which may be
changed slightly from its typical value in factory
calibration if required.)

The purpose of offsetting the zero output fre-
quency of the discriminator by 25 hertz in the Trip
direction is to reduce the band of noise-generated
trip frequencies (between the discriminator center
frequency and the skirt of the FL1 filter), and to
similarly increase the band of noise-generated fre-
quencies on the Guard side of the discriminator
center. It should be observed that although Guard
frequency is fc + 100 hertz, after leaving the mixer
stage and as seen by the discriminator the Guard
frequency is 20 kHz-100 hertz. Similarly, the Trip
frequency is 20 kHz + 100 hertz. The intermediate
frequency at which the discriminator has zero out-
put then is 20.025 kHz.

The discriminator output is connected to_the
bases of transistors Q81 and Q82 in such gmanner
that Q82 is made conductive when current flows out
of terminal 4 (which occurs with trip output) and
Q81 is made conductive when current flows, into
terminal 4. Consequently, terminal 15 isfat aypoten-
tial of approximately + 20 volts at Guard frequency
and terminal 11 is at t 20 volts at/Trip fréquency.
These two outputs feed the logic citeuit board, and
through it they control the operation of the loss-of-
channel alarm relay, AL, ,and@®the Trip relay, AR.

As a means of increaging fairther the security of
the receiver against false, tripping on noise-gener-
ated Trip frequencies{ diede " CR84 is connected in
the emitter circuit ofiQ82. This requires an increase
of three or four dbiin“th@ minimum Trip signal that
will pick up the Trip relay. However, when the
transmitter‘ds k€yed 4o Trip, its output is increased
by 10 db. to“assure the reliability of tripping at
times of severe channel deterioration or simultan-
eous noise conditions, and this amply compensates
for the reduction of Trip sensitivity caused by diode
CR84.) For applications where severe noise condi-
tions®er)channel deterioration are not encountered,
aWECE transmitter with 1 watt output rather than 10
watts can be supplied. If in such installations it is
found desirable to increase the reliability of trip-
ping, a jumper may be connected across diode CR84.

Logic Circuits

The logic stage of the receiver employs' static
circuitry that permits elimination of separate guard
and lockout relays but provides all of the function
of these relays as well as a unique method for min-
imizing the effect of noise signals. The block dia-
gram of the logic circuits is' shown on Fig. 3. When
the discriminator receiveshjGuard#signal, its output
terminal (15) supplies positive potential to blocks
A, D, and F on the block diagram. Block A repre-
sents R108, C101 and CR104 of Fig. 1. Capacitor
C101 will charge in approximately 120 milliseconds
to the breakdown voltage of Zener CR104 and block
C (transistor Q102),then will receive input #1. The
function of Q101 is not indicated on the block dia-
gram, butfithdischarges C101 quickly when Guard
signal disappears, so that the full 120 ms. delay is
obtainedyon“elosely repetitive appearances of Guard
signal .\ This avoids cancellation of a loss-of-chan-
nel, alarm)by noise-produced Guard signal.

When Q102 (block C) receives input #1 or #2, it
is“mdde conductive and capacitor C102 receives no
charge. Q103 is non-conductive since it receives no
base input through CR105, and its collector is held
at approximately 10 volts by the voltage divider ef-
fect of R131 and R136.. Note that under this condi-
tion, input #1 to block K is supplied. If Guard sig-
nal should disappear but be followed promptly by
appearance of Trip signal, the trip input fed through
R102 will not be diverted through CR102 to the col-
lector of Q103 but will flow through CR101 to the
base of Q102 to keep it conductive. However, if
Guard signal disappears and Trip signal does not
appear in approximately 150 ms., C102 will charge
to the breakdown point of CR105, making Q103
conductive. This will remove base input from Q104
and the alarm relay will drop out, sounding the
alarm through its normally-closed contacts. (The
copper slug on the alarm relay adds an additional
delay of approximately 40 ms. before the alarm
contacts close.) When Q103 becomes conductive,
the saturation voltage at its collector is so low
that any current flowing through R102 as a result of
a subsequent Trip signal will be diverted through
Q103 to negative instead of flowing through CR101
and the base-emitter junction of Q102. If Guard
signal reappears, the discriminator output at term.
15 will turn Q101 off. C101 will change and after
120 ms. it will reach the breakdown voltage of
CR104 and turn Q102 on. This will allow C102 to
quickly discharge through R123 and Q102 and
provide the full 150 ms. time delay to be effective
on any subsequent loss of guard signal.
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Guard signal also produces input to transistor
Q109 (block D). With base input to Q109 it has
negligible voltage on its collector, but if Guard
signal is lost capacitor C104 will charge to the
breakdown voltage of CR113 in a time ranging from
about 2 to 20 ms., as determined by the setting of
R7. This time delay also is quickly reset on reap-
pearance of Guard signal, as C104 discharges
through R114, CR113 and Q109. Transistors Q110
and Q111 are a part of logic block I. When C104
reaches the conduction voltage of CR113, Q110
conducts and removes base input from Q111. This
raises the voltage on the collector of Q111 to about
15 volts, which constitutes input #2 to block K. The
purpose of logic blocks D and I is to provide an
adjustable delay between the loss of Guard signal
and the pickup of the Trip relay. It is possible that
a noise burst might momentarily cancel the Guard
signal and produce a spurious Trip signal. Provision
of this adjustable delay provides a considerable
degree of protection against such incorrect opera-
tions. Resistor R7 is adjustable by means of a knob
onthe front of the panel, and the knob can be clamped
at any desired setting.

When Trip signal appears, input is fed to tran-
sistor Q106 (block E) through R119. Under this cof-
dition Q106 becomes conducting and does not Sup-
ply input #1 to Q107 (block J). If input #2 (supphied
through R115) also is lacking for Q107, the latten
is non-conductive and its collector voltage %s
approximately 15 volts. This constitutes input #3
to AND block K. Block K is a three-input diode-
AND, with the inputs contributed by theteollectors
of transistors Q103, Q107 and Ql1l» When one or
more of these transistors is cendaeting, input fed
from the 45 volt supply through {Ri1.38 “éannot reach
the base of Q108 to cause pickup of“the Trip relay
because the voltage drop acress any of the three
diodes plus the saturation sesistanee of a transistor
is substantially less, than the {voltage drop across
one diode (CR110), plus thesbase-emitter voltage
required to make Q108 conductive.

The logic blocks, F4and G provide further pro-
tection against incorrect tripping under noise con-
ditions. Transistor Q105 is represented by block
F; and diode CR407; capacitor C103 and resistor
R115 are “tepresented by block G. Q105 receives
input fromy either Trip or Guard signals through
R101%er, R106, and when either signal is present
its cellector voltage is a small fraction of a volt.
Whenwthe transmitter is shifted from Guard to Trip
bya.closure of a protective relay contact, the dis-

criminator shifts its outputs very rapidly and (the
interval during which there is no input to Q205 is
only 1.5 to 2.0 ms. Most of the charge that builds
up in C103 during this interval flows to the base™f
Q107 and keeps it conducting after the appearance
of Trip signal has removed the input through R125.
However, this delay has approximately the same
duration as the minimum delay obtain€d from block
I and thus does not increase“the minimum overall
time for tripping following a legitfimate Trip signal.

At times when severeyrandom noise is present,
such as might be producedyby opening a nearby
disconnect switch, the“noise-produced signal may
override the Guard fsignal and produce a discrimin-
ator output that nolenger ‘has a constant Guard out-
put but rapidly#fluctuates between Guard and Trip
(and beyond). Theéere] will be relatively long periods
when the ‘diserimim@tor has neither Guard nor Trip
output. At such“himes capacitor C103 may approach
or reach,ItSsmaximum voltage, thereby keeping Q107
conductingipfor 40 to 50 ms. Also, because of the
quiék reset feature of logic block I, intermittent
reappearance of Guard signal during noise will fully
reactivate the time delay for which it has been set.
If a fault should occur and Trip frequency be trans-
mitted at a time when high level noise frequencies
are present, tripping may be somewhat delayed but
will be accomplished before the cessation of noise
unless conditions are extremely severe. The recom-
mended 10 db. increase of transmitter output level
at Trip frequency minimizes such delay.

It may appear that the function of block E in the
logic diagram is duplicated by block F and could
have been omitted. This is correct when the time
constants are as normally supplied, but block E was
retained to make the circuit adaptable to possible
extreme conditions with minimum change.

In summary, the logic circuit provides the fol-
lowing functions:

1. Energizes alarm in case of loss of signal.

2. Prevents cancellation of an alarm by noise-
produced signal.

3. Allows tripping upon reception of legitimate
Trip signal.

4. Prevents tripping if channel is not operative
immediately prior to reception of Trip signal.

5. Minimizes effect of noise-produced signals
by utilizing noise characteristics to intro-
duce additional Trip delay.
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Output Circuits

The output stage of the receiver contains the
alarm relay (AL) and the tripping relay (AR). Either
relay is energized from the regulated 45 volt supply
when the logic circuit has determined that the
existing conditions require such operation. The AL
relay is a telephone type relay with a copper slug
on the end of the core opposite the armature. It has
two sets of Form C contacts, all points of which
are connected to terminals of jack J3. The AR relay
has two normally-open and two normally-closed
contacts. The two sets of normally-open contacts
and one set of normally-closed contacts are con-
nected to terminals of jack J3. The AR relay has
been designed to provide very high speed operation
with negligible contact bounce. While normally it is
energized only briefly, it will not be damaged by
continuous energization.

Carrier Level Indicator (When Supplied)

With the logic circuit connections shown on Fig.
1, the AL relay closes contacts to energize an
alarm when there is absence of both Guard and Trip
signal for a definite time interval. This is satis=
factory when the channel fails suddenly and coms=
pletely. However, the signal may weaken gradually
from various causes, and it is desirable @ haye a
means for providing a visual indication af, thed€¢han-
nel condition as well as for energizing ‘ap, alamm
when the signal has weakened seriouslyfbut, has’not
reached the point of complete failure.(These func-
tions are provided if a carrier levelfindicator stage
is included in the receiver.

The carrier level indicater ‘1§, housed in the
right-hand compartment of thelenclosure that con-
tains the circuit boards. Figs 2 Shows the connec-
tions of the componentsg®fn this’circuit board and
also the external connections of the board. All other
stages of the receiver, are” identical with those
shown on Fig. 1. The sanie AL relay is used, but it
is energized ,threugh“transistor Q104 of the logic
stage whengdthe .receiver does not include carrier
level indicationfand through Q154 of the carrier level
indicator when, the latter is supplied. A TCF re-
ceiver in which™the carrier level indicator was not
included at time of assembly can have this feature
added later4by installing the printed circuit board
and ‘guides in the right hand compartment and mak-
ingWminer changes in the wiring.

The r.f. input to the carrier level indicator is
taken from the collector of Q51, the first transistor
in the amplifier and limiter stage. The input, which
varies approximately as the signal at the receiver

input, is amplified by Q151 and Q152. Diodes, CR151
and CR152 together with capacitors C157 and C158
establish a d-c voltage across C158 ‘that controls
the conductivity of Q153. The base current of Q153
together with the current through R164 is measured
by a milliammeter (supplied by the customer) located
at a point convenient for obS€rvation. This current
can also be metered at thegrecegiver by means of
jack J151 on the printed“eirc@iit” board. Thermistor
R166 with its assocjated, resistors, and Sensistor
R152, provide compensation“to minimize the varia-
tion of the meteredycurrent with ambient tempera-
ture. When Q158, becomes conductive, it supplies
base input tog@Q154“t0 turn it on and pick up alarm
relay AL. Mhen the signal at the receiver input
drops sufficiently, AL will drop out and close the
alarm circuit.pThe signal level at which this will
occumyis determined by the setting of R156 in the
emitter 0f,Q151.

The“input to the carrier level indicator is not
affected by frequency variations that are within the
pass band of the crystal input filter, but only by
the level of the receiver input signal. When the
alarm relay is energized through transistor Q104
of the logic stage (in a receiver without carrier level
indicator—Fig. 1), the alarm will be activated on
complete loss of signal or on loss of Guard signal
if Trip signal does not appear within approximately
150 ms. After the alarm relay has dropped out and
activated the alarm, the relay will not be picked up
by subsequent appearance of Trip signal but only
by the reappearance of Guard signal. It is desirable
to retain this alarm feature when the carrier level
indicator is supplied, and a single alarm relay can
be caused to respond to frequency change as well
as to signal level by the interconnection between
the #19 terminals of the logic and carrier level
indicator circuit boards.

When Guard signal is being received, the volt-
age at the collector of Q103 in the logic circuit is
approximately 10 volts, but this voltage is blocked
from the base of Q154 in the carrier level indicator
circuit by diode CR155. However, if the discrimin-
ator Guard output should fail because of a sufficient
frequency shift either above or below Guard fre-
quency, Q103 would become conductive and the
collector current of Q153 would be diverted to
negative through CR155 and Q103 rather than enter-
ing the base of Q154. The latter would become non-
conductive and the alarm relay would drop out,
closing the alarm circuit even though the signal
level is unchanged.
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Fig. 5 is typical of the variation of the carrier
level indicator current with the receiver input level.
With Guard signal being received, the signal level
just below which the discriminator Guard output
drops to zero is the minimum operating level of the
receiver. The AL relay should energize the alarm at
a signal level somewhat above this. For usual
operating conditions it should be satisfactory to set
the input attenuator (R5) 15 db. above the minimum
operating level and set the AL relay (by means of
R156) to drop out at a signal 5 db. above the mini-
mum operating level. Fig. 5 shows that with such
settings the carrier level indicator current would be
approximately 2.25 ma. with the normal input signal.
The alarm would be energized when the indicator
current dropped to slightly less than 0.6 ma.

A TCF receiver in which the carrier level indi-
cator was not included at time of assembly can
have this feature added later by installing the
printed circuit board, guides, and terminal block in
the right-hand compartment of the circuit board
enclosure, and making minor changes or additions
to the wiring. The upper and lower guides are held
in position by a snap fastener, and the terminal
block by screws and nuts. The terminal block in-
cludes an insert located to mate with a correspond-
ing slot in the end of the carrier level indicator
circuit board only, which prevents accidental 4in-
insertion of any other circuit board in this com=
p artment.

Reference to the internal schematic diagrams,
Figs. 1 and 2, will show the wiring chafiges re#
quired. Connect terminal 2 to the adjacent terminal
2 of the output board, terminal 9 to terminal 996t the
logic board, terminal 12 to terminal 12 of theboutput
board (and remove connection from the, later to
terminal 12 of the logic board), temminalsy14 and 17
to terminals 18 and 19 respectively 6f J3, terminal
16 to terminal 16 of the limiter boards#terminal 18 to
terminal 18 of the discriminator board and terminal
19 to terminal 19 of the Tegiciboard.

Power Supply

The regulated 20,/.D.C and 45 V.D.C. circuits
of the receiver are “supplied from Zener diodes
mounted on a common heat sink on the rear of the
panel. Resistors (R2, R3) of suitable value are con-
nected between the station battery supply and the
45 volt Zenern,to adapt the receiver for use on 48,
125 or 250W.D.€C. battery circuits. The receiver is
conne@Gted™o) the external supply through a switch
andgfuses, and a pilot light indicates whether the
D.C.“eircuits are energized. Capacitors C1 and C2
Bypassor.f. or transient voltages to ground. Chokes

L1 and L2 isolate the receiver from transient volts
ages that may appear on the D.C. supply.

CHARACTERISTICS

Frequency range 30-300 kHz

0.005 vol{#(65 db below 1
watt for 1imiting)

Sensitivity (noise-
free channel)

Input Impedance 5000g0hmsminimum

Bandwidth (crystal down( < 3 db at 220 hertz
filter) down. > 60 db at 1000 hertz

Setg’for 200 cycles shift
from Guard to Trip fre-
quency. Offset 25 hertz
to favor Guard for all
relay-output applications.

Discriminator

Operating time 9 ms. channel (transm.
and recvr.)

2 ms. min. logic delay

t 3 ms. AR relay
14 ms. minimum time

+ 18 ms. max. added logic
time (if req’d. by noise
conditions)
32 ms. maximum time

Frequency spacing

A. For two or 500 hertz minimum
more signals

over one-way

channel
B. For two-way *x 1000 hertz, minimum
channel between transmitter and
adjacent receiver - fre-
quencies.

Ambient temperature -20°C to +55°C temperature

range around chassis.
Battery voltage
variations
Rated voltage Allowable variation
48 V.D.C. 42- 56 V.D.C.
125 V.D.C. 105- 140 V.D.C.
250 V.D.C. 210-280 V.D.C.

0.20 a. at 48 V.D.C.
0.27a.at1250r250V.D.C.

Battery drain

Dimensions Panel height- 10%’’or6 r.u.
Panel width -19”’
Weight 13 lbs.
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INSTALLATION

The TCF receiver is generally supplied in a
cabinet or on a relay rack as part of a complete car-
rier assembly. The location must be free from dust,
excessive humidity, vibration, corrosive fumes, or
heat. The maximum ambient temperature around the
chassis must not exceed 55°C.

ADJUSTMENTS

All factory adjustments of the TCF receiver
have been carefully made and should not be altered
unless there is evidence of damage or malfunction-
ing. Such adjustments are: frequency and output
level of the oscillator and mixer; input to the am-
plifier and limiter; discriminator offset from center
frequency; frequency spacing and magnitude of
discriminator output peaks. Adjustments that must
be made at time of installation are: setting of input
attenuator R5; setting of the logic time delay by
R7; adjustment of R156 on the carrier level indica-
tor (if supplied) to operate the alarm at the desired
input level. The input attenuator and the logic time
delay adjustments are made by knobs on the front gf
the panel. A screw driver adjustment of a potentio-
meter at thefrontand top of the printed circtiit board
sets the point at which the level indicater alarm
operates.

The receiver should not be set with/ apgreater
margin of sensitivity than is needed, o (assure cor-
rect operation with the maximum expected variation
in attenuation of the transmitter signali In the ab-
sence of data on this, the re€eiver may be set to
operate on a signal that is, 15 db,below the expected
maximum signal. After installation of the receiver
and the corresponding trgnsmitter, and with a normal
Guard signal being received, input attenuator R5
should be adjusted¢™®@p the position at which the
alarm relay drops out4#R5 then should be readjusted
to increase the veltage®supplied to the receiver by
15 db. Thefscale markings for RS permit an approxi-
mate setting t0 be miade but it is preferable to make
this setting “by means of the db scales of an a-c
VTVM connected from ground to the sliding contact
of R5.

In case the transmitter has a 1 Watt/1 Watt out-
put®and diode CR84 in the discriminator is not by-
passed (see discussion under OPERATION- Dis-
criminator), the transmitter should be keyed to trip,
transistor Q103 should be kept non-conducting by
connecting a short clip lead across R128, and R5

should be adjusted to the position at whieh the trip
relay just picks up. R5 then should/be readjusted
for a 15 db increase in receiver input,fand the jump-
er across R128 should be removed. If CR84 is by-
passed the input levels at which the AL and AR
relays just operate will be approximately the same,
and the AL relay minimumg@perating point can be
used as reference for arriving at the R5 setting, as
described in the preceeding paragraph.

If the receiver has @ carrier level indicator, the
procedure for settinig. RoyiS§ somewhat different. Turn
R156 to maximum clogkwise position and adjust R5
to the position, at@which the alarm relay just drops
out. At this(pointythe signal has been attenuated to
the point _thatiythe discriminator no longer has Guard
output although”it still would be sufficient to pro-
du@e output from the carrier level indicator, and the
hase, input“to Q154 on the carrier level indicator is
diverted “to negative through Q103 on the logic
c¢ircuit'board. (Note that a milliammeter reading at
J15Whas no significance at this abnormal setting of
R156.) Then readjust R5 to increase the input sig-
nal by 5 db and adjust R156 to the position at which
the alarm relay again drops out. Again readjust R5
to increase the signal by an additional 10 db and
clamp the knob in this position.

It is recommended that R7 be set for maximum
time delay (full clockwise rotation) unless field
tests have shown that a shorter delay can be used
without danger of false tripping under conditions of
severe line noise, such as may be caused by the
opening of nearby disconnect switches.

Potentiometer R12, where applicable, in the
oscillator and mixer should be set for 0.3 volt, mea-
sured with an a-c VTVM connected between TP11 and
terminal 18 on the circuit board (ground terminal of
voltmeter). A frequency counter can be connected
to the same points for a check on the frequency,
which should be 20kHz above the channel frequency.
The frequency is fixed by the crystal used, except
that it may be changed a few cycles by the value of
capacitor Cl12. Reducing C12 increases the
frequency, but the capacity should never be less
than a value that insures reliable starting of oscil-
lation. The frequency at room temperature is usually
several cycles above the crystal nominal frequency
as this reduces the frequency deviation at the
temperature extremes.

The adjustment of the amplifier and limiter is
made by potentiometer R52. An oscilloscope should
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be connected from the base of transistor Q54 to
terminal 18 of the limiter. With 3 mv. of Guard fre-
quency on the receiver input (R5 at zero), R52
should be adjusted to the point where the peaks of
the oscilloscope trace begin to flatten. This should
appear on the upper and lower peaks at approximate-
ly the same setting.

Adjustment of the discriminator is made by
capacitors C83 and C88. In order to offset the
discriminator by 25 Hertz in the Trip direction,
apply to the receiver inputa 5 mv. signal taken from
an oscillator set at fc-25 Hertz (R5 at zero.)
Connect a 1.5-0-1.5 milliammeter in the circuit at
J1 and a VTVM across R84. Adjust C88 for zero
current in the milliammeter and C83 for maximum
voltage across R84, rechecking the adjustments
alternately until no further change is observed.
Remove the VTVM from across R84 and observe
the milliammeter reading as the oscillator frequency
is varied. Positive and negative peaks should occur
at fc + 75 Hertz and fc-125 Hertz, with the latter
peak being 20% or 25% lower than the former be-
cause of diode CR84 in the Trip output path.

In case a check is desired of any of the delay
times of the receiver (such as channel time or logie
delays), this can be done most conveniently_by
means of an oscilloscope with a calibrated triggered
sweep. A two-pole toggle switch, checked to ‘have
less than 1 ms. interval between pole closures, €an
be used to impress the signal and triggertheysweep.

MAINTENANCE

Periodic checks of the receiVed ‘eartier signal
and the receiver sensitivity Wwill detect gradual
deterioration and permit its cemrection before failure
can result. The carrier leveldindicator, when pro-
vided, permits ready observation of the received
signal level. With @or withoutypa carrier level indica-
tor, an overall ch€ck ¢an be, made with the attenua-
tion control R5. A changé in operating margin from
the original setting can be detected by observing
the change in the dial setting required to drop out
the alarm relay. Iféthere is a substantial reduction
in margin, the signal voltage at the receiver input
should be%ehecked to see whether the reduction is
due toflessyof signal orloss of receiver sensitivity.

Allpadjustable components on the printed circuit
boards, are accessible when the door on the front of

the panel is opened. (An offset screwdriver would
be required for adjusting R12) However, asgdes-
cribed under ‘‘CONSTRUCTION’’, any board\may
be made entirely accessible while permitting elee-
trical operation by using board extender Style No.
644B315G01. This permits attaching instsument
leads to the various test points of sterminals when
making voltage, oscilloscope or frequeney checks.

It is advisable to recordgweltage values after
adjustment in order to establigsh‘reference values
which will be useful whengychegking the apparatus.
The readings will remain fairly constant over an
indefinite period unless aWfailure occurs. However,
if transistors are changed, there may be considera-
ble difference in these readings without the overall
performance being affected.

Typicaltvoltage®wvalues are given in Table I and
II. Voltages shoul@ be measured with a VIT'VM. Some
readingsimay™vary as much as + 20%.

TABLE |
RECEIVER D-C MEASUREMENTS

Note: All voltage readings taken with ground of d-c
VTVM on terminal 9 (neg. d.c.). Receiver adjusted
for 15 db operating margin with Guard signal down
50 db from 1 watt and Trip signal down 40 db. Un-
less otherwise indicated, voltage will not vary
appreciably whether signal is Guard, Trip or zero.

Collector of Volts
Transistor (€3]
Q11 <13
Q12 15 (Guard or Trip)
Q13 15 (Guard or Trip)
Q31 2.5
Q32 2.5
Q51 11.5
Q52 12
Q53 15.5
Q54 2.5
Q81 <1 (No sig. or Trip)
Q81 19.5 (Guard)
Q82 <1 (No sig. or Guard)
Q82 19.5 (Trip)
Q101 <1 (No sig. or Trip)
Q101 7 (Guard)
Q102 21 (No signal)
Q102 <1 (Guard or keyed Trip #)
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Q103 < 1 (No signal)
Q103 10 (Guard or keyed Trip)
Q104 45 (No signal)
Q104 < 1 (Guard or keyed Trip)
Q105 40 (No signal)
Q105 < 1 (Guard or Trip)
Q106 15 (No sig. or Guard)
Q106 <1 (Trip)
Q107 <1 (No sig. or Guard)
Q107 15  (Trip)
Q108 45 (No sig. or Guard)
Q108 < 1 (Keyed Trip)
Q109 10 (No sig. or Trip)
Q109 < 1 (Guard)
Q110 < (No sig. or Trip)
Q110 15 (Guard)
Q111 15 (No sig. or Trip)
Q111 < 1 (Guard)
Q151 6 (No signal)
Q151 6 (Guard)
Q152 9.8 (No signal)
Q152 10 (Guard)
Q153 < 1 (No signal)
Q153 19  (Guard)
Q154 45 (No signal)
Q154 < 1 (Guard)
# - ‘‘Keyed Trip’’ signifies minimum transition time
from Guard to Trip.
TABLE 11

RECEIVER RF MEASUREMENTS

Note: Voltmeter readings takenybetween receiver
input and Q32 are not meafilngful “or feasible be-
cause of waveform or effeef, of ‘instrument loading.
Receiver adjusted as in Fable "Iy

Collector of Volts (1 Volts (10
Transistor watt-Guard) watls-Trip)
Q32 .25 .8

Q51 .3

Q52 4 .65
Q53 2.1 2.2
Q54 4.8 4.5

RELAY MAINTENANCE AND
ADJUSTMENT

The AL and AR relay contacts should be cleaned
periodically. A contact burnisher S#182A836H01 is
recommended fordghis purpose. The use of abrasive
material for“e@leaning contacts is not recommended,
becausg of the danger of embedding small particles
indthe “fdce jof the soft silver and thus impairing
theWcontact. Care must be taken to avoid distorting
the centact springs during burnishing, particularly
in the%case of the AR relay.

These relays have been properly adjusted at
the factory to insure correct operation, and under
normal field conditions they should not require
readjustment. If, however, the adjustments are
disturbed in error, or if it becomes necessary to
replace some part, the following adjustment pro-
cedure should be used.

In the AL relay the armature gap should be
approximately 0.004 inch with the armature closed.
This adjustment is made with the armature stop
screw and locknut. The contact leaf springs should
be adjusted to obtain at least 0.015 inch gap on all
contacts when fully open. There should be at least
0.010 inch follow on all normally-open contacts and
0.005 inch follow on all normally-closed contacts.
The relay should pick up at approximately 35 volts.

ADDENDUM

With shipmenis of,séts starting in early 1973,
the germanium ,transistors used in the various
modules were geplaged with silicon transistors. In
addition, due€ .to the nature of silicon transistors,
some resistor valuesin the circuits had to be changed
In order to correctly bias these transistors. There-
fore the tramsistors are not replaceable on a pin for
pin‘basis throughout the receiver. Before attempting
towreplace a germanium transistor with a silicon
transistor on older sets using germanium, please
check the schematics on the following pages to see
if.the location where the replacement is desired has
additional component changes. If that is the case,

then the replacement can only be made by the same
designation transistor or the additional component
changes must also be made. It should be pointed out
that the modules containing the silicon transistors
are completely interchangeable with the modules
containing germanium transistors. Therefore, there
is no problem with intermixing the silicon transistor
modules in the same receiver. Thus complete new
modules containing silicon transistors can be ordered
and used as replacements in older receivers having
germanium transistor modules. The new modules have
the same style numbers as the old germanium
transistor modules they replace.



TYPE TCF POWER LINE CARRIER

.

e

S

RN
~\~\§ N

A

N
LR

\ Qi\b\\\\\\\x\\\\\?\\*

L

10

s S S,

Type T CF Receiver (Front View).

-



TYPE TCF POWER LINE CARRIER

OSCILLATOR anD Mixer TR

] TP839

cae
10GRF Qw“
It

43
2, 3 a5 o
(R S|
78 9o u 2

(AS VIEWED FROM REAR OF PANE{,)X ?5 RANGE 22 TO 100 PF

VOLTS D.Cl R2 |R3 | RSB

48 26.50) — | —
125 1502|1500 —

250 3002{5000{I00K

D4a[125/ 250 {3004,/500.4/100K

DOTTED LINES ENCLOSE COMPONENTS
ON PRINTED CIRCUIT BOARDS OR
OTHER SUB-ASSEMBLIES.

[d c12 RANGE 4 TO 390 PF
AS REQUIREC BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.

QMOUNTED ON LARGE HEAT SINKS

COMMON TERMINA|
S REQUIRED BY CRYSTAL g oumo : -

CHARACTERISTICS.
W 200 TO 300 KHZ INT.
SCH. 7158682 APPLIES

@ Yl RANGE — 50 TG 320 XHZ

£ ONE OR TWO CAPACITORS AS
DETERMINED N TEST.
BAFACTORY CONNECTIONS ARE
FOR 250 vD.C
CUSTOMER TC BY-PASS
R3 B RB FOR 125V I C

9
- -&—-
| —
[
|
|
RECEIVER |
INPUT l
21 | TP} 132
fsikes
IN3OZ7A‘1 _ 4[
- :| ERY (
3 L | 2N274
cR2 |
\N3027Ad 6|
4
DISCRIMINATOR LOGIC
16,17,18 13
r--r————“~—~>TT"T~—"F"7"=7—77° N~z AT T T — — /T r—r———""""""—""—""~""~"T">-"=-""-" " == ==-
| s | ¢+
| 08l | | TPI0I CcRIO2
| 2N652A ! | CRIOI & IN4S7A
| CRaLg cor] o« | | nasTAY Z|o| Y ios
mgq 22T 2 cres | CRI04 % ], CRIOS
| T | | RI08 IN9578 IN36B6E
INOI R8BS 9 15 Y Q102
! » S T 56K 2N696 4
| o | | At
CcRB4 aof« clo2Y o]
crez LVre2j v 9| 3
| No. & 227 & INGSTA | | Zlo 68T S5
| 082
2N6524 T | N L cios
| o> | zpo Pos
| 9
| |
| nt
I — 1 <=
S T T ST LS IE TS :
h<| 5 F PR SCes aLcev TPez 2
| i it o83 css
&, S cB4 $£,58%0 . cBo
| 745100 85 00, ’ﬂE PF [“oo9l
s eMNCs

e

R7

Internal schematic of the type

L



L.L. 41-945.51K

——
POWER SUPPLY

TP AMPLIER AMPLIFIES AND LIMITER
-~
I, | 3 |
| |
) (&} X} I
219 Ny !
pe o
o y | N o
| o~ .
1z | LT
) |5 L
4 6 | :
«
N S|s | 5
P33 Sl |, B |
lo o |
I !
232 [ |
274 | |
' 1
_ |
ole | |
| I
| |
Lesa 9B c35 | |
Tio <«[© 125 | |
I |
| I
! I
__________________ . e e e Y
NEG. DL,
©GS. 20 V.OC,
OUTPUT
19 12 J
j .
s ] ! ™
IN457A | rAL |
» ! »i
|
Q104 ! FAL |
2N699 l' T;.
I | ?Al ARM RELAY
CRIO6 — >
IN457A ! L |
| :7‘|
I a i
—»
R138 | I
TOK | 1
>
= —»
=N L !
o | TA I
cmoai J L ne
INa570 Y YCRiO® l I
IN457A cril0 CRIIL L
|
Nas57AN iNasTAE | %AR i > TRIP RELAY
'S | ﬁl
r\ QIOBI IL
TPI04 2NE99 N
o=l | I
?lo »
HE | ™
_ _I ?A REGULATED 45 v.DC POS
I[_ ?5 £0S. DC. INPUT
' » FUSED POS
I BRI lc r H
I H—(E00——4 5,
4L crassis | GROUND
| vel = GROUND [ l'
| FIM‘BZBE =
| I
VR2Z !
| Lo YR !
|
— I FUSED NEG
S B3 NEG D.C. INSUT
\ —

543D637

TCF receiver, without the carrier level indicator.

12




TYPE TCF POWER LINE CARRIER

l.L. 41-945.51K

FILTER RESPONSE
MEASUREMENTS

The crystal input filter (FL1) and the IF filter
(FL2) are in sealed containers and repairs can be
made only by the factory. The stability of the
original response characteristics is such that in
normal usage no appreciable change in response will
occur. However the test circuits of Dwg. 849A109
can be used in case there is reason to suspect that
either of the filters has been damaged.

Fig. 4 shows the -3db and -60db check points
for the crystal filters. The response curve of the
IFF filter shows the combined effect of the two
sections, and was obtained by adding the attenua-
tion of each section for identical frequencies. The
scale of Fig. 4 was chosen to show the crystal filter
response, which permitted only a portion of the IF
filter curve to be shown. The check points for the
pass band of each section of the latter are ““down
3db maximum at 19.75 and 20.25 kHz, and for the
stop band are ‘‘down 18 db minimum at 19.00 and
21.00 kHz. The signal generator voltage must be
held constant throughout the entire check. A value
of 20 db (7.8 volts) is suitable. The reading of VM2
at the frequency of minimum attenuation should not
be more than 22db below the reading of VMI1. It
should be noted that a limit measured ingthisfman-
ner is for convenience only and does“not indicate
actual insertion loss of the filter. The insertion
loss would be approximately 16db dess@than the
measured difference because of the¥input resistor
and the difference in input and ©utpuf, impedances
of the filter.

Because of the extreme frequency sensitivity of
the crystal filter, the gscillator used in its test
circuit should have very “good“frequency stability
and a close vernier control. “The oscillators used
for factory testing hawe special modifications for
this use. A value ofsapproXimately 10db (2.45 volts)
is suitable for the|cofistant voltage at whichto hold
VM1 throughoutiytheteheck. The reading of VM2 at
the frequéncy, of “minimum attenuation will vary
somewhdt, with the channel frequency but should
not be morejthan 11db below the reading of VMI.
(The filter insertion loss is approximately 6db less
than the difference in readings.)

CONVERSION OF RECEIVER FOR
CHANGED CHANNEL FREQUENCY

The parts required for converting a TCF receiver
for operating on a different channel frequency con-
sist of a new crystal filter (FLi1), a new local
oscillator crystal (Y11) and probably a different

feedback capacitor (C12). Because the wide range
of channel frequencies precludes fmaintaining a
factory stock of the various crystals, immediate
shipment of the filter and the oscillator crystal can-
not be made. After the crystals have been procured
and the filter has been completed, itpis recommend-
ed that the receiver be returned to the factory for
the conversion and for,complete test and adjustment.
However, if the time thatythegr€ceiver can be out of
service must be keptgto, a ‘minimum, the conversion
may be made by customers who are equipped for
this work.

RECOMMENDED TEST EQUIPMENT

I. Minimum¥Eest Equipment for Installation.

afpA-Cly vacuum Tube Voltmeter (VTVM).
Voltage range 0.003 to 30 volts, frequen-
cy range 60 Hz to 330 kHz, input
impedance 7.5 megohms.

b. D-C Vacuum Tube Voltmeter (VITVM).

Voltage Range: 1.5 to 300 volts
Imput Impedance: 7.5 megohms

c. Milliammeter, 0-3 range (if receiver has
carrier level indicator).

II. Desirable Test Equipment for Apparatus
Maintenance

a. All items listed in I.

b. Signal Generator
Output Voltage:
Frequency Range:

up to 8 volts

c. Oscilloscope
d. Frequency counter
e. Ohmmeter

f. Capacitor checker
g. Milliammeter, 0-1.5 or preferably 1.5-0-
1.5 range, for checking discriminator.

Some of the functions of the recommended test
equipment are combined in the type TCT -carrier
test meter unit, which is designed to mount on a
standard 19’ rack but also can be removed and
used as a portable unit.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, replacement parts can be
furnished, in most cases, to customers who are
equipped for doing repair work. When ordering parts,
always give the complete nameplate data, the elec-
trical value, style number, and identify the part by
its designation on the Internal Schematic drawing.

15
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ELECTRICAL PARTS LIST

e Esenouse
CAPACITORS
C1 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
C2 Oil-filled; 0.5 mfd.; 1500 V.D.C.
Cl1 Metallized paper; 0.25 mfd.; 200 V.D.C.
C12CI6 | Mica, capacity as required; 500 V.D.C.
C13 Metallized paper; 0.25 mfd.; 200 V.D.C.
Cl4 Metallized paper; 1.0 mfd.; 200 V.D.C.
C15 Metallized paper; 1.0 mfd.; 200 V.D.C.
C31 Metallized paper; 0.25 mfd.; 200 V.D.C. 187TA624H02
C32 Metallized paper; 0.25 mfd.; 200 V.D.C. 187TA624H02
C33 Metallized paper; 0.25 mfd.; 200 V.D.C. 187TA624H02
C34 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C35 Metallized paper; 0.25 mfd.; 200 V.D.C. 187TA624H02
Cs51 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C52 Metallized paper; 0.25 mfd.; 200 V.D.C. 187TA624H02
C53 Metallized paper; 0.1 mfd.; 200 V.D.C. 187TA624HO01
C54 Dur-Mica, 1300 pf.; 500 V.D.C. 187A584H15
C55 Metallized paper; 0.1 mfd.; 200 V.D.C. ' 187A624H01
C56 Metallized paper; 0.25 mfd.; 200 V' DC. 187A624H02
C57 Metallized paper; 0.1 mfd.; 20044D.¢" 187A624H01
C58 Metallized paper; 0.25 mfd.; u\ . 187A624H02
C59 Metallized paper; 0.25 mfd.; 0 . 187TA624H02
C60 Metallized paper; 1.0 mfd.; .C. 187A624H04
C81 762A703HO1
Cc82 762AT03HO01
C83 T62AT36H02
C84 187A624H16
C85
C86 187A684H08
c817
C88 T62A736H02
C89 187A624H16
C90 762AT03HO1
C91 ; 762A703HO01
C101 Tantalum, 4.7 mfd., 35 V.D.C. 184A661H12
C102 Tantalum, 6.8 mfd.; 35 V.D.C. 184A661H25
C10 Metallized paper; 0.5 mfd.; 200 V.D.C. 187A624H11
Cl0 Metallized paper; 0.5 mfd.; 200 V.D.C. 187A624H11
0 Ceramic, 0.05 mfd.; 50 V.D.C. 184A663H02
Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
52 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
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ELECTRICAL PARTS LIST (Cont’d.)

|

CIRCUIT WE STINGHOUSE \
SYMBOL DESCRIPTION DESIGNATION l
CAPACITORS (Cont'd.) 1
C153 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04 :
C154 Metallized paper; 0.25 mfd.; 200 V.D.C. 817TA624H02
C155 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C156 Metallized paper; 0.25 mfd.; 200 V.C.C. 187A624H02
C157 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C158 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
c211 Durmica; 100 mmf to 1000 mmf 187TA695H
C212 Ceramic; .1 mf, 50 v.d.c. 184A663H04
C213 Cigrgmic; ._1 E&SO v.d.c. 184 A663 HO4
Cc214 Durmica; .56 mmf 187TA695H17 ;
Cc215 Ceramic; .1 mf, 50 v.d.c. 184A663 HO4 i
C216 Metallized paper; 1 mf 187A624H04 f
Cc217 Metallized Paper; 1 mf 187TA624H04 i
DIODES - GENERAL PURPOSE i
CR51 IN45TA; 60 V.; 200 MA. | _184A855HO7 |
CR52 IN475A; 60 V.; 200 MA. 184 A855H0T ‘
CR53 IN457A; 60 V.; 200 MA. ] 184 A855H07
CR81 IN91; 100 V.; 150 MA. WYY 182£.881H04 !
CR82 IN91; 100 V.; 150 MA. 182A881H04 f
CR83 IN91; 100 V.; 150 M A 182A881H04 ;
CR84 IN475A; 60 V.; 200, MA. ] 184A885H07 !
CR85 IN628; 125 V.30 MA. | 184A855H12 :
CR86 IN628; 125 V.;%804 MA. 184 A855H12 {
CR101 IN457A; 60 Vag 2000MA. 184 A885H07 }
CR102 IN457A; 604V 200,MA. 184A885H07 |
CR103 IN457A; 60 V.; 200 MA. 184 A885H07 |
CR106 IN457As60 ¥.;4200 MA. ] 184A885H07 |
CR107 IN4574; 60 W.; 200 MA. o 184 A885H07 |
CR108 IN46ZAN60/V-; 200 MA. 184 A885H0T
CR109 IN457AR60 V. 200 MA. 184 A885H07
CR110 IN457A; 60 V.; 200 MA. I 184A885H07
CR11l INg57A; 60 V.; 200 MA. - B 184 AB85H0T
CR112 IN457A; 60 V.; 200 MA. 184 A885H07
CR151 IN457A; 60 V.; 200 MA. 1 184A885H07
CR152 IN457A; 60 V.; 200 MA. - 184 A885HO7
CR153 7 IN457A; 60 V.; 200 MA. 184 A885H07T ]
CR154 IN457A.; 60 V.; 200 MA. B 184A885H07
CR185 IN457A; 60 V.; 200 MA. 184A885H07
CR156 IN457A; 60 V.; 200 MA. 184 A855H07
DIODES - ZENER
CR1 IN3027A; 20 V. +10%; 1W. 188A302H10 |
CR2 IN3027A;20 V. £10%; tw. 188A302H10 |
CR104 IN957B; 6.8 V. + 5% 400 MW. i 186 AT9THO6 |
GR105 IN3686B;20 V. + 5%; 750 Mw. | 185A212H06 }
CR113 IN957B; 6.8 V. + 5%; 400 MW. B 186A79THO6
VR1 IN2828B; 45 V. + 5%; 50 W. 184 A854H06 |
VR2 ~ IN2984B; 20 V. + 5%; 10 W. - | 762A631HO01 4
Z201 IN753A; 6.2 V. v_5% 400 MW. 862A606H01 |
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ELECTRICAL PARTS LIST (Cont'd.)

SymaoL DESCRIPTION "DESIGNATION
POTENTIOMETERS
RS 10K; 2 W. 185A086H10
R7 250K; 2 W. 185A086H11
R12 1K; 14 W. 629 A430H02
R52 1K; % W. 629 A645H04
R156 2.5K; %4 W. 629A645H07
RESISTORS
R1 400 ohms +5%; 25 W. 1202587
R2 26.5 Ohr; +5%,; 40 W. (For 48 V. Supply) B @ 04D1299H44
R2 150 ohms +5%; 40 W. (For 125 V. Supply) 1202499
R2 300 ohms +5%; 50 W. (For 250 V. Supply) T63A963H01
R3 150 ohms *+5%; 40 W. (For 125 V. Supply) 1202499
R3 500 ohms *5%; 100 W. (For 250 V. Supply) 629A843H03
R4 100 ohms +5%; 1 W. Composition 187A643H03
R6 10K *5%; ¥» W. Composition 184AT63H51
R8 10% *+5%, I*V»V.—Composition Y | 187A643H75
R11 10K +5%; Y% W. Composition 184AT763H51
R13 5.6K +5%; Y% W. Composition 184AT63H45
R14 3.3K +5%; Y% W. Composition ) 184A763H39
R15 330 ohms #5%; % W. Composition 184A763H15
R16 10K *5%; Y% W. Compositien ) 184AT63H51
R17 33K +5%; % W. Composition 184AT63H63
R18 3.3K +5%; %2 W. Compositign 184A763H39
R19  3.3K £5%; % W. Compesition 184AT63H39
R20 10K +5%; % W.4€Composition 184A763H51
R21 33K £5%; Y% W. Gomposition 184A763H63
R22 330 ohms *5%;84eW.“€omposition 184A763H15
R23 10K +5% % W.“@omposition 184AT763H51
R31 3.3K £5%; Y% W) Composition 184A763H39
R32 22K 5%, /2"W. Composition 184A763H59
R33 680 ©hms\#6%; % W. Composition 184A763H23
R34 68 ohms%5%; Y. W. Composition 187A290H21
R35 0K £5%; % W. Composition 184 AT63H51
R36 330y ohufts +5%; %> W. Composition 184AT63H15
R37 3.3K +5%; Y5 W. Composition 184A763H39
R38 1000 ohms *5%; % W. Composition 184AT763H27
R39 22K *£5%; %2 W. Composition 184AT63H59
R40 680 ohms +5%; % W. Composition - 184AT63H23
R 68 ohms +5%; % W. Composition 187A200H21
R42 10K *+5%; % W. Composition 184A763H51
R51 4.7K +5%; Y2 W. Composition 184A763H43

18
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ELECTRICAL PARTS LIST (Cont'd.)

ciecuT sescrirTIoN
RESISTORS (Cont'd.)

R53 27K +5%; Y, W. Composition 184A763H61

R54 2.2K +5%; % W. Composition 184A763H35

R55 | 27 ohms £5% % W. Composition 18TA290H11
_7R56 10K +5%; Y% W. Composition 184 A763H51
T Rs7 4.7K *5%; % W. Composition 184A763H43

R58 | 27K +5% Y W. Composition 184A763H61

R59 | 1.5K £5%: % W. Composition 184AT63H31

R60 | 180 ohms +5%; % W. Composition 184A763H09

R61 4.TK *+5%; Yo W Composition 184A763H43

R62 1.5K 5%, % W. Composition 184A763H31

R63 3.3K +5%; % W. Composition 184AT63H63

R64 2.7K *5%; Y% W. Composition 184A763H3T

R65 680 ohms + 5%, % W. Composition 184A763H23

R66 68 ohms *5%; Y% W. Composition 187TA290H21

R67 4.7K *+5%; Y4 W. Composition 184A763H43

R68 2.7K +5%; Y, W. Composition 184AT63H37

R69 18K *+5%; % W. Composition 184 AT63H57

R70 220 ohms + 5%; Y% W. Composition 184A763H11

R71 270 ohms * 5%; Wire Wound 09D832G19

R72 330 ohms *5%; %2 W. Composition 184A763H15

R81 4.7K * 5% Y% W /4Composition 184 AT63H43

R82 4.7K +5%; Yo W, "Composition 184A763H43

R83 2.2K +5% Y% W. Qomposition 184A763H35

R84 2.2K + 570, WEComposition 184A763H35

R85 6.8K #5%: '» W. Composition 184AT63H47

R101 39K’ W§%; ¥ W. Composition 184A763H65

R102 38K +6%, Y% W. Composition 184A763H63

R103 10K#5%; 2 W. Composition 184A763H51

R104 | L 427K +5% % w. Composition | 184A763H61 |

R105 A 10K +5%; % W. Composition 184A763H51
" Ri06/ & ¥ 39K £5% % W. Composition 184AT63H65 |
T R107T & | 4 18K +5% % W. Composition 184AT63H5T

R108 ¥ 56K +5% ' W. Composition 184 AT63H69
" R109 | 10K +5%; 1 W. Composition 187A643H51 |
| QRII0 |  6.8K +5% 1 W. Composition 187A643H4T ]

_RI11 | 470 ohms *5% Y% W. Composition 184A763H19

RI12 | 1000 ohms *5%; % W. Composition 184AT63H2T |
N RII3 | 470K +5%; % W. Compositon 184AT63HOL
P Ri14 | 1000 ohms +5%; % W. Composition 185A763H27T
' R115 | 82K +5%; % W. Composition 184AT63HT3
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TYPE TCF POWER LINE CARRIER

ELECTRICAL PARTS LIST (Cont'd.}

CIRCUIT

DESCRIPTION

WESTINGHOUSE

SYMBOL DESIGNATION
RESISTORS
R116 10K +5%; % W. Composition 184A763H51
R117 10K +5%; Y% W. Composition 184A763H51
R118 10K +5%; % W. Composition 184 A@63H51
R119 100K +5%; Y% W. Composition 184/A763H75
R120 39K +5%, % W. Composition 184A763H65
R121 68K *5%; Y5 W. Composition 184AT63H71
R122 68K *5%: % W. Composition 184A763HT71
R123 1000 ohms +5%; % W. Composition 184A7T63H27
R124 33K +5%; %2 W. Composition 184 AT63H63
R135 33K +5%; % W. Composition 184A763H63
R126 10K +5%; Y% W. Composition 184AT63H51
R127 10K *5%; % W. Composition 184AT63H51
R128 10K +5%; Y% W. Composition 184 AT63H51
R129 68K *+5%; Y2 W. Composition 184AT63HT1
R130 68K *5%; 4 W. Composition AN 184AT63H71
R131 12K +5%; % W. Composition 184 AT63H53
R132 33K *5%; Y4 W. Composition 184A763H63
R133 33K +5%; Y5 W. Composition 184AT63H63
R134 10K +5%; Y% W. Composition 184AT63H51
R135 10K +5%; % W. Composition 184AT63H51
R136 3.3K +5%; Y% W. Composition 184AT63H39
R137 800 ohms +5%; 3 W. Composition 184 A859H06
R138 10K +5%; % W. Comp@sition 184 AT63H51
R151 2.7K +5%; Y5 W. Conipesition 184A763H37
R152 2.2K Sensistor TypeTMVay(Tex. Inst. Co.) 187A685H01
R153 220 ohms +5%; Y% W. Composition 184A763H11
R154 2.2K *+5%; Y. W. Composition 184A763H35
R155 15K +5%; Y% W. Compgsition 184 AT63H55
R157 4.7TK *5%; Y%fW. Cemposition 184AT63H43
R158 4.7K *5%;,Y,"W. Composition 184A763H43
R159 15K +5%; YaW- Composition 184 A763H55
R160 560 ohms * 5%; Y% W. Composition 184A763H21
R161 1.2K{#5%; YoW. Composition 184AT63H29
R162 180 ohms "+ 5%, W. Composition 184A763H09
R163 180 ohms *5%; Y% W. Composition 184A763H09
R164 470/6hm s ¥5%; Yo W. Composition 184A763H19
R165 1000 ghms +5%; Y W. Composition 184AT63H27
R166 38K Thermistor Type ID201 (G.E. Co.) 185A211H08
R167 18K +5%; Y W. Composition 184A763H57
R168 10K +5%; Y% W. Composition 184AT63H51
R211 10K *5%; Composition 184AT63H51
R212 1K *5%, Composition 184AT63H27
R213 10K *5%; Composition 184A763H51
R214 2.TK * 5%, Composition 184AT63H37
R215 10K * 5%, Composition 184A763H51
R216 8.2K *5%; Composition 184AT63HT3
R217% 2K *5%; Composition 184 AT63H34
R218 150 ohms *5%; Composition 184 AT63HO07
R219 330 ohms * 5%, Composition 184AT763H15
R220 47K *+5%; Composition 184AT63H67
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TYPE TCF POWER LINE CARRIER

I.L. 41-945.51K

ELECTRICAL PARTS LIST (Cont’d.)

e DESCRIPTION WE ST INGHRUSE
TRANSFORMERS
T11 Toroidal type, 10000/400 ohms 205C048G03
T12 Toroidal type, 25000/300 ohms 205C043G03
T81 Pot. Core type 606B533G01
Tg2 Pot. Core type 606B533G02
T211 10K: 10K 714B677G01
T212 | 25K:300 205C043G01
TRANSISTORS
Q11 2N652A 184A638H16
Q12 2N1396 848A892H01
Q13 2N1396 848A892H01
Q31 2N274 187A270HO01
Q32 2N274 187TA270H01
Q51 2N396 T62A575H03
Q52 2N396 T62A575H03
Q53 2N396 T62A575H03
Q54 2N396 T62A585H03
Q81 2N652A 184A638H16
Q82 2N652A 184 A638H16
Q101 2N652A 184 A638H16
Q102 2N696 T62A585H01
Q103 2N697 184A638H18
Q104 2N699 184A638H19
Q105 2N699 184A638H19
Q106 2N696 T62A585H01
Q107 2N698 T62A585H02
Q108 2N699 184A€38H19
Q109 2N699 184A638H19
Q110 2N696 T62A585H01
Q111 2N696 T62A585H01
Q151 2N396 T62A585E03
Q152 2N396 B 762A585H03
Q153 2N396 T62A585H03
Q154 2N 699 184A638H19
Q211 2N652A 184A638H16
MISCELLANEOUS
Y11 Oscillator Crystal (Frequency 20 kHz above Channel Frequency) |762A800H01+(Req.Freq.)
FL1 Crystal input Filter 401C466 + (Req. Freq.)
FL2 LF. Filter T62A613G01
PL Pilot Light Bulb — For 48 V. Supply 187A133H02
Pilot Light Bulb — For 125 or 250 V. Supply 183A955H01

FI,OF2 Fuse, 1.5 A. 11D9195H26
AL Alarm Relay 408C062H07
AR Trip Relay 408C845G03
L1-L2 Choke 292B096G02
I1C201 Fairchild UA 710C (Int. Ckt.) 201C826H04




TYPE TCF POWER LINE CARRIER

DISCRIMINATOR

TRIP QUTPUT
GUARD OQUTPUT
T.0.
120 M.S. |a
PICKUP
| 2
[for] [mor] [rox
D E F
FAST PU. &
SLOW D.O. —
D O DELAY G
YARIES WITH
LENGTH OF
I PU. PULSE
T.0. T.0. |
150 MS.IH 2-20M.8
DROPOUT] PICKUP E?R J

t

ALARM

ALARM
RELAY

SOUNDS

ON DROPOUT

T63A315

28 DOWN f—220HZ ~
(FILTERS ONLY)
0
" ] |
-3 i 20KHZ (F.
] \F\LTZR —
10 /
74
\ DISCRIMINATOR
OUJPUT b
-20 [ Y i
/ \ 1ol
y ik I
\J
-30 / 2580
\
U \
JARANN).
A Mo [ \
/ \
A R \
_co / le—200HZ—pl \
/ L \
/ Y A\
i \
-0 1|
500 1409, 1300 200 100 F¢ 100 200 300 400 500
HERTZ  — INPUT  FREQUENCY HERTZ +

FEsCENTER FREQUENCY OF CRYSTAL FILTER

836A932
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Fig. 6 Component locations on the type
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TYPE TCF POWER LINE CARRIER

f.L. 41-945.51K
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Fig. 7 Component locations on the oscillator
and mixer printed circuit board.

Fig. 8 Component locations on the I.F.
amplifier printed circuit board.
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Fig. 9 Component locations on the amplifier
and limiter printed circuit board.

Fig. 10 Component locations on the discriminator

printed circuit board.
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TYPE TCF POWER LINE CARRIER

TRICI
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Fig.11 Component locationsyon the logic
printed circuit ‘board.
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TYPE TCF POWER LINE CARRIER

1.L. 41-945.51K

N
a ['_ o
’,“—_._J‘ ! 4 : FOR'280,0R 1254250V.0.C. ONLY
| ]
i
~lo
- E— e
5 wipe x 3 peep - Four sLoTs )
€T Sl
L v
1 =l INPUT POWER LOGIG i
| - ATTENUATION ON CONTROL ]1
| 1= i A Flﬂ . F2 /4‘\ PN r
| EEA S YY S
S Nale]l 1elo Ny NN |
; oY OFF v ~-- WHEN SURPLIED ‘\
ol — - - R |
: B @ T “ﬂ‘r +
“l v’ ‘i !
° i
e | ). | |
7 [
| J i
| 11
S ! U:
i
o e e L b
. 1777 =T I
- i
=l L —5 —- JER s -
v Westinghoyise @ ) 4
“ - e e m% MTG. CENTERS —————— -~ — t—,% .
— — — - 19 e, ]

410C495

Fig. 14 Outline and drilling'plan for the type TCF receiver assembly.
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Fig. 15. Test Currents for TCF Frequency Shift Receiver Filters.
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R12
R17
R19
R21

COMPONENT STYLE REF
TRANSISTOR
Q11-Q12-Q13 849A441H03 2N4249
RESISTOR
R15-R22 184A763H15 2 [3300 12W +5%
R14-R28-R19 184A763H39 3 | 33K 1RW +5%
R13 184A763H45 1 [5.6K 1RW +5%
R114R16-R20=R23 184A763H51 4 10K 1R2W *5%
R17=R21 184A763H63 2 | 33K _1RW 25%
R24 184A763H83 1 [220K 1RW *5%
R25 184A763H43 1 [47K 1R2W 5%
CAPACITOR
C11-C13-C17 187A624H02 25MFD. 200V.
C14-C15 187A624H04 1MFD.  200V.
C12 SEE _NOTE V¥
C16 SEE NOTE ®
POTENTIOMETER
R12 629A430H02 10000
TRANSFORMER
T11 205C043G01 10,000/400
T12 205C043G03 25,000/300
CRYSTAL
Y11 SEE NOTE o

v =C12 RANGE 4 TO 390Pf.

AND CRYSTAL CHARACTERISTICS.

® =C16 RANGE 22 TO 100Pf. AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.

© =Y11 RANGE-50 TO 220 KHZ.

REF. COMPONENT LOCATION- 763A292

AS REQUIRED BY FREQUENCY

264C855

x Fig. 18. Internal Schematic 30-200KHz Oscillator and Mixer Silicon Transistor Version
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LT

COMPONENT STYLE REQ. REF
TRANSISTOR
Q211 849A441H03_ | 1 2N4249
RESISTOR
R2LL_R213-R215 184A763H51 | 3 | 10K _12W 5%
R212 184A763H27 | 1 | 1K 12W 5%
R214 184A763H37_| 1| 2.7K  12W 5%
R216 184A763H49 | 1 |B.2K 12W x5%
R217 184A763H34_| 1 | 2K 1/2W +5%
R218 184A763H07__| 1_|1500 1/2W 5%
R219 184A763HI5 | 1 3300 12W 5%
R220 184A763H67 | 1 | 47K _12W 5%
R221 184A763H83 | 1 |220K_1/2W 5%
R222 184A763H43_| 1 | 47K 1RW 5%
CAPACITOR
A _ L ~ c211 SEE_NOTE_A
r==z P21 T T TTTTTTTT T TT AT T T T T LT C212-Cc213-C215 184A663H04 | 3 | .IMFD. 50V,
| c214 SEE_NOTE O
: i = 216 C216-C217 187A624H04_| 2 | 1 MFD._200V.
I o S oy Eﬂ._Jr c218 187A624H02_| 1_|.25 MFD._200V.
| RoTS
| [N Ov11 TP217 L l
{ el p 2 c215 ZENER DIODE
7201 862A606H01_| 1 IN753A
: i R c2ig
14
| . 9 INTERNAL CIRCUIT
| R214) B Ic201 201C826H04_| 1 UA710C
| =
|
| TP212 TRANSFORMER
| T211 7148677601 | 1
: c218 €217 R T212 205C043G03 | 1
l
CRYSTAL
: R21s VY11 SEE NOTE O | 1
|
e N 18 | _[3096507501)
v
A=C211 RANGES FROM 100Pf. TO 1000Pf
0-C214 STYLE NO. 187A695H17 56Pf. BUT MAY VARY UP TO 100Pf.
0= Y11 FREQUENCY EQUALS RECEIVER (CHANNEL) FREQUENCY
PLUS 20 KHZ.
264C844
* “Fig. 19. Internal Schematic 200.5-300KHz. Oscillator and Mixer Silicon Transistor Version
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R32

[ FL2

Quw NO
{R38 }¢

R34

R33

c32

~ C36

P~ <@

COMPONENT STXUE REF |
TRANSISTOR |
Q31-Q32 849A441H03 2N4249 i
]
|
RESISTOR |
R34-R41 187A290H21 [ 2 | 680 12w +5% |
R36 184A763Hi5 | 1 [330n 1/2w +5%]
R33-R40 184A763H23 2 [6800 1/2W +5%)
R38 184A763H27 1 | 1K 12w +5% |
R31-R37 184A763H39 | 2 [33K /2w +5%]
R35-R42 184A763H51 | 2 | 10K 1/2W #5% |
R32-R39 184A763H59 | 2 [ 22k 1ow +5%|
|
CAPACITOR
€381-C32-C33-C35 187A624H02 .25MFD. 200V
C34 187A624H04 IMFD._200V.
c36 762A757H01 100 Pf.
FILTER
FL2 762A613G01
#= COMMON TERMINAL
264C856

¥*

Fig.'20. Internal Schematic I.F. Amplifier — Silicon Transistor Version
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e,
e,
e\

COMPONENT ! STYLE REQ. REF
TRANSISTOR
Q51-Q52-@53-Q54 849A441H03 | 4 2N4249
RESISTOR
R66 187A290H21 | 1 | 680 12W =5%
R55 187A290H11 | 1 | 270 12W =5%
R70 184A763H11 | 1 12200 12W =5%
R72 184A763HI5 | 1 [3300 12W =5%
R65 184A763H23 | 1 |6800 12W =5%
R59 184A763H31 | 1 | 15K 12W =5%
R54-R62 184A763H35 | 2 | 2.2K 12W =5%
R64-R68 184A763H37 | 2 | 27K 12W =5%
R51-R57—R61-R67 184A763H43 | 4 | 47K 1/2W 5%
R56 184A763H51 | 1 | 10K 12W =5%
R69 184A763H57 | 1 | 18K 12W =5%
R53-R58 184A763H61 | 2 | 27K 1R2W 5%
R63 184A763H63 | 1 | 33K 12W =5%
_____ A e A e R71 0908326620 | 1 1000 +2%
i EN 16 ] R60 184A763H09 | 1 11800 12W 5%
| I R73 629A531H02 | 1 |560 1RW 22%
I 3 o § 4
I 4 x| o I
| 51 7 CAPACITOR
I O '> Csa 187A584H15 | 1 | 1300MMF. 500V.
t1a Ceo’= i C51-C52-C56-C58-C59 187A624H02 | 5 | .25MFD. 200V.
< W C53-C55-C57 187A624H01 | 3 | O.IMFD. 200V.
TP52 C53 |
| 5, C60 187A624H04 | 1 | LOMFD. 200V.
[ —lc—¢ >
1
|
| i
<« b as1 i DIODE
| 1051 | D51-D52-D53 184A855H07 | 3 INA57A
! — |
' Its3 '
] I POTENTIOMETER
: I R52 629A645H04 | 1 1K
| 3 |
I |
— <+ I
| 33
| TCSI'I cszT o 054’[ |
i o . ! ! ! |
]
| 1sl 410C 163G01 I'
.————-v ——————————————————————————————— —— — —

6¢

» Figy 21. Internal Schematic Amplifier and Limiter — Silicon Transistor Version
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COMPONENT STYLE REQ REF ]
TRANSISTORS
Q101 849A441H03 1 | (2Na249)
Q102- 106+ 110~ 111 762A585H01 | 4 | (2N696 )
Q103 184A638H18 1 | (2n697)
Q107 762A585H02 | 1 | (2N698)
Q105-108-109-104 184A638H19 | 4 | (2N699)
RESISTORS
i el Uit EAT---°N R110 187A643H47 1 | (68K 1W =5%)
| J R109 187A643H51 1 | (10K W 25%)
) —t- “TP110 ! R137 184A859H06 | 1 |( 800 _n 3w)
[ SIE ooz TPIO2 E O po3 | !} R111 184A763H19 | 1 | (470 I/2W35%)
| blol ¥ e e f R112-R114-R123 184A763H27 3 J(1K 12w $5%)
. 7104 RIZ3 2105 { mg RS >Q,°4 : §1ae S 184A763H39 1 [ 33K 12wWi5%
pa 14 103-105-11 -
A 2:?: a0 @io3 [ 126T0I28-134-35-3 | 'S4ATE3SI | 11 JIOK /2W £ 5%)
X Q101 © o Lt [® ko106 E 1 R131 184A763H53 1 [(12k 12W 25%)
) x = ! R107 184A763H57 1 |(18K 12W =5%)
I oy ™ -] ci01 1 | R104 184A763H61 1 |27k 12w _+5%)
| = & = T Icws b__i)' R102-124 —125-132-133] 184A763H63 | 5 |(33K 12W.=5%)
9 R101-106-120 184A763H65 | 3 |(39K 12W 25%)
T TPIO8 —R38} R108 184A763H69 | 1 |(56K 12W x5%)
O R121-122-129-130 184A763H71 | 4 |(68K 1RW £5%)
< R115 184A763H73 1 | (82K 12W #5%)
i nl = y0I09 R119 184A763H75 1_|(100K 1/2W +5%)
: [2 = &l o107 Do R113 184A763H91 1 [ta70K 1/2W +5%)
|
1 Q105 (1
[} {
1 E €103 o E )
1 T E ! 1
1 y y EN
1 1 CAPACITORS
1 1 c101 184A661H12 1 |(4.7MFD. 10%)
i I C105 184A663H02 | 1 |(.05MFD. 50v)
| 1 c102 184A661H25 1_|(6.8MFD.)
| 1 €103-104 187A624H11 | 2 | ( .5MFD. *10%)
1 1 DIODES
' 1 D114 182A881H07 | 1 | ( IN10DA )
! '
! 1
: : DI01T0103~106 TONZ) 1gqpgsshor | 11 |(iNasTA)
1 DIO—ZENER
_________ 14 -__E_______-________...____-__-[41.00_'65’-691--! 7105 185A212H06 | 1 | ( IN3686B )
Z113-104 186A797H06 | 2 | ( IN9578 )

264C845

» Fig. 24. Internal Schematic Logic Board — Silicon Transistor Version
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TYPE TCF POWER LINE CARRIER

L. 41-945.51K
i i
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Fig. 25. Component Locations 30-200KHz. Oscillator

and Mixer Silicon Transistor Version

Fig.26. Component Locations 200.5-300KHz. Oscillator

and Mixer Silicon Transistor Version
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Eig. 27 Component Locations I.F. Amplifier — Silicon

Transistor Version

Fig.28. Component Locations Amplifier and Limiter —

Silicon Transistor Version
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TYPE TCF POWER LINE CARRIER
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Fig.29. Component Locations Discriminator — Silicon Transistor
Version
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INSTRUCTIO NS

TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT

TRANSMITTER EQUIPMENT
3 FREQUENCY -10 WATT/1 WATT/ 10.WATT

CAUTION: 1t is recommended that the user of this
equipment become thoroughly familiar with the
information in this instruction leaflet before ener-
gizing the carrier assembly. Failure to observe
this precaution may result in damage to the equip-
ment.

If the carrier set is mounted in a cabinet, it
must be bolted down to the floor or otherwise se-
cured before swinging out the equipment rack to
prevent its tipping over.

APPLICATION

A widely used high speed relaying system used
for transmission line protection consists of direc#
tional-comparison unblock relaying plus a tramsfer-
trip channel for breaker failure protection. Normally
these systems of relaying require two frelguency-
shift channels, wideband for unblocking and, narpew-
band for transfer trip. A saving in channel speectrum
can be effected by using a three frequeneytrans-
mitter for the two relaying functions _andf two sep-
arate receivers, one for each function, as shown in
Figure 1.

SYSTEM OPERATION

The three frequency #TCEyecarrier transmitter
provides for the transmission @f any of three closely
controlled discrete frequeneies, all within the
equivalent spacing fof @ single wide-band channel.
The center frequencyfof the channel can vary from
from 30 kHZ to 300, kHz in 0.5 kHz steps. The
transmittepf normally, operates at a frequency that
is 100 hz abéve thle channel center frequency (fc).
This frequency®serves as the ‘‘guard’’ frequency
for the transfer-trip receiver and as the ‘‘block’’
frequency for the unblock receiver. Note that the
diseriminator characteristic in the unblock receiver
in, this case is reversed from the normal unblock
receiver used with the standard two frequency
transmitter. This ‘‘guard’’ ‘‘block’’ frequency is

transmitted continuously when conditions are normal.

I’ indicates at the receiving end of the line that

NEW INFORMATION

the channel is operativeyand serves to prevent
false operation of the rfeceiver by line noise. The
lowest frequency, which®s 100 hz less than fc,
is the “‘transfer“$rip’’ frequency and is transmitted
as a signal that, an“operation (such as tripping a
circuit breaker) should be performed at the receiving
end of thegliney The highest frequency, which is
300 hz (abegvenfc, is the ‘‘unblock’’ frequency and
is tramsmitted as an unblock signal for directional
comparison relaying. If a subsequent transfer-trip
operation 1s called for, the transmitter will shift
toWfc - 100 hz which is the “‘trip’’ frequency for
the transfer trip (narrow-band receiver.

Note that when the transmitter shifts to ‘‘un-
block,”” the frequency is completely outside the
passband of the narrow band transfer-trip receiver.
Normally, this would cause a low-signal alarm
output from that receiver. Similarly, when the fre-
quency is shifted to ‘‘trip’’ (fc-100 hz), the signal
is well removed from the ‘‘block’’ peak of the wide-
hand receiver discriminator. In order to prevent a
similar alarm output in this case, the checkback
output of each receiver is cross-connected to the
guard or block input of the opposite receiver (through
an OR logic circuit). This logic is shown in Figure
8. The checkback output is a receiver output that
indicates that a proper signal has been received
without going through any time delays or other
logic used for the actual relaying output. With
this cross-connected logic, both receivers will
function when required, but will not give any in-
correct output indications.

The transmitter normally operates at an output
level of one watt at the ‘‘guard’’ ‘‘blocking’’ fre-
quency, but increases to ten watts for either ‘‘trip’’
or ‘‘unblock’ output. An interlock is provided in
the transmitter keying circuit to give transfer-trip
preference. This means that even while the trans-
mitter is shifted to the ‘‘unblock’’ frequency, if
the transfer-trip keying circuit is energized, the
transmitter will shift to the ‘‘trip’’ frequency with-
out delay.

EFFECTIVE JULY 1971
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CONSTRUCTION

The 10 watt/1 watt/10 watt TCF transmitter
unit is mounted on a standard 19-inch wide panel
12% inches (7 rack units) high with edge slots
for mounting on a standard relay rack. A jack for
metering the amplifier collector current is acces-
sible from the front of the panel. See Fig. 6. All
of the circuitry that is suitable for printed circuit
board mounting is on two such boards, as shown
in Fig. 2 The components mounted on each printed
circuit board or other sub-assembly are shown
enclosed by dotted lines on the internal schematic.
Fig. 1. The location of components on the three
printed circuit boards are shown on separate illus-
trations, Fig. 3, 4 & 5.

External connections to the assembly are made
through a 12-circuit receptacle, J3. The r.f. output
connection to the assembly is made through a coax-
ial cable jack, J2.

OPERATION

The transmitter is made up of four main stages
and two filters. The stages include two crystal
oscillators operating at frequencies that differ by
the desired channel center frequency, a mixer<and
buffer amplifier, a driver stage and a powergam-=
plifier. The interstage filter is located betwéen/the
driver and the power amplifier. The output filter
removes harmonics that may be generated bygdis-
tortion in the power amplifier.

A single crystal designed fer oseillation in the
30 kHz to 300 kHz range cannotibe, foreed to oscil-
late away from its natural fré€qienc¥by as much
as + 100 hz. In order to obtain this dgsired frequency
shift, it is necessary to useypcrystals in the 2 MHz
range. The crystals are ¥14nd Y2 of Fig. 1. The
frequency of Y2 is,2.00, MHzgWhen operated with a
specified amountfof series, capacity, and the fre-
quency of Y1 i§.2.00 MHz plus the channel center
frequency, or 2.030.MHZ for 30 kHz center fre-
quency. Capacitor C55 and crystal Y2 in series
are connected between the positive side of the sup-
ply voltage and the base of transistor Q51, which
operates imythe emitter following mode. The emitter
is coupléd, te the base through C57. With Y2 re-
movedythe, base of Q51 would be held at approxi-
mately the"midpoint of the supply voltage by R51
and®™R52. The crystal serves as a series-resonant
eircuit with very high inductance and low capaci-

tance. The circuit can be made to oscillate at other
than the natural frequency of the crystal by varying
the series capacitor, C55. Increasing C59%, will
lower the frequency of oscillations and redueing
Cb55 will raise the frequency.

Capacitor C73 (in parallel with, C70) is not
effective until D55 is biased inthe fosward direction
and becomes conductive. It is biased ,infthe reverse
direction until the keying centrol®%for unblock is
closed which places 45V. d¢ at“terminal 12 of the
printed circuit board. With D55/ conducting, C73
and C70 are placed in parallel with C55 and C74.
The adjustment of C73%Wwill/reduce the frequency
of the Y2 circuit by'200y hz. Since Y2 is the lower
of the two frequeneies derived from Y1 and Y2,
the difference #fregqueney, which is the frequency
transmitted, is) now “increased by 200 hz. Thus
the frequency, transmitted in now 200 hz above
the guard frequemcy or 300 hz above the center
frequeney.

Crystal, Y1 is connected in a circuit that is
simiblar except for the addition of C53 and diodes
D51 and D52. By adjustment of C52 this circuit
ig’ made to oscillate at 100 hz above its marked
freguency. Capacitors C53 and C76 are not ef-
fective until D51 is biased in the forward direction
and becomes conductive. It is biased in the reverse
direction until the keying control is closed, which
places 45 V. dc at terminal 1 of the printed circuit
board. With D51 conducting, C53 and C76 are effec-
tively in parallel with C52 and C75. The adjustment
of C53 will reduce the frequency by 200 hz. The
crystals taken individually have a greater variation
of frequency with temperature than would be ac-
ceptable. However, by proper matching of the two
crystals, the variation in their difference frequency
can be kept within limits that permit holding the
frequency station of the overall transmitter to
+ 10 hz over a temperature range of — 20 to +55°C.

The frequencies produced by the two oscillators
are coupled to the base of mixer transistor Q53
through C62 and C63. The sum of the two frequen-
cies is so high that a negligible amount appears
on the secondary of transformer T51, but the dif-
ference frequency is accepted and amplified by Q53
and Q54.

When the keying control is closed, it increases
the output power from 1 watt to 10 watts as well as
changing the frequency from Guard to Transfer or
Unblock Trip. This is effected by reducing the
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emitter resistance of buffer-amplifier transistor Q54
When the keying control is open, transistor G55
receives no base current and is non-conducting.
Emitter resistor R70 therefore is effectively open-
circuited The level of output power is adjusted to
1 watt by means of R64. When G55 is made con-
ductive by closing the keying control circuit, R70
is placed in parallel with R68 and the amount of
emitter resistance unbypassed by C66 can be ad-
justed as required to obtain a 10-watt output level.

Note in the keying board that diode D12 serves
as interlocking logic connection between the keying
for ‘‘unblock’ and the keying for ‘‘transfer trip’’.
This logic permits the ‘‘transfer trip’’ keying to
take preference over the ‘‘unblock’ keying. That
is even if we have ‘‘unblock’’ keying and then get
‘““transfer trip’’ keying, the ‘‘transfer trip’’ will take
immediate preference over the ‘‘unblock’’ keying
This is accomplished by the ‘‘transfer trip’’ keying
causing transistor Q12 to conduct which in turn
shunts out the keying voltage input to transistor
G22 through diode D12. Thus while Q12 becomes
conducting and consequently G11, effecting ‘‘trans-
fer trip’’ keying, this conduction of Q12 also pré-
vents G22 from becoming conducting and prewents
‘‘unblocking’’ keying.

As is shown on the Internal Schematie, Fig. 1,
the voltage for the keying circuit is obtained from
the 45-volt regulated supply in thé tramnsmitter.

The driver stage consists of transisters Q56 and
Q57 connected in a conventional “pushspull circuit
with input supplied from the caollecter of G54 through
transformer T52. Thermistor R?3 and resistors R74
and R75 are connected to‘previde a variable bias
that reduces the effect #f varying ambient tempera-
tures on the input levels In addition, network R67,
R79, and potentiometér R80 are used in the bias
circuit and arg adjusted)by means of R80 to limit
the quiscentgcurrent“imsthe driver stage common to
0.2 ma. This adjustment is made by unsoldering
the lead€ going from pin 2 of the transmitter to
terminal 2 ‘ofy transformer T1 and inserting a d-c
milliammeter (0-1.0 ma) between this pin 2 and
terminal 2 of T1. The R80 is adjusted to produce
0.2 ma * .05 in this circuit, atier this, the milliam-
meter is removed and the lead replaced.

The driver filter, FL 101, consists of a series-
resonant inductor and capacitor connected between
the driver and power amplifier stages by appropriate
transformers T1 and T2. This filter greatly im-

proves the waveform of this signal applied to/the
power amplifier.

The power amplifier uses two series-connected
power transistors, G101 and G102, operating as a
class B push-pull amplifier with single-ended out-
put. Diodes D101 and D103gprovide protection for
the base-emitter junctigns Of gheipower transistors.
Zener diodes 2105 and 7106 grotect the collector-
emitter junctions from™surgels that might come in
from the power line throughithe coaxial cable.

The output @ransformer T3 couples the power
transistors togbhe “6utput filter FL102. The output

filter includes twe, trap circuits (L102, Cp and
L 103, Cg), which are factory tuned to the second
and thifd hammonics of the transmitter frequency.
Capagcitor fCp approximately cancels the inductive
reactanee of the two trap circuits at the operating
frequency.” Protective gap G1 is a small lightning
arrester’to limit the magnitude of switching surges
or other line disturbances reaching the carrier set
thretigh the line turner and coaxial cable. Auto-
transformer T4 matches the filter impedance to
coaxial cable of 50, 60, or 70 ohms.

The series resonant circuit composed of L105,
and Cg is tuned to the transmitter frequency, and
aids in providing resistive termination for the output
stage. Jack J102 is mounted on the rear panel of
FL102 and is used for measuring the r.f. output
current of the transmitter into the coaxial cable.
It should be noted that the filter contains no shunt
reactive elements, thus providing a reserve imped-
ance that is free of possible ‘‘across-the-line’’
resonances.

The power supply is a series-type transistorized
d-c voltage regulator which has a very low stand-by
current drain when there is no output current demand.
The Zener diode Z1 holds a constant base-to-
negative voltage on the series-connected power
transistor Q1l. Depending on the load current, the
d-c voltage drop through transistor G1 and resistors
R1 and R2 varies to maintain a constant output
voltage. The Zener diode Z2 serves to protect
the collector-base junction of Q1 from surge volt-
ages. Capacitor C1 provides a low carrier-frequency
impedance across the d-c output voltage. Capaci-
tors C2 and C3 bypass r.f. or transient voltages to
ground, thus preventing damage to the transistor
circuit.
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CHARACTERISTICS

Frequency 30-300 kHz

Range 1 watt guard- 10 watts transfer
Output trip (into 50 to 70 ohm resistive

load) — 10 watts unblock.

Frequency

Stability +10 hz from -20°C to +55°C.
Frequency 3000 hz min. between transmitter
Spacing and adjacent receiver frequencies.
Harmonics Down 55 db (min.) from output

level.
Input voltage 48 or 125 v.d.c.

Supply voltage 42-56 v. for nom. 47 v. supply.

variation 105-140 v. for nom. 125 v. supply.
Battery drain 0.5 a. guard 8 v.d
1.15 a. trip 48 v.d.c.
0.5 a. guard
1.15 a. trlp 125 v.d.c.
Keying circuit
current 4 ma.
Temperature
range —20 to +55°C. Around chassis.
Dimensions Panel height - 12¥4’’ or 7 r.u¢

Panel width - 19"’

Weight 12 1bs.

INSTALLATION

The TCF transmitter is generall¥ysupplied in a
cabinet or on a relay rack as/fpart of*“a complete
carrier assembly. The locationWmust/'be free from
dust, excessive humidityg” Vibration, corrosive
fumes, or heat. The maximum” ambient temperature
around the chassis must nat, exe@éed 55°C.

ADJUS FMENTS

The TCF 10W/1W/10W 3 frequency transmitter
is shipped with the“power output controls R64 and
R70 set for outputs of 1 watt and 10 watts into a 60
ohm load< Tfait, is desired to check these adjust-
ments Jorgif \repairs have made readjustment neces-
sary, the coaxial cable should be disconnected from
the ‘assSembly terminals and replaced with a 50 to
70%%hm), non-inductive resistor of at least a 10 watt

rating. Use the value of the expected input impe-
dance of the coaxial cable and line tuner. Iffthis
is not known, assume 60 ohms. Connect the, T4
output lead to the corresponding tap. Connect an
a-c vacuum tube voltmeter (VIT'VM) across the load
resistor. Turn power output control R64 to minimum
(full counter-clockwise). Turn on thegpower switch
on the panel and note the d-c, voltage™across ter-
minals 5 and 7 of J3. If this is“in the _sange of 42
to 46 volts, rotate R64 clockwisse toyobtain 4 or 5
volts across the load resistor useds, At this point
check the adjustment of phe series output tuning
coil L 105 by loosening the“knurled shaft-locking
nut and moving the adjusgable core in and out a
small amount from its Imitial position. Leave it at
the point of maximum voltage across the load
resistor used. Then, rotate R64 farther clockwise
to obtain the correct wéltage for 1 watt in the load
resistor, as‘shewn“in‘the following table. For above
200 kHz, tuning“@eil L 105 is a screw type adjust-
ment and, notypa plunger with knurled shaft and
locking® nut.

Then change to Trip frequency by connecting
tegethermterminals 2 and 3 of the transmitter printed
cir¢uitwboard (which is approximately equivalent to
connecting together terminals 7 and 8 of J3), and
rotate R70 until the voltage across the load resistor
is as shown in the following table for a 10 watt out-
put. Recheck the adjustment of L 105 for maximum
output voltage and readjust R70 for a 10 watt output
if necessary. Tighten the locking nut on LL105. Open
the power switch, remove the jumper used to key
the transmitter to the 10 watt level, remove the load
resistor, and reconnect the coaxial cable circuit to
the transmitter.

T106 Voltage for Voltage for
Tap 1 Watt Output 10 Watts Output
50 7.1 22.4

60 7.8 24.5

70 8.4 26.5

Follow the procedure outlined in the line tuner
instructions for its adjustment.

Normally the output filter (FL102) will require
no readjustment except as noted above. It is factory
tuned for maximum second and third harmonic rejec-
tion, and for series resonance (maximum output at
the fundamental frequency) with a 60-ohm load. A
small amount of reactance in the transmitter output
load circuit may be tuned out by readjustment of the
movable core of LL105. This may be necessary with
some types of line coupling equipment. The adjust-
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able cores of LL102 and L 103 have been set for
maximum harmonic rejection and no change should
be made in these settings unless suitable instru-
ments are available for measuring the second and
third harmonic present in the transmitter output.

The operating frequencies of crystals Y1 and
Y2 have been carefully adjusted at the factory and
good stability can be expected. If it is desired to
check the frequencies of the individual crystals,
this can be done by turning the matched pair 180°
and inserting a crystal in its proper socket with
other crystal unconnected. A sensitive frequency
counter with a range of at least 2.3 MHz can be
connected from TP51 to TP54. (Connection to
TP54 rather than to TP53 provides a better signal
to the counter input capacitance on the oscillator
circuit.) While measurement of the oscillator crystals
individually is necessary for the initial adjustment
of the oscillators, generally any subsequent checks
may be made with a lower range counter connected
at the transmitter output. If any minor adjustment of
the Guard and Trip frequencies should be needed,
the Guard adjustment should be made with capacitor
C52 and the Trip adjustment with C53.

MAINTENANCE

Periodic checks of the transmittér Guard and
Trip power outputs will detect impending failure so
that the equipment can be taken gut of,‘service for
correction. At regular mainténanece intervals, any
accumulated dust should be gemeved, particularly
from the heat sinks. It is dlse desirable to check
the transmitter power outputy,at ‘such times, making
any necessary readjustments towéturn the equipment
to its initial settings.

Voltage values should be recorded after adjust-
ment in order to establish reference values which
will be usefull ' when checking the apparatus. The
readings will remdin fairly constant over an indef-
inite period unless a failure occurs. However, if
transistors are changed, there may be considerable
difference 4n these readings without the overall
perfermance being affected.

Typical voltage values are given in the follow-
ing“tables. Voltages should be measured with a
VTVM. Readings may vary as much as * 20%.

TABLE |
TRANSMITTER D-C MEASUREMENTS

Note: All voltages are positive with “Féspect to
Neg. 45 V. (TP51). All voltages read with

d-c VTVM.
Voltagegqat Voltage at
1 Watt 10 Watts
Test Point Output Output
TP52 20 20
TP53 5.4 5.4
TP54 3.4 3.4
TP55 21 18.5
TP56 21 18.5
TP57 *< 1.0 *<1.0
"TP58 44.3 44.1
TPS9 *<1.0 *<1.0
TR101 0 0
TP103 21 t2 21 2
TP105 44.3 44.0
TABLE 11

TRANSMITTER RF MEASUREMENTS

Note: Voltages taken with transmitter set to indi-
cated output across 60 ohms. These voltages
subject to variations, depending upon fre-
quency and transistor characteristics. T51-3 =
Terminal 3 of transformer T51. Other trans-
former terminals identified similarly. All
read with a-c VTVM.

Voltage at Voltage at
1 Watt 10 Watts
Test Point Output Output

TP54 to TP51 0.015-0.03 0.015-0.03
TP57 to TP51 0.05 -0.09 0.3 -1.2
TP59 to TP51 0.05 -0.09 0.3 -1.2
T1-1to TP51 1.65 5.6
T1-3 to TP51 1.45 4.9
T1-4 to Gnd. .6 2.0
T2-1 to Gnd. .57 1.85
TP101 to TP103 5.2 17.0
TP103 to TP105 5.2 17.0
T3-4 to Gnd. 35 112
T4-2 to Gnd. 31 110
TP 109 to Gnd. 9.8 31
J102 to Gnd. 7.8 24.5

[
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CONVERSION OF TRANSMITTER FOR
CHANGED CHANNEL FREQUENCY

The parts required for converting a 1W/10W
TCF transmitter for operation on a different channel
frequency consist of a pair of matched crystals for
the new channel frequency, new capacitors C103 and
C104 on the power amplifier circuit board if the old
and new frequencies are not in the same frequency
group (see table on internal schematic drawing) and,
in general, new or modified filters FL101 and
FL102. Inductors L101, L102 and L103 in these
filters are adjustable over a limited range, but
thirty-two combinations of capacitors and inductors
are required to cover the frequency range of 30
to 200 kHz . The widths of the frequency groups vary
from1.5 kHz at the low end of the channel frequency
rangeto 13 kHz at the upper end. A particular assem-
bly can be adjusted over a somewhat wider range
than the width of its assigned group since some
overlay is necessary to allow for component toler-
ances. The nominal kHz adjustment ranges of the
group are:

30.0-31.5 61.0- 64.0 | 113.0-119.5 | 207.1-214.0
32.0-33.5 64.5- 68.0 | 120.0-127.0 | 214.1-222.0
34.0-36.0 68.5- 72.0 | 127.5-135.0 | 222.1-2300
36.5-38.5 72.5- 76.0 | 135.5-143.0 | 230.1-240.0
39.0-41.0 76.5- 80.0 | 143.5-151.0 | 240.1-250.0
41.5-44.0 80.5- 84.5 | 151.5-159.5 | 250.1-262:0
44.5-47.0 85.0- 89.0 | 160.0-169.5 | 262.1-274.0
47.5-50.0 89.5- 94.5 | 170.0-180.0 | 274.1-287.0
50.5-53.5 95.0-100.0 | 180.5-191.5 7| 428731-300.0
54.0-57.0 | 100.5-106.0 | 192.0-220.0

57.5-60.5 | 106.5-112.5 | 200.1-20740

If the new frequency lies within the same fre-
quency group as the original frequeney, the filters
can be readjusted. If the fregliefieies are in different
groups, it is possible that chafiges only in the fixed
capacitors may be required. In®general, however, it
is desirable to ordér complete filter assemblies ad-
justed at the facteryd for the specified frequency.

A signal generator, a frequency counter and a
vacuum tube voltmeter are required for readjustment
of FL101. JThe signal generator and the counter
should be connected across terminals 4 and 5 of
transformer, Tl )and the voltmeter across terminals
1 and) 2%ef\transformer T2. The signal generator
should be set at the channel center frequency and
at 2"to 3“volts output. The core screw of the small
inducétor should be turned to the position that gives

a true maximum reading on the VTVM. Turning the
screw to either side of this position should{def-
initely reduce the reading. The change in inductance
with core position is less at either end of the travel
than when near the center and consequently the
effect of core screw rotation on the VTVM réading
will be less when the resonant ind@i€tance occurs
near the end of core travel.

The procedure for readjustment of the 2nd and
3rd harmonic traps of filterp FLL102 is somewhat
similar. A signal generator ‘and ‘aweounter should be
connected to terminals 8pand 4»of transformer T3,
and a 500 ohm resistergand®a®VTVM to the termin-
als of protective gap/G1. The ground or shield lead
of all instruments, should be connected to the
grounded terminadl of the transformer. Set the signal
generator dt Yexactly #4wice the channel center fre-
quency and at S%hto 10 volts output. Turn the core
screw ©f%the large inductor, 102, to the position
that gives“a definite minimum reading on the VTVM.
Similarly, with the signal generator set at exactly
threey times“the channel center frequency and 5 to
10gvolts, output, set the core screw of the small
inducter, L 103, to the position that gives a definite
minimum reading on the VTVM. Then remove the
instruments and the 500 ohm resistor.

After the new pair of matched crystals have
been adjusted, asdescribed under ‘““ADJUSTMENTS’’,
the transmitter can be operated with a 50 to 70 ohm
load (depending on which tap of T4 is used) con-
nected to its output, and inductor LL105 can be read-
justed for maximum output at the changed channel
frequency by the procedure described in the same
section.

If a frequency-sensitive voltmeter is available,
the 2nd and 3rd harmonic traps may be adjusted
without using an oscillator as a source of double
and triple the channel frequency. Connect the fre-
quency-sensitive voltmeter from TP109 to ground
and adjust the transmitter for rated output into the
selected load resistor. Set the voltmeter at twice
the channel frequency and, using the tuning dial and
db range switch, obtain a maximum on-scale reading
of the 2nd harmonic. Then vary the core position of
L 102 until a minimum voltmeter reading is obtained.
Similarly, tune the voltmeter to the third harmonic
and adjust L103 for minimum voltmeter reading.
Although the transmitter frequency will differ from
the channel center frequency by 100 Hz, the
effect of this difference on the adjustment of the
harmonic traps will be negligible. It should be
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noted that the true magnitude of the harmonics can- II. Desirable Test Equipment for App Qm-

not be measured in this manner because of the pre-
ponderance of the fundamental frequency at the volt-
meter terminals. Accurate measurement of the har-
monics requires use of a filter between TP 109 and
the voltmeter that provides high rejection of the
fundamental. The insertion losses of this filter for
the 2nd and 3rd harmonics must be measured and
taken into account.

RECOMMENDED TEST EQUIPMENT

I. Minimum Test Equipment for Installation.

a. 60-ohm 10-watt non-inductive resistor.

b. A-C vacuum Tube Voltmeter (VT VM).Voltage
range 0.003 to 30 volts, frequency range 60

tenance.
a. Allitems listed in 1.

b. Signal Generator

Output Voltage up 4o 8 volts.

Frequency Range: 20-kHz to 330-kHz.
Oscilloscope \

¢
d. Frequency coun

e. Ohmmeter

f. Capacitor ch

Some of the ctions of the recommended test
equipment ar d in the type TCT carrier test
meter unit, ich designed to mount on a stan-
dard 19’ also can be removed and used as
a portab

RENEWAL PARTS

ir work can be done most satisfactorily at
ctory. However, replacement parts can be

hz to 330-kHz; input impedance 7.5 megohms. he
bshed, in most cases, to customers who are

c. D-C Vacuum Tube Voltmeter (VTVM).
1.5 to 300 volt
7.5 meg

N
>
&

Voltage Range:
Input Impedance:

4

Q
o
¥

L 4

equipped for doing repair work. When ordering parts,

wayys give the complete nameplate data and ident-
ify the part by its designation on the Internal Sche-
matic drawing.



TYPE TCF POWER LINE CARRIER

ELECTRICAL PARTS LIST

SYMBOL DESCRIPTION wDEESsTch;NNGAHT?ng
CAPACITORS

c1 Oil-filled; 0.45 mfd.; 330 V.A.C. 1723408 i

C2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1847962

C3 Oil-filled; 0.5 mifd.; 1500 V.D.C. 1877962

Cl11 Metallized Paper, .047 mfd.; 849A437HO4

Cc21 Metallized Paper, .047 mfd.: 849A437H04

Cs1 Dur-MiEZqﬁ(m:;ﬁé(ﬁ-Vr.D.C.N—* 77777777 o 762A757HO3

C52 Variable, 5.5-18 pf. 10834001 |

C53 Variable 5.5 -18 pf. o o 879A834HO1

C54 Metallized paper, .1 mfd.; 200 V.D.C. N 187TA624HO0 1

C55 Variable, 5.5-18 pf. . 762A736H0 1

C56 Dur-Mica, 2000 pf.; 500 V.D.C. ) 187A584H01

C57 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H0 1

C58 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02

C59 Dur-Mica, 100 pf., 500 V.D.C. 762A75THO1

C60 Du-Mica, 100 pf., 500 V.D.C.  §f o 762A757HO 1

Cé6l Metallized paper, 0.25 mfd,, 200 V.D.C. | 187A624H02

C62 Dur-Mica, 4700 pf.; 500 V.D.C. B 762A757TH04

C63 Dur-Mica, 1000 pf.; 500 V.D.C. 762A757HO2

C64 Metallized paper, 0.25 mfd.; 200 VAD.C. 187A624H02 -

C65 Metallized paper, 0.25 mfd.;4200 V.D.C. | 187a624HO02

C66 Metallized paper, 0.25 mfd%R200°V.D.C. 187A624H0 2

C67 Metallized paper, 0.25 mfd., 200,V.D.C. 187A624H02

C68 Metallized paper, 0.5 mfd./200,V.D.C. 187TA624H03

C69 Metallized paper, 0.25smfd/. 200 V.D.C. - 187A624H02

C70 3 pf. 861A846H03

cT1 Metallized paper, 0025 ‘mfd.; 200 V.D.C.ﬁh%A*ﬁﬁ»Mﬂ# V¥*’18—7A@“H02 o

C72 Dur-Mica, 300 p£,500 V.D.C. 187A584H09

C73 Variable, 5.5-18.pt. 879A834H0 1

C4 3 pf. 861A846H0 3

C75 3 pf. 861A846H03

C76 3 pf. - 861A846H03

C101 Metallized/paper, 0.25 mfd.; 200 V.D.C. 187A624H02

C102 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C103 & C104 (30-50,KC) — Extended foil, 0.47 mfd.; 400 V.D.C. 188A293HO1
C103 & C104 65045- 75 KC) — Extended foil, 0. 22 mfd.; 400 V.D.C. 188A293H02
C103 & C104 (75.5 - 100 KC) — Extended foil, 0.15 mfd., 400 V.D.C. 188A293H03
C103 & C104 (100.5 - 150 KC) — Extended foil, 0.10 mfd., 400 V.D.C. 188 A293H04
C103 & Cl104 (150.5 - 300 KC) — Extended foil, 0.047 mfd.; 400 V.D.C. 188A293HO05

DIODES — GENERAL PURPOSE

Dil IN645A 837TA692H03

D2 IN645A 837A692HO03 o,

D13 1N4822 188A342H11

D14 1N4822 188A342H11




TYPE TCF POWER LINE CARRIER

l.L. 41-945,12

ELECTRICAL PARTS LIST

ciseurr i
DIODES - GENERAL PURPOSE

D15 1N4822 188 A342H11
S T BTV ITR

D21 IN645A 837A692HO03

D22 [ iN4g22 o 188A342H11

D23 1N4822 - L 188a342HIl

D24 © 1N4822 o " 188A342HI1

D25  IN4822 o - o0 1ssas4zHIl |

D51 IN628; 125 V.; 30 MA. | 184asssHIZ |

| 1NDed, oo V., JP o . etAldotlla |

D52 1IN628; 125 V., 30 MA. 184A885H12

D53 IN457A; 60 V., 200 MA. 184A885H07

D55 IN628; 125V; 30 MA. | 184A885HI2

D56 IN628; 125 V., 30 MA. N " 184A885H12 |

D57 IN457A; 60 V., 200 MA. R \ ’ 184 A885H07

D101 1IN538; 200 V.; 750 M A. 407CT703HO03

D102 1IN91; 100 V., 150 MA. 18 2A88 1H04

D103 1N538; 200 V., 750 MA. 407C703H03

D104 1IN91; 100 V.; 150 MA. 182A881H04

DIODESy-. ZENER

Z1 1IN2828B; 45V. +5%; 50 W. 184A854H06

Z2 1IN3009A; 130 V. +10%; 10/W. 184A617TH12

Z11 IN957B 186A797THO06

Z12 1IN3688A 862A288H01

Z13 IN3688A 862A288H01

Z14 1IN3686B 185A212H06

Zz21 IN957B 186 AT97THO6

Z22 IN3688A 862A288H01

793 IN3688 4 862A288H0 1

7,94 1N3686B 185A212H06

754 1IN3686B;, 20 V. +5%; 750 MW. 185A212H06

72105 1N29994; 56 V. +10%; 10 W. 184A617H13

Z106 IN2999A; 56 V. +10%; 10 W, 184A617H13

RESISTORS

R1 2605 ohms *5%; 40 W. (For 125 V Supply) 04D 1299H44

R2 26.5 ohms +5%; 40 W. (For 125 V Supply) 04D1299H44

R3 26.5 ohms +5%; 40 W. (For 48 V Supply) 04D 1299H44

R3 500 ohms +5% 40 W. (For 125 V Supply) 1268047

R4 100 ohms +10%; 1 W. Composition 187A644H03

R5 1K +10%; % W. Composition 187A641H27

R6 3K +5%; 5 W. Wire Wound 188A317THO1

R7 15K +10%; 2 W. Composition 187A642H55

R11 4.7TK *2%; Y2 W. Metal Glaze 629A531H48

R12 12K +2%; ‘Y% W. Metal Glaze 629A531H58

R13 10K +2%:; Y. W. Metal Glaze 629A531H56




TYPE TCF POWER LINE CARRIER

ELECTRICAL PARTS LIST

Sl DESCRIPTION WDEESST,:;NNGA“T%’E‘E
RESISTORS (Continued)
R14 6.2K +2%; Y% W. Metal Glaze 629A531H51
R15 4.7K +2% ' W. Metal Glaze - 629A531H48
R16 47K +2%; ‘% W. Metal Glaze (For 125 Vdc) 629453 1HT2
R17 4.7K +2%; 'Y W. Metal laze 629 A53 1H48
R21 47K +2%, Y% W. Metal Glaze 829A531H438
R22 o 12K +2% Y% W. Metal Glaze |l /29a531H58
R23 10K +2%; Y% W. Metal Glaze 629A531H56
R24 o 6.2K +2% Y% W.Metal Glaze o 620A531H51
R25 4.7K +2% ' W. Metal Glaze - N 629A531H48 B
R26 | 15 K +2%, Y W. Metal Glaze (For 48 Vdc) 629A531H60
R27 4.7K +2%; ' W. Metal Glaze 629A531H48
R51 10K +5%; Y W. Composition 184A763H51
R52 10K +5%; ' W. Composition 184A763H51 |
R53 10K +5%; Y% W. Composition 184AT63H51
R54 10K +5% Y W. Composition 184A763H51
R55 100 ohms +5%; % W. Composition 184A763H03
R56 3.6K +5%; Y W. Composition . 184A763H40
R57 3.6K +5% Y W. Composition v o 184 AT63H40
R58 100 ohms 5%; % W. Composition 184A763H03 |
R59 10K +5%; Y W. Comp@sition 184A763H51
R60 5.6K +5% Y W. Cofaposition 184AT63H45
R61 15K *5%; Y% W. CompoSition 184A763H55
R62 10K *5%; % W. QGomposition 184A763H51
R63 1K +5%: Y% Wes€ omipoSition 184AT63H27
R64 Potentiometer, 1K; 4\ W. 629A430H02
R65 1.8K +5%; o YapW.“@8mposition 184A763H02
R66 8.2K +5%u . % W.AComposition 184A763H49
R67 12K #5%; 15W. Composition 184A763H 53
R68 330 ohms/ +5%; Y2 W. Composition 184A763H15
R69 800 ohms W&5% Y W. Composition 184A859H06
R70 Poteftiomeger, 1K; % W. - 629A430H02
R71 47K/ +5%; ' W. Composition 184A763H43
R72 89K *5%; Y W. Composition 184A763H65
R73 Thenfistor, 30 ohms, Type 3D202 (G.E.C.) 185A211H06
R74 180 Ohms +5%; Y% W. Composition 184A763H02
R75 100 ohms +5% Y% W. Composition 184A763HO03
R76 2K +5%; Y% W. Composition 184A763H34
R77 10 ohms 5% Y% W. Composition 187A290H01
R78 10 ohms +5%; Y% W. Composition 187A290H01
R79 20K +20%; % W. Metal Glaze 629A531H63
R80 25K Potentiometer + 20%; % V. 629A430H09
R81 1K *t1%1% W. Metal Film 849A819H48

10



TYPE TCF POWER LINE CARRIER

L, 41.945.12

ELECTRICAL PARTS LIST

e oescrirTion
RESISTORS (Cont’d.)
R82 5K Pot. + 20%; % W. 629A430H07
R83 10.2K +1%; Y5 W. Metal Film 848A820H46
R84 27 Ohms t 5%; Y% W. Composition 187A290H11
R85 Thermistor 3D402 10 ohms 185A211H03
R86 750 ohms * 1%; % W. Metal Film 848A819H36
R87 10K * 5%; Y2 W. Composition 184AT63H51
R101 10 ohms  +5%; Y% W. Composition 187A280H01
R102 2.2K +10%; 1 W. Composition 187A644H35
R103 2.7 ohms +10%; %2 W. Wire Wound 184A636H 14
R 104 0.27 ohms +10%; 1 W. Wire Wound 184A636H18
R105 10 ohms +5%, Y2 W. Composition 187TA290HO01
R106 4.7K +10%; 1 W. Composition 187A644H43
R 107 2.7 ohms *10%; % W. Wire Wound 184A636H 14
R 108 0.27 ohms +10%; 1 W. Wire Wound 184A636H18
TRANSFORMERS
T1 Driver Output Transformer 606B410G01
T2 Power Amp. Input Transformer 292B526G01
T3 Power Amp. Output Transformer 292B526G02
T4 Load-Matching Auto-Transformer 292B526G03
T51 Buffer Amplifier Transformer 606B537G01
T52 Driver Input Transformex 606B537G0 2
TRANSISTORS
Qll 2N4356 849A441H02
Q12 2N 699 184A638H19
Q21 2N4356 849A441H02
Q22 2N699 184 A638H19
Q51 2N697 184A638H18
Q52 2N 697 184A638H18
Q53 2N 697 184A638H18
Q54 2N699 184A638H19
Q55 2N 697 184A638H18
Q56 2N2726 T62A672H07
Q57 2N2726 T62A672H07
Q101 2N1908 (Use in Matched Pairs) 187A673H02
Q102 2N1908 (Use in Matched Pairs) 187A673H02
MISCELLANEOUS
Yi-Y2 Pait Matched ber Specifications an Drawing 408C743
EL 101 Driver Filter 408C261 + (Req. Freq.)
FLR102 Output Filter 541D214 + (Req. Freq.)
PL Pilot Light Bulb - For 48 V. Supply (When supplied) 187A133H02
Pilot Light Bulb - For 125 or 250 V. Supply (When supplied) 183A955H01
F1, F2 Fuse, 1.5A (When supplied) 11D9195H26

n
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Fig. 7.

Three Frequency Operation — Receiver Characteristics
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INSTALLATION

~

Westinghouse I.L. 41-945.85
OPERATION e MAINTENANCE

STRUCTIOMS

TYPE TCF-10 POWER LINE CARRIER
FREQUENCY-SHIFT RECEIVER
EQUIPMENT-TRANSFER TRIP

(WITHOUT CARRIER LEVEL INDICATOR)

CAUTION: It is recommended that the user of this
equipment become acquainted with the informa-
tion in this instruction leaflet and in the system
instruction leaflet before energizing the system.

Printed circuit modules should not be removed
or inserted when the relay is energized. Failure to
observe this precaution can result in an undesired
tripping output and cause component damage.

If the carrier set is mounted in a cabinet, it
must be bolted down to the floor or otherwise
secured before swinging out the equipment rack to
prevent its tipping over.

APPLICATION

The TCF-10 frequency-shift receiver, €quip-
ment as adapted for transfer-trip applieations, re-
sponds to carrier-frequency signalsgtransmitted
from the distant end of a power line and’carried on
the power line conductors. ThegGuartdgsignal is
transmitted continuously when conditions are nor-
mal. Its reception indicates that“th€ channel is
operative and that there is ne faultin the protected
equipment. The Guard frequency,is 100 hertz above
the center frequency ofgthe channel. When a fault
occurs within the protectedequipment, protective
relays switch the transmitter located there to a Trip
frequency, 100 hertzgbélow the center frequency,
and also incrgaséythespeWwer output of the transmit-
ter (from lfwatt toW0 watts).

The receptioft of Trip frequency within a fixed
interval after disappearance of the Guard frequency
causes the energization of a high-speed electro-

mechanical relay whiehycloses the breaker trip cir-
cuit, If trip frequency/isinot received within this
interval, the channdel isinot operating normally and
a second relay gloses{eontacts to sound an alarm.
Simultaneously, thegFrip relay is locked out so that
a spurious Trrip signal resulting later fromline noise
cannot causeWfalse tripping. Other circuitry, de-
scribed fundes, OPERATION, provides security
against false/tripping caused by severe line noise
that oyergides a normal Guard signal and produces
a ‘spurious Trip signal.

CONSTRUCTION

The TCF-10 receiver unit for transfer-trip ap-
plications is mounted on a standard 19-inch wide
Chassis 5 1/4 inches high (3 rack units) with edge
slots for mounting on a standard relay rack. All
components not mounted on Printed Circuit M od-
ules are mounted at the rear of the panel. An input
attenuator, a jack for metering the discriminator
output current, and the control for the adjustable
time delay in the logic circuit are accessible from
the front of the Chassis See Fig. 15.

All of the circuitry that is suitable for moun-
ting on printed circuit boards is contained on
printed circuit modules that plug into the chassis
from the front and are readily accessible by remov-
ing the transparent cover on the front of the chassis.
The power supply components and external con-
nectors are located at the rear of the chassis as
shown in Figure 5. Reference to the internal sche-
matic connections of Figure 1 will show the loca-
tion of these components in the circuit.

MU possible contingencies which may arise during installation, operation, or maintenance, and all
details and variations of this equipment do not purport to be covered by these instructions. If further
twformation is desired by purchaser regarding his particular installation, operation or maintenance of
his equipment, the local Westinghouse Electric Corporation representative should be contacted.

NEW INFORMATION

EFFECTIVE MARCH 1979




The printed circuit modules slide into position
in slotted guides at the top and bottom of the
chassis, and the module terminals engage a terminal
block at the rear of the chassis. A handle on the
front of each module is labeled to identify its func-
tion, and also identify adjustments and indicating
lights if any are available at the front of the module.
Of particular significance, is the input attentuator
contained on the front of the filter module which is
used in adjusting the input receiver signal during
initial field installation.

A module extender (Style No. 1447C86G01) is
available for facilitating circuit measurements or
major adjustments. After withdrawing any one of
the circuit modules, the extender is inserted in that
position. The module is then inserted into the ter-
minal block on the front of the extender. This re-
stores all circuit connections and renders all com-
ponents and test points on the module readily
accessible.

The receiver operates from a regulated +20V
supply and a +10V supply operating from a regu-
lated +45dc supply. These voltages are taken from
three zener diodes mounted on a common heat
sink. Variation of the resistance value between ghe
positive side of the unregulated dc supply, and the
45 volt zener adapt the receiver for operation on'48
or 125 volts dc.

External connections to the receiver are made
through a 36 terminal recepticle, J3. They-finput
connection to the receiver is made thfough a’coax-
ial cable jack J2.

OPERATION
INPUT MODULE

The input modulegeontains the input control
and the input filtery The sighals to which the TCF-
10 receiver responds are fed through a coaxial cable
connected to jack J2 at the rear of the chassis to the
input module. The input control RS, accessible at
the front ofihe input module, attenuates the signal
to a level suitable for the best operating range of the
receiver,

Anscale on the panel is graduated in dB. While
thisyscale is typical rather than individually cali-

brated, it is accurate within several dB and is useful
in setting approximate levels. Settings shouldwbe
made more accurately utilizing a suitable ac
voltmeter with a dB scale when possible.

CRYSTAL FILTER

From the attenuator, the signal’passes through
a crystal filter, FL1. This filteryhas®a narrow pass
band, and frequencies several hundted cycles above

OSCILLATOR, MIXER, AND_IF AMPLIFIER
MODULE

From the inputgfilter;othe signal enters the
oscillator and mixen stageWof the receiver. Crystal
Y11, transistors Qi2 and, Q13, and their associated
resistors and (capacitors, comprise a crystal-
controlled oscillatorgthat operates at a frequency
20kHz above ‘the‘'ehannel center frequency, f.. The
output frommthis local oscillator is fed through
transformer®I11 to potentiometer R12, and the
latter@s adjusted to feed a suitable input to the base
of mixer transistor Q11. The output of filter FL201
is'impressed on the emitter-collector circuit of Q11.
As(a result of mixing these two frequencies, the
primary of transformer will contain frequencies of
20kHz, 2fc + 20kHz, - + 20kHz, and fc.

The output from the secondary of T12 is am-
plified by Q31 in the intermediate frequency (IF)
stage, and is impressed on FL2. This is a two-
section filter, with both filters contained in a com-
mon case. Its pass band is centered at 20kHz. Since
its pass band is narrower than that of the input
filter, it eliminates the frequencies present at its
input that are substantially higher than 20kHz. The
output of this filter is the IF output which is fed to
both the amplifier-limiter and the S/N Detection
module. The output from the secondary of trans-
former T12, the RF output, is also fed to the S/N
detection module.

AMPLIFIER LIMITER AND
DISCRIMINATOR MODULE

AMPLIFIER AND LIMITER

The output from the second section of the IF
amplifier stage is fed to potentiometer RS2 at the
input of the amplifier and limiter stage. Sufficient
input is taken from RS2 so that with minimum
input signal (5 mv.) at J2 and with RS set for zero
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attenuation, satisfactory amplitude limiting will be
obtained at the output of the limiter stage.

DISCRIMINATOR

The output of the limiter stage is fed to the
discriminator. The discriminator is adjusted at the
factory to have zero output (as measured by a milli-
ammeter inserted in the circuit at jack J1) at fc-25
hertz. The adjustment for zero output at fc-25 hertz
is made by capacitor C68. C63 is adjusted to obtain
a maximum voltage reading across R80 when the
current output is zero. Maximum current output,
of opposite polarities, will be obtained when the
frequency is 100 hertz above or below the zero
output frequency. This separation of 200 hertz
between the current peaks is affected by the value of
C66 (the actual value of which may be changed
slightly from its typical value in factory calibration
if required.)

The purpose of offsetting the zero output fre-
quency of the discriminator by 25 hertz in the Trip
direction is to reduce the band of noise-génerated
trip frequencies (between the discrimindtor genter
frequency and the skirt of the FLI filter)jfand to
similarly increase the band of noise-generated fre-
quencies on the Guard side of thegdiseriminator
center. It should be observed that although Guard
frequency is fc + 100 herz, aftegfleavingthe mixer
stage and as seen by the diScriminator the Guard
frequency is 20 kHz — 100 heftzASimilarly, the Trip
frequency is 20 kHz + 100 hertz. The intermediate
frequency at which the disesiminator has zero out-
put then is 20.025 kHz.

The discrimin@tor output is connected to the
bases of transistorsQ55'and Q56 in such a manner
that transistor Q56 is made conductive when cur-
rent flows, from the discriminator output, in the
forward directionfof diode D54, (which occurs with
Trip output)“and QS5 is made conductive when
current flows in the forward direction of diode D55
(which oceurs with Guard output) Consequently,
terminal 35 is at a potential of approximately +20
volts at Guard frequency and terminal 1 is at +20
volts at Trip frequency. These two outputs feed the
logic circuit board, and through it they control the
operation of the loss-of-channel alarm relay, AL,
and the Trip relay, AR.

As a means of increasing further the'security of
the receiver against false tripping on  noise-
generated Trip frequencies, diode D36.is connected
in the emitter circuit of QS56. This requires an
increase of three or four db. in the minimum Trip
signal that will pick up the Trip relay. However,
when the transmitter is keyed_to Trip, its output is
increased by 10 db.4to ‘assure the reliability of
tripping at times of severéschannel deterioration or
simultaneous noise/ conditions, and this amply
compensates for the feduction of Trip sensitivity
caused by diode DS6yFor applications where severe
noise conditionsher channel deterioration are not
encountered) aWITCF-10 transmitter with 1 watt
output rather,than 10 watts can be supplied. If in
such ingtallations it is found desirable to increase
thepreliability of tripping, a jumper may be con-
nectedvacréss diode DS6.

LQGIC CIRCUITS

The logic stage of the receiver employs static
circuitry that permits elimination of separate guard
and lockout relays but provides all of the function
of these relays as well as a unique method for
minimizing the effect of noise signals. The block
diagram of the logic circuits is shown on Fig. 3.
When the discriminator receives Guard signal, its
output terminal (15) supplies positive potential to
blocks A, D, and F on the block diagram. Block A
represents R108, C101 and D104 of Fig. 1. Capaci-
tor C101 will charge in approximately 120 millisec-
onds to the breakdown voltage of Zener Z104 and
block C (transistor Q102) then will receive input
# 1. The function of Q101 is not indicated on the
block diagram, but it discharges C101 quickly when
Guard signal disappears, so that the full 120 ms.
delay is obtained on closely repetitive appearances
of Guard signal. This avoids cancellation of a loss-
of-channel alarm by noise-produced Guard signal.

When Q102 (block C) receives input # 1 or
# 2, it is made conductive and capacitor C102
receives no charge. Q103 is non-conductive since it
receives no base input through Z105, and its collec-
tor is held at approximately 10 volts by the voltage
divider effect of R131 and R136. Note that under
this condition, input # 1 to block K is supplied. If
Guard signal should disappear but be followed
promptly by appearance of Trip signal, the trip
input fed through R102 will not be diverted



through D102 to the collector of Q103 but will flow
through D101 to the base of Q102 to keep it con-
ductive. However, if Guard signal disappears and
Trip signal does not appear in approximately 150
ms., C102 will charge to the breakdown point of
Z105 making Q103 conductive. This will remove
base input from Q104 and the alarm relay will drop
out, sounding the alarm through its normally-
closed contacts. (The copper slug on the alarm relay
adds an additional delay of approximately 40 ms.
before the alarm contacts close.) When Q103 be-
comes conductive, the saturation voltage at its
collector is so low that any current flowing through
R102 as a result of a subsequent Trip signal will be
diverted through Q103 to negative instead of flow-
ing through D101 and the base-emitter junction of
Q102. If Guard signal reappears, the discriminator
output at term. 15 will turn Q101 off. C101 will
change and after 120 ms. it will reach the break-
down voltage of Z104 and turn Q102 on. This will
allow C102 to quickly discharge through R123 and
Q102 and provide the full 150 ms. time delay to be
effective on any subsequent loss of guard signal.

Guard signal also produces input to transistor
Q109 (block D). With base input to Q109 it has
negligible voltage on its collector, but if Guard
signal is lost, capacitor C104 will charge to the
breakdown voltage of Z113 in a time ranging from
about 2 to 20 ms., as determined by the settingfof
R7. This time delay also is quickly reset On reap-
pearance of Guard signal, as C104 discharges
through R114, Z113 and Q109. Transistors Q110
and QI11 are a part of logic blogk,I'"'\When C104
reaches the conduction voltage of ZW.3, Q110 con-
ducts and removes base inputffrom QI11. This
raises the voltage on the collectorof Q111 to about
15 volts, which constitutesdnput # 2 to block K.
The purpose of logic blogks Ddand 1isto provide an
adjustable delay between the loss of Guard signal
and the pickup of the Trip relay. It is possible that a
noise burst might momentarily cancel the Guard
signal and produce a spurious Trip signal. Provi-
sion of this adjustable delay provides a considerable
degree of protectiongagainst such incorrect opera-
tions. Resistor, R7 is adjustable by means of a knob
on the fromteof the panel, and the knob can be
clamped®at any desired setting.

When)Trip signal appears, input is fed to tran-
sistoraQ106 (block E) through R119. Under this

condition Q106 becomes conducting and does not
supply input # 1 to Q107 (block J). If input'# 2
(supplied through R115) also is lacking for Ql07,
the latter is non-conductive and its collector voltage
is approximately 15 volts. This constitutes input
# 3 to AND block K. Block K is a three<input
diode-AND, with the inputs contfibuted by the
collectors of transistors Q1033 Q07 and QIl1.
When one or more of these transistors is conduct-
ing, input fed from the 45 voltfsupply through R138
cannot reach the base of Q108to/cause pickup of
the Trip relay because the voltage drop across any
of the three diodes plus thesaturation resistance of
a transistor is substantially less than the voltage
drop across one diodey(D110) plus the base-emitter
voltage required£0 make Q108 conductive.

The logichbloeks F and G provide further
protection_againstvincorrect tripping under noise
conditionsy T'ransistor Q105 is represented by block
F; and’diodey D107 capacitor C103 and resistor
R115 are represented by block G. Q105 receives
input frem either Trip or Guard signals through
R1040xr, R106, and when either signal is present its
collector voltage is a small fraction of a volt. When
the transmitter is shifted from Guard to Trip by
closure of a protective relay contact, the discrimina-
tor shifts its outputs very rapidly and the interval
during which there is no input to Q105 is only 1.5 to
2.0 ms. Most of the charge that builds up in C103
during this interval flows to the base of Q107 and
keeps it conducting after the appearance of Trip
signal has removed the input through R125. How-
ever, this delay has approximately the same dura-
tion as the minimum delay obtained from block I
and thus does not increase the minimum overall
time for tripping following a legitimate Trip signal.

At times when severe random noise is present,
such as might be produced by opening a nearby
disconnect switch, the noise-produced signal may
override the Guard signal and produce a discrimi-
nator output that no longer has a constant Guard
output but rapidly fluctuates between Guard and
Trip (and beyond). There will be relatively long
periods when the discriminator has neither Guard
nor Trip output. At such times capacitor C103 may
approach or reach its maximum voltage, thereby
keeping Q107 conducting for 40 to 50 ms. Also,
because of the quick reset feature of logic block I,
intermittent reappearance of Guard signal during
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noise will fully reactivate the time delay for which it
has been set. If a fault should occur and Trip
frequency be transmitted at a time when high level
noise frequencies are present, tripping may be
somewhat delayed but will be accomplished before
the cessation of noise unless conditions are ex-
tremely severe. The recommended 10 db. increase
of transmitter output level at Trip frequency mini-
mizes such delay.

It may appear that the function of block E in
the logic diagram is duplicated by block F and
could have been omitted. This is correct when the
time constants are as normally supplied, but block
E was retained to make the circuit adaptable to
possible extreme conditions with minimum change.

In summary, the logic circuit provides the
following functions:

[o—

. Energizes alarm in case of loss of signal.

2. Prevents cancellation of an alarm by noises
produced signal.

3. Allows tripping upon reception of legitimate
Trip signal.

4. Prevents tripping if channel is notyoperative
immediately prior to reception of Triptsignal.

S. Minimizes effect of noise-produced signals by

utilizing noise characteristics to introduce addi-

tional Trip delay.

OUTPUT CIRCUITS

The output stage ¢f the,receiver contains the
alarm relay (AL) andWthe/tripping relay (AR).
Either relay is energized from the regulated 45 volt
supply when the logic circuit has determined that
the existing onditiens require such operation. The
AL relay 48 a telephone type relay with a copper
slug on the'end of the core opposite the armature. It
has two sets of Eorm C contacts, all points of which
are connected to terminals of jack J3. The AR relay
has two nogmally-open and two normally-closed
contacts. The Four sets of contacts are connected to
tetminals of jack J3. The AR relay has been de-
signed to provide very high speed operation with
negligible contact bounce. While normally it is
energized only briefly, it will not be damaged by
continuous energization.

CARRIER LEVEL INDICATOR (WHEN SUP-
PLIED)

With the logic circuit connectionssshown on
Fig. 1, the AL relay closes contacts to energize an
alarm when there is absence of both Guard and
Trip signal for a definite ime interval. This is
satisfactory when the,channel fails suddenly and
completely. However, the,signal may weaken grad-
ually from various causes, and it is desirable to have
a means for providing’a)visual indication of the
channel condition as,wellas for energizing an alarm
when the signalas weakened seriously but has not
reached the point of'complete failure. These func-
tions are provided'if a carrier level indicator stage is
included dnythenceceiver.

The caprier level indicator is housed in the
right-hand,compartment of the enclosure that con-
tainssthe circuit boards. Fig. 2 shows the connec-
tionsyof the components on this circuit board and
alsepthe external connections of the board. All
other stages of the receiver are identical with those
shown on Fig. 1. The same AL relay is used, but it
is energized through transistor Q104 of the logic
stage when the receiver does not include carrier
level indication and through Q154 of the carrier
level indicator when the latter is supplied. A TCF-
10 receiver in which the carrier level indicator was
not included at time of assembly can have this
feature added later by installing the required circuit
boards and making minor changes in the wiring.

The S/N detection module (carrier level indi-
cator) has one basic function: to measure incoming
in-band signal level and provide both an output to a
carrier level indicating instrument and to an alarm
circuit in the output module for alarming at the
desired low level of signal.

This same output is also fed to an alarm circuit
on the output module (contact output) for alarming
at low signal levels.

The narrow-band signal of 220 hertz band-
width called the I.F. is fed into the S/N detection
board through isolation transformer T32. The
amount of signal fed into the board is adjustable by
means of potentiometer R111. The circuit com-
posed of operational amplifiers IC7 and IC8 and
associated components is an RMS circuit which



converts the signals into a dc voltage proportional
to the r.m.s. value of the ac signals present in the IF
bandwidth.

The output of the IF rms circuit is then fed to
the logarithmic circuit composed of IC11A, ICI12A,
and IC11B which puts out a dc signal level linearly
proportional to signal level in dB for feeding a
microammeter calibrated with a linear dB scale
with 10dB equal to 33 1/3 microamperes, is con-
tained on the output module (contact output).

The input to the carrier level indicator is not
affected by frequency variations that are within the
pass band of the crystal input filter, but only by the
level of the receiver input signal. When the alarm
relay is energized through transistor Q104 of the
logic stage (in a receiver without carrier level indi-
cator—Fig. 1), the alarm will be activated on com-
plete loss of signal or on loss of Guard signal if Trip
signal does not appear within approximately 150
ms. After the alarm relay has dropped out and
activated the alarm, the relay will not be picked up
by subsequent appearance of Trip signal but only
by the reappearance of Guard signal. It is desirable
to retain this alarm feature when the carrier leyel
indicator is supplied, and a single alarm relayycan
be caused to respond to frequency change as well as
to signal level by the interconnection betweent the
terminals of the logic and carrier level indicdtor
circuit boards.

When Guard signal is being receivedythe volt-
age at the collector of Q103 in the logic circuit is
approximately 10 volts, but this voltage'is blocked
from the base of (Q154) in the carrierlevel indicator
circuit by diode D155. However, if the discrimina-
tor Guard output should fail'bécause of a sufficient
frequency shift either4abovefor,below Guard fre-
quency, Q103 would become conductive and the
collector current 601 (@153) *would be diverted to
negative through D185 and Q103 rather than enter-
ing the base of (Q154)The latter would become
nonconductive and the alarm relay would drop out,
closing the alarm eircuit even though the signal
level is unchanged.

With, Guard signal being received, the signal
level just below which the discriminator Guard
output™drops to zero is the minimum operating
levelwof,the receiver. The AL relay should energize

the alarm at a signal level somewhat above this. For
usual operating conditions it should be satisfactory
to set the input attenuator (RS) 15 db. above the
minimum operating level and set the AL relay (by
means of R156) to drop out at a signal 5 db. above
the minimum operating level.

POWER SUPPLY

The regulated 20 V.D.Cmand¥45 V.D.C. cir-
cuits of the receiver are supplied from Zener diodes
mounted on a common heat sinkéon the rear of the
panel. Resistors (R2, {R3) of suitable value are
connected between the station battery supply and
the 45 volt Zener to,adaptithe receiver for use on 48,
125 or 250 V.D.C. battery circuits. The receiver is
connected to the extegnal supply through a switch
and fuses,‘@nd al(pilot light indicates whether the
D.C. circuitsjaréyenergized. Capacitors C1 and C2
bypass‘t.for transient voltages to ground. Chokes
L1 andL2usolate the receiver from transient volt-
agesghatymay appear on the D.C. supply.

CHARACTERISTICS

Frequency range  30-300 kHz

Sensitivity (noise-
free channel) 0.005 volt (65 db below 1 watt for
limiting)

Input Impedance 5000 ohms minimum

Bandwidth
(crystal filter) down < 3 db at 220 hertz
down > 60 db at 1000 hertz
Discriminator Set for 200 cycles shift from Guard
to Trip frequency. Offset 25 hertz
to favor Guard for all relay-output

applications.

9 ms. channel (transm. and
recvr.)
2 ms. min. logic delay
+ 3 ms. AR relay
14 ms. minimum time
+18 ms. max. added logic time (if
req’d. by noise conditions)
32 ms. maximum time

Operating time
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Frequency spacing
A. For two or
more signals
over one-way

500 hertz minimum

channel

B. For two-way

channel 1000 hertz, minimum between
transmitter and adjacent receiver
frequencies.

Ambient
temperature
range —20°C to +55°C temperature

around chassis.

Battery voltage
variations
Rated voltage Allowable variation
48 V.D.C. 42 — 56 V.D.C.
125 V.D.C. 105 — 140 V.D.C.
250 V.D.C. 210 — 280 V.D.C.

0.20 a. at 48 V.D.C.
0.27 a. at 125 or 250 V.D.C.

Battery drain

Dimensions Chasis height — 5 1/4” ong8yr.u.
Chassis width — 197
Weight 13 1bs.
INSTALLATION

The TCF-10 receiver is generally supplied in a
cabinet or on a relay rack as ‘part"ef a complete
carrier assembly. The location must be free from
dust, excessive humidity; vibration, corrosive
fumes, or heat. The maximrum‘ambient temperature
around the chassis must not exceed 55°C.

ADJUSTMENTS

All fagtorysadjustments of the TCF-10 receiver
have been‘earéfully’made and should not be altered
unless there istevidence of damage or malfunction-
ing. Such adjustments are: frequency and output
level of the oscillator and mixer; input to the ampli-
fierqand limiter; discriminator offset from center
frequency; frequency spacing and magnitude of
diseriminator output peaks. Adjustments that must
be made at time of installation are: setting of input
attenuator RS; setting of the logic time delay by R7.
The input attenuator and the logic time delay ad-

justments are made by knobs on the front of the
panel.

The receiver should not be set with®a greater
margin of sensitivity than is needed to assure cor-
rect operation with the maximum expected varia-
tion in attenuation of the tgansmitter signal. In the
absence of data on this, thes€cgiver may be set to
operate on a signal that'is, 1 5db below the expected
maximum signal. Aftéfyinstallation of the receiver
and the corresponding#ransmitter, and with a nor-
mal Guard signal“beingsteceived, input attenuator
RS should be adjustedvto the position at which the
alarm relay /dreps®out. RS then should be read-
justed to imcreasevthe voltage supplied to the re-
ceiver byghS db,, The scale markings for RS permit
an approximate setting to be made but it is prefer-
able te, make this setting by means of the db scales
of an, aéyVTVM connected from ground to the
sliding contact of RS.

In case the transmitter has a 1 Watt/1 Watt
output and diode D56 in the discriminator is not
bypassed (see discussion under OPERATION-
Discriminator), the transmitter should be keyed to
trip, transistor Q103 should be kept non-conduct-
ing by connecting a short clip lead across R128, and
RS should be adjusted to the position at which the
trip relay just picks up. R5 then should be read-
justed for a 15 dbincrease in receiver input, and the
jumper across R128 should be removed. If D56 is
bypassed the input levels at which the AL and AR
relays just operate will be approximately the same,
and the AL relay minimum operating point can be
used as reference for arriving at the RS setting, as
described in the preceeding paragraph.

The only other adjustment which may be nec-
essary at the time of initial installation is the adjust-
ment of the CLI instrument to correspond to
proper variation of signal level from normal. This
may be necessary if the instrument was not supplied
with the receiver and was not adjusted by the fac-
tory. If this instrument was supplied and adjusted
by the factory, then it could be used in adjusting
RS. In this case, it would be necessary only to
adjust RS with a normal signal being received so
that the instrument indicates OdB.

If the instrument was not previously adjusted
by the factory, then the following procedure should



be used in adjusting the instrument. (Note: When
CLI instrument is supplied within the chassis, this
is factory adjusted.)

1. Setincoming level into receiver at +10dB above
normal level.

2. Adjust span adjustment, R147, so that the

voltage at TP72 with respect ot TP62 (com-

mon) is +3.000 volts.

Reduce incoming signal into receiver by 30dB.

4. Adjust full scale adjustment, R153, so that
instrument now reads —20dB. (This is approxi-
mately 0 microamperes).

5. Increase signal to +10dB level. (This is 100
microamperes).

6. Adjust slope adjustment R155 to read +10dB
on instrument.

7. Reduce signal to normal level. Instrument
should read OdB. If desired, instrument could
be adjusted to read OdB with R155 with sacri-
fice in reading accuracy for +10dB.

bt

It is recommended that R7 be set for maxi-
mum time delay (full clockwise rotation) unless
field tests have shown that a shorter delay can be
used without danger of false tripping under condi-
tions of severe line noise, such as may be caused by
the opening of nearby disconnect switches.

FACTORY ADJUSTMENTS

In case the factory adjustments have ‘been
altered or there is suspicion of impropertadjust-
ments or malfunctioning, then the fallowing proce-
dures can be used. In addition, alterations to the
settings used by the factory fem lowgsignal level
clamping and low signal-to-neoise Tatio clamping
can be made using these precedureés if desired.

Potentiometer R 12 imthe oscillator and mixer
should be set for 0.3 vglts, measured witha VIVM
connected betweenWT'P1lfand terminal 33 on the
circuit board (grounditerminal of voltmeter). A
frequency counter can be connected to the same
points for a check om the frequency which should be
20kHz above the channel center frequency. The
frequencylisifixed by the crystal used, except that it
may béwchanged a few cycles by the value of capaci-
tor C12, Reducing C12 increases the frequency, but
the eapacity should never be less than a value that
assures) reliable starting of oscillation. The fre-

quency at room temperature is usually several ey-
cles above the crystal nominal frequency as this
reduces the frequency deviation at the tempetature
extremes.

The adustment of the amplifier and limiter is
made by potentiometer RS52. AT _oscilloscope
should be connected from TPS6 atithe base of Q54
to terminal 33 of the limiter. With S"millivolts of
higher frequency on the recéiven,input (RS set at
zero), R52 should be adjusted to the point where
the peaks of the oscilloscopeytrace begin to flatten.
This should appear on theyupper and lower peaks at
approximately the samessetting. (Note: Input atten-
uator RS could be"used to produce 5 mv of signal
across input test’jaeks ¥1 and J2 if desired.)

Adjustment_of'the discriminator is made by
capacitoss, C63 and C68. In order to offset the
discriminator “by 25 Hertz in the Trip direction,
apply+te, thebreceiver input a 5 mv. signal taken
from an oseillator set at fc-25 Hertz (RS at zero.)
Cennect,a 1.5-0-1.5 milliammeter in the circuit at
J1,andya VTVM across R80. Adjust C68 for zero
current in the milliammeter and C63 for maximum
voltage across R80 rechecking the adjustments al-
ternately until no further change is observed. Re-
move the VTVM from across R80 and observe the
milliammeter reading as the oscillator frequency is
varied. Postive and negative peaks should occur at
fc+ 75 Hertz and fc-125 Hertz, with the latter peak
being 20% or 15% lower than the former because of
diode D56 in the Trip output path.

In case a check is desired of any of the delay
times of the reciver (such as channel time or logic
delays), this can be done most conveniently by
means of an oscilloscope with a calibrated triggered
sweep. A two-pole toggle switch, checked to have
less than 1 ms. interval between pole closures, can
be used to impress the signal and trigger the sweep.

MAINTENANCE

Periodic checks of the received carrier signal
and the receiver sensitivity will detect gradual dete-
rioration and permit its correction before failure
can result. The carrier level indicator, when pro-
vided, permits ready observation of the received
signal level. With or without a carrier level indica-
tor, an overall check can be made with the attenua-
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tion control R5. A change in operating margin
from the original setting can be detected by observ-
ing the change in the dial setting required to drop
out the alarm relay. If there is a substantial reduc-
tion in margin, the signal voltage at the receiver
input should be checked to see whether the reduc-
tion is due to loss of signal or loss of receiver
sensitivity.

All adjustable components on the printed cir-
cuit boards are accessible when the front cover is
removed. However, as described under “CON-
STRUCTION”, any board may be made entirely
accessible while permitting electrical operation by
using board extender style no. 1447C86GO01. This
permits attaching instrument leads to the various
test points of terminals when making voltage, oscil-
loscope or frequency checks. It also contains
switches to facilitate trouble shooting.

It is advisable to record voltage values after
adjustment in order to establish reference values
which will be useful when checking the apparatuss
The readings will remain fairly constant over an
indefinite period unless a failure occurs. Howeyer,
if transistors are changed, there may be<consider-
able difference in these readings withoufithe oyerall
performance being affected.

Typical voltage values are given_ in Table I and
II. Voltages should be measuredf withha VTVM.
Some readings may vary as muchtas 220%.

TABLE 1
RECEIVER D-C MEASUREMENTS

NOTE: All voltage readingsstaken with ground of
dc VITVM on terminal’9 (neg. d.c.). Receiver ad-
justed for 15 ‘db, operating margin with Guard
signal downd50 db%rom | watt and Trip signal
down 40 db. Unless otherwise indicated, voltage
will not vary¥appréciably whether signal is Guard,
Trip or zero.

Q32 2.5
Q51 11.5
Q52 12
Q53 15.5
Q54 2.5
Q55 < 1 (No. sig. or Brip)
Q55 19.5 (Guasd)
Q56 < 1, (No sigfor Guard)
Q56 19.5%¢I r1p)
Q101 < 1 gp(Noysig. or Trip)
Qlol 7 /(Guard)
Q102 21 (L (No signal)
Q102 <", (Guard or keyed Trip # )
Q103 < I/ (No signal)
Ql03 10 (Guard or keyed Trip)
Q104 45 (No signal)
Q104 < 1 (Guard or keyed Trip)
Ql05 40 (No signal)
Q105 <1 (Guard or Trip)
Q106 15 (No sig. or Guard)
Q106 <1 (Trip)
Q107 < 1 (No sig. or Guard)
Q107 15 (Trip)
Q108 45 (No sig. or Guard)
Q108 < 1 (Keyed Trip)
Q109 10 (No sig. or Trip)
Q109 < 1 (Guard)
Q110 < 1 (No sig. or Trip)
Qll10 15 (Guard)
Qll11 1S (No sig. or Trip)
Qlll < 1 (Guard)
# - “Keyed Trip” signifies minimum transition time
from Guard to Trip.
TABLE Il

RECEIVER RF MEASUREMENTS

NOTE: Voltmeter readings taken between receiver
input and Q32 are not meaningful or feasible be-
cause of waveform or effect of instrument loading.
Receiver adjusted as in Table I. Reference to +20V.

Collector Volts
Transistor +)
Qll <13
QI12 15 (Guard or Trip)
Q13 1S (Guard or Trip)
Q31 2.5

Collector of Volts Volts
Transistor (1 watt-Guard) (10 watts-Trip)
Q32 .25 .8
Q51 3 9
Q52 4 .65
Q53 2.1 2.2
Q54 4.8 4.5

RELAY MAINTENANCE AND
ADJUSTMENT
The AL and AR relay contacts should



be cleaned periodically. A contact burnisher
S # 182A836HO01 is recommended for this purpose.
The use of abrasive material for cleaning contacts is
not recommended, because of the danger of embed-
ding small particles in the face of the soft silver and
thus impairing the contact. Care must be taken to
avoid distorting the contact springs during burnish-
ing, particularly in the case of the AR relay.

These relays have been properly adjusted at the
factory to insure correct operation, and under nor-
mal field conditions they should not require read-
justment. If, however, the adjustments are dis-
turbed in error, or if it becomes necessary to replace
some part, the following adjustment procedure
should be used.

In the AL relay the armature gap should be
approximately 0.004 inch with the armature closed.
This adjustment is made with the armature closed.
This adjustment is made with the armature stop
screw and locknut. The contact leaf springs should
be adjusted to obtain at least 0.015 inch gap on all
contacts when fully open. There should be at least
0.010 inch follow on all normally-open contacts
and 0.005 inch follow on all normally-closed cofis
tacts. The relay should pick up at approximatel§a35
volts.

FILTER RESPONSE
MEASUREMENTS

The crystal input filter (FLI) and theWF filter
(FL2) are in sealed containers andrrepairs can be
made only by the factory. The, stability of the
original response characteristics isqsuch that in
normal usage no appreciable change in response
will occur. However the ftest circuits of Dwg.
849A109 can be used in case there is reason to
suspect that either of the filters has been damaged.

Fig. 4 shows the —3db and —60db check points
for the crystal filters. The response curve of the IF
filter shows the conibined effect of the two sections,
and was obtained by adding the attenuation of each
section for.identical frequencies. The scale of Fig. 4
was chiosen\to show the crystal filter response,
whigh permitted only a portion of the IF filter curve
to beishown. The check points for the pass band of
dach'section of the latter are “down 3db maximum

10

at 19.75 and 20.25 kHz, and for the stop band are
“down 18 db minimum at 19.00 and 21.00 kHZ: The
signal generator voltage must be held constant
throughout the entire check. A value of 20 db (7.8
volts) is suitable. The reading of VM2 at the fre-
quency of minimum attenuation should not be
more than 22db below the readingef VMI. It
should be noted that a limit measured in this man-
ner is for convenience only and dees not indicate
actual insertion loss of the filter.“Ehe insertion loss
would be approximately L6db(less than the meas-
ured difference because of theyinput resistor and the
difference in input and “eutput impedances of the
filter.

Becauseyof the extreme frequency sensitivity of
the crystal filterjthe oscillator used in its test circuit
should{have _very good frequency stability and a
close wernier control. The oscillators used for fac-
tory teésting have special modifications for this use.
A value of approximately 10db (2.45 volts) is suit-
ablefor'the constant voltage at which to hold VM1
throughout the check. The reading of VM2 at the
frequéency of minimum attenuation will vary some-
what with the channel frequency but should not be
more than 11db below the reading of VMI. (The
filter insertion loss is approximately 6db less than
the difference in readings.)

CONVERSION OF RECEIVER FOR
CHANGED CHANNEL FREQUENCY

The parts required for converting a TCF-10
receiver for operating on a different channel fre-
quency consist of a new crystal filter (FL1), a new
local oscillator crystal (Y11) and probably a differ-
ent feedback capacitor (C12). Because the wide
range of channel frequencies precludes maintaining
a factory stock of the various crystals, immediate
shipment of the filter and the oscillator crystal
cannot be made. After the crystals have been pro-
cured and the filter has been completed, it is recom-
mended that the receiver be returned to the factory
for the conversion and for complete test and adjust-
ment. However, if the time that the receiver can be
out of service must be kept to a minimum, the
conversion may be made by customers who are
equipped for this work.
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RECOMMENDED TEST EQUIPMENT

I. Minimum Test Equipment for Installation.

a. AC vacuum Tube Voltmeter (VITVM).
Voltage range 0.003 to 30 volts, frequency
range 60 Hz to 330 kHz, input impedance 7.5
megohms.

b. DC Vacuum Tube Voltmeter (VTVM).
Voltage Range: 1.5 to 300 volts
Imput Impedance: 7.5 megohms

c. Milliammeter, 0-3 range (if receiver has car-
rier level indicator).

II. Desirable Test Equipment for Apparatus Main-
tenance
a. All items listed in 1.
b. Signal Generator
Output Voltage: up to 8 volts
Frequency Range: 20-kHz to 330-kHz
c. Oscilloscope
d. Frequency counter

e. Ohmmeter

Capacitor checker

g. Milliammeter, 0-1.5 or preferably 1.5-0-1.5
range, for checking discriminatof

-

Some of the functions of the recammended test
equipment are combined insthe type TCT carrier
test meter unit, whichyis designed to mount on a
standard 19” rack but alsot¢antbe removed and used
as a portable unit.

RENEWAL PARTS

Repair work caf"be done most satisfactorily at
the factory& However, replacement parts can be
furnishedg®in mest cases, to customers who are
equipped for|doing repair work. When ordering
parts, always'give the complete nameplate data, the
electrical walue, style number, and identify the part
by, itssdesignation on the Internal Schematic draw-
ing.
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Fig. 1 Internal Schematic of Transfer Trip RECEIV
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TRIP OUTPUT
DISCRIMINATOR GUARD OUTPUT
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Fig. 3. Block Diagram of Output Logic Circuit
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Fig. 4. Filter and Discriminator Characteristics of the Receiver
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Fig. 5. Component Location of the Receiver Panel
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Fig. 7. Component Locations 30-200Hz. Oscillator and Mixer |.F. Amplifier
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Fig. 8. Component Locations 200.5-800Hz. Oscillator and Mixer I.F. Amplifier
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Fig. 13. Test Currents for_Frequency Shift Receiver Filters
COMPONENT DESCRIPTION STYLE NO.
R4 RESISTOR 100.0 .50W 5% 184A763H03
R6 RESISTOR 100K 50W 5%  I84A763HSI
—_——————— —— —— == RS POTENTIOMETER 100K 2w 185A086HIO
I FLI FILTER O

TJ2 TJd  TIP JACK BLACK 187A332H02
{RED) | TJ2  TIP JACK RED 187A332HOI

ZI ZENER IN30278 18BA302HO7

I z2 ZENER IN30278 188A302HO7

l OUTPUT
| O -DETERMINED BY CHANNEL FREQUENCY PER ORDER.

5 |444C85G02|

TP5 3

Sub. 1
775B712

Fig. 13 Test Circuits for Frequency Shift Receiver Filters
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COHPONENT DESCRIPTAON STYLE Nev
c1i CaractTOR +230UF| 200V 187AERANOZ
ci2 CAPACITOR  SEE MOTE W)
c13 CAPACITOR +250UF 200V, 187A4RANOR
Cia CAPACITOR 1.000UF 200 8TAS24H04
c13 CAPACITOR  1.000UF 200V 187TA624N0@
e CAPACITOR See NOTE M
a7 CAPACITOR +250UF 200V 187A6! 02
(31 CAPACL -250UF 200V  187A624H00
ciy CAPACITOR «250UF 200V 187A624H02
c20 CAPACIT@R  100.000PF SO0V 762A7$7HOI
cel CAPACITOR 1874624402
NEG. c2z CAPACITOR 187A624H04
POWER SUPPLY c23 CAPACI 187A6RaHOR
- = I RESISTOR  10.0K .50V S 184AT63NSI
RID RESISTOR 4700.0 .50W S1 184A763H43
Ri4 RESISTOR £3300.0 .50 51 184A763H3Y
RiS RESISTOR | 320.0 .50V 55 184A763KIS
R16 RESISTOR 10.0K .50W 5% 184A76IMS)
R37 RESISTOR 3. +S0W ST 184AT6IHED
L1t RESISTOR _3300.0 .50¥ ST 194A76IHIY
RIY RESISTBRIT3100.0 <50V ST 184A763H3Y
RrR20 RESISTOR 10.0X .50W ST 184AT6INSL
I L3 R21 RESISTOR 33.0K .S0W ST 184A763H6)
ouTPUT R22 RESISIR  330.0 .50W ST 184A76IHIS
R23 RESISTOR 10. +50% ST 1B84AT6IHSI
R24 RESISTOR 220.0K .S0W ST 4AT6IHEY
R2S RESI STOR  4700.0 .50W S% 4ATEINAD
R26 RESIST@R 13300.0 ,S50W 5% 184A76IHIY
R27 RESISTOR
R28 RESISTOR
R29 RESISTBR
R3O RESIST@R 184ATEINSY
R3I RESISTOR 184A76IHIS
Raz RESISTOR 184A763HIY
R33 RESISTOR 184A76IH27
R4 RESISTOR 184AT6IHSY
R3S RESISTOR 680,0 .50W ST 184A76IH2)
R3s RESISTOR 68.0 .50V 5% 187A290W2)
R37 RESISTER 10.0K .S0W ST 1B4ATEIHSI
Ri1Z 1.0 .12 629A430H02
Jm JIMPER 0 OHW RESISTOR 862A478HO1
POS. L TRANSISTOR  2N4249 849A441HOI
OWER SUPPLY| aie TRANSIS 284249 849A441H03
Q13 TRANSISTOR 2Na249 B49A441H0I
|444C5IGO|_J Qe TRANSISTOR  2N4249 849A44IN0)
- S n muanen, edh sgmie
] T 205C043GO!
RF OUTPUT Tiz TRANSFORMER 203C043G03
yn CRYSTAL SEENOTEQ
FL2 FILTER 7624613601

¥-Cl2 RANGE 4 TO 330Pf. AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.

-C16 RANGE 22 TO I00Pf.AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.

O-YIl RANGE-50 TO 220KHZ
1444C52

D=COMMON TERMINAL

Fig. 15. Internal Schematic 30-200HZNOscillator and Mixer |.F. Amplifier Module

CatPavENT GESURIPTION  RFTLE .
cid CAPACI TOX S2h0Ur 200V 1472624400
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ceo CAPAZITIR  100.000FF 500v  Tacals7aul
ce CarACl o ©2300F 200y 147AR2a407
Loz CAMACITUR  1.0003F 200v  1aldk2avia
Ces Cavaci Ton 125008 2007 107Ab2an02

A 2 CARACTToR SEE NOTE A
Cn3 caraciior J100UF 50V 1ar6sdM0a
Cns  caraciTen Dlunt S9¢ 14anssina
Coe capaltiok 1.
C217 CAPACLIOR  1.0005F 2007 147AA2adna
Cars CAPACITOR Le500 2DOV 1ATAR2ANOL
0 214 CAPACITOR SEE NOTEL Q@
1c201 1N AT uaT10 201C824m03
M JumPER 0 24N ALSESTIN B62aaTAOL
nee MESESIIN 3300.0 504 ST 1naATeIN
k27 CESISTON  22.04 .30 ST 1wanseidy
s HESPSTOR  6m0.0 L50s 51 1A4ATAMAD)
x29 RESISTOK 65,0 .5um 5T 147A290421
%30 RESISTan 10,0k .30u ST 14eATAIASI
NEG <3 KESISTOR 330,00 .30m 58 1WARTEIAIS
e 32 WESISTUK  1300.0 .50k 32 14487408
—_—— e T T P 8 - — "3 WFSISTIR 1000.0 S0m ST 14aATAY4RT
M N Son ST 1aantaidsy
PEN 50w 51 1448763423
<36 10 150u e 1478280801
"7 SEIUSTOR  1010x 304 5% 1 46RTAda5
W11 RESIST2R 100K 30 Y1 bwAATEINSI
A2l RESISTOR 100040 153a I 19eATaINPT
tpan K13 RESISTOR 19.04 30w ST imaATednsl
Ae1a  MESISION 2700.0 .50a 5P 1A4n74dN)T
X2i5  WESISEOR  10.0% 130e 51 Inanisdbi
T2 \F R216 wesISIOR 4200.0 50w ST 1aaAlainal
outeut " T RMESLSTIA 2000.0 50s 5T tHaATAIaA
L s RLSISTax 150.0  S3pa 2L 14aATedeu)
] Cc216 PEIES EOETIEY T 430.0 30m 31 1dealedAlg
i N22D MELISTON  aT.u< 50w 9T 144A7A3ARD
L4 221 RESESTOR 220.0% 450w 51 144876340
KeZ2  RE>ISTIR 470000 50K SE  1xeAlajmd)
ote TaavsisTon  evazas savnaarny
a5 THIISTon 2uazas satnaalng
G211 [xANSISIOR  2vazay KaTnad1n1
cair |
= 2oy LR TSR b2y As2A80RNN
T CRYSTAL  SCENOTE O
T21 TRANSFE 7148677601
T2Z  TRANSE 205043603
14 |
POS. & C211 RANGES FROM 100PF TO 1000PF
>
O C214 MAY VARY UP TO I00P¢ 187A698H01 THROUGH HZ3
O YIl FREQ. EQUALS RCVR ( CHANNEL) FREQUENCY
_ 1 ‘25 72 2 4@595_@_] PLUS 20KNHZ
RF
ouTPUT

Sub. 1
1458C60

Fig. 16. Internal Schematic 200.5-300Hz. Oscillator and Mixer I.F. Amplifier Module
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CeHPONENT DESCRIPTION  STYLE Ne.
($]) CAPACIT@R +250UF 200V 187A624H02
Cs2 CAPACITOR «2S0UF 200V 187A624H02
csa CAPACITOR +100UF 200V 187A624HO)
€Sa CAPACIT@R 1300.000PF SOOV 187ASB4H1S
(31 CAPACIT@R «100UF 200V 187A624HO0)
csé CAPACITOR «250UF 200V 187A624H02
cs7 CAPACIT@R «100UF 200V 187A624HO0)
cs8 CAPACI TOR «25S0UF 200V 187A624H02
C59 CAPACITOR «250UF 200V 187A624H02
cé60 CAPACIT@R 1.000UF 200V 187A624H04
cél CAPACITOR +220UF SOV 762A703HOI
ce2 CAPACITOR +220UF S50V 762A703HOI
c63 CAPACITOR 4.5T0 IOOPF 762A736H02
Cé4 CAPACITGR 9100.000PF 200V 187A624H16
c65 CAPACITOR SEENOTEO

ces CAPACITOR 100.000PF SO0V 187A684HO8
ce7 CAPACITOR SEE NOTEOQ

ces CAPACITOR 4.5T0 IOOPF 762A736H02
cé69 CAPACITOR 9100.000PF 200V 187A624H16
c70 CAPACITOR +220UF SOV 762A703HOI
c11 CAPACITOR <220UF SOV 762A703KO1
€72 CAPACITOR 330.000PF 200V 880A397HO!
c73 CAPACITOR 330000PF 200V BBOA397HO!
0s1 DIOVE IN437A 184ABSSHOT
Ds2 DIQDE 1INASTA 18 4ABSS5HO7
0S3 DIQOE INASTA 184ABSSHO7
DSa DIRDE INASTA 184AB55H07
055 0120€E IN457A 184AB55HO7
056 DIODE IN4STA 184AB55HO7
DS7 DIBDE IN628 184ABS5SH12
DsS8 0IQDE IN628 184AB55H12
R31 RESISTOR 4700.0 .S0W ST 1B84A763r43
RS3 RESISTOR 27.0 +SOW ST 1B4AT63H61
RS54 RESISTOR 2200.0 .5S0w 5% 184A763H35
RSS RESISTOR 27.0 +50W ST 187A290H11
RS6 RESIST@R 10.0% .50W ST 184A763HS51
RS7 RESISTOR 4700.0 .50W S5 184A763H43
RS8 RESISTOR 27.0K «50W S5 1B4A763H61
R59 RESISTOR 15000 .50W ST 184A763H31
R60 RESISTOR 180.0 +50W ST 184A763H09
R61 RESISTOR 4700.0 .SO0W ST 1B4A763H43
R62 RESISTOR 2200.0 .S0W S 1B4A763H3S
R63 RESIST@R 33.0K .S0W 5T 1B4A763H63
Ré64 RESISTOR 2700.0 .S50W ST 184A763H37
R65S RESISTOR 680.0 +50W ST 1B4A763H23
R66 RESISTOR 68.0 .S50W 5T 187A290H21
R67 RESISTOR 47000 .50W 52 1B4A763HA43
R68 RESISTOR 2700.0 .50W ST 18B4A763H37
R69 RESISTOR 18.0K .S0W ST 1B4A763HS7
R70 RESISTOR 220.0 +50W ST 1B4A763H11
R71 RESISTOR 68.0 »50W 2T 629AS531HO4
R72 RESISTOR 330.0 +50W ST 1B4A763HI1S
R73 RESISTOR 56.0 .50V 21 629A531HO2
R74 RESISTOR 12,04 +50W 52 184A763HS3
R75 RESISTOR 3000.0 .S0w 5% 184A763H38
R76 RESIST2R 30C0.0 .SOW S% 184A763r33
R77 RESISTOR 220. +S0W 52 184A763H11
R79 RESISTOR 2200.0 .50W ST 184A763H3S
R8O RESISTOR 2200.0 .SOW ST 184AT63IHIS
RS2 PoT 1.0 +SOW 629A645H04
[H]] TRANSISTBR  2N4249 849A441H03
0s2 TRANSISTOR  2N4249 849A441HO3
053 TRANSISTOR  2N4249 849A441H03
0S4 TRANS] STOR 2N4249 849A441HO0D
0ss TRANSISTOR  2N3645 849A441HO1
056 TRANSIST@R  2N3645 849A441HOI
T2 TRANSFORMER 6068533601
T22 TRANSFORMER 6068533602
Jl TELEPHONE JACK 187A606HOI

DETERMINED IN TE

ST.

O-ONE OR TWO CAPACITORS USED; VALUES

Fig. 17. Internal Schematic Amplifier and Limiter Discriminator Module
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ENT STYLE
TRA%3 ST5RS
Qo1 843418 1HOI
Q102-i5-110-111 7624535H0 1
Q103 1844638H 18
———f——————~——°ﬂ’"’i——————-———__—_—_——_._I 2107 Ye2ssmsroz
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!L vios oii ! g " a2 w? 2louaro 109 TerAsainsl | 1
& j out 137 1842859H06 i
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IN R101~106 1844763165 2|33«
s | s ooy | e
2 0108 1 R121-122-129-30 18aAT6IM 71| & jie2<
= Do RI15 18aar63n73 | 1
| AT Teanreants |
R113 184A763H9 1 1
| RI20 19aaTerEs | |
P04 =] | RT 1854086+ 11 | 1
] RIIO 1B74643HG7 I
I RI39-R140-Rid4 6294531H48 3
R143 629453158 ]
I Riat 629a53m78 | | | B2x /2w 2,
] R142 629A531H56 ] 10K V2w 2 2%
P06 07 S CAPACHTORS
Bl b 4 F3g C105 1844663H02 1 (05 F 0 s
any e 3 {:h | clo0z 1808661025 | 1 [t6.0F0)
/o ane I C103-108 187a62a011 | 2 [ 5vF0 =10y
Leon it e sesaeomon | | 5er v7E g
T I DIODES
I Dia v INIDOA
Di01 TO 106-107-111
A7
- e . _ _ 1461CO3GOI 108-109-110- 112-135 | '844833NO7 | 13 [(IN4STAI
- h — - @ v _ DIO-ZENER
2105-714 1838212106 | 2 | (145968 )
2113-104.71} 1864797HO6 3 Jingsta )
Fig. 18. Internal Schématic) Logie*Board for Transfer Trip Module
WHEN USED
TS =t _“JLT_TJJ_"C'J_ED__u—uT_’_C.G' = N ———
i | S
— 1 u
L —j .
INPUT ose. AMPL. S/N OuUTPUT S/N
FILTER MIX ER LIM, ouT OUuT. o
DISCR.
LIF il U J

Sub. 1
1463C18

Fig. 19. Module Location
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INSTALLATION

Westinghouse I.L. 41-945.84
OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE TCF-10 POWER LINE CARRIER
FREQUENCY-SHIFT RECEIVER EQUIPMENT
STU-UNBLOCK—WIDE BAND WITH
DC/DC CONVERTER POWER SUPPLY

CAUTION: It is recommended that the user of this
equipment become acquainted with the informa-
tion in this instruction leaflet and in the system
instruction leaflet before energizing the system.
Printed circuit modules should not be removed or
inserted when energized. Failure to observe this
precaution can result in an undesired tripping out-
put and cause component damage.

If the carrier set is mounted in a cabinet, it
must be bolted down to the floor or otherwise
secured before swinging out the equipment rack to
prevent its tipping over.

APPLICATION

The TCF-10 frequency-shift receiver sequip-
ment as adapted for STU-Unblock applications
responds to carrier-frequency signals transmitted
from the distant end of a power line and carriedyon
the power line conductors. The blockysignal is
transmitted continuously when conditions are nor-
mal. Its reception indicates thatgthe channel is
operative and that there is no4aultiin the protected
equipment. The block frequengy‘is, [00 hertz above
the center frequency of the channel” When a fault
occurs at the distant end ofithe power line, protec-
tive relays switch the trafismittér located there to
an unblock frequency, 100 hertz below the center
frequency, and alsofiereaseés the power output of
the transmittery(fromgl watt to 10 watts).

CONSTRUCTION

The TCEF regeiver unit for STU Unblock appli-
cations is mounted on a standard 19-inch wide
chassis 5 1/4,inches high (3 rack units) with edge

slots for mounting on a“staridard relay rack. An
input attenuator andfa jack*for metering the dis-
criminator output current, are accessible from the
front of the chassis!

All of th€%eircuitry that is suitable for moun-
ting on printed circuit boards is contained on
printed cifeuit modules that plug into the chassis
from the/front'and are readily accessible by remov-
ing thetransparent cover on the front of the chassis.
The power supply components and external con-
nectorsiare located at the rear of the chassis as
shown in Figure 6. Reference to the internal sche-
mati¢ connections of Figure 1 will show the loca-
tion of these components in the circuit.

The printed circuit modules slide into position
in slotted guides at the top and bottom of the
chassis, and the module terminals engage a terminal
block at the rear of the chassis. A handle on the
front of each module is labeled to identify its func-
tion, and also identify adjustments and indicating
lights if any are available at the front of the module.
Of particular significance, is the input attenuator
contained on the front of the filter module which is
used in adjusting the input receiver signal during
initial field installation.

A module extender (Style No. 1447C86GO01) is
available for facilitating circuit measurements or
major adjustments. After withdrawing any one of
the circuit modules, the extender is inserted in that
position. The module is then inserted into the term-
inal block on the front of the extender. This res-
tores all circuit connections and renders all compo-
nents and test points on the module readily
accessible.

LINpossible contingencies which may arise during installation, operation, or maintenance. and all
detertls and variations of this equipnient do not purport 1o be covered by these instructions. If further
wibo rmation is desired by purchaser regarding his particular installation. operation or maintenance of
his equipment. the local Westinghouse Electric Corporation representative should be contacted.

NEW INFORMATION
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The receiver operates from a regulated +12V
and —12V supply derived from a self-contained DC
to DC converter. The power supply module con-
taining the DC to DC converter has links which
enable it to operate from either 48 volts or 125 volts
dc.

External connections to the receiver are made
through a 36-terminal receptacle, J3. The r-f input
connection to the receiver is made through a coax-
ial cable jack J2. (See Figures 1, 2, or 3).

OPERATION
INPUT MODULE

The input module contains the input control
and the input filter. The signals to which the TCF-
10 receiver responds are fed through a coaxial cable
connected to jack J2 at the rear of the chassis to the
input module. The input control RS, accessible at
the front of the input module, attenuates the signal
to a level suitable for the best operating range of the
receiver.

A scale on the panel is graduated in dB. While
this scale is typical rather than individually calis
brated, it is accurate within several dB and isuseful
in setting approximate levels. Settings should be
made more accurately utilizing a spgitable ac
voltmeter with a dB scale when poSssible:

LC FILTER (WIDE BAND RECEIVERS)

From the attenuator, the signal‘passes through
a bandpass LC filter, FL 20l. This filter has a
passband of approximately=k600HZ which is rela-
tively wide in comparison(toshé\IF filter which has
a passband of approximatelysS500Hz. Still, frequen-
cies several kHz /above omybelow the center fre-
quency (fc) of the,channgl are greatly attenuated.
Figure Sa shows a typicdl curve for the LC filter as
well as a characteristics curve for the IF (intermedi-
ate frequency) filter, FL2, and the discriminator
output. This apparently wide bandwidth for the
input filter imyrelation to the IF filter is necessary to
both achieve*high speed data transmission and to
achieVe proper operation of the noise clamp by
saripling noise in the frequency band surrounding
the IE band.

This is generally recommended in STU-
Unblock applications. However, if the frequency.
spectrum is too crowded to permit the uselof the
wide band channel and a slower response timesean
be tolerated, then the narrowband receiver using a
crystal filter is recommended. This operation is
described below.

CRYSTAL FILTER—
NARROW BAND RECEIVERS ONLY
(SHOWN FOR COMPARISON ONLY)

From the attenuator, thesignal passes through
a crystal filter, FL1. This, filter has a narrow pass
band, and frequencies seyeral hundred cycles above
or below the centerfrequency (fc) of the channel are
greatly attenuatedEigure 5b shows a typical curve
for the crystal filter, as well as a characteristic curve
for the intemmediate frequency filter, FL2 and for
the diseriminator output. The narrow pass band of
FL2, permits close spacing of channel frequencies
and reducesthe possibility of false operation caused
by spurious signals such as may result from arcing
disconnects or corona discharge. This narrow input
filteridoes not permit the use of the same type of
nois¢ clamp as the wide band filter.

OSCILLATOR, MIXER, AND IF
AMPLIFIER MODULE

From the input filter, the signal enters the
oscillator and mixer stage of the receiver. Crystal
Y11, transistors Q12 and Q13, and their associated
resistors and capacitors, comprise a crystal-
controlled oscillator that operates at a frequency
20kHz above the channel center frequency, fc. The
output from this local oscillator is fed through
transformer T11 to potentiometer R12, and the
latter is adjusted to feed a suitable input to the base
of mixer transistor Q11. The output of filter FL1 is
impressed on the emitter-collector circuit of QIl1.
As a result of mixing these two frequencies, the
primary of transformer will contain frequencies of
20kHz, 2f; + 20kHz, f. + 20kHz, and fc.

The output from the secondary of T12 is am-
plified by Q31 in the intermediate frequency (IF)
stage, and is impressed on FL2. This is a two-
section filter, with both filters contained in a com-
mon case. Its pass band is centered at 20kHz. Since
its pass band is narrower than that of the input
filter, it eliminates the frequencies present at its
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input that are substantially higher than 20kHz. The
output of this filter is the IF output which is fed to
both the amplifier-limiter and the S/N Detection
module. The output from the secondary of trans-
former T11, the RF output, is also fed to the S/N
Detection module.

AMPLIFIER LIMITER AND
DISCRIMINATOR MODULE

AMPLIFIER AND LIMITER

The output from the second section of the IF
amplifier stage is fed to potentiometer R52 at the
input of the amplifier and limiter stage. Sufficient
input is taken from R52 so that with minimum
input signal (16 mv.) at J2 and with RS set for zero
attenuation, satisfactory amplitude limiting will be
obtained at the output of the limiter stage.

DISCRIMINATOR

The output of the limiter stage is fed to the
discriminator. The discriminator is adjusted at the
factory to have zero output (as measured by a4
milliammeter inserted in the circuit at jack J L):at fe-
25 hertz. The adjustment for zero outputfat f¢-25
hertz is made by capacitor C68. C63 also, is‘adjusted
to obtain a maximum voltage reading across*R80
when the current output is zero. Maximum cugrent
output, of opposite polarities, will (be/ obtained
when the frequency is 100 hertz abgwve orybelow the
center frequency. This separationfof 200 hertz be-
tween the current peaks is affected bysthe value of
C66, (the actual value of which may be changed
slightly from its typical valile infactory calibration
if required).

The purpose of offsetting the zero output fre-
quency of the“discniminator by 25 hertz in the
unblock dirg€tion is,to reduce the band of noise-
generated grip frfequencies (between the discrimina-
tor center frequengy and the skirt of the FLI filter),
and to similarly increase the band of noise-
generated frequencies on the block side of the dis-
criminator center. It should be observed that al-
though block frequency is fc + 100 hertz, after
leaving'the mixer stage and as seen by the discrimi-
nator, the block frequency is 20 kHz-100 hertz.
Similarly, the unblock frequency is 20 kHz + 100
Rertz. The intermediate frequency at which the
discriminator has zero output then is 20.025 kHz.

For use with a three frequency transmitter and
a second receiver for transfer trip, the discriminator
is adjusted opposite in sense to that deseribed above
for the standard STU-Unblock. That 1s, the dis-
criminator is adjusted so that the block output is at
125 hertz below the zero output frequency instead
of 125 hertz above while thefinblock output is at 75
hertz above the zero “eutput frequency. This is
shown in Figure Sc. Since'the channel center fre-
quency, fc, is at 100/ hertz below the block fre-
quency, the discriminatgr is thus adjusted for block
output at fc + 100 hestz and unblock at fc + 300
hertz with zero output.at fc + 225 hertz. Because of
this requirendentjjythe STU-Unblock receiver for
three frequeney, operation can only be used with a
wide band filter,”’FL201.

Theydiscriminator output is connected to the
bases of, transistors Q55 and Q56 in such a manner
thattransistor Q56 is made conductive when cur-
rent flows, from the discriminator output, in the
forward direction of diode D54, (which occurs with
toip output) and Q55 is made conductive when
current flows in the forward direction of diode D55
(which occurs with guard output). Consequently,
terminal 35 is at a potential of approximately +12
volts at guard (block) frequency and terminal 1 is at
+12 volts at trip (unblock) frequency.

LOGIC CIRCUITS

The block diagram of the logic circuits is
shown in Figure 4. Note that the logic involves
three modules; the unblock logic module, the S/N
output module, and the S/N detection module.

When the discriminator receives block signal,
its output terminal 35 supplies positive potential to
block AND #2 and 200/0 timer on the logic board.
At the same time, if there is good signal level into
the receiver, there will be a good signal input into
AND #2 from the CLI on the S/N detection mo-
dule. This will result in an input to the 120/0 timer
on the logic board which consists of R2, Cl, and
Z1. Capacitor Cl will charge in approximately 120
milliseconds to the breakdown voltage of Z1, and
block OR #1 will receive an input #1. OR #1 con-
sists of diodes D2, D3, and Q2. The function of Q1
is not indicated on the block diagram, but it dis-
charges Cl quickly when Guard (block) signal dis-
appears, so that the full 120 milliseconds delay is



obtained on closely repetitive appearances of
Guard signal. This avoids cancellation of a loss-of -
channel alarm by noise-produced Guard signal.

When OR #1 receives input #1 or input #2, Q2
is made conductive and capacitor C3 receives no
charge. This capacitor along with Z2 and Q3 repre-
sents the 0/150 timer on the block diagram. Note
that the absence of an input into the 0/150 timer
represents an input #1 into AND #1. However, an
input #2 which is a no input from AND #2 is
required for AND #1 to put out a trip unblock
signal. If guard (block) signal should disappear but
be followed promptly by appearance of trip (un-
block) signal, the unblock input fed through AND
#3 and OR #1, will prevent the 0/150 timer from
operating and input #1 will still be presented to
AND #1. However, the loss of guard signal will be a
no input for input #2 of AND #1, and there will be
an immediate trip unblock output out of AND #1.
This trip unblock output is fed through a buffer
output on the S/N output board to the protective
relaying system. However, if guard (block) signal
disappears and unblock signal does not appear in
approximately 150 milliseconds, then capacitor C3
of the 0/150 millisecond timer will change to the
breakdown point of Z2, making Q3 conductiVeyin
effect removing input #1 to AND #1. This makes
QS5 of AND #1 non-conducting and Q7 of AND/#1
conducting thus removing the trip unblock,output
after 150 milliseconds loss of both guard andgtrip
unblock signals. This bit of logic accountsfor the
receiver putting out a trip unblock §ignalfor 150
milliseconds upon loss of channel

The output of 0/150 fimergds also fed through
OR #2 to AND #3. OR, #2 consists of D10, DI1,
and Q10 while AND #3 comsists of D13, D14, D15,
D16, and Q9. AND #3 assures that as long as you
have good signal, ng,sighal to noise clamp, a trip
unblock signal, and have not timed out to 0/150
timer, you will put out a trip unblock signal to the
relaying system. However, if the 0/150 timer has
timed out because you did not receive a trip signal
within 150 "milliseconds of losing the guard (un-
block),signal, then the system will lock out and not
trippforiany subsequent trip signal unless it has been
preceded by a guard signal for at least 120 millise-
conds:

The logic comprising AND #4, 1000/0 timer,
200/0 timer, FLIP-FLOP, and OR #2 is to{insuze
trip unblock on open breaker keying even“if the
channel is lost for 150 milliseconds after receiving
trip. It contains a link which can be removed by the
customer if it is desired not to use this feature.
Without this logic, if the receivef isgreceiving trip
unblock under open breaker keying of the transmit-
ter and the channel is lost fog,l SOumilliseconds so
that the 0/ 150 timer times out, ghen the receiver will
lock out unless a guard (bleck)signal is received for
120 milliseconds. This,is guard return. However,
with this logic in, if the Teceiver has been receiving
trip for over 1000 milliségonds, then if the channel
is lost for over 150%milliseconds, the channel will
not require a gdyard teturn but instead will go to trip
immediatelypupon receipt of trip signal.

Withythe Teceipt of trip, input #1 is satisfied
into AND #4. Also at this time, if the 0/150 timer
hastnot timed out, (signifying a receipt of trip
within ‘150 milliseconds of lost of guard) input #2 is
also satisfied into AND #4. Thus, there will then be
amunput into the 1000/0 timer. After 1000 millise-
conds of continuous receipt of trip, this timer will
put out an input into the flip-flop setting the flip-
flop. This output is fed back to AND #3 where it is
used in place of the trip signal to prevent the 0/150
timer from timing out so that a lost of trip for over
150 milliseconds will not lock out the receiver and
necessitate a guard return signal. This flip-flop
output through OR #2 is also fed back to AND #4
to lock in the setting of the flip-flop. Now if a guard
signal comes in and lasts for over 200 milliseconds,
the 200/0 timer will time out and reset the flip-flop
so that it again will take 1000 milliseconds of trip
signal to set the flip-flop. AND #4 consists of D12,
D17, and QIl1; 1000/0 timer consists of R40, C4,
Z5, and Q12; 200/0 timer consists of D20, Q15, CS,
RS1, Z6, and QI16; while the flip-flop consists of
R46, DI8, D19, R47, QI13, QIl4 and associated
resistors.

The checkback trip output is used for checking
channel operation. It signifies a receipt of trip fre-
quency. It is only supervised by the S/N clamp of
the detection board. It will put out a checkback trip
upon receipt of trip as long as there is no signal to
noise clamp. It utilizes AND #5 composed of D77,
R171, and Q65 of the S/N output module.
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Please note also that it takes a good signal to
noise ratio to prevent the 0/150 timer from timing
out when receiving trip regardless of the CL1 condi-
tion or the flip-flop condition. However, a noise
burst at the instant of sending trip will not delay
trip unblock as the trip unblock is derived from the
loss of guard (block) signal and not the receiving of
the trip unblock signal.

It should also be noted that when a trip power
boost in the order of 10 dB is used when sending
trip, this sudden A.M. increase in power could
momentarily activate the S/N clamp as this sudden
increase in power level does generate A.M. side-
bands which, after all, is noise. However, as noted
above, it does neither delay nor effect trip as trip
unblock is derived from the loss of guard signal. It
manifests itself as only a momentary blip of the
S/N noise clamp LED light and should be of no
concern.

S/N DETECTION MODULE

The S/N detection module has three basi¢
functions; first to determine the in-band signal to
noise ratio and provide clamping outputf at jthe
desired level of signal-to-noise ratio, secend to
measure incoming in band signal level and,provide
both an output to a carrier level indicating instru-
ment and to a clamping circuit in the outputymod-
ule for clamping at the desired lowgevel of signal,
and third to provide a clamping @utput when the
desired signal level exceeds th€ynoemal received
level by a substantial amount, typically 25dB.

The method of detemmining signal to noise
ratio utilizes the measurementiof signal level in two
different bandwidthsthatvef'the input filter which
is 1600 hertz, and thatdoffthe IF filter which is 500
hertz. The total Signalyplus noise in the 500 hertz
bandwidth is'subtracted from the signal plus noise
in the 1600 heptz bandwidth and this difference is
then comparedywith the signal plus noise in the 500
hertz bandwidth to arrive at a true in-band signal-
to-noise ratio using logarithmic circuits. See Figure
29.

If\the ratio of signal to noise is less than the
value selected, typically 10dB, then there will be a
46V out of IC13 (TP75 and terminal 27). This is a
high noise condition and this voltage is used as a
clamp to prevent erroneous interpretation of data

being received due to high noise conditions. Under
normal low noise conditions, typically signal to
noise ratio greater than 10dB, the veltage out of
IC13 (TP75) is —6V and no clamping is done.

The wide band signal of 1600 heftz bandwidth
called the RF signal is fed gfito_the S/N detection
board through isolation, tran§former T31. Opera-
tional amplifiers ICl1 andyaIC2 along with their
associated components, R82 through R92 and C81
through C90, constitute a4 pole low pass filter
which passes the mixed band of frequencies in the
bandwidth of 1600yHz centered about the 20kHz IF
frequency, and blecks all the higher multiples such
as in the IFtamplifier. Operational amplifier IC3
and assocjated components amplifies the signal for
feeding intg the RMS circuit composed of IC4 and
ICS with,adjustable potentiometer R94 controlling
the amount of amplification. This latter circuit
conyertsithe signals into a dc voltage proportional
to, theyRMS value of the ac signals. Operational
amplifier IC6A and associated components is used
for inversion and isolation of this dc voltage before
being fed into the summation amplifier IC6B.

The narrow-band signal of 500 hertz band-
width called the IF is fed into the S/N detection
board through isolation transformer T32. The
amount of signal fed into the board is adjustable by
means of potentiometer R111. The circuit com-
posed of operational amplifiers IC7 and IC8 and
associated components is an RMS circuit which
converts the signals into a dc voltage proportional
to the RMS value of the ac signals present in the IF
bandwidth. The output of this circuit is also then
fed into the summation amplifier 1C6B.

The summation amplifier takes the difference
between the RMS values of the IF signal and the
RF signal and feeds it into one half of the logarith-
mic amplifier composed of IC9 and associated
components. At the same time, the RMS value of
the IF signal is fed into the other half of this
logarithmic amplifier. The logarithmic amplifier
takes the logarithmic difference between these two
signals (which is equivalent to IF divided by (RF-
IF) from the summer). The constants of the circuits
are set up so that the output of the logarithmic
amplifier is positive when the ratio of the signal to
noise ratio in these bandwidths is greater than



10dB, and is negative when the signal to noise ratio
is less than 10dB. (Note: The point at which the
change in polarity occurs can be altered to other
than 10dB signal to noise ratio by altering the
adjustments of R94 and R111). In addition, the
output of the logarithmic amplifier is also negative
when the signal level is approximately 25dB above
normal for high level clamping.

The output of the logarithmic amplifier is fed
through networks consisting of IC10A and ICI13A
to the level detector circuit IC13B which has a fast
pickup and slow dropout when it receives a signal
from the logarithmic amplifier indicating a lower
than desired signal to noise ratio (lower than 10dB
is initially set when shipped). This will put outa +6
volts out of terminal 27 for this condition. For high
signal to noise ratio this output will be —6 volts.
This circuit will also put out +6 volts out of termi-
nal 27 for very high signal levels. This is a high
signal clamp and occurs for signal levels approxi-
mately plus 25dB above normal level.

The output of the IF RMS circuit is also fed to
the logarithmic circuit composed of IC11A, IC12A4
and IC11B which puts out a dc signal level linearly,
proportional to signal level in dB for feeding“an
external microammeter calibrated with a lineand B
scale with 10dB equal to 33-1/3 microampefes:

OUTPUT MODULE

The output module provides fourybuffered
outputs to the relay system. They, are block, un-
block, S/N level, and not low signal with red indi-
cating light emitting diodes for ghese outputs and a
yellow indicating light emitting,diode for normal
level (satisfactory signal level). In addition, the
output module has logig which will prevent either a
+12V block or +12V unbleck output whenever the
S/ N level drops tofan ufisatisfactory level or the re-
ceived signal level drdps to an unsatisfactory level.

The higher frequency output of plus 12 volts
(when present) from the discriminator is fed into
the output ‘module through terminal 25 into the
“and” gate'eensisting of diodes D71, D72, D73, and
D74, tfansistors Q62 and Q63, and associated com-
ponentsy R163, R164, R165, R166, R167, R168,
D88\D7S; and Z22. If there is no low level signal or
low signal to noise ratio signal to prevent transistor

Q62 from becoming conducting, then transistor
Q62 becomes conducting, causing Q63 to bécome
conducting and a plus 12 volts signal to appear out
of terminal 29 from which it is fed to the outside
world. In a similar manner, the lower frequency
output of plus 12 volts when present from the
discriminator is fed into the outputémodule through
terminal 15 into the “and” gaté'builtaround transis-
tors Q65 and Q66. Just as in the case of the higher
frequency output, the lowef frequency output of
plus 12 volts will appeag,out of terminal 27 for
feeding to the data acquisition,equipment if there is
no low level clamp or lewsignal to noise ratio
clamp. If there is a clampyboth of these outputs will
be clamped to minusyl2 volts output.

The low-signal-level clamp operates off the
carrier levelysignal of the S/N detection module
which dswbasically the same signal level fed to the
CL1 jinstrument.

It is fed through terminal 7 into the voltage
comparagor circuit built around operational ampli-
fier IC21B. This comparator compares this signal
levelgwith the voltage reference from IC21A, and if
the signal level is greater than the low level at which
clamping is desired, the output of IC2IB will be
negative causing the yellow LED to glow indicating
OK level and there will consequently be no low
signal clamping. If the signal level is below the level
at which clamping is desired, then the output of
IC21B will be positive causing the red LED to glow
indicating low level. In addition, both transistors
Q67 and Q64 will become conducting. Transistor
Q64 conducting will prevent plus 12 volt signals
from appearing on the outputs going to the outside
world by preventing transistors Q65 and Q62 from
conducting. Transistor Q67 conducting causes Q68
to become non-conducting and thus removes the
not low signal output from terminal 1. Under good
or OK signal level, this not low signal output at
terminal 1 of this module is plus 12 volts.

The S/N clamp outputfromthe S/N detection
module is fed into terminal 35 of this module. At
low signal-to-noise ratio level, this +6 volt signal
will cause transistors Q70 and Q61 to conduct.
Transistor Q70 conducting will cause both the red
LED to glow indicating low S/N and transistor
Q71 to conduct supplying plus 12 volts out of
terminal 13 to the outside world. Transistor Q61
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conducting will prevent both transistors Q62 and
Q65 from conducting, and thus prevent plus 12 volt
signals from appearing at their respective outputs
to the outside world. It should be noted that the
S/N clamp also operates for a high signal level of
approximately plus 25dB above normal when set to
operate at 10dB signal to noise ratio.

OUTPUT MODULE—CONTACT OUTPUT

The output module-contact output performs
two functions; alarming on low signal level using a
telephone relay with two form C contacts, and
indicating signal level with its self-contained CL1
instrument.

The alarm circuit consists of all components
associated with ICl, IC2, Ql, Q2, Q3, and relay
AL. The signal level from the S/N detection mod-
ule is fed into a level detector consisting of IC1B
and resistors R6, R7, R8, and R9. An adjustable
reference for the level detector consisting of ICIA
and R1, R2, R17, R3, R4, and RS is also fed into
the level detector. As long as the signal level exs
ceeds the value set by the reference, there will be
approximately plus 12 volts out of the level detéctor:
into the photo-optical isolator. This causes QI to
become non-conducting and thus tramsistors Q2
followed by transistor Q3 to become conducting.
As a consequence, the alarm relay Al{is picked up
on signal levels above the alarm levelf When the
signal level drops below the alarm level'set by the
reference, the output of the “levelidetector will be
minus 12 volts causing Q1 t@’beeeme conducting
and Q2 and Q3 to beceme ‘nhon-conducting and
drop out the alarm relay ATgThe’alarm relay has a
delay of approximately 40 milliseconds on dropout
to prevent undesirable ‘alarming on short tempo-
rary loss of signal. Note'that the level of alarm is set
by adjusting alarmlevel R 17, accessible from front
of module,independent of the low signal level
output frem the output module (which is set by
L.L. ADJ. Ril78).4/Also both of these outputs oper-
ate on total signal level within the passband of the
receiver.

The CLI instrument operates directly on signal
levelnreceived from the S/N detection module. It
measures signal level in the entire bandwidth of the
receiver and thus closely correlates with the low
level clamp (L.L. ADJ.) and the low signal alarm

AL (alarm level). It thus can be used in setting' both
of these adjustments.

POWER SUPPLY

The +12 volt dc, —12 volt dc, and the +45 volt
dc supply voltages for the receiver are derived from
the power supply modulegand R3, R7, and Z1
mounted in rear of chassis.

The +12 volt defsupply and the —12 volt dc
supply are both derived from the DC to DC con-
verter and are regulated’for input voltages to the
regulator of from,42 velts to 56 volts. For nominal
48 volt inputfunitsi®the DC to DC converter has
sufficient range sovthat the preregulator consisting
of R3, R7mand¥Z1 is not necessary and is omitted.
In this (cage, \{then, the +45 volt supply is derived
directly, fromt the input supply voltage and is not
regulated:

For nominal 125 volt input units, the pre-
regulator consisting of R3, R7, and Z1 is necessary
and is supplied. In this case, then, the +45 volt
supply is derived from this pre-regulator and is
regulated.

The LED’s DI and D2 indicate when the
power supply is energized with either 48V or 125V
by the proper one glowing. Since this module is
always supplied with 48V, the 48V diode will light.
A 48V supply can be converted to a 125V supply
simply by adding R3, R7, and Z1 jumpers. Simi-
larly, a 125V supply can be converted to a 48V
supply by removing R3, R7, and Z1. Capacitor CI
and C2 bypass rf or transient voltages to ground.
Choke L1 with capacitor C3 form a trap to isolate
the receiver from transient voltages in the 20kHz
range that may appear on the dc supply and which
could affect the receiver.

CHARACTERISTICS

Frequency Range 30kHz — 300kHz

Sensitivity
(noise-free
channel) For crystal filter (narrow band)
0.005 volt = 65dB
below | watt for limiting
For L-C filter (wide band)
0.015 volt = 55dB

below 1 watt for limiting



Input Impedance

Bandwidth

Discriminator

Operating Time

Frequency spacing

A. For two or
more signals
over a one-
way channel

B. For two-way
channel

Signal-to-noise
ratio clamp
setting

Ambient
Temperature
Range

Battery Voltage
Variations
Nominal 48V dc
Nominal 125V dc

Battery Drain

Dimensions

Weight

Ckl, Accuracy

5000 ohms minimum

Crystal filter (narrow band)
Down <3dB at 220 Hz B.W.
Down >60dB at 1000 Hz B.W.

L-C filter (wide band)

Down <3dB at 600 Hz B.W.
Down >40dB at 2000 Hz B.W.

Set for 200 Hertz shift from block
to unblock frequency. Offset 25
Hertz to favor block.

Narrow Band
9 ms channel (Transmitter
and Receiver)

Wide Band
4 ms channel (Transmitter and
Receiver)

Narrow Band

500 Hertz minimum
Wide Band

1000 Hertz minimum
Narrow Band

1000 Hertz minimum
Wide Band

2000 Hertz minimum

10dB SNR (as shipped)aNeminal
for wide band recéivers

—20°C to +55°C

42V7dc-56V dc
LO5V de-140V dc

0.25 Amperes

Panel Height =5 1/4 inches (3RU)
Panel Width = 19 inches

13 pounds

*+2dB between-15dB and 0dB.

INSTALLATION

The TCF-10 receiver is generally supplied in/a
cabinet or a relay rack as part of a complete carrier
assembly. The location must be free from dust,
excessive humidity, vibration, corrosive fumes, or
heat. In particular equipment whi€h generates ex-
cessive heat such as power sapplies'should not be
mounted directly beneath the TEGE-10. Heat rising
will tend to raise the ambient temperature immedi-
ately around the chassis_above acceptable levels.
The maximum ambient temperature around the
chassis must not exceedyS5° €. In addition, sudden
fluctuations in ambient temperature caused by
these power supplies, dueto variations in load can
cause variation§ in_performance due to uneven
heating ofsthe ‘receiver introducing abnormal tem-
perature variations’in the receiver.

ADJUSTMENTS

All fa€tory adjustments of the TC-10 receiver
have been carefully made and should not be altered
unless,there is evidence of damage or malfunction-
ing. SSuch adjustments are: frequency and output
level of the oscillator and mixer; input to the ampli-
fier and limiter; frequency spacing and magnitude
of discriminator output peaks; pickup of alarm
relay; and pickup of low signal level clamp. The
adjustment that must be made at time of installa-
tion is the setting of input attenuator RS5. The in-
put attenuator adjustment is made by a knob on
the front of the panel of the input module.

The receiver should not be set with a greater
margin of sensitivity than is needed to assure cor-
rect operation with the maximum expected varia-
tion to attenuation of the transmitter signal. In the
absence of data on this, the receiver may be set to
operate on a signal that is 15dB below the maxi-
mum expected signal. After installation of the re-
ceiver and the corresponding transmitter, and with
a normal space signal level being received, input
attenuator RS should be adjusted to the position at
which the receiver low signal clamp operates. The
attenuator RS should then be readjusted to in-
crease the voltage supplied to the receiver by 15dB.
The scale markings for RS permit approximate
settings to be made, but it is preferable to make
this setting by means of the dB scales of an ac
VTVM connected across the terminals indicated at
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the front panel of the input module. The red ter-
minal is connected to the wiper arm of RS and the
black terminal is connected to ground. With this
setting, a 15dB drop in signal will cause a low
signal level clamp operation which will lock the
output of the receiver into neither an unblock nor a
low signal output at the point at which the receiver
just drops out of limiting.

The only other adjustment which may be
necessary at the time of initial installation is the
adjustment of the CLI instrument to correspond to
proper variation of signal level from normal. This
may be necessary if the instrument was not supplied
with the receiver and was not adjusted by the fac-
tory. If this instrument was supplied and adjusted
by the factory, then it could be used in adjusting
RS. In this case, it would be necessary only to
adjust RS with a normal signal being received so
that the instrument indicates 0dB.

If the instrument was not previously adjusted
by the factory, then the following procedure should
be used in adjusting the instrument. (Note: When
CL1 instrument is supplied within the chassis;this
is factory adjusted).

1. Setincoming level into receiver at +10dB,above
normal level.

2. Adjust span adjustment, R147," so that the
voltage at TP72 with respect to A P62 (com-
mon) is +3.000 volts.

3. Reducing incoming signal ‘imto receiver by
30dB.

4. Adjust full scale adjustment, R153, so that
instrument now reads —20dB. (This is approxi-
mately 0 microampeses)

S. Increase signal{'to”+10dB level. (This is 100
microampetes).

6. Adjust glope adjustment R155 to read +10dB
on instrument.

7. Reducesignal’ to normal level. Instrument
should read*0dB. If desired, instrument could
be adjusted to read 0dB with R155 with sacri-
fice in feading accuracy for +10dB.

FACTORY ADJUSTMENTS

In case the factory adjustments have been
altered or there is suspicion of improper adjust-
ments or malfunctioning, then the following proce-

dures can be used. In addition, alterations to,|the
settings used by the factory for low/Signal®level
clamping and low signal-to-noise ratio clamping
can be made using these procedures if ‘d€sired.

Potentiometer R 12 in the oscillator and mixer
should be set for 0.3 volts, measured with a VTVM
connected between TRl1 and terminal 33 on the
circuit board (ground temminal of voltmeter). A
frequency counter caft be connected to the same
points for a check on th¢ frequency which should be
20kHz above the chanmel center frequency. The
frequency is fixedyby the crystal used, except that it
may be changé@a few cycles by the value of capaci-
tor C12. ReducingC12 increases the frequency, but
the capacityyshould never be less than a value that
assures (reliable starting of oscillation. The fre-
quencypat meom temperature is usually several cy-
cles aboveythe crystal nominal frequency as this
reduces.the frequency deviation at the temperature
extremes.

The adjustment of the amplifier and limited is
made by potentiometer RS52. An oscilloscope
should be connected from TP56 at the base of Q54
to terminal 33 of the limiter. With 5 millivolts of
unblock frequency on the receiver input (RS set at
zero), R52 should be adjusted to the point where
the peaks of the oscilloscope trace begin to flatten.
This should appear on the upper and lower peaks
at approximately the same setting.

The adjustment of the signal to noise ratio
clamp for clamping at 10dB signal to noise ratio is
as follows:

1. Set the incoming signal into receiver at nominal
level (28 mv).

2. Adjust IF input with R111 so that signal at
TP68 of the S/N detector module is +100 mv
dc (with respect to TP62).

3. Adjust RF input with R94 so that signal at
TP63 is +145 mv dc (with respect to TP62).

4. Adjust log amplifier balance potentiometer
R129 so that S/N clamps operates. This will be
+6 volts dc at TP75. This will also appear as
+12 volts at TP91 of the output board and the
red S/N level indicator will light.

S. Go back and readjust RF input with R94 so
that signal level at TP63 is now 74.4 mv dc.



The adjustments above are for operation of the
clamp at 10dB or less signal to noise ratios. If it is
desired to clamp at other than 10dB or less, the
following values can be used in place of the 145 mv
value in step 3.

For S/N of 0dB set TP63 to 297 mv.
5dB set TP63 to 200mv.
15dB set TP63 to 114mv.
20dB set TP63 to 97mv.

NOTE: When the SNR clamp is set to clamp at a
10dB signal to noise ratio, the receiver will also
clamp at a high signal level of approximately 25dB
above normal.

The low signal level clamp is set to operate at
the signal level where the receiver just drops out of
limiting. This is accomplished as follows:

1. With a normal unblock frequency signal being
received and with an oscilloscope connccted
across TP56 and terminal 33 of the limited
module, adjust input attenuator RS to the
point where the peaks of the oscilloscope trace
just begin to flatten. (An alternate adjustment
would be to set incoming signal level imto
receiver at 16mv with RS set at zero which is
the point at which limiting should begin,

2. Adjust the —V Ref. adjustment R178 on/the
output module so that the low level clamp,just
picks up. This will be indicated by, the red low
level light of the output module ceming on.
There also will be +12 volts at’IP86"on the
output module.

3. Adjust input attenuator R§ to increase signal
into receiver by desired margin of operation.
This normally should bé 15dB. This is done by
reducing the RS attenuator setting.

The alarm leyel igfset toralarm at a signal level
5dB above the sighal whefe the receiver just drops
out of limiting. This“will result in an alarm being
given at a point where the signal level has dropped
10dB from the initial nominal setting but the re-
ceiver signal level is still 5dB above limiting.

1. With ‘a, normal higher frequency signal being
received and with an RF voltmeter connected
aeross the input module input test jacks TJI
and TJ2 (available at front on module), adjust
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input attenuator RS to where signal level lis
28mv across these test jacks.

2. Adjust the alarm level R17 on the outputymod-
ule—contact output to the point where the
alarm relay AL just drops out.

3. Adjust input attenuator RS to increasé’signal
level into receiver by 10dB. (This _is for opera-
tion with 15dB margin. Eor ‘ether/than 15dB
margin, this value should beschanged accord-
ingly). This is done by réducingthe RS attenu-
ator setting by 10dB.

MAINTENANCE

Periodic checks of‘the received carrier signal
level and the receiversensitivity will detect gradual
deterioration afnd jpermit its correction before fail-
ure can résult.” The/carrier level indicator, when
provided, pexmits ready observation of the received
signallevel, With or without a carrier level indica-
tor, angoverall check can be made with the attenua-
tion gcontrol, RS. A change in operating margin
fromithe original setting can be detected by observ-
ifigithe ‘change in the dial setting required to cause a
low signal level clamp to operate as indicated by the
redulow level LED becoming lit. If there is a sub-
stantial reduction in margin, the signal voltage at
the receiver input should be checked to see whether
the reduction is due to loss of signal level or loss in
receiver sensitivity.

All adjustable components for normal field
adjustments on the printed circuit modules are
accessible when the front cover on the chassis is
removed. All other adjustable components on the
printed circuit modules may be made entirely acces-
sible while permitting electrical operation by using
module extender style number 1447C86GO01. This
permits attaching instrument leads to the various
test points of terminals when making voltage, oscil-
loscope or frequency checks.

RELAY MAINTENANCE
AND ADJUSTMENT

The AL relay contacts should be cleaned peri-
odically. A contact burnisher S #182A836H01 is
recommended for this purpose. The use of abrasive
material for cleaning contacts is not recommended,
because of the danger of embedding small particles
in the face of the soft silver and thus impairing the
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contact. Care must be taken to avoid distorting the
contact springs during burnishing.

These relays have been properly adjusted at the
factory to insure correct operation, and under nor-
mal field conditions they should not require read-
justment. If, however, the adjustments are dis-
turbed in error, or if it becomes necessary to replace
some part, the following adjustment procedure
should be used.

In the AL relay the armature gap should be
approximately 0.004 inch with the armature closed.
This adjustment is made with the armature stop
screw and locknut. The contact leaf springs should
be adjusted to obtain at least 0.015 inch gap on all
contacts when fully open. There should be at least
0.010 inch follow on all normally-open contacts
and 0.005 inch follow on all normally-closed con-
tacts. The relay should pick up at approximately 35
volts.

TABLE |
RECEIVER DC MEASUREMENTS

NOTE: All voltage readings taken with themegative
of dc VTVM on terminal 17 (negative dc). Receiver
adjusted for 15dB operating margin with space‘and
mark signals down 50dB from 1 watt op60dB'down
from 10 watts. Unless indicated otherwise, Voltage
will not vary appreciably whethegsSignalsis lower
frequency, higher frequency, or zero.

Collector of

Transistor or Voltage
Test Point (Bositive)

Qll <15
QIl2 (TP12) 7" (Bower or Higher Freq.)
QI3(TP13) 17 (Lower or Higher Freq.)
Ql4(TP14) 3
QIS5(TP15) 3
TP11 22
TPS52 19
QSI(TPS)) 14
Q52(TP53) 14.5
Q53(TP54) 18
Q54(TP5S) 3
TPS6 19
Q55 < 1| (Lower Freq. or No Signal)
Q55 23 (Higher Freq.)
Q56 23 (Lower Freq.)
Q56 < | (Higher Freq. or No Signal)

NOTE: The following readings are taken, with the
negative of dc VTVM on terminal 3 (common®of dc
power supply) of either the S/N deteetion module
or the output module.

TP61 + 4

TP62 0

TP63 + 0.4

TP64 +6

TP65 —12

TP66 0

TP67 + 05

TP68 +°0:5

TP70 = 6

TP71 +6

TP72 1.5

TP73 + 0.8

TP74 + 0.3

TPS81 +12 (Higher Frequency)

TP8I —12 (Lower Freq. or No Signal)

TP82 +12 (Lower Frequency)

1P82 —12 (Higher Freq. or No Signal)

TP83 +12 (Higher Frequency)

TP83 —12 (Lower Freq. or No Signal)

TP84 +12 (Lower Frequency)

TP84 —12 (Higher Freq. or No Signal)

TP8S + 0.3

TP86 +12 (Low Level clamp)

TP86 0 (No clamp)

TP87 + 6 (Low SNR clamp)

TP87 — 6 (No SNR clamp)

TP88 +12

TP89 —12

TP90 +12 (Good Signal Level)

TP90 —12 (Low Signal Level clamp)
TABLE 1l

RECEIVER RF MEASUREMENTS

NOTE: Voltmeter readings taken at any point from
receiver input to stage involving transistor Q15 are
neither meaningful or feasible because of either
waveform variations or the effect of instrument
loading on the readings. Receiver adjusted as in
Table 1.

Collector of Transistor

or Test Point

Volts with Signal At
+10dB Above Normal Level

QI5(TP1S) 0.8
Q51(TPS1) 0.9
Q52(TP53) 0.65
Q53(TP54) 2.2
Q54(TP55) 45
TP61 013
TP67 275

1



LC FILTER RESPONSE
MEASUREMENTS

The LC input filter (FL201) and the IF filter
(FL2) are in sealed containers, and repairs can only
be made by the factory. The stability of the original
response characteristics is such that in normal
usage, no appreciable change in response will oc-
cur. However, the test circuits of Figure 27 can be
used in case there is reason to suspect that either of
the filters is not performing correctly.

Figure 5 shows the —3dB and —35dB check-
points for the IF filter, and the —3dB checkpoints
for the input filter. The response curve of the IF
filter shows the combined effect of the two sections,
and was obtained by adding the attenuation of each
section for identical frequencies. The scale of Fig-
ure 5 was chosen to show the IF filter response,
which permitted only a portion of the input filter
curve to be shown. The checkpoints for the pass-
band of each section of the IF filter are down 3dB
maximum at 19.75 and 20.25 kHz, and for the stop
band are down 18dB minimum at 19.00 and
21.00kHz for each section. The signal generator
voltage (Figure 27) must be held constant through-
out the entire check. A value of 7.8 volts is suitable.
The reading of VM2 at the frequency of minimum
attenuation should not be more than 22dB below:
the reading of VM 1. It should be noted that adlimit
measured in this manner is for convenience “only,
and does not indicate actual insertion lgss ofythe
filter. The insertion loss would be approximately
16dB less that the measured differenge because of
the input resistance and the differencedin input and
output impedances of the filter.

In testing the LC filter, ajvalue of approxi-
mately 2.45V is suitable forfthe’constant voltage at
which to hold VMI 4hroughout the check. The
reading of VM2 at’ thefrequency of minimum
attenuation will yary somewhat with the channel
frequency, but should not be more than 18dB below
the reading of VMI. (The filter insertion loss is
approximately 6dB less than the difference in read-
ings.

CRYSTAL,FILTER RESPONSE
MEASUREMENTS

Thexinput filter (FL1) and the IF filter (FL2)
are“in,sealed containers and repairs can be made
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only by the factory. The stability of the original
response characteristics is such that in nopmal
usage no appreciable change in response will agcur,
However, the test circuits of Figure 23 can be used
in case there is reason to suspect that either of the
filters has been damaged.

Figure 5 shows the —3dB, andf—60dB check
points for the crystal filters. The Fesponse curve of
the IF filter shows the combinedyeffect of the two
sections, and was obtained by/@dding the attenua-
tion of each section for identical frequencies. The
scale of Figure 5 was chesen to show the crystal
filter response, which” pezmitted only a portion of
the IF filter curve to'be shown. The check points for
the pass band ef each¥section of the latter are
“down 3dBgmaximumat 19.75 and 20.25 kHz, and
for the stopyband*are “down 18dB minimum at
19.00 and, 21.00 KkHz. The signal generator voltage
must be held constant throughout the entire check.
A valueyof 20dB (7.8 volts) is suitable. The reading
of VM2 atuthe frequency of minimum attenuation
sheuldnot be more than 22dB below the reading of
VMI Sl should be noted that a limit measured in
this, manner is for convenience only and does not
indicate actual insertion loss of the filter. The inser-
tion loss would be approximately 16dB less than
the measured difference because of the input resis-
tor and the difference in input and output imped-
ances of the filter.

Because of the extreme frequency sensitivity of
the crystal filter, the oscillator used in its test circuit
should have very good frequency stability and a
close vernier control. The oscillators used for fac-
tory testing have special modifications for this use.
A value of approximately 10dB (2.45 volts) is suit-
able for the constant voltage at which to hold VMI
throughout the check. The reading of VM2 at the
frequency of minimum attenuation will vary some-
what with the channel frequency but should not be
more than 11dB below the reading of VMI. (The
filter insertion loss is approximately 6dB less than
the difference in readings).

CONVERSION OF RECEIVER FOR
CHANGED CHANNEL FREQUENCY

The parts required for converting a TCF-10
receiver for operating at a different channel fre-
quency consist of a new LC input filter (FL201), a
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new local oscillator crystal (Y11) and probably a
different feedback capacitor (C12). There are two
ways of effecting this change. The easiest and pre-
ferred method is to order a new input filter module
and a new oscillator mixer module for the new
frequencies from the factory. The new modules
would then just have to be plugged in as replace-
ments for the original modules. The second method
would involve ordering just replacement filter,
FL201, and new local oscillator crystal for the new
frequencies and making the substitution on the
modules. These substitutions on the modules are
not difficult as the crystal plugs in and the filter has
five leads to be soldered. However, testing of the
local oscillator for easy starting will have to be
made, and the value of Cl2 chosen to assure this
easy starting of oscillation. The whole receiver
should then be checked out for correct perform-
ance.

RECOMMENDED TEST EQUIPMENT

I. Minimum Test Equipment for Installation

a. AC Vacuum Tube Voltmeter (VITVM). Volt=
age range 0.003 to 30 volts, frequency range
60 hertz to 330 kHz, input impedance7.5
megohms.

b. DC Vacuum Tube Voltmeter (VEYM);
Voltage range: 1.5 to 300 volts
Input impedance: 7.5 megohmsg

c. CLI Microammeter, range 0-100uA, style
number 606B592A26, (if receiver¢has carrier
level indicator)

II. Desirable Test Equipment for Apparatus Main-
tenance
a. All items listed in I.
b. Signal Generator
Output Voltage: up to 8 volts
Frequency Range: 20kHz to 330kHz
Oscilloscope
Frequency counter
Ohmmeter
Capacitor checker
Milliammeter, “041.5 or preferably 1.5-0-1.5
range, for cheeking discriminator.

@™o a0

Some¢"afithefunctions of the recommended test
equipment/are ‘combined in the type TCT carrier
test ‘meter ‘wnit, which is designed to mount on a
standatd 19” rack but also can be removed and used
asha portable unit.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, replacement parts can be
furnished, in most cases, to customers who are
equipped for doing repair work. When ordering
parts, always give the complete nameplate data, the
electrical value, style number, and identify the part
by its designation on the Internal Schematic
drawing.
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COMPONENT DESCRIPTION STYLE NO.
R4 RESISTOR 1000 SOW 5%  A84A763HO3
R6 RESISTOR 100K 50w 5%  [B4A763HSI
RS POTENTIOMETER 100K 2W 185A086HIO
FL20I FILTER
TH TIP JACK BLACK 187A332H02
TJ2  TIP JACK RED 187A332HOI
[0 =710 BE DETERMINED.
Sub. 1
7758394
- Fig. 7. Internal"Schematic/Filter Module 30-200 KHz
|3| ¥P10 TJ2
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zl 1oz B
wnen < conroncat escuieTian - STILE we.
USED I 2 RE Ra RESISTER  100.0 .5SOW 5% 184A763H0
I *' Ré RESIST@OR 10.0% .50W ST 184AT63HSI
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T Tl TRANSF 7148677001
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Sub. 2
7758920

Fig. 8. Internal Schematic Filter Module 200.5-300 KHz
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3 o TPIEE | £ b RIG RESISTOR  10.0K .50 3T 184AT6IMSI
2 s x | RIT RESISTOR  32.0K .50W SI  184A763H6
| FL2 R RESISTOR  3300.0 .50W ST I84AT6IHIS
Tit 2 F 25 RIS RESISTER 3300.0 .50w 3% AT6IHIY
l Qll ~ o o e} ol—e o R20 RESISTOR 10.0% .30W 31  184AT63INS)
= = N R i L 4 1F Rr2) RESISTOR  33.0% .30V 51 184A76IH6d
A ) T 14 «f |4 2] |m 4
| T X, L3 @ 5 @ 271 OUTPUT /22 RESISTOR  330.0 .50W 5%
P12 T™PI4 ¥l g 5 7 R23 RESIS’
O R24 RESIS
| .. | TPIS R23 RESL S
| Ti2 | R26 RESIS
Q4 Qs R27 RESL S
0 2 4 | R28 RESLS’
| S R29 RESIS:
| | R30 RESI ST
o0 0 Rt RESL ST
1l 3 oy €20 &7 R32 RESI ST@R A
| @, I R3) RESISTOR 1000.0 - 50V 31  164A763427
RIa RESISTAR  22.0K .50W 51 184A763HS9
o2 | R3S RESISTOR  680.0 -30W 31 184A763H23
| | R34 RESISTOR  68.0 .50V ST 187A290M2!
) @ ol Reaz(g ca3 I RI7T RESISTOR 10.0K .SOW ST 184A763H31
| [*14 s | S T be by 2 1.0k .12v  629Aa30MOR
| am smeER 0 8HW RESISTOR 862A478MO
| 33 POS. 01 TRANSISTOR  2wa2ay 849AaiH0)
> . _ — o POWER SUPPLY| o1 TRANSISTBR  2N4249 849A441H02
] a1 TRANSISTOR  2Na249 849A441H0D
L v 5 I444C$IGOIJ Qe TRANSISTOR  2Na249 849A44IH0I
—_—ee e e e e — QY N — — — — — L A — = o8 TRANSISTOR  2M4249 19444103
- T TRANSFORMER 205C043G0F
RF OUTPUT T2 TRANSF ORMER 203c043G03
i CRYSTAL SEENOTEQ
FLz FILTER 7624613601

¥-CI2 RANGE 4 TO 390Pf AS REQUIRED BY FREQUENCY

AND CRYSTAL CHARACTERISTICS

+CI6 RANGE 22 TO IOOPf AS REQUIRED BY FREQUENCY

AND CRYSTAL CHARACTERISTICS

O-Yll RANGE-50 TO 220KHZ
@-COMMON TERMINAL

Sub. 4
1444C52
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Fig. 10. Internal Schematic 30-200 KHz Oscillator & Mixer
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COMPONENT VESCRIPTION  STTLE NO.
cid CAFACITOR =250UF 200v 187A424M02
cie CAPACIT@R < 250UF 200V 187A624MH02
c20 CAPACI TOR 100.000PF 500V 762A757HUI
ca CAPACITOR -250UF 200V 1874624402
ca2 CAPACI TOR 1.000UF 200V  187A624H04
c23 CAPACITOR +250UF 200V 187A624H02
cai CAPAC!TOR SEE NOTE &
c213 CAPACI TaR -100UF S0V 184A663H0@
cars CAPAC | TR +100UF SOV 184A663H04
ceie CAPACI TOR 1.000UF 200V 187A624H04
ca2i CAPACITOR 1.000UF 200V 187A624n04
cam CAPACI TOR +250JF 200V 187462402
c214 CAPACITOR SEE NOTE 0
1C200  INT CAT nAT10 201C826K03
I JUMPER 0 oMM RESISTIR 8624478:40)
x2e HESL STAR 3300.0 504 52 184A76IH)Y
R21 RESISTOR 22.0% .30W ST 184A763n5Y
ne8 RESISTOR  680.0 .50m 51 184A76IH2)
n29 RESISToR 68.0 +50w 51 167A290H2)
K30 RESISTOR 10.0% 50w ST 184AT6IHSI

INPUT NEG RJI RESISTOR  330.0 .50% 51 1g4A763001S
—— e — ——— e ——_—_ e, —_—rt——ee— i —» @ —_—— ®32 RESISTOR  3300.0 -50w 51 154A763n39
7 I RJ) RESISTOR 1000.0 .50w ST 184A763:27
nla RESISTOR 22.0% 50w ST 154A76IHS9Y
_ > - | RIS RESISTOR  6¥0.0 .50w ST 134A763H2)
Rl& HESISTOR 68.0 50w 51 147A, H21
TP218 - | R37 RESISTOR 10.0% .50w ST  144A763451
~ 2 R211 RESISTOR 10.04 .50% ST 154A763NHSI
3 | R212 RESESTOR 1000.0 -50e ST 184A763M27
L2 ®21) RESISTON 10.04 .50w ST 184A76IMSI
R213 TPI& O'Lé 1 '3' R21a HESISTAR 2700.0 50w 51 1854A76IHIT
1l [c28 5 K215 RESISTAR 10.0% .50w 51 154A76I151
AcZ D [ O g 4 2 = 4 8 | IF w216 RESISTOR 8200.0 50w ST 16eAT63nas
2 4 TPi4 (& | s 7|2 OuTPUT w211 KESIST@R 2000.0 50w ST 184A76IK)4
u R é o w218 RESISTAR  150.0 .50w 5t 18aA763107
[4 <NC218 1212 O & 1578 w219 RESISTOK  330.0 .50m ST |34AT63HIS
I [ K220 KESI STER 47,04 50w ST 14wATAINGT
2 4 Qs l R221 RESISTAR 220.0% .50w ST 184AT6I4Y¥)
' wy % ale R222 RESISTOR 4700.0 30w ST 134A763Ha)
RZI4 czoll l
9 \ s c20 © | Qla TRANSISTOP  2Ne24y 849840140
TR212 [ 015 TRANSISTOR 2n4a2ay
« 021 TRANSISTOR  2va2a9
xcez
cair | Jets
czis ~ — p I 2201 LENER tN75)A 6.2V R62A606H0I
cis| _lcai [ B JLes ] Yu CRYSTAL  SEC NOTE O
L caie ° = x T21 TRANSE 7148677601
TPUI3 & T212 TRANSF 205C043603
L3
- Rz } 3 eos. A C21 RANGES FROM 100PF TO 1000 P§
*——0— ‘ > d
O CR14 MAY VARY UP TO IOOP? 18TA693HOI THROUGH H23
O Yl FREQ. EQUALS RCVR (CHANNEL] FREQUENCY
—_— e — R N NN L 2 4 1438C 39601 J PLUS 20KHZ
RF
uTPUT

Sub. 1
1458C60

Fig. 11. Internal Schematic 200.5-300 KHz Oscillator & Mixer
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COMPONENT

DESCRIPTION
cst CAPACITOR +250UF 200V
cse CAPACITOR «250UF OOV
csy CAPACI TR +100UF 200V
Csa CAPACITOR 1300.000PF SO0V
€55 CAPACI TOR «100UF 200V
cs6 CAPACITOR +25S0UF 200V
cs? CAPACI TR «100UF 200V
css CAPACITOR +250UF 200V
€59 CAPACI T@R +250UF 200V
ceo CAPACIT@R 1. 000UF 200V
cél CAPACITOR .220UF SOV
ce2 CAPACIT@R .220UF SOV
ce3 CAPACITOR 4.5TO I00PF
cé4 CAPACIT@R 9100.000PF 200V
ceS CAPACITOR SEE NOTEQ
cee CAPACITOR 100.000PF SO0V
ce7? CAPACITOR SEE NOTED
ce8 CAPACITOR 4.5TO I00PF
cés CAPACI TOR 9100.000PF 200V
€70 CAPACITOR «220UF SOV
cn CAPACITOR «220UF SOV
c72 CAPACITOR 330.000PF 200V
c73 CAPACITOR 330.000PF 200V
D51 DloVE INasTA
052 D10DE INASTA
053 DI1@DE IN4STA
054 018DE INASTA
0SS D18DE IN4STA
D56 DIGOE INaSTA
057 D1@DE IN628
0s8 DI18DE IN628
R31 RESISTOR 4700.0 .S50W 5%
RS3 RESISTOR 27.0K .50W S%
RSa RESISTOR 2200.0 .S0W 5%
RSS RESISTOR 27.0 .50w 52
RS6 RESISTOR 10.0X -50w ST
RS7 RESISTOR 4700.0 .50W ST
RS8 RESISTOR 27.0K .50W ST
RS9 RESISTOR 1500.0 .50W S2
R60 RESISTOR  180.0 .S0W 5%
R61 RESISTOR 4700.0 .SOW 5%
R62 RESISTOR 2200.0 .50W 5%
R63 RESISTOR 33.0K .50% ST
R64 RESIST@R 2700.0 .50w 5%
R6S RESISTZR  680.0 .S50W 5%
RE6 RESISTOR 68.0 .50W 52
R67 RESIST@R 4700.0 .SOW S2Z
R68 RESISTGR 2700-0 .S0w S%
R69 RESISTOR 18.0K 50w ST
R70 RESISTOR  220.0 .S0W 5%
R71 RESISTOR 68.0 50w 2%
R72 RESISTOR  330.0 .50W 52
R73 RESISTOR 56.0 .50u 21
R74 RESISTOR 12.0K .50W 52
R7S RESISTOR 3000.0 .SOW St
"7 RESIST2P  30C0.0 . 50W S%
R77 RESISTOR  220.0 .50w 5%
R79 RESISTBR 2200.0 .50W S%
R8O RESISTER 2200.0 +SOW S%
RS2 peT 1.0k .SOW
Q54 TRANSI STBR  2N4249
es2 TRANSISTOR  2N4249
053 TRANSISTOR  2N4249
054 TRANSISTOR  2N4249
Qss TRANSISTOR  2N364S
056 TRANSISTOR  2N364S
T2 TRANSFORMER
T22 TRANSFORMER
M) TELEPHONE JACK

STYLE NO.

187A624H02
187A624H02
187A624H01
187A5B4HIS
187A624H01
187A624H02
187A624H0)
1B87A624H02
187A624H02
187A624H04
762A703HO)
762A703HO}
T762A736H02
187A624KH16

187A684H08

762A736H02
187A624H16
762A703H0)

880A39THOI
18 4A855H07
184A8551107
184ABSSHO7
184A855H07
184A855H07
184ABSSHO7
184A8BS55H12
184ABSSHI2
184A763:3.:3
184A763H61
184A763:135
187A290H11
184A763HS1
184A763H42
184A763H61
184A763H31
184A763H0Y
184A763H43
184A763HIS
184A763H62
184A763H37
184A763H23
187A290H21
184A763HA]
184A763HI7
184A763HS7
184AT63H11
629A531H04
184A763H1S
629AS531H02
184A763H5I
184A763H38
184A763n36
184A763%11
184A763H3S
1B4AT76IH3S
629A645H04
BA9A441IHOD
BA9A441HOD
B49A441HO0)
B49A441H0I
849A441HOY
B49A441HO)
6068533GOI
6068533602
18 7A606HO!

0O-ONE OR TWO CAPACITORS USED; VALUES

DETERMINED IN TEST.

Sub. 4
1444C49

T

Fig. 12. Internal Schematic Amplifier and Limiter
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SIGNAL LEVEL

+20 OUTRUT,
ity ¢ e A
1d ——¢
—E= (O T1r68
RIIE {RiiS }- RI20 4 8 5 y————
cos g g
4 it
7
p 063 2/ 1 7 6 g 3 \
| 3les z 0A
064 L j 1cs © 4 TP69
2 I g
N TP70
N o7
L Lcog B 9 10 S|
c96 ™ g 3 2 x| |i

A 4
R94 {R96
[of]0]]
2 2N
{R92 - 8
3| 13 >
4

CI00 ~A<Cio2

R93

Fig. 13. Internal Schemal
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.
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LL. 41-945:84

R25

R3]

¥oi

AND 3 LINK

l
|
|
|
|
|
I

LOW SIGNAL IN Low
(FROM CLI) SIGNAL OUTRUT
I_——_ N — '—/rs—__ s_—_—j
1 1 3 I
E P2 © 23 [0 L4 UNBLOCK
TPl Q P = i o7 7} TRIP
e} [R6} RIS Q7
23 zi | o2 4] oo ol °
GUARD IN —Re 4y 02 i N os o
N (w15 »f & 08
DI 23 9] »i
Q. 03 | |& | Be!
L L Xos + 06 D9
O RC2 des Q4 RG]t 26 o |
o
—| < |
= B & E@} B e & |
-12v ¢
22 _ |
126/0 oR 1 0/150 ANG 2 AND |
13 74
‘S/N CLAMP IN ¢ R27 [
+i2v -
3
o] TP4 Di3y E I
& - | bis |
k28 -OTPS
7 o6
TRIP IN R24l {08 RS 29 |
O
]
) |

-(R9G——1
poIs | 2 1 TPE
L Di9 [:3 26 |
R47
Qi Q4 Q6
+ 3 ho |
s K3 e
t = & |
oR 2 AND 4 1000/0 FF ., —— __
o2l 200/0 1146iC29G01
1 2
CemPaNENT DESCRIPIION  STYLE NO.
COMPRNENT DESCRIPTION STYLE No. = ho POSOUSSO
RESIST@R  10.0K .50W 5% [BaAT6IHSI
c1 CAPACIT@R 4.000UF 30V 862A17THOT RESISTER 10-0K .SOW ST [B4AT6IHS1
cz2 CAPACITOR -0SQUE__SOV  184A663H02 RESISTOR 10.0K .SOW ST 184AT63IHS1
ca CAPACLIOR  22.000UFIII5V 184A661HI13 RESISTOR 10.0K .50W 5T  1B4AT6IHSL
ca CAPACITER  47.000UF 35V 18TASOBHI2 RESISTGR  10.0K .SOW ST  184AT63HSI
cs CAPACIT@R  22.000UF 15V 184A661H1D RESISTOR  12.0K1.00W 5t I87A643H53
RESISTGR  10.0K .50W ST 184AT6IHSI
RESISTOR  10.0K .SOW ST  184AT6IHSI
b1 dieoe Ad57A 184A855H07 RESISTOR  12.0K1.00N ST  1B7A64IHSI
02 D1aDE, INaSTA 184ABSSHOT RESISTOR  10.0K .SOW SI 1BAAT63HSI
D3 010DE 1N4574 184ABSSHOT RESISTER  10.0K .50W 5% 184A763H51
DA DIGDE 1N4574 184ABSSHOT RESISTOR 3.0k .S0W ST 184AT6IH6I
os DIeDE INAS7A 184A855HOT RESISTOR 1000.0 .50w ST 184ATEIH27
e DIBDE IN457A 184A855HO? RESI'STER'  10.0K .50W 51 184A763H51
01 D16DE INa57A 184ABSSHOT RESISTOR  22.0K .50W 51 1BAATEINSY
08 DIODE 1Na57A 184ABSSHOT RESISTOR 1000.0 .50W ST 1B4A763H27
09 D120E 1NaSTA 184AB55HOT RESISTaR  10.0K .50W ST  184A763HS1
o0, DIeDE 1Na3TA 1844855407 RESIST 12.0K1.00W 51 187A643HS3
DIy (0180E INeSTA 184A855H07 RESISTOR  56.0K .50W 51 184AT6IH6S
012 b1e0E IN4STA 184ABSSHOT RESISTOR  10.0K .50M 5T 184A763W51
013 oTeoc INa574 184AB55H07 RESIST@R  10.0K .50W 51 184A763H5!
D14 DIBDE INa57A 184A8SSHOT RESISTOR  12.0K1.00W ST  187A643HS)
D15 o180E INaSTA 184ABS5HOT RESISTBR  18.0K .50W 51 1B4A763HS7
D16 o1e0E INaSTA 184A855H07 RFSISTOR  56.DK <50W 51 184AT63H6S
017, 01e0€ 1NasTA 184A855H07 RESIST@R  470.0 .50 SI ' 184A763H19
018 DiaDE Na57A 184ABS5HOT RESISTOR 100K .50W 51 1B4A763HSI
o1y [ Nas7A 184ABSSHOT RESISTOR 22,0 .50W 51 1B4AT6IHSS
020 DIGOE 1NASTA 184A855H07 RESISIGR 1000.0 .5SO0W SX 1BAATEIH2T
021 b1eot 1Nas7A 184A855HOT
022 DIeDE INASTA 184A855H07
o TRANSISTOR  2N4249 849A441H03
a2 TRANSISTBR  2N696 762A585H01
Rl RESISTOR  18.0K .50W 51 1B4A763HS7 Q3 TRANSIST@R  2N697 1844638K) 8
R2 RESIST@R 5600.0 +50W 51 1B4AT6IH4S o4 TRANSISTOR  2N696 762A585HOI
R3 RESISTOR  470.0  .S50W SI 184AT6IHI9 as TRANSISTBR  2N696 162A585HO1
Ra RESISTOR  10.0K .50W SI 184A763HSI Q6 TRANSISTOR  2N696 162458501
RS RESISTOR  22.0K .50W SI  184AT6IHS9 07 TRANSISTER 24696 1624585401
R6 RESISTOR 1000.0 +50W ST 184AT6IH27 o8 TRANSISTOR  2N696 762A585HO
RT RESISTOR 10.0K .50W ST  184AT6IHSI 09 TRANSISTOR  2N696 762A585H01
RS RESIST@R  12-0K1-00W 5% 187A643H53 e10 TRANSISTOR  2N696 7624585H0
RY RESISTBR 5600.0 +SOW 51 184AT63H4S o11 TRANSISTER  2N696 762A585H01
R10 RESISTOR  10.0K .SOW SI- 184AT63HSI o12 TRANSISTAR  2N697 184A638H18
3 RESISTOR  10.0K .50W 51 184A763HSI o13 TRANSISTOR"  2N696 762A585H01
R12 RESISTOR  10.0K .50W ST 1B4AT6IHSI o1e TRANSISTOR  2N696 762A585H01
R13 RESISTOR  12.0K1.00W 5I 187A643HSS Qs TRANSISTOR  2N4249 Ba9AaalHOI
Ria RESISTBR  10.0K .50W ST 184AT6IHSI Q18 TRANSISTER  2N696 762A585H01
RIS RESISTOR  10.0K .50W SL 184AT63HSI
R16 RESIST@R  10.0K .50W ST 184A763HSI
R17 RESISTOR  12.0K1.00W 51 187A643HS) 21 ZENER IN9STB 6.8V 1BSAT9THOS
R18 RESIST@R  10.0K +SOW 5T 184AT63HsI 22 ZENER INTS2A 5.6V 1B4ATSTHIZ
R19 RESIST@R  10.0K »50W 5X 184A763HSI z3 ZENER IN961B  10.0V  1B6AT97HOT
R20 RESISTOR  12.0K[.00W 5% 187A643H5) za ZENER IN96IB  10.0V  186AT9THOT
R21 RESISTER  33.0K .50W ST 184A763H63 5 ZENER IN96IB  10.0V 1B&ATITHOT
R22 RESIST@R  10.0K «50W SI  184AT63HSI 76 ZENER INTSOA 4.7V 837A398K03
R23 RESISTOR  12.0K1.00W SI  187A643KS3
R24 RESIST@R  10.0K .50M SI 184A763HS1
R2S RESIST@R  10.0K .50W SX 184A763HS1
R26 RESIST@R  12.0K1.00W ST 187A643H53
R27 RESISTOR  10.0K -50W ST 184A763HS]

Sub. 4
1461C20

Fig.. 14. Internal Schematic Unblock Module
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INPUT
S/N CLAMP ________.4_-___5 — ——— —
INPUT 25
Y+16VFOR CLAMPI Qrrer

UNBLOCX
TRIP

S/NLEVEL |3

BUFFERED LL CLAMPOUT
UNBLOCK { OVNO!
TRIP OUT + 20V

ANes

- TPE3

RMAL
ONLOW LEVEL)

TPUT I~
+ lg“v FOR é

CB TRIP

HIGH NOISE)
| ™
! 2271
| Q63
Eq
[ =
| 3 g
4
| V075
I
|
I 8 Bl zoog
I
33
+12v I,(
!
I LL ouTPyT|
| “Teee
I O
|
|
sonac |2
CeveL N IS 8
coMMoN & RE|
Teliow LOWLEVEL
R

5
g
HG BUFFERED OUT

LS IN
FROM UNBLOGK, LOGIC

COMPENENT DESCRIPTIEN  STYLE NdJ
072 DI8DE 1N645a 8374592H03
073 D18DE 16454 337A692H03
D74 DI8DE IN6asA 8374592403,
075 DIBCE 1N645A 8374692403
D77 DIBDE 196458 8374692102
078 DIJDE 1N6a5A 8374692103
079 010DE 16454 8374692H03
08D DIODE 186454 837A592H03
D81 ©10DE 1Na574 1BAAB55H07
D82 DI18DE 184578 1844855407
033 DIaCE 186438 8374692403
34 oI80E INSa5A 3374592H03
35 o1eDE Led) 350322402
pas o18DE LED, 35034221101
087 DI20E LED 3502422401
038 olacE LED 3508a22¢101
D89 D18DE LED, 3508A22H01
1621 INT CKT 74708 1843c52401
J121 JUMPER D)2 RESIST@R 862AA78HOI
Jr22 JUMPER 0@y ESISTER B862A473HAL
J123 JuMeER 0 @HMIRESISIIR  B52AATBHOL
R178 23 2.8K .25V 6294645H07
R181 3E51STAR 10.0x 1824763351
a1624f RESESTAT 420.0K 133A763R77
R163 2ESISTAR 33.0% .50V 53 134AT763H6I
2168  2ESISTOR  120.0K .SOW 5T 13QAT5IKTT
RIBS. RESISTAR 4700.0 .50w' 5T 184AT63HA)
R166) A RESIST@Y 2400.0 .50V ST 1BAATS3HIE
R167 | RESISTAR -0K .50V 5%  188A7T53HTI
R163 RESISTIR  150.0 3,00 5T 762A579¥01
RE71 RESIST@R 33.0K .50W 53 134A753H83
a172 RESISTER  120.0K .50% ST 184AT63NTT
R173 RESISTAR 4700.0 .50V 5T 184A763HA]
RI174)  RESISTER 2400.0 .50V 5T 134A753436
RI4S RESISTER 92.0% .50V 5% 134AT63H73
RI78  RESIST@R  150.0 3.00W ST 752A573H01
A177 RESISTER 10.0% .50¥ 1T 8A3A320ila5
R179  RESISTER 10.0K .50¥ iz B43A820Ha%
RIBO  RESISTAR 68.1K .50 11 343A321H26
R181 RESISTAR 4930.0 .50V It 3434320416
R182  RESISTBY 6310.0 .50V 13 843a320429
/183 RESISTaR 2.0K .50¥ 13 343A319877
2184 RESISTAR 2.0% +50W 1x  843A319H77
R185 RESISTBR  562.0K .50¥ 1T 9a8A322HIS
R186 RESISTAR  SI1.0K .SOV 1T 3A3A322d11

COMPINENT

RiB7  ESIsSTAR

DESCRIPTIEN

1620.0 .50V 1%

STYLE N2.

8a8ASL9HES

R188 RESIST2R  1620-0 .50V 1T BAa3A319HEE
RIS9 RES15TaR 33.0K .50¥ 5% 1BaA763HG63
R190 RESISTAR 68.0K .50V 5T 184ATEIHTY
=191 RESISTIR £8.0( -50¥ ST 184ATEIHTL
R192  RESIST2A 33.0K .50V 5% 134A763H83
R193 RESISTER  120.0K .50¥ 5% 1BAAT6IHTT
R34 RESISTOR 164A75385 1
R195 RESISTRR 1344763457
R196  RESISTAR 18447631173
]197 RESISTAR 7624579401
R198 RESISTAR 184A763H63
a199  RESISTAR 18aA763H71
]200 RESISTAR 124476342
=201 RESISTOR 134a763K36
]202 RESISTZR 1344763473
R203 RESISTaR  150.0 3.00¥ ST 7624679H01
a1 TRANSISTZR  2N699 15aA638H19
as2 TSANSISTOR  2N699 134A5381519
063 TRANSISTER  2N36aS§ 849A441H0L
as5 TRANSISTAR 28699 1344638H19
ase TRANSISTAR 293645 47241 HOI
Q67 TRANSISTIR 20699 182A538419
Q68 TRANSISTRR 28699 184A638H19
@69 TRANSISTOR 283645 849424140}
270 TRANSISTIR 24699 184A6318H19
ant TRANSISTAR  2N3845 849AQa1HOL
z21 ZENER 189618 10.0U  1B6ATITHOT
222 ZENER (N1638a 24.0Y B5624268H0I
222 ZENER INJ683A 24.0V 8624286801
226 ZENER IN3688A 24.0V 86228301
z27 ZENER 189618 10,0V 186A737407
z28 ZENER IN3638A 24.0V 35228301

Sub. 3
1461C22
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Fig. 15. Internal Schematic S/N Output Module
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LEVEL INﬁv

+
cLi
INSTRUMENT]|

COMPONENT
RI
R2
R3 RESIST]
R4 RESIS
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INSTALLATION

Westinghouse 1.L. 41-945.74
OPERATION ¢ MAINTENANCE

INSTRUCTIORNS

TYPE TCF-10 POWER LINE CARRIER
FREQUENCY-SHIFT TRANSMITTER EQUIPMENT
3 FREQUENCY—10 WATT/1-3.25 WATT/10 WATT—WITH VOICE

CAUTION: Itisrecommended that the user ofthis
equipment become thoroughly familiar with the
information in this instruction leaflet before ener-
gizing the carrier assembly. Failure to observe this
precaution may result in damage to the equipment.

If the carrier set is mounted in a cabinet, it
must be bolted down to the floor or otherwise
secured before swinging out the equipment rack to
prevent its tipping over.

APPLICATION

A widely used high speed relaying system used
for transmission line protection consists ({ of
directional-comparison unblock relaying” plus @
transfer-trip channel for breaker failure grotection.
Normally these systems of relaying4gequire two
frequency-shift channels, wideband for unblocking
and narrowband for transfer trip. A savingin'chan-
nel spectrum can be affected by using a three fre-
quency transmitter for the two felaying functions
and two separate receivers, ‘one for each function,
as shown in Figures 10 and¢t I.

SYSTEM OPERATION

The three frequency TCF-10 carrier transmit-
ter provides for thestransmission of any of three
closely controlled( diScriete frequencies, all within
the equivalent spacingfof a single wideband chan-
nel. The cénter, frequency of the channel can vary
from 304kHz to 300 kHz in 0.5 kHz steps. The
transmitter normally operates at a frequency that is
100 Hz above ‘the channel center frequency (fc).
This frequency serves as the “guard” frequency for

the transfer-trip rece€ivem,and as the “block” fre-
quency for the unblock receiver. Note that the
discriminator charaeteristic in the unblock receiver
in this case is reyersed from the normal unblock
receiver us¢d Wwith the standard two frequency
transmitter:This” “guard” “block” frequency is
transmittedycontinuously when conditions are nor-
mal. It'indicates at the receiving end of the line that
the'channeél'is operative and serves to prevent false
eperation’ of the receiver by line noise. The lowest
frequéncy, which is 100 Hz less than fc is the “trans-
fer toip” frequency and is transmitted as a signal
that an operation (such as tripping a circuit
breaker) should be performed at the receiving end
of the line. The highest frequency, which is 300 Hz
above fc, is the “unblock” frequency and is trans-
mitted as an unblock signal for directional compar-
ison relaying. If a subsequent transfer-trip opera-
tion is called for, the transmitter will shift to fc-100
Hz which is the “trip” frequency for the transfer trip
(narrow-band receiver.)

Note that when the transmitter shifts to “un-
block,” the frequency is completely outside the
passband of the narrow band transfer-trip receiver.
Normally, this would cause a low-signal alarm
output from that receiver. In order to prevent a
similar alarm output in this case, the checkback
output of the unblock receiver is cross-connected to
the guard or block input of the transfer trip receiver
(through an OR logic circuit). This logic is shown in
Figure 10. The checkback output is a receiver out-
put that indicates that a proper signal has been
received without going through any time delays or
other logic used for the actual relaying output.

bl possible contingencies which may arise during installation, operation, or maintenance, and all
details and variations of this equipment do not purport 1o be covered by these instructions. If further
information is desired by purchaser regarding his particular installation, operation or maintenance of
his equipment. the local Westinghouse Electric Corporation representative should be contacted.

NEW INFORMATION

EFFECTIVE MARCH 1979



With this cross-connected logic, both receivers will
function when required, but will not give any incor-
rect output indications.

The transmitter normally operates at an out-
put level of one watt at the “guard” “blocking”
frequency, but increases to ten watts for either
“trip” or “unblock” output. An interlock is pro-
vided in the transmitter keying circuit to give
transfer-trip preference. This means that even while
the transmitter is shifted to the “unblock” fre-
quency, if the transfer-trip keying circuit is ener-
gized, the transmitter will shift to the “trip” fre-
quency without delay.

The transmitter can also be amplitude modu-
lated at 3.25 watts to provide a voice channel.

CONSTRUCTION

The 10 watt/1-3.25 watt/10 watt TCF-10
transmitter unit is mounted on a standard 19-inch
wide chassis 5 1/4 inches (3 rack units) high with
edge slots for mounting on a standard relay rack.
See Fig. 8. All of the circuitry that is suitable for
printed circuit board mounting is on four such
boards, as shown in Fig. 15. The components
mounted on each printed circuit board or other
sub-assembly are shown enclosed by dotted lings on
the internal schematic. Fig. 1. The location of com-
ponents on the four printed circuit boards are
shown on separate illustrations, Fig. 3,,4,%5, & 6.

External connections to the assembly are made
through a 36-circuit receptacle, J3.“Bhe, r'f. output
connection to the assembly i§ made through a
coaxial cable jack, J2.

OPERATION

The transmitter isgnade up of four main stages
and two filters. The'stagesfinclude two crystal oscil-
lators operating at frequencies that differ by the
desired channel center frequency, a mixer and buf-
fer amplifier, a driver stage and a power amplifier.
The interstage filter is located between the driver
and the power amplifier. The output filter removes
harmonies,that may be generated by distortion in
the power amplifier.

Ausingle crystal designed for oscillation in the

30 kHz to 300 kHz range cannot be forced to
oscillate away from its natural frequency by as
much as = 100 hz. In order to obtain this desired
frequency shift, it is necessary to use crystals in the
2 MHz range. The crystals are Y1 and Y2 of Fig. 1.
The frequency of Y2 is 2.00 MHz when opérated
with a specified amount of series capacity, and the
frequency of Y1 is 2.00 MHzyplus the channel
center frequency, or 2.03 MHz forn30 kHz center
frequency. Capacitor CS5 and crystal Y2 in series
are connected between the positive side of the sup-
ply voltage and the base of transistor QS1 which
operates in the emitter following mode. The emitter
is coupled to the bage through C57. With Y2 re-
moved the base of Q51 would be held at approxi-
mately the midpginthof the supply voltage by RS51
and R52. The crystal serves as a series-resonant
circuit with verfphigh inductance and low capacit-
ance. Thexcircuit can be made to oscillate at other
than the naturalfrequency of the crystal by varying
the series,capacitor, C55. Increasing C55 will lower
the frequeneéy of oscillations and reducing C55 will
raise, theyfrequency.

Capacitor C79 (in parallel with C78) is not
effective until D59 is biased in the forward direction
and becomes conductive. It is biased in the reverse
direction until the keying control for unblock is
closed which places 45V. dc at terminal 12 of the
printed circuit board. With D57 conducting, C79
and C78 are placed in parallel with C55 and C73.
The adjustment of C79 will reduce the frequency of
the Y2 circuit by 200 hz. Since Y2 is the lower of the
two frequencies derived from Y1 and Y2, the differ-
ence frequency, which is the frequency transmitted,
is now increased by 200 hz. Thus the frequency
transmitted is now 200 hz above the guard fre-
quency or 300 hz above the center frequency.

Crystal Y1 is connected in a circuit that is
similar except for the addition of C53 and diodes
D51 and DS52. By adjustment of C52 this circuit is
made to oscillate at 100 hz above its marked fre-
quency. Capacitors C53 and C71 are not effective
until D51 is biased in the forward direction and
becomes conductive. It is biased in the reverse
direction until the keying control is closed, which
places 45 V. dc at terminal 1 of the printed circuit
board. With D51 conducting, C53 and C71 are
effectively in parallel with C52 and C72. The adjust-
ment of C53 will reduce the frequency by 200 hz.
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The crystals taken individually have a greater varia-
tion of frequency with temperature than would be
acceptable. However, by proper matching of the
two crystals, the variation in their difference fre-
quency can be kept within limits that permit hold-
ing the frequency stability of the overall transmitter
to * 10 Hz over a temperature range of —20 to
+55°C.

The frequencies produced by the two oscilla-
tors are coupled to the base of mixer transistor Q53
through C62 and C63. The sum of the two frequen-
cies is so high that a negligible amount appears on
the secondary of transformer T51, but the differ-
ence frequency is accepted and amplified by QS3
and Q54.

When the keying control is closed, it increases
the output power from | watt to 10 watts as well as
changing the frequency from Guard to Transfer or
Unblock Trip. This is effected by reducing the
emitter resistance of buffer-amplifier transistor
Q54. When the keying control is open, transistog
QS5 receives no base current and is non-
conducting. Emitter resistor R70 thereforeds effecs
tively open-circuited. The level of output power is
adjusted to 1 watt by means of R64. When¥QS5S is
made conductive by closing the keyingWhcontrol
circuit, R70 is placed in parallel withfR68,and the
amount of emitter resistance unbypassed) by C66
can be adjusted as required to ©Obtaina 10-watt
output level.

Note in the keyingpbeard, logic there is that
interlocking logic betweern the keying for “unblock”
and the keying for “transfeg, trip”. This logic per-
mits the “transfer trip™keying to take preference
over the “unblock’fkeying. That is, even if we have
“unlock” keying,andthen get “transfer trip” keying,
the “transfer’trip™awill take immediate preference
over the “anblack” keying. This is accomplished by
the “transferdtrip’fkeying causing transistor QI to
conduct which'in turn shunts out the keying voltage
input to transistor Q3 through diode D9. Thus
while Ql becomes conducting and consequently
Q2,"effecting “transfer trip” keying, this conduction
of'Ql also prevents Q3 from becoming conducting
and\prevents “unblocking” keying.

As is shown on the Internal Schematic, Fig. 1,
the voltage for the keying circuit is obtained from

the 45-volt regulated supply in the transmitter.

The driver stage consists of transistors Q56
and Q57 connected in a conventional push-pull
circuit with input supplied from the collector of
Q54 through transformer TS52.

The driver filter, AEL10T, consists of a series-
resonant inductor and capacitor connected between
the driver and power’amplifier stages by appropri-
ate transformers TI @nd T2. This filter greatly
improves the waveform of this signal applied to the
power amplifier.

The power amplifier uses two series-connected
power tpansistors, Q101 and QI102, operating as a
clags, B'pushspull amplifier with single-ended out-
put.\Diedes*D 101 and D103 provide protection for
the base-emitter junctions of the power transistors.
Zener'diodes Z105 and Z106 protect the collector-
emitter junctions from surges that might come in
from the power line through the coaxial cable.

The output transformer T3 couples the power
transistors to the output filter FL102. The output
filter includes two trap circuits (L102, CB and
L103, CC) which are factory tuned to the second
and third harmonics of the transmitter frequency.
Capacitor CD approximately cancels the inductive
reactance of the two trap circuits at the operating
frequency. Protective gap GI1 is a small lightning
arrester to limit the magnitude of switching surges
or other line disturbances reaching the carrier set
through the line turner and coaxial cable. Auto-
transformer T4 matches the filter impedance to
coaxial cable of 50, 60, or 70 ohms.

The series resonant circuit composed of L105,
and CE is tuned to the transmitter frequency, and
aids in providing resistive termination for the out-
put stage. Jack J102 is mounted on the rear panel of
FL102 and is used for measuring the r.f. output
current of the transmitter into the coaxial cable. It
should be noted that the filter contains no shunt
reactive elements, thus providing a reverse imped-
ance that is free of possible “across-the-line” reso-
nances.

The power supply is a series-type transistorized
dc voltage regulator which has a very low stand-by
current drain when there is no output current de-



mand. The Zener diode Z1 holds a constant base-
to-negative voltage on the series-connected power
darlington transistor QIl. Depending on the load
current, the dc voltage drop through transistor QI
and resistor R1 and R2 varies to maintain a con-
stant output voltage. The Zener diode Z2 serves to
drop the 100v regulated supply to 45v for use with
both the keying circuit and the external TCF voice
adapter. It is placed in series so that it does not
draw current unless called upon by the external
voice adapter. Capacitor C3 provides a low carrier-
frequency impedance across the dc output voltage.
Capacitors C1 and C2 by pass across the dc output
voltage. Capacitors C1 and C2 by pass r.f. or tran-
sient voltages to ground, thus preventing damage to
the transistor circuit.

When keyed for voice by the voice adapter,
transistor Q5SS is keyed into class A operation so
that its conduction can be modulated by the voice
input from the voice adapter. Potentiometer R82 is
adjusted so that the nominal output of carrier is
3.25 watts (14 volts across 60 ohms). The voice
input modulates the carrier through this transistor
by varying the amount of conduction of Q55 so that
the output power of carrier varies with the voice
amplitude following the voice frequency compos
nents. Since with QS5 completely nonconducting,
R64 has been set to produce a 1 watt output,
maximum modulation on the side to shut off QS5
will not result in an output level of less than 1 watt
carrier at any time. Also since the output leveldias
been set at 10 watts with Q55 completely conduct-
ing by the adjustment of R70, the maximum modu-
lation on the side of turn on of QS5 wilhnot resultin
a carrier output level of greater than 10,watts at any
time. Thus the modulation for voieeswill not result
in the output carrier level dropping below 1 watt
and endangering the guard frequency for relaying
purposes.

The buffer keyingboafd in addition to provid-
ing proper buffering, also contains logic for the
proper keying of both frequency and output level in
regards to protective relaying operation, voice a-
dapter operatign, and 52b contact operation.

It shotild\be remembered that protective relay-
ing operation has first priorty. If the protective
relay operates and puts a voltage input into any of
theythree’input points labeled carrier auxiliary key-

ing, the transmitter will both frequency shift to trip
frequency and full 10 watts output whether voice is
called for or not.

The operation of the 52b contact will remove
the 10 watt keying output and permit the “voice
adapter to key to 3.2 watts output’'forAM voice
modulation. This allows voice“modulation on un-
block frequency after the 52b contaet has operated.

CHARACTERISTICS

Frequency

Range Output 30-300 “kHz, 1| watt guard—10
wattsytrip—(both transfer and un-
bloek)—3.2 watts voice (into 50 to
70 /ohm resistive load) at nominal

rated input voltage (48 V. or 125

v.d.c.)

Frequency,

Stability +10 Hz from —20°C to +55C.

Krequeney

Spacing Two-way channel,—See Voice
Adapter Instruction Leaflet. [41-
945.6]

Harmonics Down 55 db (min.) from output

level.

Input Voltage 48 or 125 v.d.c.

Supply Voltage

Variation 42-56v. for nom. 48v. supply.
105-140v. for nom. 125v. supply.

Battery Drain 0.5 A. guard
1.15 A. trip ’ 48 v.d.c.
0.2 A. guard
0.4 A. trip , 125 v.d.c.
Keying Circuit
Current 4 mA.
Temperature
Range —20 to +55°C. around chassis.
Dimensions Chassis height—5 1/4 or 3 r.u.
Chassis width—19”
Weight 12 1bs.
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INSTALLATION

TYPE TCF-10 transmitter is generally sup-
plied in a cabinet or on a relay rack as part of a
complete carrier assembly. The location must be
free from dust, excessive humidity, vibration, cor-
rosive fumes, or heat. The maximum ambient tem-
perature around the chassis must not exceed 55°C.

ADJUSTMENTS

TYPE TCF-10 10W/1-3.2W/10W 3 Fre-
quency transmitter is shipped with the power out-
put controls R64, R82 and R70, set for outputs of 1
watt, 3.2 watts and 10 watts into a 60 ohm load. If it
is desired to check the adjustments or if repairs
have made readjustment necessary, the coaxial
cable should be disconnected from the assembly
terminals and replaced with a 50 to 70 ohm non-
inductive resistor of at least a 10 watt rating. Use
the value of the expected input impedance of the
coaxial cable and line tuner. If this is not known,
assume 60 ohms. Connect the T4 output lead to the
corresponding tap. Connect an ac vacuum tubg
voltmeter (VTVM) across the load resistor.3il urn
power output control R64 to minimum¢é (full
counter-clockwise). Turn on the power switch on
the panel and note the dc voltage across‘tgrminals
3 and 7 of J3. If this is in the range of42 te .46 volts,
rotate R64 clockwise to obtain 4 or S volts across
the load resistor used. At thi§ point check the
adjustment of the series output tuning coil L105 by
loosening the knurled shaft-locking nut and moving
the adjustable core in andsoutya small amount from
its initial position. Leave ‘iat the point of maxi-
mum voltage across the load resistor used. Then
rotate R64 farther clockwise to obtain the correct
voltage for 1 wattfin the load resistor, as shown in
the following®table:

Then'chafige to’ Trip frequency by connecting
together tepminal§ 7 and 12 of the transmitter con-
nector J3, andygrotate R70 until the voltage across
the load resistor is as shown in the following table
for a 10 watt output. Recheck the adjustment of
L19S for maximum output voltage and readjust
R70 for a 10 watt output if necessary. Tighten the
loeking nut on L105. Open the power switch and
remove the jumper used to key the transmitter to
the 10 watt level. Key for voice by opening any
connection terminal to 10 of J3. Turn the power

back on. Adjust R82 for a 3.2 watt output across
the load resistor (14V across 60 ohums). Open the
power switch, reconnect connection(to terminal 10
of J3, remove the load resistor, and re€onnect the
coaxial cable circuit to the transmitter. Note on
frequencies above 200 KHZ, L105 4djustment is a
screw-driver adjustment. T#ere is no knurled shaft-
locking nut.

VOLTAGE FOR

T106 1 WAIT™ 3.2 WATTS 10 WATTS
TAP OUTPUT OUTPUT OUTPUT
50 7.1 12.7 224
60 7.8 14 245
70 8.4 15 26.5

Follow'the procedure outlined in the line tuner
instrugtions for its adjustment.

Normally the output filter (FL102) will require
no‘readjustment except as noted above. It is factory
tuned for maximum second and third harmonic
rejection, and for series resonance (maximum out-
put at the fundamental frequency) with a 60-ohm
load. A small amount of reactance in the transmit-
ter output load circuit may be tuned out by read-
justment of the movable core of L10S. This may be
necessary with some types of line coupling equip-
ment. The adjustable cores of L102 and L103 have
been set for maximum harmonic rejection and no
change should be made in these settings unless
suitable instruments are available for measuring the
second and third harmonic present in the transmit-
ter output.

The operating frequencies of crystals Y1 and
Y2 have been carefully adjusted at the factory and
good stability can be expected. If it is desired to
check the frequencies of the individual crystals, this
can be done by turning the matched pair 180° and
inserting a crystal in its proper socket with the other
crystal unconnected. A sensitive frequency counter
with a range of at least 2.3 MHz can be connected
from TPS51 to TP54. (Connection to TP54 rather
than to TPS53 provides a better signal to the counter
and avoids some error from the effect of the count-
er input capacitance on the oscillator circuit.) While
measurement of the oscillator crystals individually
is necessary for the initial adjustment of the oscilla-
tors, generally any subsequent checks may be made



with a lower range counter connected at the trans-
mitter output. If any minor adjustment of the
Guard and Trip frequencies should be needed, the
Guard adjustment should be made with capacitor
CS52, the Transfer Trip Adjustment with C53, and
the unblock frequency with C79.

MAINTENANCE

Periodic checks of the transmitter Guard and
Trip power outputs will detect impending failure so
that the equipment can be taken out of service for
correction. At regular maintenance intervals, any
accumulated dust should be removed, particularly
from the heat sinks. It is also desirable to check the
transmitter power output at such times, making any
necessary readjustments to return the equipment to
its initial settings.

Voltage values should be recorded after adjust-
ment in order to establish reference values which
will be useful when checking the apparatus. The
readings will remain fairly constant over an indefi-
nite period unless a failure occurs. However, if
transistors are changed, there may be considerable
difference in these readings without the overall
performance being affected.

Typical voltage values are given in the follow=
ing tables. Voltages should be measured with™a
VTVM. Readings may vary as much as +209%:

TABLE |
TRANSMITTER DC MEASUREMENTS
Note: All voltages are positive with respect to,Neg.
(TPS1). All voltages read with dc VILVM.

TABLE Il
TRANSMITTER RF MEASUREMENTS

Note: Voltages taken with transmitter set to indi-
cated output across 60 ohms. These voltages subject
to variations, depending upon frequency and tran-
sistor characteristics. T51-3 = Terminalg3, of trans-
former T51. Other transformer ‘terminals/identified
similarly. All read with a-c VLV.M:

Voltage at

Voltage at . Voltage at 3.2 watts
1 watt 10 watts Output

Test Point Output Output (For Voice)
TP54to TPS1 0.015-0.03%, 0.015-0.03 —
TP57to TPS51 0.05 -0:09, ~ 0.3 -1.2 —
TP59 to TPS130.05 £0.09 0.3 -1.2 —
48V 125V 48V 125V

TI-1 tg TPSI 1.65 5.6 —
T1-3 to TPS51 1.45 4.9 —
T1-4 to Gnde .6 2.0 —
T241to Gnd. 57 1.85 —
TP101-TP103 5.2 17.0 —
TP103s¢to TP10S 5.2 17.0 —
T3-4 to Gnd. 35 35 112 112 —
T4-2 to Gnd. 31 31 110 110 —
TP109 to Gnd. 9.8 9.8 3l 31 —
J102 to Gnd. 7.8 7.8 245 245 14

CONVERSION OF TRANSMITTER FOR
CHANGED CHANNEL FREQUENCY

Voltage at
Voltage at Voltage at 3.2 "'Watts
Test 1 Watt 10 Watts Output
Point Output Output (For voice)
48V 125V 48V [[125Vh 48V 125V
units  units  units, “Units' units  units
TP52 20 20 20 20 20 20
TPS3 54 5.4 5.4
TP54 3.4 3.4 3.4
TPSS 21 20 18.5 18.5 — —
TP56 21 20 18.5 18.5 — —
TP57 <1.0 <1.0 — —
TP58 44.3 100 44.1 100 — —
TP59 <10 <1.0 — —
TP101 0 0 0 0 — —
TP103, 292 50  21%2 50 — —
TR1055,44.3 100 44.0 100 — —

The parts required for converting a 1W/10W
TCF transmitter for operation on a different chan-
nel frequency consist of a pair of matched crystals
for the new channel frequency, new capacitors
Cl103 and Cl04 on the power amplifier circuit
board if the old and new frequencies are not in the
same frequency group (see table on internal sche-
matic drawing) and, in general, new or modified
filters FL101 and FL102. Inductors L101, L102 and
L103 in these filters are adjustable over a limited
range, but forty-two combinations of capacitors
and inductors are required to cover the frequency
range of 30 to 300 kHz. The widths of the frequency
groups vary from 1.5 kHz at the low end of the
channel frequency range to 13 kHz at the upper
end. A particular assembly can be adjusted over a
somewhat wider range than the width of its as-
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signed group since some overlap is necessary to
allow for component tolerances. The nominal kHz
adjustment ranges of the group are:

30.0-31.5 61.0- 640 113.0-119.5 207.1-214.0
32.0-33.5 64.5- 68.0 120.0-127.0 214.1-222.0
34.0-36.0 68.5- 72.0 127.5-135.0 222.1-230.0
36.5-38.5 72.5- 76.0 135.5-143.0 230.1-240.0
39.0-41.0 76.5- 80.0 143.5-151.0 240.1-250.0
41.5-44.0 80.5- 845 151.5-159.5 250.1-262.0
44.5-47.0 85.0- 89.0 160.0-169.5 262.1-274.0
47.5-50.0 89.5- 94.5 170.0-180.0 274.1-287.0
50.5-53.5 95.0-100.0 180.5-191.5 287.1-300.0
54.0-57.0  100.5-106.0 192.0-200.0

57.5-60.5  106.5-112.5 200.1-207.0

If the new frequency lies within the same fre-
quency group as the original frequency, the filters
can be readjusted. If the frequencies are in different
groups, it is possible that changes only in the fixed
capacitors may be required. In general, however, it
is desirable to order complete filter assemblies ad-
justed at the factory for the specified frequency.
Since all the modules are plug in modulesdrequency
change is simply a matter of plugging in‘these new
filters.

A signal generator, a frequeney counter and a
vacuum tube voltmeter are required for readjust-
ment of FL101. The signal generatomand the coun-
ter should be connected acress terminals 4 and 5 of
transformer T1 and the Voltmeter across terminals
1 and 2 of transformegrsl 2:%Ehe signal generator
should be set at the channel€enter frequency and at
2 to 3 volts outputse] hemcore screw of the small
inductor should be turnéd to the position that gives
a true maxipum, reading on the VIVM. Turning
the screwgto eithen,side of this position should
definitelyireduce the reading. The change in induct-
ance with cone position is less at either end of the
travel than when near the center and consequently
the effect of core screw rotation on the VIVM
reading will be less when the resonant inductance
occugs near the end of core travel.

‘The procedure for readjustment of the 2nd and
3rd harmonic traps of filter FL102 is somewhat
similar. A signal generator and a counter should be
connected to terminals 3 and 4 of transformer T3,

and a 500 ohm resistor and a VTVM_to the termi-
nals of protective gap G1. The ground or shield lead
of all instruments should be conneeted to the
grounded terminal of the transformer. Set the signal
generator at exactly twice the channel center fre-
quency and at 5 to 10 volts output. Turn the core
screw of the large inductor, 4#02, to the position
that gives a definite “mininugm reading on the
VTVM. Similarly, with, théysignal generator set at
exactly three times(thé channel center frequency
and 5 to 10 voltséoutputs set the core screw of the
small inductorg 103 to the position that gives a
definite minimurmyseading on the VIVM. Then
remove the/linstruments and the S00 ohm resistor.

After /the, new pair of matched crystals have
beenyadjusted, as described under “ADJUST-
MENTS2, the transmitter can be operated with a 50
tow70, ohm load (depending on which tap of T4 is
used) connected to its output, and inductor L105
can, be readjusted for maximum output at the
changed channel frequency by the procedure de-
scribed in the same section.

If a frequency-sensitive voltmeter is available,
the 2nd and 3rd harmonic traps may be adjusted
without using an oscillator as a source of double
and triple the channel frequency. Connect the
frequency-sensitive voltmeter from TPI109 to
ground and adjust the transmitter for rated output
into the selected load resistor, set the voltmeter at
twice the channel frequency and, using the tuning
dial and dB range switch, obtain a maximum on-
scale reading of the 2nd harmonic. Then vary the
core position of L102 until a minimum voltmeter
reading is obtained. Similarly, tune the voltmeter to
the third harmonic and adjust L103 for minimum
voltmeter reading. Although the transmitter fre-
quency will differ from the channel center fre-
quency by 100 Hz, the effect of this difference on
the adjustment of the harmonic traps will be negli-
gible. It should be noted that the true magnitude of
the harmonics cannot be measured in this manner
because of the preponderance of the fundamental
frequency at the voltmeter terminals. Accurate
measurement of the harmonics requires use of a
filter between TP109 and the voltmeter that pro-
vides high rejection of the fundamental. The inser-
tion losses of this filter for the 2nd and 3rd harmon-
ics must be measured and taken into account.



RECOMMENDED TEST EQUIPMENT

I. Minimum Test Equipment for Installation.

a. 60-ohm 10-watt non-inductive resistor.

b. AC Vacuum Tube Voltmeter (VTVM). Volt-
age range 0.003 to 30 volts, frequency range
60 hz to 330-kHz; input impedance 7.5
megohms.

¢. DC Vacuum Tube Voltmeter (VTVM).
Voltage Range: 1.5 to 300 volts
Input Impedance: 7.5 megohms.

II. Desirable Test Equipment for Apparatus Main-
tenance.
a. All items listed in 1.
b. Signal Generator
Output Voltage: up to 8 volts.
Frequency Range: 20-kHz to 330-kHz.
Oscilloscope
Frequency counter
Ohmmeter
Capacitor checker.

-0 a0

Some functions of the recommendedgtest
equipment are combined in the type TCT ocarrier
test meter unit, which is designed to mount on"a
standard 19” rack but also can be removed and used
as a portable unit.

RENEWAL PARTS

Repair work can be dong mést satisfactorily at
the factory. However, ‘tgplacement parts can be
furnished, in most ¢aSes, t0 customers who are
equipped for doingirepair work. When ordering
parts, always give’the complete nameplate data and
identify the,part by its”’designation on the Internal
Schematic drawing:



COMPONENT DESCRIPTION STYLE

C3 CAPACITOR 0.5 UF 200 vDC 187A624Hit
Cl Capacitor 0.5 UF 705 vbc 1877962
— —_—,—,——,— Y C2 Capacitor 0.5 UF 750 VDC 1877962
l_ —_———— —I [— —_— Rl Resistor 26,5 40w 5% 4D1299u44
, | 1 §imde ima
R) Resistor K
I T > R4 Resistor 100 1w 10% 187A644H03
—<s 27— s sl l I RS Resistor 1K .5W 100 187A641H27
I ] I I>“-_1 I I J R3 Resistor Jgo‘xow ;g::gé;ng:
Zl Zener IN30448
<7 TRANSMITTER | , FOWER amp . < QUTPUT FILTER Al Il gener nodas seusssame
2 > S J2 Receptacle 187A663HO.
933 D 33l E | J3 Connector 3508A35H01
l B | I 23 = ! Q1 Transistor PMD-16K-100  3520A42H01
—€ 17 (SCHE. 1462C57) (SCHE. 1477B4T) ! | (SCHE, 1461C42) | T1 Transformer 6065410601
1 | | &ii4sv) 35> T2 Transformer 292B526G01
I ”>' 3 - (i 5 tiasy) I A PLIOL 408C261 + (Req. Freq)
> =
I 15— | I I
3 |
I 1
3>
ezcsscor-cos Y ‘Eﬁ‘ ] wcsoos | [Magsoso-oee | s
P18 'AuDlO
‘—T-——ern Immo RETURN
—— ._‘,A_Al_ = | I
7 7 B &
5 9 ; |
=15 ! 1 ?3 NEG. D.C. INPUT
13 >
POWER 8 KEYING 330 » 4 IPos. D.c. WPUT
, T 110 l 45VDC~ VOICE ADAPTER (NORMAL"I") IMPER
<3 A I 1p 6 |125voc | O PN 7 IF VA IS NOT USED
31 (SCHE.J462C78) | ;I Ve }52» CONTACT
1]
2 T o]
<] | 119118 voc
» 21 |i25vDc >uNBLOK o
SUITABLE FOR 20V
»20) 48 vDC KEYING CIRCUITS AS
1l 18'voc WELL As BY
1p 13| i25vDC P TRANSFER
li¢ 2 TRIP
r lzluvuc
14 t |REGULA1ED 45VDC POS. FOR USE OF
72 | I VOICE ADAPTER ONLY. 0.1 AMPS MAX)
1+
4F c3 I l
cl A
—jl> s Iu:c. 0.C. INPUT (FUSED) FOR USE WITH VOICE
REAR VIEW OF CHASSIS | ¥ GROUND ADAPTER)
48 VDC ___l25vDC = _J
OMIT RI 8 R2 Ri-26.5 0 =
R3. 3000 T WIRING 8 HARNESS DWG. 1463004
21+ IN30358 B SaTes H63C0S
oMIT 22
TRANSMITTER BOARD 1462C55GO! 2= IN28328

TRANSMITTER BOARD 1462C55G02

Sub. 3
1462C85

Fig. 1 Internal Schematic of Transmitter
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TCF 3—FREQUENCY OPERATION
RECEIVER CHARACTERISTICS
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A -
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Fig. 9 Three Frequency Operation—Receiver Characteristics
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Fig. 10-1 Receiver Logic Diagram - Solid State Output
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CUBPONENT

€1 CAPACITOR
c2 CAPACITOR
c3 CAPACITOR
Ca CAPACITOR
CcsS CAPACITOR
Cé CAIPACI TOR
c2 CAPACITOR
ca CAPACITOR
%41 LIoVE

ve U1JLE

[PR) DIYLE

Da VIYGLE

2 ZENER

24 ZENER

Rl KRESISTOR

ne RESISTOR

R3 RESISTOR

R4 KESISTOR

KS RESISTIR

R3 RESISTIR

RI10 RESISTOR

whl RESISTOR

Q2,04 TRANSISTOR

DESCRIPTION

IN 4ad22
1N4g22
1Nag22
18N4322
IN2009C
IN2009C

2.7 Iw 0%
I00K1.00W Sk
51 K1.00w 3%
2.7 1w 0%
10.0 50k 5%
.27 1.00%10%4
100 50w 54
27 1.00a104

2N634| (MATCHED)
PAIR

STYLE NC.
168A293n01
13329 3HO |
1834293101
183A2931014
1574624102
187462402
188A293H02
188A293H02
183A342H1 1
153A342K11
158A342n11 |
188A342411
184A6ITHI4
184A6I7THI4
629A371H24
137644 44H75
1871643468
629A371H24
1474220401
184AK36113
1374290401
1R4A636H1AR

3508A2iH04

GOl - FOR 30-70KHZ USE CI,C2,C3,C4 =.47 UF.
GO2- FOR 70-I5S0'KHZ USE C2,C4:=.47 UF OMIT Cl& C3.
150 TO 300 KHZ USE €2,C4=.22 UF OMIT Cl & C3,

GO3- FOR

Sub. 6
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Fig. 13 Internal Schematic Power Amplifier Module
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1461C40601.G43 I46|t406(&600 1461C40G03, 645 1461C40604G46
COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION SIVLE COMPONENT DESCRPTION STYLE COMPONENT EE.Q:PTION STYLE
ClI CAPACITOR 2500 MMF 500V B61AB46H20 Ci  CAPACITOR 2500 MMF 500V B61AB46H20 C! “CAPACITOR 2000 MMF 500V 187A584HOI €I CAPACITOR 1500 MMF SO0V T62AT5THO3
C2 CAPCITOR 2700 MMF SO0V B61AB4A6H2I C2 CAmCITOR 2000 MMF 500V 187A584 HOI. C2 CARCITOR 2000 MMF 500V 1B7A584HQI C2 CARMCITOR 200 MMFSS00V B7A584HOI
C3 CAPACITOR 1500 MMF SO0 v T62AT5THO3 C3 CAPACITOR 1000 MMF 500V T62ATSTHOZ C3 CAPACITOR 390 WMF 500V TE2ATSTHIS
C4 CAPACITOR 3300 WMF SO0V IB7TASBAH26 C4 CAPACITOR 3300 MMF 50DV IBTA 584H26 C4 CAPACITOR 3300 MMF 500V 18TAS5B84H26 C4 CAPACITOR 3300 MMF 500Y I87A584H26
C5 CAPACITOR 4000 MMF 1200 v iBTATOSH!S C5 CAPACITOR 2500 MMFI200V 19TAZOSHI3 IC5, CAPACITOR 2500 MMF 1200 V IBTATOS5HI3 C5 CAPACITOR 3000 MMFi2C0V IB7ATO5HI4
C6 CAPACITOR 4000 MMF 1200V IBTA7051I5 C6 CAPACITOR 5000 MMF 1200 v IBTATO5HIE, C6_ CAPACITOR 4000 MMF {200 v IBTATOS HIS Ci CAPACITOR 2500 MMFI200 v IB7TATOSHI3
CT CAPACITOR 7000 PF 3000V 202¢8T2H2Y C7 CAPACITOR 6000 PF 3000V 202C87"2H28| C7 CAPACITOR 5500 PF 3000V 203C872127| CT CAPACITOR 5000 PF 3000V 202CBT2H26
LI02 POT CORE 6708133604 LI02 POT CORE 6708/33C04 L'102 POT CORE 6708133604 LO2 POT CORE 6708133604
LIO3 POT CORE 6708I133G0O6| L103 POT CORE 6728133606 L103 POT OORE 6708133606 L!03 POT CORE 6798133606
LIS cow 2928086G0! LIOS coIL 292B0BEGO! LI0S COoL 2928086501 LI0S coiL 292808660
T3 TRANSFORMER 2928526004 T3 TRANSFORMER 2928523504 T3 TRANSFORMER 292852604 T3 TRANSFORMER 2928526G04
T4 TRANSFORMER T4 TRANSFORMER 2928526G03 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3k:5% BW(2 REQ) IBBA3ITHOI R6 RESISTOR 3k 25% 8w (2 REQ) 188A3I7THO! R6 RESISTOR 3K %59, 8w (2REQ) 1BBA3ITHOI R6 RESISTOR 3K £ 5% Bw (2REQ) 1BBA3ITHOI
R7 RESISTOR 15K 10% 2w 187A642H55 R7 RESISTOR 15K “C10% 2w IBTA642H55 R7 RESISTOR ISK  10%e 2W IBTA642HSS R7 RESISTOR 15K 10% 2w IBTA642HSS
Gl LIGHTNING ARRESTER B7TAIGHO! G! LIGHTNING ARRESTER B77AII6HOI Gl LIGHTNING ARRESTER B77AIIEHOI Gl LIGHTNING ARRESTER B7TAIGHOI
1461C40605.647 1461C40G06iG4aB 1461C40G07,649 1461C40 608,650
COMPONENT. DESCRIPTION STYLE COMPONENT ESCRIPTION STYLE COMPONENT DESCRPTION STYLE COMPONENT. DESCRIPTION STYLE
CI CAPACITOR 3000 MMF SO0V 187A584H06 ClI CAPACITOR 2500 | MMF S00Vv B61ABA6H20 Cl CAPACITOR 300 MMF SO0V IB7AS84K09 ClI CAPACITOR 30 MMF 500V T63A209HI2
C2 CAmCITOR 150 MMESOOV B6IAB46H25 C2 CAmCITOR 2000 MMF SO0V IB7A584H O} C2 CAMCTOR 2000 MMF 500V 187A584HO)
C3 CAPACITOR 820 MMF 500V T62ATS5TH22 C3 CAPACITOR 150 MMF SO0 v BE6IABAEH25 C3 CAPACITOR 180  MMF SO0V TE62ATSTHIO C3 CAPACITOR 390 MMF 500V TE62A TSTHIS
C4 CAPACITOR 2000 MMF SO0V 187A584HOI C4 CAPACITOR 2000 MMF 500V 1874 584H01 C4 CAPACITOR 1500 MMFS00V 762A757HO3
C5 CAPACITOR 2500 MMF 200 v IB7TATOS5HI3 CS_ CAPACITOR 200 MMF 1200 Vv 137AT05HO4 C5 CAPACITOR 1SO0  MMF 1200 V 187170511 CS CAPACITOR 3000 MMF 1200 v/ IBTATOSHI4
C6 CAPACITOR 2500 MMFI200 Vv IBTATOSHI3 C6 CAPACITOR 4000 MMF 1200 v IBTATOSHIS C6 CAPACITOR 2000 MMF 1200 V IBTATOSHI2 C6 CAPACITOR 200 MMFI200\ 187ATOSHO4
C7 CAPACITOR 4200 PF 3000V 202CB8721H425 C7 CAPACITOR 3500 PF 3000V 202CB72H23 C7 CAPACITOR 3200 PF 300CV 20:C87T2 122 C7 CAPACITOR 2800 PF 3000V 201CB8T2H20
LI02 POT CORE 6708133604 L02 POT CORE 6708133604 LI0O2 POT CORE 6708133604 LI02 POT CORE 6708133604
LIO3 POT CORE 6708133606 L1Q3 , POT CORE 6708133606 LI03 POT CORE 6708133606 LIO3 POT CORE 6708133606
uos coi 2928086G0) LIOS. eOIL 292BO86GO! LIOS CcOow 2926086G0!1 LIOS COL 292B0B6GOI
T3 TRANSFORMER 2928526G04. T3 TRANSFORMER 29285260C4a T3 TRANSFORMER 2928526-C4 T3 TRANSFORMER 2928526G04
T4 TRANSFORMER 2928526G03 T4, TRANSFORMER 2928526G03 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3kt 5% Bw (2 REQ) 18BA3IZHOI R6 RESISTOR 3k 5% Bw (2REQ) IBBA3ITHOI R6 RESISTOR 3Kkt 5%, BW (2REQ) 1BBA3ITAHOI R6 RESISTOR 3K $5% BwW (2REQ) [BBA3ITHOI
R7 RESISTOR 15K 10% 2w 187A642K55 R7, RESISTOR 15K 10% 2w 187A6421455 R7 RESISTOR 15K 10% 2w I1B7A642HSS R7 RESISTOR 15K 10% 2w 1B7TA642H55
Gl LIGHTNING ARRESTER B77AIGHOI Gl LIGHTNING ARRESTER B77AI6HOI Gl LIGHTNING ARRESTER B77AIEHOI Gl LIGHTNING ARRESTER B77AIGHOI
1461C 40 609,65! IQBICQOGIO_‘_GSZ |4GIC=GOGI| G53 |1461C 40 G12,G54
COMPONENT DESCRIPTION SI¥LE COMPONENT DESCR.PTION STME COMPONENT DESCR'PTION STVLE COMPONENT DESCRIPTION STYLE
Ci CAPACITOR 300 MMF SO0V IB7A584H09 €I CAPACITOR 82 MMF 500V 7634209423 CI  CAPACITOR 1000 MMF 500V T62AT5THO2 Cl CAPACITOR 1000 MMF 500V TE62ATSTHO2
C2 CAMCITOR 1500 (MMF 500V TE62ATSTHO3 C2 CARCITOR 1500 MMF 500V T762ATS5THO3 C2 CAmC-TOR 390 WMF SO0V T62AT5THIS €2 CAmCITOR 250 MMF 500V B86AB46HII
3 CAPACITOR 1804 MMF SO0V T62A T5THIO C3 CAPACITOR 1000 MMF 500V T62AT5THO2 C3 CrPACITOR 1000 MMF 500V T62AT5THO2
Ca4 CAPACITOR 1500 MMF 500 V T62A757THO3 C4 CAPACITOR, 1500 MMF SO0V T62AT57HO3 C4 CAPACITOR 300 MMF SO0V IB7TA584H 09 C4 CAPACITOR 180 MMF SO0V T62ATSTHIO
C5 CAPACITOR 2000 MMF200V 18PA705HIS C5 CAPACITOR 3000 MMF 1200 vV 187A705HI4 C5 CAPACITOR 3000 MMFI200V IBTATCS5HI4 C5 CAPACITOR 300 MMFIZO0 V iBTATCS5HO6
C6 CAPACITOR 500 MMF 200 v 1B7ATO5H09 C6 CAPACITOR 2500 MMF 1200 V' IBTATOSHI3
C7 (APACITOR 2200 PE{ 3000V 20ZCB72HIT C7 CAPACITOR 3500 PF 3000V 203CB72H23 C7 CAPACITOR 3100 PF 3000V 201C8T2H2! C7 CAPACITOR 2800 PF 3000V 202.C872H20
L02 POT CORE 6708133C04 LI02 POT CORE 6708133604 LI02 POT CORE 6708133¢04 102 POT CORE 6708133G04
LIO3 POT CORE 6708133106 LI03 POT CORE 6708133606 LI03  POT CORE 6708133C06 LIO3 POT CORE 6708133606
L0s co 2928B086G0! LIOS COL 2928086(:01 LIOS CcOoL 292 BOB6GOI LIOS cOL 2928086601
T3 TRANSFORMER 2928526(04 T3 TRANSFORMER 2928526904 T3 TRANSFORMER 2928526(04 T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526G03 T4 TRANSFORMER 2928525603 T4 TRANSFORMER 2928525703 T4 TRANSFORMER 2928526G03
R6 RESISTOR 3Kt 5% Bw (2 REQ) (BBA3ITHOI R6 RESISTOR 3K £5% Bw (2REQ} IBBA3ITHOI R6 RESISTOR 3kt 5% BwW (2REQ) 13BA3ITHOI R6 RESISTOR 3xt5% Bw (2REQ) IBBA3ITHOI
R7 RESISTOR ISK > 10% 2w 1B7AG42H55 R7 RESISTOR 15K 10% 2w IBTAG42HSS R7 RESISTOR 15K 10% 2w IBTA642H55 R7 RESISTOR 3K 10% 2w 1BTA642H5S
Gl LIGHTNING ARRESTER B77AIIEHOI Gl LIGHTNING ARRESTER B7TAIEHOI G LIGHTNING ARRESTER B77ANEHO! Gl LIGHTNING ARRESTER B77AIGHOI
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1461C40GI3,655

1461C40G14,G56

1461C40615,657 1461C40616.658
———ale’ —— —
COMPONENT DESCRIPTHIN STNE COMPONENT DESCRPTION STVLE COMPONENT. DESCRIPTICN sTE COMPONENT DESCRIPTION STLE
CI CAPACITOR 1000 MMF 50CV 762A757HO2 | | CI CAPACITOR 360 MMF 500V 762A757HI4 Ct  CAPACITOR 250 MMF SO0V 861AB46HI | Cl CAPACITOR 180  MMF SO0V 7624787H0
C2 CAMCITOR 100 MVF 500V 762A757HOI C2 CARCITOR 620 MMF 500V 187A584H1 €2 CamCTOR 620 WMF 500V 187A384HII C2 CAMCITOR 620 MMF 500V 187ASB4HII
C3 lAPACITOR 1000 MMF 500V 762ATSTHO2 C3 CAPACITOR 820 MMF 500V T62ATSTHZZ C3 CAPACITOR 820 MNF 500V 2A75THR2 C3 CAPACITOR 130 MMF 500/ 762A TSTHOT
CA ZAPACITOR 36 MMF300V T763A209HI4 Ca CAPACITOR 100 MMF 500 V ‘762A757 HOI C4 CAPACITOR 620 MMFSOOV 187AS84HIL
€S aPACITOR 2500 MMFI00V IATATOSHI3 | | Cs caPaCiTOR 200 WMFI20QV i8TA70%404( [C5 CAPACITOR 500 MMF 1200 v 1874705 Hu €5 CAPACITOR 300 MMFI200V ‘874708
C6 CAPACITOR 2000 WMF 1200 V 187ATON HR €6 CAPACITOR 1500 MMF 1200 V 1874705 Hil
C7 CAPACITOR 2300 PF 3000V 203C872HI9 | | C7 CAPACITOR 2200 PF 300CV 203C8T2HIT | [C?7 CAPACITOR 2000 PF 3000V 202CBT2HIS | |C7 CAPACITOR 1800 PF 3000V 203c872HI3
102 >OT CORE R 6708133604 | {L02 POT CORE 6708133¢04 | [LD2 20T CORE ©708133¢04 [ |L0D2 POT CORE 5706133604
LI03  POT CORE 6708133606 [ | L.O3 POT CORE 6708133606 [ [LIO3 POT CORE 5708133606 [ |LIO3 POT CORE 5708133606
LI0S conL 2928086G0I | | LIOS COIL 292B08GO! LI0S  coiL 292B086GO! LI05  COIL 2928086601
T3 “RANSFORMER 4| (T3 7 2928526(:04 | T3 TRANSFORMER 2928526704 [ | T3 TRANSFORMER 2926526604
T4 “RANSFORMER 2928526G03 | | T4 TRANSFORMER z T4 E 2928526603 | T4 TRANSFORMER 2928526603
RE HESISTOR 3K 5% BW (2 REQ) 18EA3ITHOI R6 RESISTOR 3Kt 6% BW (2 REQ) 18BA3ITHOI R6 RESISTOR 3K L% BW (2 REQ) 18BA3ITHOI R6 RESISTOR 3K(2 5% @AW (2 REG) 18BA317HOI
RT KESISTOR BK 0% 2W :87A642H55 | | R? RESISTOR 15K 10% 2w 187A642H55 | [R? RESISTOR 15K 10% 2w 1BTABAZHSS R7 RESISTOR 15K 0% 2w 137A642H55
161 LGHTNING ARRESTER 877AIGHOI Gl LIGHTNING ARRESTER 877AIEHOI G LIGHTNING ARRESTER 877A16HOI Gl LIGHTNING ARRESTER STTAIEHO!
j461C40617,659 1461C40618.660 1461C40G19 G61 14 61C 40620 G62
COMPONENT OESCRIPTION STVLE COMPONENT OESCRIPTION STNE COMPONENT OESCRIPTION STVLE COMPONENT DESCRIPTION SINLE
CI CAPACITOR 1500 MMF SO0V TB2ATSTHO3 | [CI  CAPACITOR 1000 MMF 500V 7T62A75THO2 | [CI CAPACITOR 1000 MWF 500V 762A757HC2| | O CAPACITOR 1000 MMF 500V 762A757HO2
C2 CAACITOR 360 MMF 500V T62ATS7HI4 C2 CARCITOR 200 MMF 500V 762ATSTHII C2 CARCITOR 82 MMF 500V 763A209H23
C3 CAPACITOR 270 MMF 500V 7624757HI2 .| |C3 CAPACITOR 82  MWF 500V 763A209H23 C3 CAPACITOR KOO MMF 500V 762A757HO2 C3 CAPACITOR 1000 MMF 500V 762A75THO2
C4 CAPACITOR 1500 MMF 500V 7B2AT57HO3 | [Ca CAPACITOR 1500 MMF 500V 762A757H03 Ca CAPACITOR 390 MMF 500V T62A757HIS Ca CAPACITOR 250 MMF 500V 8614846 HIl
C5 CAPACITOR 4000 MMFI1200 V 187A705HB | [C3 CAPACITOR 4000 MMF 1200 v 1B7ATOSHIS C5 ZAPACITOR 3000 MMF 1200 V 18'7A705HI4 C5 CAPACITOR: 3000 MMF1200 V 187A705HI4
C6 CAPACITOR 500 MMF1200 V 1874705 HO9
CT CAPACITOR 2400 PF 3000V 2C3CB72HIB[ [C7 :APACITOR 2100 PF 3000V 2C3CB72HIE | [C7 CAPACITOR 1900 PF 3000V 203C872H 14| | C7 JCAPACITOR 1700 PF 3000V 203C872HI2
LI02 POT CORE 6708133605 | [LIO2 POT CORE 6778133605 LI02 POT CORE 6708133608 | {L102 POT CORE 6708133605
LI103  POT CORE 6708133607 | [LI03" POT CORE 6728133607 LI03  POT CORE 6708133607 | |L103), POT CORE 6708133607
L5 co 2928066601 | [LI05 coL 2928086G0! LI05 coL 2928086601 L10S_JcoL 2928086601
T3 TRANSFORMER 4| |13 TRANS! 2928526604 T3 TRANSFORMER )4 T 2928526G04
T4 TRANSFORMER T4 € 29268526603 T4 TRANSFORMER 0 T4 S E 2928526603
R6 RESISTOR 3K 5% BW (2 REQ) 188A3ITHOI R6 RESISTOR 3K 5% BW (2 REQ) IEBA3ITHOI R6 RESISTOR 3Kk $5% 8w (2 REQ) 1BBA3ITHOI R6 RESISTOR 3K 5% AW (2 REQ) IBEA3ITHOI
R? RESISTOR K 10% 2w 1874642155 | |R7" RESISTOR 13K 10% 2w 16TAG42HSS R7 PRESISTOR K 10% 2w 187A642H55 R7 RESISTOR 15K 10% 2w 167A642H55
GI__LIGHTNING ARRESTER BT7AIGHO! GI_LIGHTNING 4RRESTER B7TAIGHOL Gl _LIGHTNING ARRESTER 8774IK6HO} Gl LIGHTNING ARRESTER 877AIGHOI
1461C40621,663 1461C40G22,664 1461C 40 623,665 1461C 40 G24,GE6
COMPONENT DESCRIPTION STME COMPONENT DESCRIPTION STVLE COMFONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STME
CI  CAPACITOR 360 MMF SO0V TE2ATS7HA4 Cl CAPACITOR 250 MMF 500V 861A846HII CI CAPACITOR 150 MMF 500V BEIABA6H2S Cl CAPACITOR 56 MMF 3500V 763A209H
C2 CAMCITOR 620 MMF 500V 187A584HIl €2 CAMCITOR 620 MWF 500V 1B7AS584HII C2 CAPACITOR 620 MMF SO0V 187AS84 Hil C2 CARCITOR 620 MMF 500V 187A 584HII
C3 CAPACITOR 1000 MMF 500V 762AT37HO2 C3 CAPACITOR 1000 MMF 500V 762A757HOR C3  CAPACITOR 624) MMF 300V 763A209H20 C3 CAPACITOR 390 MMF 500V 762A757MS
CA CAPACITOR 130 WMF 300V T624757HOT C4 CAPACITOR 820 MMF 50CV) 762A757H22 C4 CAPACITOR 390 MMF 50CV 762ATSTHIS
C5 CAPACITOR 2500 MMFI200V IBTATOSHI3 | |C5 CAPACITOR 2500 MMF1200 V 187ATO5HI3 C5 CAPACITOR 200 )MMF 1200 V. 1dTATOS5HO4| | C6 CAPACITOR 2000 MMFI200V 187ATO5HI2
C6 CAPACITOR 2000 MMF1200V 187A705HI2
C7 CAPACITOR 1500 PF 300CV 203CB72HII | |C7 CAPACITOR 1300 PF 3000V 203CB72HIO| |C? ZAPACITOR 100 PF 3000V 203CB72HO8| | C7 CAPACITOR 1000 PF 3000V 203C872HOT
LI02 POT CORE 6708133605 | |L02 POT CORE 6708133605 LI02 POT CORE 6708133605 LI02 POT CORE 6708133605
LI03 POT CORE 6708133607 [ (LI03 POT CORE 6708133607 LI03  POT. 6708133607 [ | LIO3 POT CORE 6708133607
LI03 COWL 2928086601 | |LIOS COIL 2928086601 LI05 CcOIL 2928086G0! LI05 coL 2928086601
T3 TRANSFORMER 29268526G04 | | T3 TRANSFORMER 2928526604 T3 TRANSFORMER 29268526604 T3 TRANSFORMER 2928526604
T4 TRANSFORMER- 2928526603 | | T4 TRANSFORMER 23268226603 T4 TRANSFORMER 2928526603 | | T4 TRANSFORMER 2928526603
R6 RESISTOR 3K £5% BW (2REQ} 1B8A3ITHOI R6 RESISTOR 3K £ 5% BW (2 REQ) 1BEA3ITHO! R6| RESISTOR 3K25% OW (2REQ) 18BA3ITHOI R6 RESISTOR 3K £ 5% AW (2 REQ) 1BBA3ITHOI
R7 RESISTOR 8K 10% 2w 187A642H55 | [R? RESISTOR 15K 10% 2w 1874642H585 R7 | RESISTOR 15K 10% 2w 1B7A642H55 R7 RESISTOR 15K 10% 2w 1874642H55
Gl _LIGHTNING ARRSGTER B7TAIGHOI Gl LIGHTNING 877A16HO) GIL LIGHTNING ARRESTER BTTAIIGHOL Gl _LIGHTNING 4RRESTER 877AIGHOI
4481C40623.567 J481Ca0526,568 1461C40627,569 JS€1C30620,670
COMPONENT OESCRIPTION STWE COMPONENT DESCRIPTION STILE COMPONENT OESCRIPTION STVLE COWPONENT DESCRIPTION STYLE
CI CAPACITOR 300 MWF 500V 187A584H09 | |CI CAPACITOR 270 MMF S0CV 762475712 Ci, CAPACITOR 300 MMF SOCV 1874584H 09 Cl CAPACITOR 180  MMF500V 762ATSTHIO
C2 CAMCITOR 300 MMF 500V 187A584H09 | {C2 CARCITOR 270 MMFSOCV 762AT57HI2 €27 CAMCITOR 180 MWF 50CV 762A757HIO C2 CAMCITOR 250 MMF 500V B61AB46HII
C3 CAPACITOR 82 MMF 300V 763A209H23 C3 CAPACITOR 300 MMF 500V 187A584H09 C3 CAPACITOR 250 MMF 300V 861AB46HI}
C4 CAPACITOR 620 MMF 500V 1874584 HII C4 CAPACITOR 620 MMF 50CV 187A584HL1 Ca CAPACITOR 250 MMF SO0V 861484 6HIl Ca CAPACITOR 250 MMF 500V 861AB46HII
C5 CAPACITOR 200 MMFI1200 v 187ATO5HO4| [C5 CaPACITOR 1500 MMF1200 V 1874705H1 C5 CAPACITOR 400 MMF 1200 V 187A705H08 | [C5 CAPACITOR 200 MMF 1200 v 187A705HOA
C6 CAPACITOR 1500 MWFI200V 1BTATOSHII C6 CAPACITOR 1500 MMF 1200 V IB7A7OS HII C6 CAPACITOR 1500 MMFI1200 V 187A705Hil
C7 CAPACITOR 900 PF 3000V 203CB72HO6| |C7 CAPACITOR 800 PF 3000M 203Ca72H05 | |C7 <CAPACITOR 100 PF 3002V 203C872HO8 | | C7 CAPACITOR 1000 PF 3000V 203C872HO7
L02 POT CORE 6708133605 | |L02 POT CORE 6708133605 LI02  POT CORE 6708133605 LI02 POT CORE 6738133608
LI03  POT CORE 6708133607 | |LIO3 POT CORE 6708133G07 [ |LIO3 POT CORE 6708133607 LI03 POT CORE 6708133607
1103 colL 2928086G0I | [L105 COwL 2928086501 LI05 COL 2928086501 LI05  coL 2928086601
T3 TRANSFORMER 41 [Ty T 4 T3 “RANSI R 2928526604 T3 7RANSFORMER 2928526604
T4 TRANSFORMER 2928526603 | |T4 "RANSFORMER 2928526603 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K 5% BW 12 REQ) 1BBA3ITHOI R6 RESISTOR 3K £8%, IW 12 REQ) 1BBA3ITHOI R6 RESISTOR 3K $5% AW (2REQ) I1BBA3ITHOI R6 RESISTOR 3K % 5% BW (2 REQ) IE6A3ITHOI
R? RESISTOR 15K 10% 2w 18T1642H55 | |R7 RESISTOR 15 10%)2w 187AG42HS55 R7 RESISTOR 15K 10% 2w 1874642H55 R7 RESISTOR 15K 10% 2w 187TA642H55
Gl LIGHTNING ARRESTER B77AI6HOI Gl LIGHTNING B77AII6HOI Gl LIGHTNING ARRESTER B77AIGHO! Gl LIGHTNING ARRESTER B77ANEHO!
1461€ 40 629,671 1461£40630.672 1461€40631,673 1461C40632,674
COMFONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STYLE
CI  CAPACITOR 180 MMF SO0V 762A757HIO Cl CAPACITOR 82 MMF SO0V 7634209123 | CI  CAPACITOR 300 MMF 500V 187A584H09 Cl CAPACITOR 20 MMF 500V 7634209H07
C2 CAPCITOR 200 MMF SO0V 762A75THIf C2 (CARMCITOR 250 MMF SOCV 8614846 Hll €2 CARCITOR 250 MMF 500V 861AB46HII
€3 CAPACITOR 200 MMF 500V 762A757HIl €3( CAPACITOR 390 MMF 500V 762A757HIS €3 CAPACITOR 150  MMFS00V 861A846H 25 €3 CAPACITOR 130 MMF 500V 762A757HO7
C4 CAPACITOR 250 MMF 500V 861A846HIl C4  CAPACITOR 200 MMF 50CV 762475 THII Ca CAPACITOR 180 MMFS00V 762A757HIO
C5 CAPACITOR 1500 MMF 1200 V 187ATOSHI CS\ CAPACITOR 400 MMFI200V 137A705HOB| C5 CAPACITOR 200  MMF 1200 v IB7A705H04
C6_\CAPACITOR 1000 MMFI1200V 1374705H0 [ | C6 CAPACIT,OR 1000 MMF 1200 V 187A705HI0 €6 CAPACITOR 1000 MWF 1200 V 187A705HIO0
C?7 CAPACITOR 900 PF 3000V 203C872H0¢| | C7 "CAPACTOR 750 PF 3000V 203c872H04 | €7 CAPACITOR 650 PF 3000V 203C872H02| | C7 CAPACITOR 600 PF 3000V 203C872H02
L02  POT CORE 6708133605 | | LIO2), POY CORE 6708133605/ | LI02 POT CORE 6708133605 1102 POT CORE 6708133605
LI03  POT CORE 6708133607 | LIO3"POT CORE 6708133G07| | L103 POT CORE 6708133607 L103  POT CORE 6708133607
LI05 CcOL 29268086501 LI0s CoiL 2928086G01| [ LIS coiL 2928086G0! LI0S  comL 292808660}
T3 TRANSFORMER 2928526C04| | T3 TRANSFORMER 2928526604 | T3 TRANSFORMER 292B526G04 T3 TRANSFORMER 2928526604
T4 TRANSFORMER 3 |4 T R } T4 TRANSFORMER 2928526603 | T4 TRANSFORMER 2928526603
R6 RESISTOR 3K %S5y BW (2REQ) 185A3ITHOI R6 RESISTOR 3K £5% BW(2REQ) 18BA3ITHOI R6 RESISTOR 3K 5% UW (2REQ) IBEA3ITHOI R6 RESISTOR 3K £ 5% 6W (2 REQ) 18BA3ITHOI
R7 RESISTOR 15K 10% 2w 167A642H5S| | R? RESISTOR 15K 10% 2w 1B7A4642H55 | R7 RESISTOR 15K 109, 2w 1B7A642H55 R7 RESISTOR 15k 10%. 2W 1B7A642HS5
GI__LIGHTNING ARRESTER 877A116H0! | | GI LIGHTNING ARRESTER 8TTAIIEHO! Gl__LIGHTNING ARRESTER B77AII6HOI G _LIGHTNING ARRESTER BTTAIEHOI
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LL. 41

1461C40633,675 1461C40634.676
COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STVLE
€l CAPACITOR MMF 500V 763A209H19 C CAPACITOR MMF 500V 861AB46H25
C2 CAMCITCR MMF 500V T62ATSTHI2 (2 CARCITOR MMF 500V 187A584H09 C2 CAPCITOR MMF 500V 861A846H25
C3 CAPACITOR MMF 500 V 762AT5THIL €3 CAPACITOR MHF 500V T62A757Hi C3 CAPACITOR MMF 500 v B86(AB46H25
C4 CAPACITOR MMF500V 763A209Hi2 4 CAPACITOR MMF 500V 763A209HO7 C4 CAPACITOR MM 5COV 7634209H19
C5 CAPACITO® MMFI200 V 187470504 C5 CAPACITOR MMF 1200 V 187A705H04 C5 CAPACITOR MMF 1200 V 187A705H08
C6 CAPACIT®R MIF 1200 V 187A705H09 C6 CAPACITOR MMF 1200 v 1874705 HO9 C6 CAPACITOR MMFI200 v 187A705HO4
C7 CAPACITOR PF 3000V 203C872H09| |C7 CAPACITOR PF 3000V 203¢872H09 C7 CAPACITOR PF 3000V 203c872108
102 POT CORE 6708133609 1102  POT CORE 6708133G09 L02 POT CORE 6708133609
LIO3  POT CORE 6708133603 L1103 POT CORE 6708133603 LI03  POT CORE 6708133608
LI05 POT CORE 6708133603 1105 POT CORE 6708133609 1105 POT CORE 6708133¢0S
T3 TRANSFOR/ER 2928526084 T3 TRANSFORNMER 2928526604 T3 TRANSFORNER 2928526504
T4 TRANSFA!ER 2928526603 T4 TRANSFORMER 2926526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K $5% 8W (2REQ) 18BA3ITHOI R6 RESISTOR 3K £ 5% B\ (2REQ) 1BBAZITHOI R6 RESISTOR 3K 5% BY (2REQ) IBBASITHOI
R7 RESISTOR 15K 10% 2w 187A642KE5 R7 RESISTOR 15K 10% 2w 1874642H55 R?7 RESISTOR 5K 10% 2w 187£.642H3
Gl _LIGHTNING _ARRESTER 877ANGHOI Ol _LIGHTNING ARRESTER 877AIISHOI Gl LIGHTNING ARRESTER 877AiIGHOL
1461C40637,679 1461C 40 638,680 1461C40 639,681
COMPONENT OESCRIPTION STYLE _COMPONENT DESCHIPTION, STYLE COMPONENT DESCRIPTION
Cl CAPACITOR MMF 500V 76 3A209H12 CI CAPACITOR MMF 500V
C2 CAPMCITOR MMF 500V 861A846HI €2 CAFACITOR MMF 500V 762AT57HI €2 CAPCITOR MMF 500V
C3 CAPACITOR MMF 500V 861AB46H25 €3 CAPACITOR MMF 500V 7624 757HO7 C3 CAPACITOR MMF 500V
C4 CAPACITOR MMF 500V 76342 09407 €3 CAPACITOR MMF 500V 763A209H12 C4 CAPACITOR MMF 500V
C5 CAPACITOR MMF 1200 V
C6 CAPACITOR MMF 1200 V 1874705 HO9 C6 CAPACITOR MMFI200 v 1874705 189
C7 CAPACITOR PF 3000V 203C872107 | |C7 CAPACITOR PF 3000V 203C872HO6 C7 CAPACITOR PF 3000V
LI02  POT CORE 6708133609 ngz POT CORE 670B133¢09 102 POT CORE
LI03  POT CORE 6708133608 Li03  POT CORE 6708133603 LI03  POT CORE
L105 POT CORE 6708133609 Li05 POT CORE 6708133603 U105 POT CORE
T3 TRANSFORMER 2928526604 T3 TRANSFORMER 2928526604 T3 TRANSFORMER 2 GO4
T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K £5% BW (ZREQ) 18B8A3ITHOI R6 RESISTOR 3K 5% 8w (2REQ) 18BA3ITHO! | Re RESISTOR 188A3I7HOI
R? RESISTOR 15K 10% 2w 187A642HSS R7 RESISTOR 5K 10% 2w 187A642H55 R7 RESISTOR 187A642H55
Gl LIGHTNING ARRESTER B877A1I6HOI G! LIGHTNING  ARRESTER 877AIIGHOI Gl LIGHT, B77AN6HOI
1461C40G41,683
COMPONENT DESCRIPTION STYLE. STYLE
Cl CAPACITOR MMF 500V 763A209HO7
C2 CAPACITOR MMF 500V 861A846H25 MME 500V B61AB46H25
C3 CAPACITOR MMF 500V 762A757HOI MMF 500V 7630209H23
C4 CAPACITOR MMF 500V 7634209 HO7 MMF 500V 763A209HI12
C5 CAPACITOR MMF 1200V 187A705HOB MMF 1200 V 187A705H08
C7 CAPACITOR PF 3000V 203C872HO2, PF 3000V 203C872HOI
L02 POT CORE 670813360 102 POT CORE 6708133609
L03  POT CORE 6708133608 POT CORE 6108133608
L105 POT CORE 6708| POT CORE 670Bi33609
T3 TRANSFORMER 29 TRANSFORMER 2928526604
T4 TRANSFORMER TRANSFORMER 2928526603
R6 RESISTOR 3IKE5% BW, RESISTOR 3K $5% 8W(2 REQ) I18BA3ITHOI
R7 RESISTOR 15K 10%, RESISTOR 15K 10% 2w 187A642H55
LIGHTNING ARRESTER LIGHTNING ARRESTER B77AIGHOI

1461C40636,6
COMPONENT
Ci  CAPACITOR A209H20
C2 CAPCITOR 762A757HII
C3 CAPACITOR 763A209H20
C4 CAPACITOR 762A757HOT
C5 CAPACITOR IBTATO5H08
€6 CAPACITOR MM 1874705 HO4
C7 CAPACITOR PF 3000V 203¢872Ho8
Li02  POT CORE 6708!33¢09
LI03  POT CORE 6708133606
LI0OS POT CORE . 6708133603
T3 TRANSFORVER 2928526054
T4 TRANSFORMER 2928526603
3k 5% BwI(2 REQ IBBA3I7THO-
15K 10% 2v! IBTAB42H55
ARRESTER 877AI1IGHO
1161C 40 G40 G682
DESCRIPTION STHRE
MMF 500V 7634209144
CAPCITOR MMF 500V 861AB46H25
CAPACITOR MMF 500V 7€.2A757HOI
CAPACITOR MMF500V 763A209H 12
CAPACITOR MMF1200 V 187A705H08
CAPACITOR PF 3000V 203¢872K03
LI02 POT CORE 6708133609
LI03  POT CORE 6708133¢08
Uo5 POT CORE 6708133609
T3 TRANSFORMER 29285266C%
T4 TRANSFORMER 2928526603
R6 RESISTOR 3K 5% 8W (2 REQ) I18BA3ITHOI
R7 RESISTOR 15K 10% 2w 187A642H55
Gl LIGHTNING ARRESTER BTTAUEGHOI

23
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INSTALLATION

Westinghouse I.L. 41-945.71
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TCF-10 POWER LINE CARRIER
FREQUENCY-SHIFT TRANSMITTER EQUIPMENT
1 WATT/10 WATT FOR KEYED AND VOICE APPLICATIONS

CAUTION: Itis recommended that the user of this
equipment become thoroughly familiar with the
information in this instruction leaflet before ener-
gizing the carrier assembly. Failure to observe this
precaution may result in damage to the equipment.

If the carrier set is mounted in a cabinet, it
must be bolted down to the floor or otherwise
secured before swinging out the equipment rack to
prevent its tipping over.

APPLICATION

The Type TCF-10 carrier transmitter equip-
ment provides for the transmission of either of two
closely controlled discrete frequencies, both within
a narrow-band channel, over high-voltageftrans-
mission lines. The center frequency of the“echannel
can vary from 30 to 300 KHz in 0.5 KHz steps.Ghe
two frequencies transmitted are separated by,200
Hz, one being at center frequency (fc) pplus 100 Hz
and the others at center frequency minus 100 Hz.
The higher frequency, termed the Guard frequency,
is transmitted continuously whén cenditions are
normal. It indicates at the receiving'end of the line
that the channel is operativé andyit also serves to
prevent false operation of the reégeiver by line noise.
The lower frequency, termed the Trip frequency, is
transmitted as a signalsthatsan operation (such as
tripping a circuit breaker)ishould be performed at
the receiving end“of thegine.

When“reqtencypshift carrier is used in protec-
tive relaying appli€ations, it is recommended that
the trip frequency be transmitted at a higher power
level to increase reliability of the system under

conditions of abnormally high channel losses or
line noise. The frequency’is shifted from Guard to
Trip by the closingtef a,protective relay contact,
and the same contactalso shifts the transmitter
from a 1-watt te,a 10@swatt output level.

When _electro-mechanical relays are used for
keying from/guard to trip frequency, the contact
used {isyconnected to the high voltage input of a
buffering “keying board. This board buffers the
inplitesoisthat random noise does not key the cir-
cuitsiy,When solid state relays are used, the 20 V
D €. voltage used for keying is connected to the
low voltage input of the buffering keying board.

CONSTRUCTION

The 1 watt/10 watt TCF-10 transmitter unit is
mounted on a standard 19-inch wide chassis 5 1/4
inches (3 rack units) high with edge slots for mount-
ing on a standard relay rack. Fuses, a pilot light,
and a power switch are accessible from the front of
the panel. See Fig. 6. All of the circuitry that is
suitable for printed circuit board mounting is on
four such boards, as shown in Fig. 13 The compo-
nents mounted on each printed circuit board or
other sub-assembly are shown enclosed by dotted
lines on the internal schematic. Fig. 2. The location
of components on the four printed circuit boards
are shown on separate illustrations, Fig. 3,4, 5, & 6.

External connections to the assembly are made
through a 36-circuit receptacle, J3. The r.f. output
connection to the assembly is made through a
coaxial cable jack, J2.

oL /[Npossible contingencies which may arise during installation, operation, or maintenance, and all
derdily and variations of this equipment do not purport 1o be covered by these instructions. lf further
mformation is desired by purchaser regarding his particular installation, operation or maintenance of
his equipment, the local Westinghouse Electric Corporation representative should be contacted.

NEW INFORMATION

EFFECTIVE MARCH 1979




A module extender test card, S#1447C86G01 is
available to facilitate testing.

OPERATION

The transmitter is made up of four main stages
and two filters. The stages include two crystal oscil-
lators operating at frequencies that differ by the
desired channel frequency, a mixer and buffer am-
plifier, a driver stage and a power amplifier. One
filter is located between the driver and the power
amplifier and the second filter removes harmonics
that may be generated by distortion in the power
amplifier.

A single crystal designed for oscillation in the
30 KHz to 300 KHz range cannot be forced to
oscillate away from its natural frequency by as
much as + 100 Hz. In order to obtain this desired
frequency shift, it is necessary to use crystals in the
2 MHz range. The crystals are Y1 and Y2 of Fig.10
The frequency of Y2 is 2.00 MHz when operated
with a specified amount of series capacity, and the
frequency of Y1 is 2.00 MHz plus the channel
frequency, or 2.03 MHz. Capacitor C55 and crystal
Y2 in series are connected between the positive Side
of the supply voltage and the base of tranSistor
QS51, which operates in the emitter follower mode:
The emitter is coupled to the base through C§7, and
with Y2 removed the base of Q51 would be héeld at
appoximately the midpoint of the supply/voltage by
RS51 and RS52. The crystal serves qas%a,_series-
resonant circuit with very high inductance and low
capacitance. The circuit can be made'to oscillate at
other than the natural frequency of the crystal by
varying the series capacitor, (C55. ¢Increasing C55
will lower the frequency of oseillations and reduc-
ing C55 will raise the frequency.

Crystal Y14s connected in a circuit that is
similar except forythe addition of C53 and diodes
D51 and D52. By adjustment of C52 this circuit is
made to oscillate at 100 Hz above its marked fre-
quency. Capacitor/C53 is not effective until D51 is
biased in the forward direction and becomes con-
ductive{Itiis'biased in the reverse direction until the
relay 4eentrol contact is closed, which places 45
V.D.@Q. at terminal 3 of the printed circuit board.
With"S1 conducting, C53 is effectively in parallel
with,C52, and adjustment of C53 will reduce the

frequency by 200 Hz. The crystals taken individu-
ally have a greater variation of frequency with
temperature than would be acceptable. However,
by proper matching of the two crystals, the varia-
tion in their difference frequency can be kept within
limits that permit holding the frequency stability of
the overall transmitter to 10 HZ over a tempera-
ture range of —20 to = 60° Gy

The frequencies produ€ed by the two oscilla-
tors are coupled to the base'of mixer transistor Q53
through C62 and C63. The'sum of the two frequen-
cies is so high that a negligible amount appears on
the secondary of tfansformer TS51, but the differ-
ence frequency is aecepted and amplified by Q53
and Q54.

When'the,relay control, or keying, contact is
closedypit increases the output power from 1 watt to
10 wattsyas well as changing the frequency from
Guardyto Trip. This is effected by reducing the
emitter resistance of buffer-amplifier transistor
Q54."When the keying contact is open, transistor
Q55Wreceives no base current and is non-
conducting. Emitter resistor R70 therefore is effec-
tively open-circuited. The level of output power is
adjusted to 1 watt by means of R64. When Q55 is
made conductive by closing the keying contact. R70
is placed in parallel with R68 and the amount of
emitter resistance not bypassed by C66 can be
adjusted as required to obtain a 10-watt output
level.

As is shown on the Internal Schematic, Fig. 1,
the voltage for the keying circuit is obtained from
the 45-volt regulated supply in the transmitter, and
opening the single power switch deenergizes both
the transmitter and the keying circuit.

The driver stage consists of transistors Q56
and Q57 connected in a conventional push-pull
circuit with input supplied from the collector of
Q54 through transformer TS52.

The driver filter, FL101, consists of a series-
resonant inductor and capacitor connected between
the driver and power amplifier stages by appropri-
ate transformers T1 and T2. This filter greatly
improves the waveform of the signal applied to the
power amplifier.
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The power amplifier uses two series-connected
power transistors, Q2 and Q4 operating as a class B
push-pull amplifier with single-ended output. Di-
odes D2 and D4 provide protection for the base-
emitter junctions of the power transistors. Zener
diodes Z2 and Z4 protect the collector-emitter junc-
tions from surges that might come in from the
power line through the coaxial cable.

The output transformer T3 couples the power
transistors to the output filter FL102. The output
filter includes two trap circuits (L102, Cs.and L103,
Cc) which are factory tuned to the second and third
harmonics of the transmitter frequency. Capacitor
Co approximately cancels the inductive reactance
of the two trap circuits at the operating frequency.
Protective gap Gl is a small lightning arrester to
limit the magnitude of switching surges or other
line disturbances reaching the carrier set through
the line tuner and coaxial cable. Auto-transformer
T4 matches the filter impedance to coaxial cables of
50, 60, or 70 ohms.

The series resonant circuit composed of L105
and CE is tuned to the transmitter frequencygand
aids in providing resistive termination for the out-
put stage. Jack J102 is mounted on the frontypanel
of the filter module and is used for measuringthe
r.f. output current of the transmitter intosthe coax-
ial cable. It should be noted that the filter/contains
no shunt reactive elements, thus proyidingaseverse
impedance that is free of possible “across-the-line”
resonances.

The power supply is a sefies-type transistorized
dc voltage regulator whichshas awery low stand-by
current drain when there is ng output current de-
mand. The Zener diodeyZ%h6lds a constant base-
to-negative voltage onthé series-connected power
transistor Q1. Depending’on the load current, the
dc voltage dfop through transistor Q1 and resis-
tors R1 and'R 2fvarigs to maintain a constant out-
put voltage. Capagitor C3 provides a low carrier-
frequency impedance across the dc output voltage.
Capacitors C1 and C2 bypass r.f. or transient volt-
ages to ground, thus preventing damage to the
trapmsistor circuits.

When keyed for voice by the voice adapter,
transistor QS5 is keyed into class A operation so
that its conduction can be modulated by the voice

input from the voice adapter. Potentiometér R82\is
adjusted so that the nominal output ofseatrier is
3.25 watts (14 volts across 60 ohms).. Thé)voice
input modulates the carrier through this“teansistor
by varying the amount of conduction of Q55 so that
the output power of carrier varies with the voice
amplitude following the voice, frequency compo-
nents. Since with Q55 completelyinon-conducting,
R64 has been set to produce a lzwatt output, maxi-
mum modulation on thesside®to shut off QS5 will
not result in an outputdevel of less than 1-watt
carrier at any time. Also‘sifice the output level has
been set at 10 watts withvQS55 completely conduct-
ing by the adjustmentwof R 70, the maximum modu-
lation on the side ofturn on of Q55 will not result in
a carrier outputlevel of greater than 10 watts at any
time. Thus theimodulation for voice will not result
in the eutput carrier level dropping below 1 watt
and endangering the guard frequency for relaying
purposes.

The buffer keying board in addition to provid-
ing proper buffering, also contains logic for the
proper keying of both frequency and output level in
regards to protective relaying operation, voice
adapter operation, and 52b contact operation.

It should be remembered that protective relay-
ing operation has first priority. If the protective
relay operates and puts a voltage input into any of
the three input points labeled carrier auxiliary key-
ing, the transmitter will both frequency shift to trip
frequency and full 10 watts output whether voice is
called for or not.

The operation of the 52b contact will remove
the 10 watt keying output and permit the voice
adapter to key to 3.2 Watts output for AM voice
modulation. This allows voice modulation on the
trip frequency after the 52b contact has operated.

CHARACTERISTICS

Frequency

Range 30-300 kHz

Output 1 watt guard—10 watts trip—3.2
watts voice (into 50 to 70 ohm
resistive load)

Frequency

Stability +10 Hz from —20°C to +55°C.



Frequency

Spacing Two-way channel,—See Voice Ad-
apter Instruction Leaflet.

Harmonics Down 55 db (min.) from output

level.

Input Voltage 48 or 125 v.d.c.
Supply Voltage
Variation 42-56v. for nom. 48v. supply. 105-

140v. for nom. 125v. supply.

Battery Drain 0.5 a. guard 48 v.d.c.
1.15a. trip
0.25 a. guard 125 v.d.c.
0.5 a. trip

Keying Circuit

Current 4 ma.

Temperature

Range —20 to +55°C. around chassis.

Dimensions Panel height—5 1/4” or 3 r.u.
Panel width—19”

Weight 12 Ibs.

INSTALLATION

The TCF-10 transmitter is generally supplied
in a cabinet or on a relay rack as part‘'of.a cemplete
carrier assembly. The location must be free from
dust, excessive humidity, vibrationy, corrosive
fumes, or heat. The maximum ambienttemperature
around the chassis must not ‘exceed 55°C.

ADJUSTMENTS

The TCF-10"1W,4/ 10W, transmitter is shipped
with the power ‘Gutpiit cofitrols R64, R82 and R70,
set for outputs of I'watt; 3.2 watts and 10 watts into
a 60 ohm load. If it is desired to check the adjust-
ments or if repairs have made readjustment neces-
sary, the coaxial cable should be disconnected from
the assembly, terminals and replaced with a 50 to 70
ohm non:inductive resistor of at least a 10 watt
rating, Usedthe value of the expected input imped-
anie,of, the coaxial cable and line tuner. If this is
not ‘known, assume 60 ohms. Connect the T4 out-

put lead to the corresponding tap. Connect an ac
vacuum tube voltmeter (VTVM) across the,load
resistor. Turn power output control R64 to mini-
mum (full counter-clockwise). Turn on the ‘pewer
switch on the panel and note the dc voltage across
terminals 5 and 7 of J3. If this is in the range of 42
to 46 volts, rotate R64 clockwise to obtain 4 or §
volts across the load resistor ugsedg”At this point
check the adjustment of the series otitput tuning
coil L105 by loosening thegknurled shaft-locking
nut and rotating the adjustableieore in and out a
small amount from its initial,position. Leave it at
the point of maximum voltage across the load
resistor used. Then zotateyR64 farther clockwise to
obtain the correct!voltage for 1 watt in the load
resistor, as shown imythe following table.

Thenfiehange to Trip frequency by connecting
together tenminals 7 and 12 of J3), and rotate R70
until ¢hewoltage across the load resistor is as shown
in the following table for a 10 watt output. Recheck
the adjustment of L105 for maximum output volt-
age and readjust R70 for a 10 watt output if neces-
sary. highten the locking nut on L105. Open the
power switch and remove the jumper used to key
thedransmitter to the 10 watt level. Key for voice by
opening connection between terminals 12 and 7 of
J3. This is done by removing handset from tele-
phone hook switch of corresponding voice adapt-
er.

Turn the power back on Adjust R82 for a 3.2
watt output across the load resistor (14V across 60
ohms). Open the power switch, remove the jumper,
remove the load resistor, and reconnect the coaxial
cable circuit to the transmitter.

VOLTAGE FOR

T106 1 WATT 3.2 WATTS 10 WATTS
TAP OUTPUT OUTPUT OUTPUT
50 7.1 12.7 22.4
60 7.8 14 24.5
70 8.4 15 26.5

Follow the procedure outlined in the line tuner
instructions for its adjustment.

Normally the output filter (FL102) will require
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no readjustment except as noted above. It is factory
tuned for maximum second and third harmonic
rejection, and for series resonance (maximum out-
put at the fundamental frequency) with a 60-ohm
load. A small amount of reactance in the transmit-
ter output load circuit may be tuned out by read-
justment of the movable core of L10S. This may be
necessary with some types of line coupling equip-
ment. The adjustable cores of L102 and L103 have
been set for maximum harmonic rejection and no
change should be made in these settings unless
suitable instruments are available for measuring the
second and third harmonic present in the transmit-
ter output.

The operating frequencies of crystals Y1 and
Y2 have been carefully adjusted at the factory and
good stability can be expected. If it is desired to
check the frequencies of the individual crystals, this
can be done by turning the matched pair 180° and
inserting a crystal in its proper socket with the other
crystal unconnected. A sensitive frequency counter
with a range of at least 2.2 MHz can be connected
from TPS51 to TP54. (Connection to TP54 rather
than to TPS53 provides a better signal to the counter
and avoids some error from the effect of the count-
er input capacitance on the oscillator cigcuity)/While
measurement of the oscillator crystals individually
is necessary for the initial ad justment ofthe oscilla-
tors, generally any subsequent checks may bé made
with a lower range counter conneéted atsthe trans-
mitter output. If any miner adjustment of the
Guard and Trip frequencies should be needed, the
Guard adjustment should bé& made"with capacitor
C52 and the Trip Adjustment with C53.

MAINTENANCE

Periodic ehecks/of the transmitter Guard and
Trip power gutputs willdetectimpending failure so
that the equipndent can be taken out of service for
correction WAt regitlar maintenance intervals, any
accumulated ‘dust should be removed, particularly
from the heat sinks. It is also desirable to check the
transmitter power output at such times, making any
necéssary readjustments to return the equipment to
itswinitial settings.

Voltage values should be recorded after adjust-
ment in order to establish reference yaluesswhich
will be useful when checking the apparatus. The
readings will remain fairly constant oveman indefi-
nite period unless a failure occurs. However, if
transistors are changed, there may be considerable
difference in these readingsy without the overall
performance being affgcted.

Typical voltage values are given in the follow-
ing tables. Voltages(should be measured with a
VTVM. Readings ‘may‘vary as much as +20%.

TABLE |
TRANSMITTER DC MEASUREMENTS

NoteAll voltages are positive with respect to Neg.
45 V.\I'PS1). All voltages read with dc VTVM.

Voltage at Voltage at Voltage at
Test I Watt 10 Watts 3.2 Watts
Point Output Output Output

48V 125V 48V 125V (For Voice)

TPS52 20 20 20 20 20
TPS3 5.4 54 5.4 54 54
TP54 34 34 34 3.4 34
TPSS 21 21 18.5 185 —
TP56 21 21 18.5 18.5 —
TP57 *<1.0 1.0 *<1.0 1.0 —
TPS8 443 100 44.1 100 —
TP59 *<1.0 1.0 *<1.0 1.0 —

TERM 1 ]PUWER 0 0 0 0 —

TERM17FAMP 2042 50V 21+2 50V —
TERM 31) mosutLe 443 100 44,0 100 —

TABLE I
TRANSMITTER RF MEASUREMENTS

Note: Voltages taken with transmitter set to indi-
cated output across 60 ohms. These voltages subject
to variations, depending upon frequency and tran-
sistor characteristics. TSl — 3 = Terminal 3 of
transformer T51. Other transformer terminals iden-
tified similarly. All read with ac VTVM.



Voltage
at 3.2
Voltage at Voltage at | Watts
1 watt 10 watts | Output
Test Point Output Output | (For
Voice)
TP54 to TPS1 0.015 — 0.03 | 0.015 — 0.03] —
TPS57 to TPSI1 005 —009]03 -—-12]—
TP59 to TPS1 005 —009]03 —-12]|—
Tl1-1 to TPS1 1.65 5.6 —
T1-3 to TPS1 1.45 49 —
T1-4 to Gnd. .6 2.0 —
T2-1 to Gnd. POWER 57 1.85 —
TERM 1 TERM 17 %AMP 5.2 17.0 —
TERM 17 TERM 31YMODULE 5.2 17.0 —
T3-4 to Gnd. 35 112 —
T4-2 to Gnd. 31 110 —
TP109 to Gnd. 9.8 31 —
J102 to Gnd. 7.8 245 14

CONVERSION OF TRANSMITTER FOR
CHANGED CHANNEL FREQUENCY

The parts required for converting a 1W/10W
TCF-10 transmitter for operation on a different
channel frequency consist of a pair of matched
crystals for the new channel frequency, new capaci-
tors C103 and C104 on the power amplifier circuit
board if the old and new frequencies are not in the
same frequency group (see table on internal sche-
matic drawing) and, in general, new or modified
filters FL101 and FL102. Inductors L101, L102,and
L103 in these filters are adjustable over a limited
range, but forty-two combinations of capacitors
and inductors are required to cover the freqdency
range of 30 to 300 kHz. The widths of the fregliency
groups vary from 1.5 kHz at the low end of the
channel frequency range to 13%kHz"at the upper
end. A particular assembly canbe adjusted over a
somewhat wider range than (the width of its as-
signed group since some oyerlapsis necessary to
allow for component tolefanc¢es: The nominal kHz
adjustment ranges of the group are:

30.0-31.5  61.0464.0 143.0-119.5  207.1-214.0
32.0-335 64.5-68.0 120.0-127.0  214.1-222.0
34.0-36.0 68.5-72.0 127.5-135.0  222.1-230.0
36.5-38.5 72.5-76.0 135.5-143.0  230.1-240.0
39.041.0 76.5-80:0 143.5-151.0  240.1-250.0
41.5-44.0 80.5-84.5 151.5-159.5  250.1-262.0
44.547.0 85.0-89.0 160.0-169.5  262.1-274.0
47.5-50:0 89.5-94.5 170.0-180.0  284.1-287.0
50.5-53:5 95.0-100.0  180.5-191.5  287.1-300.0
54.0-57.0), 100.5-106.0  192.0-200.0

5715-60.5 106.5-112.5  200.1-207.0

If the new frequency lies within the same fre-
quency group as the original frequency, the filters
can be readjusted. If the frequencies are in differefit
groups, it is possible that changes only in the fixed
capacitors may be required. In general, however, it
is desirable to order complete filter assemblies ad-
justed at the factory for the specified frequency.

A signal generator, a frequencyseéunter and a
vacuum tube voltmeter aregféquired for readjust-
ment of FL101. The signal generatér and the count-
er should be connected aCross‘términals 4 and 5 of
transformer T1 and theyoltmeter across terminals
1 and 2 of transformer T2{ The signal generator
should be set at the.channel center frequency and at
2 to 3 volts output. The core screw of the small
inductor should be turned to the position that gives
a true maximum reading on the VTVM. Turning
the screw to, either side of this position should
definitely reduce the reading. The change in induct-
ance'with eore position is less at either end of the
travel thangwhen near the center and consequently
the “effect of core screw rotation on the VITVM
reading ‘will be less when the resonant inductance
occurs near the end of core travel.

The procedure for readjustment of the 2nd and
3rd harmonic traps of filter FL102 is somewhat
similar. A signal generator and a counter should be
connected to terminals 3 and 4 of transformer T3,
and a 500 ohm resistor and a VTVM to the termi-
nals of protective gap G1. The ground or shield lead
of all instruments should be connected to the
grounded terminal of the transformer. Set the sig-
nal generator at exactly twice the channel center
frequency and at 5 to 10 volts output. Turn the core
screw of the large inductor L102, to the position
that gives a definite minimum reading on the
VTVM. Similarly, with the signal generator set at
exactly three times the channel center frequency
and 5 to 10 volts output, set the core screw of the
small inductor, L103, to the position that gives a
definite minimum reading on the VIVM. Then
remove the instruments and the 500 ohm resistor.

After the new pair of matched crystals have
been adjusted, as described under “ADJUST-
MENTS?”, the transmitter can be operated with a 50
to 70 ohm load (depending on which tap of T4 is
used) connected to its output, and inductor L105
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can be readjusted for maximum output at the
changed channel frequency by the procedure de-
scribed in the same section.

If a frequency-sensitive voltmeter is available,
the 2nd and 3rd harmonic traps may be adjusted
without using an oscillator as a source of double
and triple the channel frequency. Connect the
frequency-sensitive voltmeter from TPI109 to
ground and adjust the transmitter for rated output
into the selected load resistor. Set the voltmeter at
twice the channel frequency and, using the tuning
dial and db range switch, obtain a maximum on-
scale reading of the 2nd harmonic. Then vary the
core position of L102 until a minimum voltmeter
reading is obtained. Similarily, tune the voltmeter
to the third harmonic and adjust L103 for mini-
mum voltmeter reading. Although the transmitter
frequency will differ from the channel center fre-
quency by 100 Hz, the effect of this difference on
the adjustment of the harmonic traps will be negli-
gible. It should be noted that the true magnitude of
the harmonics cannot be measured in this manner
because of the preponderance of the fundamental
frequency at the voltmeter terminals. Ac€urate
measurement of the harmonics requires dise of a
filter between TP109 and the voltmetefythat{pro-
vides high rejection of the fundamental. Theyinser-
tion looses of this filter for the 2nd afid;3rd har-
monics must be measured and taken intg@ account.

RECOMMENDED TEST EQUIPMENT

I. Minimum Test Equipment for, Installation.

a. 60-ohm 10-watt non-inductive resistor.

b. AC vacuum Tube Voltmeter (VTYM) or
equivalent. Voltage range 0.003ito 30 volts,
frequency range 60 hz to 330 kHz; imped-
ance 7.5 megohms.

¢. DC Vacuum Tube Voltmeter(VITVM) or
equivalent.

d. Module ExtendefyTestsCard S 1447C86GO01

II. Desirable Test Equipment for Apparatus Main-
tenance.

a. All items listed"in 1.

b. Signal Generator

Output Voltage: up to 8 volts.
Frequency®Range: 20-kHz to 900 kHz
Oscilloseope

Frequency’counter

Ohmneter

Capacitor checker.

-0 a0

Some of the functions of the recommended test
equipment are combined in the type TCT carrier
test ‘meter unit, which is designed to mount on a
standard 19” rack but also can be removed and used
as a portable unit.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, replacement parts can be
furnished, in most cases, to customers who are
equipped for doing repair work. When ordering
parts, always give the complete nameplate data and
identify the part by its designation on the Internal
Schematic drawing.
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(SCHE. 1461C42) 35|
7(48V) !

R—-—R=—-—

5 (125V)

Lmelc_@ocm-mg

COMPONENT  DESCRIPTION

STYLE

CI CAPACITOR 0.5UF 750 vDC.
C2 CAPACITOR 0.5 UF 750 v.DC
C3 CAPACITOR 0.5 UF 200 vDC
RI RESISTOR 26.5 40W 5%
J2 R2 RESISTOR 26.5 40W 5%
IOW 1%
| W 10%

R3RESISTOR 6K
R4 RESISTOR 100
OUTPUT FILTER > RSRESISTOR 1K .5 W 10%
| R3RESISTOR 300 _10wW s
21 2ENER IN30448

Z2 ZENER IN2832B
JS RECEPTACLE 32

J3 CONNECTOR
Ql TRANSISTOR PMD-i6K-I00

= | TI TRANSFORMER
T2 TRANSFORMER

FLIOI

1877962

. 1877962
18 7A624HIl
4DI299H44
4DI299H44
878A330H06
I8 7TAG44HO3
(BTAGAIH2T
(BOASOPHOR
184 AB5AHIZ
8 7A8E5HO!
3508A35HO!

3520A42Ho]

606841060I
292B526G0)

408C26! +(ReENQ. FREO%

4
J3 vA (NORMAL"1")

8 ||25VDC
52b

48VDC

P 1l

INPUT

P i3[125vDC
12| 48VDC

= 9 , COMMON

FOR 48 _vDC

{RT}

3
. ' INPUT

z2

+

R3

P 7
POS.
(FOR USE OF

XC

ITTER BOARD 1460C89G02
5

5
,Iow

)44BI00V-IW)
1328(56V-30W)

r for Keyed

5 YFUSED) NEG
SUPPLY

) 1 | GROUND
I

JUMPER"TO

10 45VDC}PIN T74IF NOICE
IS NOT USED

CONTACT

Lbae:—;\uolo

P 17| -AUDIO RETURN
{

4 POS. D.C. SUPPLY

19> 14(15/20V KEYING|cARRIER

AUX.
KEYING

NEG. D.C. SUPPLY

FEGULATED 45VvDC.

VOICE

i ADAPTER ONLY)
(0.1 AMPS MAX)

D.C.

Sub 6
1461C58

and Voice Applications

10
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TCF_VOICE ADAPTER

HS

_POS. D.C.
J
. 1 .
—t 52 S
- [ ] o =
-2\ 2 NEG. D.C. INPUT
= *—|~ POS. D.C. INPUT
oo .
.6 .6
:; t; . REGULATED POS.45V.D.C.
o - — |- 125 V.D.C.52b CONTACT
I o
! ::? VOICE LEVEL KEYING
12 L- T 48 V.D.C.52b CONTACT
" TG Y8 VPC Y carmiEr AUXILIARY RELA
——e PROTECTIVE RELAY o 7pyt ¢ = — [—e=— 125v.0C, YRRV GG (P E Rk BRY (RELAY
< 2 (CARRIER AUXILIARY) (4
o ~=|—=1— 20woc.
L o [ )
AL% 4 TO CALLING 16
ALARM DEVICE
% FCl | o|— AUDIO RETURN
R o S ||~ auoio inpuT
7 2 / J9
S S SHIELDED). CABLE %0
9 4 | Ms &2!
0 s| 7 2
s || *n 6 23
_{:*_L Pz 7 o] 24
T e

JACK &
REMOVE JUMPER
WHEN REMOTE
HOOKSWITCH IS USED

AMOTE HOOKSWITCH ASSEMBLY (WHEN USED)

NOTE: ALL HOOKSWITCH CONTACTS ARE SHOWN
IN STANDBY CONDITION (TELEPHONE -
HANDSET PLUGGED IN, AND HANGING ON HOOK)
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23
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| 21

125 v <—

Ls

POS.IN e

FUSED Pos.lé—

CARRIER
AUG. RELAY

15
[R23)
{R29]

Q7 13 |
d 10w BOOST

R25
R30

04
R26)| Qe

RIS

Q4

RO]
R28

(BT

NEG.IN
FUSED NEG wr'%
COMMON OR
FUSED NEG,
15
48 v
52b
7
125V

VOICE ADAPTER

FREQ. SHIFT
5

3,
——=> 3.25 W BOOST

- & s @@ |4GOCB4GOI/GOZI

GOl

FOR 48V

GO2FOR 125V

CAPACITOR
CAPACITOR
CAPACITOR

DI10DE
DI@DE
DIOGDE
D1@DE
D1@DE
DIODE

JUMPER
JUMPER

RESISTOR
RESISTOR
RESISTOR
RESISTCR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESIST@R
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESIST2R
RESIST@R
RESISTOR
RESISTOR
RESISTOR
RESIST2R
RESISTOR
RESISTOR
RESI STOR
RESISTOR
RESISTOR
RESISTOR
RESISTER
RESISTOR
RESISTOR
RESISTOR
RESISTOR
TRANSISTOR
TRANSISTOR
TRANSI STOR
TRANSISTRR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSIST@R

ZENER
ZENER
ZENER
ZENER
ZENER
ZENER

FUSE
FUSE

SWITCH

DESCRIPTION

«0a7UF 200V
«047uF 200V
«047UF 200V

INASTA
IN64SA
IN64SA
1:4457A
1M4STA
LED

0 0:M RESISTOR
0 JHM RESISTIR

18.04 .50w 2%
51.0K 50w 23
1800.0 50w 22
18.04 +5Ca 23
5104 «50w 22
18.04 «50W 22

1500.0 .50w 2%
6200.0 50w 2%
6200.0 50w 22

1500.0 +50w 2%
6200.0 50w 2%
1500.0 .50w 2%
10.0K -50w 2%
10,04 +50w 22
12.0K +50w 2%
27.04 50w 22
12.04 50w 2%
27.04 .50W 2%
27.04 50w 22
10.04 .SOW 2%
1004 .50w 22
12.0K +50k 22
4.7k .SO0w 22
12.0K 50w 2%
12,06 -50w 22
27.0K .50 2%
27.0K .50w 22
10.0K -SOW 2%
4eTK .50W 22
12.0K .50W 22
12.0K .50% 21
10.0K .50W 22
12.0¢ 50w 21

4. 7K

- S0W 22
OK 3.00W 5%

10.
27.5k  3.00W 5%

2N699
2N699
2N3645
2N699
2N699
2N699
2NJ645
2N699
2N3645

INJ686B
INJ686E
INJ68B6B
IN9S7B
189578
IN957B

1.5 AMP
15 AMP

20.0v
20.0v
20.0v
6.8V
6.8V
6.8V

STYLE N2.

849A437404
B4'7A437H04
849A4I H0a

184AB55H0T7
837A6921103
83746921103
18 4ABSSHOT
184AB551i07
3508A22HOI

B62AA4T3HOY
862A4T78HOI

627A531H62
6234531173
629£521H38
625-~531H62
629A531H73
629A531H62
623AS531H36
629A531HS5 1
629AS31HSY
629A531HI6
629A531HS1
629A531H36
629AS531HS6
629A531H56
629A531HS8
629A531H66
629AS531HSB
629A531H66
629A531H66
629A531H56
629A5311156
629A53IMSE
629A531H4A3
629A531HS8
629AS31HS8
629AS531IH66
629A531H66
629A531H56
629A531HAa8
629A531HS8
629A531HS8
629AS3IHS6
629AS531HS8
629A531HA8
T63AI127HIS
763A126 K60
184A638HI9
18 4A63BHI9
B49A441IHOI
184A638HI19
184A633H19
18 4A638H19
849A44)1H01
18 4A63BH19
849A441HOL

185A212H06
185A212106
185A212H06
186A79THO6
1B6AT9THO6
186AT9THO6

183A981H23
183A981H23

B849A249HOI

LLSP6-LY "I
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D-FOR GROUPS

¥-FOR 602 125VDC
A-FOR GO 48VOC

@®-0MIT FOR VOICE ABOVE 60KHZ
182

601 — TCF-10 — 48VDC
602 —TCF-10 —125V0¢
603 —TC~10—=d8VDC
604 —TC-10S—I25VRC

r

i

|

| bsa PS8

| -~ TRET

1

]

1

|

| £ 12 [s]

! —(Rzel

1

|

' o

| &

|

I

I

[ ®

| cs8 cro

! 52

] Ne

, LY

| Q52 TP53 TPS4

|

|

1 c72 cs6 ce62 P

[ el —ie —¢

|

| P8I &

| ] e

| o

|

| ES0

| c73 L

| e cs7 ce3 ce8

1 1€ 1€

|

|

! £55 2

| < ——s 05! 254 cs8

I T

| TP52

| *

I RE (] |

|- 3

L e 1A0CES50
@-FOR GROUPS 384 (ON-OFF MODE) #-FOR GO4 (125 V.D.C) @©-0MIT FOR VOICE ABOVE 60KHZ

LXFOR GO3 (48 V.DC)

COMPINENT OESCRIPTION  STYLE NO.
cs) CAPACITOR 1500.000PF SO0V 7624757103
c5a CAPACITOR ~100UF 200V  187A62aH01
cs6 CAPACITOR 2000.000PF 500V 187A584MO1
5T CAPACITGR 2000.000PF SO0V .187A584HOI
cs8 CAPACITOR 250UF 200v 187A624H02
€59 CAPACITOR 100.000PF 500V 762A757HOI
céa CAPACITOR 1Q0+000PF 500V 7624757101
ce1 CAPACITOR  * .250UF 200v 187A624H02
cez CAPACITOR 4700-0001F S00V 762A757KO4
ce3 0oV
ces CAPACITOR -250UF 200V  187A624H02
ces CAPACITAR +250UF 200V  187A624H02
c6s CAPACITOR
ce7 CAPACITOR
ces CcAPACITOR
cev CAPACITOR
c10 CAPACITOR
cn CAPACITOR
c7z CAPACITOR
c13 CAPACITOR
ce CAPACITOR
c13 CAPACITOR
o6 CAPACITOR
€17 CAPACITOR
5 1 ER
€3 JRNNER
o3t 010D
052 0180
53 0100E
D35 0100E
058 0100E 2
059 0100E 188A342HI1
Yt CRYSTAL (0-sPEC)
v2 CRYSTAL MATCKED PAR (5 spec)
wol CHOKE 507 3% 3300427HO!

-r89 RESISTOR 20000 OW 5%, (84A763
R6A Parv 1.0 2V _g629Aa3tuoz
R70 Par 1.0k 12wl 6294030002
R82 par 28.0x 629A430H03.

7 W 1% 7634126K95

* {887 ;Eg K3 ]
R31 RE31STox
RS2 RESISTOR
RS3 RESISTOR
RS4 RESISTER.

RSS RESISTOR!
R56 RESISTOR
R57 RESLSTOR
R3S RESISTOR
RS9 RESMSTOR
R6Q RESISTIR
Re1 RESISTOR
R62 RESISTOR
R&3 o SENSISTOR
R6S RESISTOR
®6 RES(STOR
Q-rs? RESISTOR
o8 RESISTOR

odres RESISTOR
RT1 RESISTO
R12 Resister
R76 RESISTOR
R77 RESFSTOR
RT3 RESISTOR
Ra1 RESISTOR
R33 RESISTIR
Ra4 RESISTOR  27.0 1874290411
e RESISTOR _10. 185A211H03

RESISTOR  750.0 .50V 1T B43ABI9H36

odTe TRANSFORMER 606853701
152 TRANSFORMER 6068537603
851 TRANSISTOR 2697 184A638% 18
052 TRANSISTOR 2697 184A638H18
053 TRAVSISTOR 29697 1848633118
054 TRANSISTOR  2Y699 184A638)119
035 TRAVSISTOR 24697 1844638118
ase TRANSISTOR  2M3583 8434316108
Qs? TRANSISTOR  2N3383 84945/5HOS
54 ZENER INJ6868 20.0v  I85A212K06
5 TRANSFORMER 6068337604
52 TRANSFORMER 6068537605
CoMPANENT DESCKIFTION  STYLE NO.
Csa CAPACITOR +100UF 200v  187A62aH01
€56 CAPACITOR 2000-000PF 500V 187AS8440L
CST  CAPACITOR 2000.000PF 500V 147AS84HOL
csa CAPACITOR -250JF 200V 187A624H02
cs9 CAPACITOR 100.000PF 500V  762A757A01
G0 CAPACITIR 100-000PF 500V 162A757HOI
ce 200v 187A624402
ce2 500V 762A757HO4
Ce3 P7 500V 1624757402
Cés 200V 187A6241102
ces 200v  137A624102
Coe 200V 187A624n02
ce7 200V 1874624102
ces 200v 187462411
ces CAPACITO +250UF 200V 137A624:402
c10 CAPACITOR 300.000P7 500V 137A584H0Y
c12 CAPACITIR  3.000PF 500V 861A346H03
c13 CAPACITOR  3.000PF 500V 861346403
c1a CAPACITOR  1.000UF 200V 187A6241(0a
c1s CAPACITOR +500UF 200V  187A62aK11
c16 CAPACITOR 600V 764A278r10
€11 CAPACITOR 200V 183A669.101
¢s2 TRIMMER 8794834101
cas TRIMMER 5.5-t8PF s798814M0L
035 0100€ NasTA 1844855107
38 or00E e2a 164A855m1
(24 oraoe IN4822 18834201
Ta CRYSTAL maTcmED PAIR (0-SPECY
2, CRYSTAL (D-SPEC
o I0DE a2 TagA3AZHH
o8 Bio0e iN4s22 188342 H1Y

©-RES EEoifron  20800° ow s FR3RIELNSY
R64 PaT oo 12w 9A430H02
R70 PoT 1.0¢ .12 627Aa30W02
Raz PaT 250k 629A430HCS
Re9 RES 7634126K95

* Re? ReS 7634126H33
R31 RESIsTOR 2AT63
RS2 RESISTOR 134A763451
R53 RESISTIR 134A763H51
RS4 RESISTOR 184A763H51
RSS RESLSTOR 1844763403
R36 RESISTOR 184476340
”S7 RESISTOR 1344763040
R38 RESISTOR 184A762,403
RE0 RESISTIR ©S0n ST 134A7631445
Ret RESISISR 453K ST 134A763455
R62 RESISTOR 450k 53 184A763HSI
RE3  SENSISTOR 12410t 187A685HO3
R6S RESISTIR SS0u SE 13aA76 M33
R6E RESISTIR 504 ST 184AT63NAY
Re? RESISTUR 50421 629A53IHe7
ReB RESISTIR 504 3T 184ATEINIS

A-Rey RESISTCR L00% 51 124A357HI6
/711 RESISTER 50w 11 848A320R27
RI1Z RESISTER 1504 5T 134A7634as
"6 RESISISR 20000 .504 52 184AT634%4
Ral RESISTOR  1030.0 SOV IT 848A319Ha8
R33 RESISTOR SK .SOW 1T 843A320HIT
RE4 RESISTOR  27.0 .SOM ST 187A270H11
R85 RESISTOR . 10.0 .00W10% 18542
RE6 RESISTOR  .750.0 .50W 1% 843ABI9K36
8 TRANSFORMER 606853760l
52 TRANSFORMER 6068537603
os1 TRAVSISTOR 2697 184A638H 1.
os2 TRANSISTOR  2N697 184A638H18
053 TRANSISTOR 23697 1844633H18
054 TRAVSISTOR  2V699 1844638H19
035 TRANSISTOR  2¥697 1848638418
03¢ TRANSISTOR  2N3583 2316
as? TRANSISTOR  2R¥8 494515105
238 ZENER INI6B6B  20.0v 1834212406
T30 TRANSFORMI 337t

OqT32 TRANSFORMER 6068537608

Sheet 1

Sheet 2

Sub 8
1460C98

Fig. 10. Internal Schematic Transmitter Module
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| 34
5 x'z2
< { RS }—— Q2
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- c4 c3
D2 q
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a
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|
23
33,
24 3 l
N o ¥
i
27 ¢ )
D4 lm
cé
Tcz’[zs |
[ bt l — el
D3
1461C56G01/02/03

COAPINENT
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACI TOR
CAPACI TOR
CAPAC| TOR
CAPACITOR
VIJVE
DI-2DE
DIUDE
VIQLE
ZENER
ZENER
RESESTOR
RESISTOR
RESISTOR
RESISTOR
RESISTaIR
RESLSTIiR
RESISTOR
RESISTOR

TRANSISTOR

GO1 - FOR 30-7OKHZ USE C|,C2,C3,C4 =.47 UF.
GO2- FOR 70-ISO'KHZ USE C2,C4:=.47 UF OMIT C18C3.
GO3- FOR 150 TO 300 KHZ USE C2,C4=.22 UF OMIT CiB C3.

DESCRIPTION

«470QUF
«a70UF
«4a70UF
$250UF
250UF
/220UF
J220UF
1Nag22
1vad22
1Na822
1nvag22
IN200SC
IN2009C
2.7 Iw 0%
100K 1.00W 5%
SI K1.00w 32

27 Iw 0%
10.0 .50% 52
.27 1.00w102
10,0 «S0w 54
27 1.00w104

2N6341 (MATCHED)
PAIR

STYLE NO.

168A293x01
148A293K01
18:3A29310)
133A293:i)
187A624102
1837A624H02
188 A293H02
188A293H02
183A342H 11
183A342H1)
138A342H1)
188A342H11
184A617HI14
184A6I7HI
629A37I H24
137AAL4HTS
18726431168
629A37I1 H2¢
1474290401
18 4A636/1113
1374290401
18 4A636M1R

3508A2iH04

Sub 6

Fig. 11. Internal Schematic\,Power Amplifier Module
r—_—_—‘_———__ _________ =
1 |
| p |
! |
|
| TPIO9 |
| |
: Lios Jio2 1
\ SAME AS 2r.
FiG.1 |
[ ]
' |
| |
| 3. |
id
| L 1
: ]
e e [reicac6 2]
Flgh F1G.2 {OTHERWISE SAME AS FIG.1)
30470 200 K€ * -GOI THRU G32 200) TO 300 KC
. U G43THRU G74 T RSSEmBeY - /¥e/ O
Comm oC. . 1477828
A- G33 THRU G42 pFC B, - 1¥erCHs
G75 THRU G84 Sub 5
Fig. 12. Internal Schematic Output Filter Module
146IC 40 GOL.G43 |4s|c40093._c« 1461C 40 GO3 G45 1461C40 G04.G46
COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STVLE COMPONENT DESCRPTION STYLE COMPONENT DESCRPTION STME
€I CAPACITOR 2500 MMFSOOV B861A846H20 CI CAPACITOR 2500 MMF 500V B861AB46H20 €l CAPACITOR 2000 MMF SO0V 18TAS84HOI €I CAPACITOR 1500 MMF SO0V T62A757THOY
C2 CARCITOR 2700 UMF 300V B861AB46H2| C2 CARCITOR 2000 MMF 500V 187A584HOI c2 CARCITOR 2000 MMF SO0V I8TASB84HOI €2 CARCITOR 200 MWF 300V BT7AS84HOI
C3 CAPACITOR 1500 MMF 500V TE62ATSTHO3 C3 CAPACITOR 1000 MMF 500V T62A757THO2 €3 CAPACITOR 390 WMF 500V TE2ATSTHIS
C4 CAPACITOR 3300 MMF 500V 18TAS84 H26 C4 CAPACITOR 3300 MMF 500 Vv 187A 584H26 C4 CAPACITOR 3300 MMF 500V 18TA584H26 Ca CAPACITOR 3300 MMF 500 187AS84H26
CS CAPACITOR 4000 MMF 1200 V IBTATOSHIS C5 CAPACITOR 2500 MMF 1200 v IBTATOSHB C5 CAPACITOR 2500 MMFI200 v IBTATOSHI3 €5 CAPACITOR 3000 MMF 1200 v 187A705HI4
€6 CAPACITOR 4000 MMF 12C0V 18TATOS HIS €6 CAPACITOR 5000 MMFI200V 1BTATOS HIE C& CAPACITOR 4000 MMF 1200 v 1B7ATOSHIS Co CAPACITOR 2500 MMFI2COV 1B7TATOSHI3
C7 CAPACITOR 7000 PF 3000V 201C872H2% C7 CAPACITOR 6000 PF 3000V 203C872H28) C7 CAPACITOR 5500 PF 300QV 203c872H27 T CAPACITOR 5000 PF 3000V 202CB72H26
LI02 POT CORE 6708133604 LK02 POT CORE 6708133C04 L'02 POT CORE 6708133604 L02 POT CORE 6708133604
LI03 POT CORE 6708133G06| LI03 POT CORE 6708133G06 L'03 POT CORE 6708133606 L:03 POT CORE 6708133606
LI0S COL 292B0BEGOI LI0S CcOlL 292B08€GO1 LIOS COL 292B086::0! LIOS CcOL 292B086GOI
TANTRANSFORMER 292852504 T3 TRANSFORMER 292852504 T3 TRANSFORMER 2928526504 T3 TRANSFORMER 2928326G04
T4 TRANSFORMER 292852603 T4 TRANSFORMER 2928526G03 T4 TRANSFORMER T4 TRANSI ER 29208526603
R6 RESISTOR 3k 5% BwI(2 REQ) 18BA3ITHOI R6 RESISTOR 3K ¢5% BW (2 REQ) 18BA3ITHOI R6 RESISTOR 3K 5% 8w I2REQ) [BBA3ITHOI R6 RESISTOR 3K 5% BW (2 REQ) 1BBA3ITHON
R7 RESISTOR BK 10% 2w 187A642H55( R7T RESISTOR 15K 10% 2w 1BTA642HSS R? RESISTOR ISk 10% 2w 1BTA642H55 R7 RESISTOR ISk 10% 2w 187A642H35
Gl LIGHTNING ARRESTER B7TAIGHO! Gl LIGHTNING ARRESTER B87TANEHOI Gl LIGHTNING ARRESTER B7TANGHOI Gl LIGHTNING ARRESTER BT7TAIEHOI
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1461C40G05 G47

1461C40G06,G48
—

1461C 40 GO7,649

1461C40608,650
LTI R e o —— et
COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STYLE COMPONENT DESCRPTION STYLE COMPONENT DESCRIPTION STYLE
Ci  CAPACITOR 3000 MMF 500V 187A584H06 | |CI CAPACITOR ~ 2500 MMF 500V 861AB46H20 Cl C&PACITOR 300 MMF 500V 187A584H09 Cl  CAPACITOR 30 WMF 500V 763A209H12
C2 CamCITOR 150 MMF 500 vV B61AB46H25 C2 CARCITOR 2000 MMF 500V 187A584HOI C2 CAPACITOR 2000 MMF SO0V 187A584H01
€3 CAPACITOR 820 MMF 500V TE2ATSTH22 C3 CAPACITOR 150 MMF 500V B61AB46H2S C3 CAPACITOR 180 MMF SO0V 762A757HI0 C3 CAPACITOR 390 MMF SO0V T62A7STHIS
C4 CAPACITOR 2000 MMF500V 187AS84HOI C4 CAPACITOR 2000 MMFS00V 187A S84HOI C4 CAPACITOR 1500 MMF 500V T762A757HO3
C5 CAPACITOR 2500 MMFI1200V 1B7ATOSHI3 | [CS 'CAPACITOR 200  MMF 1200 V 137ATO5HO4 | |C5 CAPACITOR 1500  MMF [200 V 1871705411 C5 CAPACITOR 3000 MMFI200V 187 ATOSHI4
C6 CAPACITOR 2500 MMF1200 V 187A705H13 C6 CAPACITOR 4000 MMF 1200 v 187A705HIS C6 CAPACITOR 2000 MMF 200V 187A70SHIZ C6 CAPACITOR 200 MMFI200 \ 1874705 HO4
CT CAPACITOR 4200 PF 3000V £02.C872H2S CT CAPACITOR 3500 PF 3000V 203C872H23 C7 CAPACITOR 3200 PF 300CV 2021C8T2H22 C7 CAPACITOR 2800 PF 3000V 203CB72H20
LO2 POT CORE 6708133604 1102 POT CORE 6708133604 LI02 POT CORE 670BI3:3604 LI02 POT CORE 6708133604
LIO3 POT CORE 6708133606 LIO3 POT CORE 6708133606 LI03 POT CORE 6708133506 LIO3 POT CORE 6708/33606
LIOS coL 292B086GO! LIOS CcOL 292B086GOI LI0S coL 2928086G0! LIOS coL 292B086G0!
T3 TRANSFORMER 2928526G04 T3 TRANSFORMER 292B526(C4 T3 TRANSFORMER 29285267C4 T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526G03 T4 TRANSFORMER T4 T S| 2928525603
R6 RESISTOR 3K £ 4% BW (2REQ) 1BBA3ITHOI R6 RESISTOR 3x 5% 8w (2REQ) 1BBA3ITHOI R6 RESISTOR 3Kt 5% BW (2REQ) 18BA3I7-0I R6 RESISTOR 3k ts% 8w (2REQ) 18BA3ITHOI
RT RESISTOR ISk 10% 2w IBTAG42HSS RT RESISTOR 5K 10% 2w 1872642155 R7 RESISTOR 15K 10%. 2W IB7TAB4CHSS R7 RESISTOR ISK 10% 2w 18TA642H55
Gl LIGHTNING ARRESTER B7TAIGHO! Gl LIGHTNING ARRESTER B7TAIEHOI Gl LIGHTNING ARRESTER B77AIEHOI Gl LIGHTNING ARRESTER 877AISHO!
|45|C60629d65I 1461C40610,652 I46Ig06|l G533 1461640612 G54
COMAONENT DESCRIPTION S™ME COMPONENT DESCRPTION STVLE COMPONENT DESCRPTION STYLE COMPONENT DESCRIRTION STYLE
CI  CAPACITOR 300 MMF 500V 1B7AS84M09 Cl CAPACITOR 82  MMF 500V T63A209H23 Cl CAPACITOR 1000 WMF SO0V T762A757HO2 Cl CAPACITOR, 1000, MMF 500V T62AT5THO2
C2 CAMCITOR 1500 MMF 500V 762A737HO3 C2 CAMmCITOR 1500 WMF 500V T62ATS7THO3 €2 CARCTOR 390 WMF SO0V TE2ATSTH IS C2 CAmMCTOR 2507 MAIF SO0V 86IA846HII
C3 CAPACITOR 180 MMF 500V T62A TSTH10 C3 CAPACITOR 1000 MMF SO0 V T62ATSTHO2 C3 CAPACITOR 1000 MMF SO0V T762A757HO2
Ca CAPACITOR 1500 MMF 500V 7624 757THO3 | | C4 CAPACITOR 1500 WMF 500V 762A757HO3 C4 CAPACITOR 300 MMF 500V 1874584H 09 | C4 CAPACITOR, 180, MMF 500 v T62A7STHIO
C5 CAPACITOR 2000 MMF 1200 v 187ATO5HIS [ |CS CAPACITOR 3000 MMF 200 V ISTATOSHI4 €S CAPACITOR 3000 MMF 1200 v IBTATCSHI4 C5 CAPACITOR 300 MMFIZ00 \' i87ATCSHOE
C6 CAPACITOR 500 MMF 200V 187A705H09 C6 CAPACITOR 2500 MMF 1200 V 187TATOSHI3
CT (4PACITOR 2200 PF 3000V 202CBT2HIT C7 CAPACITOR 3500 PF 3000V 203C872H23 C7 CAPACITOR 300 PF 3000V 202c872H2! CT{ CAPACITOR, 2800 PF 3000V 202C872H20
LO2 POT CORE 6708133C04 LI02 POT CORE 670813304 LI02 POT CORE 670B133C04 L1102  POT CORE 6708/33G04
LIO3 POT CORE 670BI33C06 LIO3 POT CORE 6708133606 LIO3 POT CORE 6708133¢c06 LI03 POT CORE 6708133606
LIOS coL 292B086GO! LI0S coL 292 BOBEGO1 LI0S con 2928086601 LIos coi, 2928086G0I
T3 TRANSFORMER 2928526¢04 T3 TRANSFORMER 2928526104 T3 TRANSFORMER 292852604, T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526G03 T4 TRANSFORMER )3 T4 292852503 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K £5% 8w (2REQ) 1BBA3ITHOI R6 RESISTOR 3K 5% Bw (2REQ) 18BA3ITHOI R6 RESISTOR 3Kt 59 Bw (2REQ) 13BABITHOI RECRESISTOR 3k$5% BW (2REQ) [8BA3ITHOI
RT RESISTOR 15K 10% 2w 187A642H55 RT RESISTOR 15K 10% 2w 1BTAG42HSS RT RESISTOR 15K 10% 2w 1BTA632HS5 R7 RESISTOR ISK  10% 2w IBTA642HSS
GI_LIGHTNING ARRESTER BTTAIGHOI Gl LIGHTNING ARRESTER B77AIGHO! Gl LIGHTNING ARRESTER GTTALEHOI Gl LIGHTNING ARRESTER 877AIEHOI
1461C40 613,655 1461C40Gl4, G56 1461C40GI5.657 1461C40616.658
COMPONENT DESCRIPTION STYLE COMPONENT OESCR.PTION STVLE COMFONENT DESCRIPTICN STYLE COMPONENT DESCRIPTION SYLE
Cl CAPACITOR 1000 MWF SOCV T62ATSTHO2 | | CI CAPACITOR 360 MMF 500V 762A75THI4 Cl CAPACITOR 250 MMF 500V B6IAB46HII Cl CAPACITOR 180 MMF SOOV 762ATSTHIO
C2 CARCITOR 100 MWF 500V 762AT5THOI C2 CARACITOR 620 MMF 500V 187AS84H C2 CAPAC TOR 620 MMF 500V 1B7AS84HI| C2 CAPCITOR 620 MMF SOOV 187A584HII
C3 CAPACITOR 1000 MMF 500 vV T62ATS7HO2 G CAPACITOR 820 MMF SO0V T62A75THZZ C3 CAPACITOR 820 MMF 500V T62ATSNR2 C3 CAPACITOR 130 MMF 500"/ T62ATSTHOT
CA ZAPACITOR 36 MMF SO0V T63A209HI4 C4 CAPACITOR 100 WMF SO0V T62A7STHOI C4 CAPACITOR 620 MMF 500V 187458 4H 11
C5 CAPACITOR 2500 MMFI20N0V IRTATOSHI3 C5 CAPACITOR 200 MMF1200 v I18TA 7054104 C5 CAPACITOR 1500 “MMFI12C0 V 187A70:5HH C5 CAPACITOR 300 MMF 200V 1874705H06
C6 CAPACITOR 2000 MMF 1200 v 187ATOL HER2 C6 CAPACITOR 1500 MMFI200 Vv 187A705 HII
C7 CAPACITOR 2500 PF 30020V 203C872HI9 CT CAPACITOR 2200 PF 300CV 203C872HIT C7 CAPACITOR 2000 PF,, 3000V 202CBT2HIS C7 CAPACITOR 1800 PF 3000V 203CB72HI3
LI02 POT CORE 670BI33G04 LI02 POT CORE 670813304 M2 20T CORE 6708133c04 Li102 POT CORE 670 B133G04
LIO3 POT CORE 6708133606 L1O3 POT CORE 67081313606 LI03 POT CORE 670813306 LIO3 POT CORE 6706133606
LI0S coiL 292B086GO! LI0S coiL 292808600 LI0S coIL 2928086G0O! LIOS coiL 2928086601
T3 “RANSFORMER 2928526G04 T3 TRANSFORMER 2928526C04 T3 TRANSFORMER 292852504 T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526603 T4 TRANSFORMER 29285255003 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K$S% 8w (2 REQ) 18BA3ITHOI R6 RESISTOR 3K 5% 8w (2 REQ) 1BBA3ITHDI R6 RESISTOR: 3kt 59, 8w (2REQ) 18BA3ITHOI R6 RESISTOR 3K 5% BW (2REQ) (BBA3ITHOI
RT RESISTOR 15K 10% 2w 187TA642HS5 [ [ R7 RESISTOR 15K 10% 2w 1874642H35 | [ R? RESISTOR 15K 10% 2w 18TA64::H5S R? RESISTOR 15K 10% 2w 137A642H5S
Gl LIGHTNING ARRESTER 877AIEHOI Gl LIGHTNING ARRESTER B7TAIEHO! Gl LIGHTNING ARRESTER 877AIIEHOI Gl LIGHTNING ARRESTER B7TAISHO}
1461C 40617, G659 1461C406G18,G60 1461C40G19 G6| 1461C40620,662
e ——— —— e ey
COMFONENT DESCRIPTION STME COMPONENT DESCRIPTION STVE COMPONENT OSSCRIPTION STME COMPONENT DESCRIPTION STVWLE
CI CAPACITOR 1500 MWNF 500V T62A757HO3 | [CI  CAPACITOR 1000 MMF 500V 762A75THOR)( [Cl  CAPACITOR 1000 MWF 500V 762A757HO2 | [CI  CAPACITOR 1000 MMF 500V 762A75THO2
C2 CARCITOR 360 MWF SO0V TE2ATSTHI4 C2 CAPCITOR 200 MMF SO0V TE62ATSTHI C2 <AMCITOR 82  MMF 500V T63A209H23
C3  CAPACITOW 270 MMF 500V 762A757HI2 | [C3 CAPACITOR 82  MMFS00V 763A209H23 €3 CAPACITOR K00 MMF 500 V 762A75THO2 C3 CAPACITOR 1000 MMF 500V 762A757HO2
C4 CAPACITOR 1500  MMF 500 V T62A757HO3 | [CA CAPACITOR 1500 MMF 500 V 762A757HO3 €4))"APACITOR 390 MWF 500V T62ATSTHIS €4 CAPACITOR 250 MMF 500V B61.AB46 Hil
C5 CAPACITOR 4000 MMF 1200 V IBTA7OSHB | [CS CAPACITOR 4000 MMF 1200 V 187A705HIS CS" CAPACITOR 3000 MMFI200V 1B7ATOSHI4 €5 CAPACITOR 3000 MMF 1200 v 187A705H4
C6 CAPACITOR 500 MMF 200 V 187A70SHO9
C7 CAPACITOR 2400 PF 3000V 2C3C872HI8 C7 'APACITOR 2100 PF 3000V 2C3c872H16 C7 CAPACITOR 1900 PF 3000V 203C872H 14 CT CAPACITOR 700 PF 3000V 203CB872HI2
LI02 POT CORE 670BI33G0S LI02 POT CORE 6798133605 LI02 POT CORE 6708133605 LI02 POT CORE 670BI33605
LIO3 POT CORE 6708133607 LIO3 POT CORE 6728133607 LI03 POT CORE 678133607 LI03 POT CORE 6708133607
LI0S con 292B086GO! LIos  con 292B086GO! L10S COw 292B086G0! LI0s con 2928086601
T3 TRANSFORMER 2928526G04 T3 TRANSFORMER 2928526604 T3 TRANSFORMER 2928526604 T3 ~RANSFORMER 292B526G04
T4 TRANSFORMER 2928526G03| (T4 TRANSFORMER T4 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3KES% BW (2 REQ) 188A3ITHOI R6 RESISTOR IKLS% OWI(2REQ) (EBA3ITHOI R6 RESISTOR 3K 5% @w (2 REQ) IBBA3ITHOI R6 FESISTOR 3K 5% AW (2 REQ) BBA3ITHOI
R? HESISTOR 8K 10% 2w 1874642H35 | |R? RESISTOR 15K, 10%, 2w 1674642H55 R? PESISTOR ISk 10% 2w 187A642HSS RT RESISTOR 15K 10% 2w 167TA642H5S
Sl _LGHTNING ARRESTER ST7AHEHOL GI__LIGHTNING ARRESTER 87TANG6HO! Gl LIGHTNING ARRESTER 877ANEHOI Gl LIGHTNING ARRESTER BTTANGHO!
1461C40621.663 1461C40622.664 1461C 40 623,665 1461C40G24,666
—— —— — s’
COMFONENT DESCRIPTION STME COMPONENT DBSCRIPTION STME COMPONENT DESCRIPTION STYLE COMPOHENT DESCRIPTION STME
CI  CAPACITOR 360 MMF 300V TE2ATSTH4 CI  CAPACITOR 250 IMMF SO0V B6IAB46HI Cl CAPACITOR 150 MMF SO0V B6lAB46H25 CI  CAPACITOR 56 MMF 500V T63A209HP
CARRCITOR 620 naur SOOV 1874 584H11 C2 tAMEITOR 620 MWF SO0V 1B7A384HIl C2 CAMCITOR 620 MMF 500V 1874584 HII C2 CAMCITOR 620 MMF SO0V 187A584HII
CAPACITOR 1000 MWMF 00V 7624T3THO2 C3 CAPACITOR 1000 MMF 500V TE62A7STHOR C3 CAPACITOR 62 MMF 500V 7634209H20 3 CAPACITOR 390 MMF 500V 762A757THS
Ca CAPACITOR 130 MMF 500 V 762A757HOT C4 CAPACITOR 80 MMF SOCV 762A757H22 C4 CAPACITOR 390 MMF S0CV T62A75THIS
€5 CAPACITOR 2500 MMF 200 V 18TATOSHI3 C5 CAPACITOR 2500 MMF 1200V 187A705HI3 C5 CAPACITOR 200 MMF 1200 V I37ATOSHO4| | C6 CAPACITOR 2000 MMFI200 V 187ATOSHI2
C6 CAPACITOR 2000 MMFI200V 187A705H12
C7 CAPACITOR 1500 PF 300CV 203C872HII | |CT CAPACITOR 1300 PF 3002V 203C872HI0 C7 ZAPACITOR H00 PF 3000V 203CB72H08| | C7 CAPACITOR 000 PF 3000V 203C872HOT
LI02 POT CORE 6708133605 L102( 'POT CORE 672B133G60S LI02 POT CORE 6708133605 LI02 POT CORE 6708133605
1103 POT CORE 6708133607 LI03" POT CORE 6708133607 LIO3 POT CORE 6708133607 LIO3 POT CORE 6708133607
LIOS co 2926086601 LI0s,_coit 292B086GO! LIOS coL 2928086601 LI0S  con 2928086601
T3 TRANSFORMER 2928326604 T3 TRANSFORMER 2928526604 T3 TRANSFORMER 2928526604 T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2328526603 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 34 5% 8W (2REQ) 1BBA3ITHOI R6 HESISTOR 3K ¢ 5% BW (2 REQ) IBEA3ITHO! R6 RESISTOR 3K 5% BW (2REQ) IBBA3ITHOI R6 RESISTOR 3Kt 5% AW (2REQ) IBBA3ITHOI
RT RESISTOR 15K 10% 2w 187A642HSS RT RESISTOR ISK  10% 2w 187A642H55 RT RESISTOR 15K 10% 2w 187A642H55 R7 RESISTOR 15K 10% 2w 187A642H55
GI__LIGHTNING ARRESTER BITAIGHOI GI_LIGHTNING ARRESTER BTTAIEHOI Gl LIGHTNING ARRESTER BTTAIEHOI Gl _LIGHTNING ARRESTER BTTAIEHOI
1461C40 G25.G67 1461C40G26.G68 1461C40G27,669 1461C40 628,670
COMFONENT DESCRIPTION STWLE COMPONENT DESCRIPTION STYLE COMPONENT QESCRIPTION STYLE COWPONENT DESTRIPTION STYLE
CI CAPACITOR 300 MMF 500V 1BTASB4H09 CI_ CAPACITOR 270 MMF SOCV TE2A75TH2 Cl CAPACITOR 300 MMF 50CV 1B7AS84H09 CI CAPACITOR 180 MMF 500V T62ATSTHIO
C2 CAMCITOR 300 MMF 500V 187A584H09 | [C2 cAMCITOR 270 MMF SOCV 7628757HI2 €2 CAPCITOR 180  MMF 50CV 762ATSTHIO C2 CARCITOR 250 MMF 500V B61AB46HII
C3 CAPACITOR 82 MMFS500V 7634209H23 3 CAPACITOR 300 MMF 500V 187A584H09 C3 CAPACITOR 250 MMF 500V 861AB46HII
Ca CAPACITOR 620{\MMF 500V IBTAS84HII C4 CAPACITOR 620 MMF S0CV 187A584HLI CA CAPACITOR 250 MMF 500V B61AB46HII C4 CAPACITOR 250 MMF 300V 861484 6HII
CS CAPACITOR 200 | MMF 1200 V' 187A705HO04| [C5 CAPACITOR 1500 MMF 1200 V 187A705HII C5 CAPACITOR 400 MMF 1200 V 187A705HO08 | [C5 CAPACITOR 200 MMF 200 v 187ATO5HOA
C6 CAPACITOR 1500 MMF 1200 v IBTATOS HII C6 CAPACITOR 1500 MMFI200V 1B7A7OSHII C6 CAPACITOR 1500 MMF 1200 V 187ATOSHII
CT CAPACITOR 900 PF 3000V 203CB72H06| |C7 CAPACITOR 800 PF 3000V 203C872M05 | |CT CAFACITOR 1100 PF 3002V 203CB72H08 | |C7 CAPACITOR 1000 PF 3000V 203C872HOT
L1002 POT CORE 6708133605 LI02 POT CORE 6708133605 Li02 POT CORE 6708133605 L1102 POT CORE 6778133603
LI03  POT CORE 6708133607 LI03  POT CORE 670BI33GOT LIO3 POT CORE 6708133607 LIO3 POT CORE 6708i133G07
LIOS coL 2928086601 LIOS coL 2928086501 Li0S cow 292B086501 LI0S coiL 292B0B6EGO!
T3 TRANSFORMER )4 T3 7 2928526604 T3 “RANSFORMER 4 T3 7 2928526604
T4 TRANSFORMER 2928526G03 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603 T4 TRANSFORMER 2328526603
R6 RESISTOR 3K ¢ 5% Bw (2 REQ) 1BBA3ITHOI R6 RESISTOR 3K 5% Ow (2 REQ) 18BA3ITHOI R6 RESISTOR 3K 5% 8W (2REQ) 1BBA3ITHOI R6 RESISTOR 3K t59, BW (2 REQ) IEGA3ITHOI
RT, RESISTOR 15K 10% 2w 187A642H55 RT RESISTOR 15K 10% 2w IBTA642HSS R7 RESISTOR 15K 10% 2w 187A642H55 R7 RESISTOR ISk 10% 2w 1B7TA642H55
Gl LIGHTNING \ARRESTER B7TAISHO! GI_LIGHTNING ARRESTER 877AIEHOI Gl LIGHTNING ARRESTER B7TAIEHOI Gl LIGHTNING ARRESTER BT7AIIGHOI
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1461C40 629,67 1461€40630,672 1461C40631,673 1461C40632.G
COMPONENT DESCRIPTION STYLE _COM PONENT DESCRIPTION STYLE COMPONENT DESCRIPTION_ STYLE COMPONENT
Cl CAPACITOR 180 MMF 500V 762A757HI0 Ct CAPACITOR 82 MMF 500V 763A209H23| [CI CAPACITOR 300 MMF SO0V 187A584H09 Cl CAPACITOR 209HO7
C2 CAPACITOR 200 MMF 500V 762A757HII C2 CARCITOR 250 MMF 500V B6/ABA6HI| C2 CAMCITOR 846HII
C3 CAPACITOR 200 MMF 500V 762A757HII €3 CAPACITOR 390 MMF 500V 762A757THIS €3 CAPACITOR 150 MMF 500V B61AB46H 25 €3 CAPACITOR 2A757HO?
C4 CAPACITOR 250 MMF 500V B61AB46HI! C4 CAPACITOR 200 MMF 50CV 762475 7HII C4 CAPACITOR 762A757HI0
C5 CAPACITOR 1500 MMF 1200 v 187ATOS5HII C5 CAPACITOR 400 MMF 1200 V 137A705H08| [ C5 CAPACITOR 200 MMF 200V 187 ATO5HO4
C6 CAPACITOR 1000 MMF 1200 V 137ATOSHO | [C6 ZAPACITOR 1000 MMF 1200 V 187A705HI0 C6 ZAPACITOR 187A705HIO
C7 CAPACITOR 900 PF 3000V 203CB72H0g | C7 CAPACITOR 750 PF 3000V 203C872HO¢ | C7 ZAPACITOR 650 PF 3000V 203C872H02| | C7 ZAPACITOR 203C872HO2
L02 POT CORE 670B133G05| | LI02 POY CORE 6708133605 [LI02 POT CORE 6708133605 LI02  POT CORE 6708133605
LI03  POT CORE 6708133G07| | LIO3 POT CORE 6708133607 | LI03  POT CORE 6708133607 L103  POT CORE 6708133607
1105 COIL 2928086501 Lios  coilL 2928086G0I| | LIOS COIL 29280866G0! 105  COIL 2928086G0!
T3 TRANSFORMER 2928526604 | T3 TRANSFORMER 2928526GC4| | T3 TRANSFORMER 2928526G04 T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526603 | T4 TRANSFORMER )} T4 TRANSFORMER 2928526603 T4 TRANSFORMER . 2928526603
R6 RESISTOR 3K$5%. BW (2REQ) 1BBA3ITHOI R6 RESISTOR 3K 5% BW (2REQ) IBBA3ITHOI R6 RESISTOR 3K 5% UW (2 REQ) I1BEA3ITHOI 3K 5% UW (2 REQ) IBBA3ITHOI
R? RESISTOR 15K 10% 2w 167A642H55 R7 RESISTOR 15K 10%. 2w 187A642H55( | R7 RESISTOR 15K 10%a 2W 1B7A642H55 15K 10%. 2w 187A642H55
Gt _LIGHTNING ARRESTER B77AIIEHO! G LIGHTNING ARRESTER 87TANGHO! Gl LIGHTNING ARRESTER 8774116 ARRESTER 877A16HO!
1461C40633,675 1461C40634.676 1461€40635.677 1461C40636,678
COMPONENT. DESCRIPTION STYLE COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STYLE DESCRIPTION STYLE
Ci CAPACITOR MMF 500V 763A209HI9 Cl CAPACITOR MMF 500V 86148: MMF 500V 763A209H20
C2 CAMCITOR MMF 500V 762ATSTHI2 €2 CARCITOR MMF 500V 187A584H09 C2 CAPACITOR MMF 500V B6IA MMF 500V 762A7STHII
C3 CAPACITOR MMF 500V 762A757HIl €3 CAPACITOR MMF 500V 762875 7HIT C3 CAPACITOR MMF 500V 86iA MMF 500V 763A209H20
C4 CAPACITOR MMF 500V 7634 209HI2 C4 CAPACITOR MMF 500V 7634209H07 C4 CAPACITOR MM? 500V 7634 MMF 500V 7624757HO7
C5 CAPACITOR MMF 1200 v 187A705+H04 €S CAPACITOR MMF 200V 1B7ATOSHO4 C5 CAPACITOR MMFI200 v CAPACITOR MMF 1200 V 187A4705H08
C6 CAPACITOR MMF 1200 V 187A705H09 C6 CAPACITOR MMF 1200 v 1874705H09 C6 CAPACITOR MMF 200 V 6 CAPACITOR MMF 1200 V 187A705 HO4
C7 CAPACITOR PF 3000V 203CB72HO9| [C7 CAPACITOR PF 3000V 203CB872HO9 C7 CAPACITOR PF 3000V C7 CAPACITOR PF 3000V 203C872H08
1102 POT CORE 6708133609 Li02  POT CORE 6708133609 LI02  POT CORE LI02 POT CORE 6708133609
LI03  POT CORE 6708133608 LIO3  POT CORE 6708133603 LI03  POT CORE 1103 POT CORE 6708133608
LI05 POT CORE 6708133609 LI05 POT CORE 6708133609 L1105 POT CORE {105 POT CORE 6708133603
T3 TRANSFORMER 2928526604 T3 TRANSFORMER 2928526004 T3 TRANSFORNMER 66! T3 TRANSFORMER 2928526604
T4 TRANSFORMER 2928526603 T4 TRANSFORMER 29268526603 T4 TRANSFORMER 928526603 T4 TRANSFORMEFR: 2928526603
R6 RESISTOR 3K$5% BW(2REQ) 1BBA3ITHOI R6 RESISTOR 3K 5% 3w (2 REQ) 1BBA3ITHO R6 RESISTOR 3Kt 1BBASITHOI R6 RESISTOR 3Kt 5% Bw{(2REQ) IBBA3ITHOI
R7 RESISTOR ISk 10% 2v¢ 1B7A642HES R7 RESISTOR ISk 10% 2w 1B7A642H55 R7 RESISTOR 1B7AB42H55 R7 RESISTOR ISK10% 2vi 187A642HS5
GI_LIGHTNING ARRESTER B77AlSHO! G LIGHTNING ARRESTER 877AIISHO! Gi  LIGHTNNG ARR 8774118 HOI G LIGHTNING ARRESTER B7TANGHO!
1461C40637,679 ] 1461€40628,680 1461€40640, 662
COMPONENT DESCRIPTION STYLE COMPONENT DESCRIPTION STYLE STVLE COMPONENT DESCRIPTION STYLE
O CAPACITOR MMF 500V 763420912 MMF 500V 763A209HI9 Ci CAPACITOR MMF 500V 763A209HK
C2 CAMCITOR MMF 500V 8614B4GHIl €2 CAPACITOR MMF 500V 762A757HIl MMF 500V B6/AB46H25 €2 CAMCITOR MMF 500V 861AB46H25
C3 CAPACITOR MMF 500 v 86148461125 C3 CAPACITOR MMF 500 v 7624757107 MMF 500V 763A209H20| | C3 CAPACITOR MMF 500V 762A757HOI
C4 CAPACITOR MMF 500V 7634209H07 C3 CAPACITOR MMF 500 763A209HI2 MMF 500V 76342 09H23 Ca  CAPACITOR MMF 500V 763A209H12
MMF 1200 v 187A705H08| | C5 CAPACITOR MMF 1200 V 187ATO5HOB
C6 CAPACITOR MMFI200 V 187A705H09 C6 CAPACITOR MMFi200V 187A705H89
C?7 CAPACITOR PF 3000V 203CB72HO7 | | C7 CAPACITOR PF 3000V 203C872H06 PF 3000V 203C872HOS| | €7 CAPACITOR PF 3000V 203872103
1102 POT CORE 6708133609 L102 POT CORE 6708133609 6708133609 LI02  POT CORE :7OBI!3G09
I T COR 670B133G Li03  POT CORE 6708133608 6708133608 1103  POT CORE 708133608
102 FOT EORe §7381338%8 Li05 POT CORE 6708133603 ORE 6708133609 L105 POT CORE 6708133609
T3 TRANSFORMER 2928526604 T3 TRANSFORMER 292852660 TRANSFORMER 2928526604 T3 TRANSFORMER 2928526GC4
T4 TRANSFORMER 292B526G03 T4 TRANSFORMER 29285 TRANSFORMER 2928526603 T4 TRANSFORMER 2928526603
R6 RESISTOR 3K £ 5% BW(2REQ) IBBA3ITHOI R6 RESISTOR 3K 5% 8w (2Re0) 18I RESISTOR 3K £5%. Bw (2 REQ} 1BBA3ITHOI R6 RESISTOR 3K 5% BW (2REQ) 18BA3I7HOI
R?7 RESISTOR 5K 10% 2w 187A642HS5 R? RESISTOR 15K 10% 2w 18/ RESISTOR 15K 10% 2w 187A642H55 R7 RESISTOR 15K 10% 2w 187A642H55
GI_LIGHTNING ARRESTER B77A16HO! Gl LIGHTNING ARRESTER | LIGHTNING ARRESTER B77ANEHOI Gl LIGHTNING ARRESTER B77AIEHOI
1461C40642.684
COMPONENT COMPONENT DESCRIPTION STYLE
Cl CAPACITOR 7634209H07
C2 CAMCITOR B61AB46H25 C2 CAPACITOR MMF 500V 861A846H25
C3 CAPACITOR 62A757HO! €3 CAPACITOR MMF 500V 763A209H23
C4 CAPACITOR 7634209107 | [c4 capaciTor MMF 500V 763A209HI12
C5 CAPACITOR 1874705H08 | |c5 capaciTor MMFI200 V 187A705H08
C7 CAPACITOR 203CB72HO2| |C7 CAPACITOR PF 3000V 203C872HOI
02 POT COf 6708133609 | |02 POT CORE 6708133609
uo3  POT 6708133608 | |LI03 POT CORE 6708133608
LI05  POT, 670BI33G09 LIO5 POT CORE 6708133609
TRAN 2928526604 | |13 TRANSFORMER 2928526604
TRAN 2928526603 T4 TRANSFORMER 2928526603
K%5% 8w {2REQ) 1BBA3ITHOI R6 RESISTOR 3K £5% BWI2 REQ) 18BA3ITHOI
15K 10%. 2W 1874642H55 | |R7 RESISTOR 15K 10% 2W 187A642H55
RRESTER 877AI16HOI Gl LIGHTNING ARRESTER 87TAIGHOI
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INSTALLATION

Westinghouse I.L. 41-945.61
OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE TCF-10 POWER LINE CARRIER FREQUENCY SHIET
RECEIVER EQUIPMENT FOR DUAL PHASE -
COMPARISON CARRIER RELAYING (SPCU, SKBU,
OR SIMILAR SYSTEMS) WITH DC/DC CONVERTER

CAUTION

It is recommended that the user of this equipment become
acquainted with the information in this instruction leaflet,
and in the system instruction leaflet before energizing the
system.

Printed circuit modules should not be removed or inserted
when the equipment is energized. Failure to observe this
precaution may result in an undesired tripping output or
cause component damage. Care should also be exercised
when replacing modules to assure that they are replaced in the
same chassis position from which they either were removed or
the module they are replacing was removed.

If the carrier set is mounted in a cabinet, it must be bolted
down to the floor or otherwise secured before swinging out
the equipment rack to prevent its tipping over.

APPLICATION

The TCF-10 Receiver described is for use withigitherithe
SPCU or SKBU Dual Phase Comparison relayingisystems or
similar systems utilizing frequency-shift keying (FSKy. The
TCF-10 frequency shift receiver respends (to4carrier-
frequency signals transmitted from the distant efd of a power
line, and carried on the power line ¢enduectors. The space
frequency (sometimes referred to as trip negative) is 100 hertz
above the center frequency ofythe“¢hannel (which can be
selected within the range of 30 kHz to 300 kHz). The mark
frequency (sometimes referred to as, trip positive)is 100 hertz
below the channel center frequency. Generally, phase com-
parison information is conveyed over the channel during load
current flow or fault conditions. The transmitter at each end
of the channel is)switéhed ata 60-hertz rate between space (or
trip negative)fand mark (or trip positive) so as to produce at
the receiving, end, thegbdesired operation of the relaying
system.

CONSTRUCTION

The TCFzl0 receiver unit for dual phase comparison

relaying applications such as'the SPCU or SKBU systems, is
mounted on a standard 19 inch wide chassis 5% inches high (3
rack units) with edge slots for mounting on a standard relay
rack.

All of the circuitry that is suitable for mounting on printed
circuit boardsiis contained on printed circuit modules that
plug intogthelehassis from the front and are readily accessible
bysremoving the“transparent cover on the front of the chassis.
The, powerisupply components and external connectors are
located atythe rear of the chassis as shown in Figure 9.
Reference to the internal schematic connections of Figure |
willyshow the location of these components in the circuit.

The printed circuit modules slide into position in slotted
guides at the top and bottom of the chassis, and the module
terminals engage a terminal block at the rear of the chassis. A
handie on the front of each module is labeled to identify its
function, and also identify adjustments and indicating lights if
any are available at the front of the module. Of particular
significance, is the input attentuator contained on the front of
the filter module which is used in adjusting the input receiver
signal during initial field installation.

A module extender (Style No. 1447C86GO0l) is available
for facilitating circuit measurements or major adjustments.
After withdrawing any one of the circuit modules, the ex-
tender is inserted in that position. The module is then inserted
into the terminal block on the front of the extender. This
restores all circuit connections and renders all components
and test points on the module readily accessible. A carrier
level indicator instrument, Style No. 606B592A26, with a
linear dB scale is also available.

The receiver operates from a regulated +20V supply and
a +10V supply operating from a regulated +45dc supply.
These voltages are taken from three zener diodes mounted on
a common heat sink. Variation of the resistance value
between the positive side of the unregulated dc supply, and the

WhilSpossible contingencies which may arise during installation, operation, or maintenance, and all
details and variations of this equipment do not purport to be covered by these instructions. lf further
information is desired by purchaser regarding his particular installation, operation or maintenance of
his equipnient, the local Westinghouse Electric Corporation representative should be contacted.

NEW INFORMATION

EFFECTIVE MARCH 1979
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45 volt zener adapt the receiver for operation on 48 or 125
volts dc.

Externa! connections to the receiver are made through a
36 terminal recepticle, J3. The.r-f input connection to the
receiver is made through a coaxial cable jack J2.

OPERATION

INPUT MODULE

The input module contains the input control and the input
filter. The signals to which the TCF-10 receiver responds are
fed through a coaxial cable connected to jack J2 at the rear of
the chassis to the input module. The input control RS, accessi-
ble at the front of the input module, attentuates the signal to a
level suitable for the best operating range of the receiver.

A scale on the panel is graduated in dB. While this scale is
typical rather than individually calibrated, it is accurate
within several dB and is useful in setting approximate levels.
Settings should be made more accurately utilizing a suitable
ac voltmeter with a dB scale when possible.

From the attentuator, the signal passes through a band-
pass LC filter, FL 201. This filter has a passband of approxi-
mately 1600Hz which is relatively wide in comparison to the
IF filter which has a passband of approximately SO0Hz. Still,
frequencies several kHz above or below the center frequency
(fo) of the channel are greatly attentuated. Figure 15 shows d
typical curve for the LC filter as well as a characteristies
curve for the IF (intermediate frequency) filter, FL2, and the
discriminator output. This apparently wide bandwidth forfthe
input filter in relation to the IF filter is necessary to ‘both
achieve high speed relaying by minimizing channel délay and
to achieve proper operation of the noise clamp by\sampling
noise in the frequency band surrounding the LFband"

OSCILLATOR, MIXER, AND IF AMPLIEIER
MODULE

From the input filter, the signal enter§) the oscillator
and mixer stage of the receiver. Crystal Y11, transistors
Q12 and Q13, and their associateéd gesistors and capacitors,
comprise a crystal-controlled, oscillator’ that operates at a
frequency 20k Hz above ghe channgl center frequency, f.. The
output from this local oscillator jsfed through transformer
T11 to potentiometer Ri2, andgthe latter is adjusted to feed
a suitable input to the basefof mixer transistor QI 1. The
output of filter FL201 is impressed on the emitter-collector
circuit of Q1. As a result of mixing these two frequencies,
the primary ©f transformer T12 will contain frequencies
of 20kHz, 2fc +20 kHz, fc +20kHz, and f¢.

Thehoutput from the secondary of T12 is amplified by Q31
in theyintermediate frequency (IF) stage, and is impressed on
EL2. This'is’a two-section filter, with both filters contained in
aycommon case. Its pass band is centered at 20kHz. Since its

pass band is narrower than that of the input filter, it
eliminates the frequencies present at its input that argfsub-
stantially higher than 20kHz. The output of this filter i§,the
IF output which is fed to both the amplifier-limiter and the
S/N Detection module. The output from the secondary of
transformer T12, the RF output, is also fed to the S/Nddetec-
tion module.

AMPLIFIER LIMITER AND DISCRIMINATOR
MODULE

The IF output signal from the [F amplifier is fed into the
amplifier limiter through potentigmetenfR52 at the input of
the amplifier limiter stage. Safficient input is taken from R52
so that with minimum input,signal(5 mv.) at J2 and with in-
put control RS set flor zewp, attentuation, satisfactory
amplitude limiting will be‘dbtained at the output of the limiter
stage.

The outputjofithe limiter stage is fed to the discriminator.
The diseriminator i1sVadjusted at the factory to have zero
output (asimeasured by a milliammeter inserted in the circuit
at jacklJl) atithe channel center frequency, f.. The adjust-
ment(for zetefoutput at f; is made by capacitor C68. In addi-
tion, ‘@63 is adjusted for maximum voltage reading across
R80 when"the output current is zero. Maximum current out-
put, of opposite polarities, will be obtained when the frequen-
cy 8”100 hertz above or below the zero current output fre-
quency. This separation of 200 hertz between the current
peaks is affected by the value of C66 (the actual value of
which may be changed slightly from its typical value in fac-
tory calibration if required).

It should be observed that although the space frequency is
fc +100 hertz, after leaving the mixer stage, and as seen by
the discriminator, the space frequency is 20kHz-100 hertz.
Similarly the mark frequency as seen by the discriminator is
20kHz +100 hertz. The intermediate frequency at which the
discriminator has zero output then is 20kHz. The dis-
criminator is adjusted so that the mark and space outputs are
of equal lengths for equal periods of mark and space signal
frequencies.

The discriminator output is connected to the bases of tran-
sistors Q55 and Q56 in such a manner that transistor Q56 is
made conductive when current flows, from the discriminator
output, in the forward direction of diode D54, (which occurs
with mark output) and Q55 is made conductive when current
flows in the forward direction of diode D55 (which occurs
with space output.) Consequently, terminal 35 is at a poten-
tial of approximately +20 volts at space frequency and ter-
minal | is at +20 volts at mark frequency.

S/N DETECTION MODULE

The S/N detection module has three basic functions; first
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to determine the in-band signal-to-noise ratio and provide
clamping output at the desired level of signal-to-noise ratio,
second to measure incoming in-band signal level and provide
both an output to a carrier level indicating instrument and to
a clamping circuit in the output module for clamping at the
desired low level of signal, and third to provi}ie a clamping
output when the desired signal level exceeds the normal
received level by a substantial amount, typically 25dB.

The method of determining signal-to-noise ratio utilizes
the measurement of signal level in two different bandwidths,
that of the input filter which is 1600 hertz, and that of the IF
filter which is 500 hertz. The total signal plus noise in the 500
hertz bandwidth is subtracted from the signal plus noise in the
1600 hertz bandwidth and this difference is then compared
with the signal plus noise in the 500 hertz bandwidth to arrive
at a true in-band signal-to-noise ratio using logarithmic
circuits. See Figure 21.

If the ratio of signal to noise is less than the value selected,
typically 10, then there will be a +16V out of IC13 (TP75 and
terminal 27). This is a high noise condition and this voltage is
used as a clamp to prevent erroneous interpretation of data
being received due to high noise conditions. Under normal
low noise conditions, typically signal-to-noise ratio greater
than 10, the voltage out of IC 13 (TP75)is +4V and no clamp-
ing is done.

The wide band signal of 1600 hertz bandwidth called the
RF signal is fed into the S/N detection board through isela-
tion transformer T31. Operational amplifiersgiGl_and)IC2
along with their associated components, R82 through R92
and C81 through C90, constitute a 4-pole low=pass\filter which
passes the mixed band of frequencies in the bandwidth of 1600
Hz centered about the 20kHz I.F. frequencyszand blocks all
the higher multiples such as in the L{F. amplifier. Operational
amplifier IC3 and associated camponents amplifies the signal
for feeding into the rms circuit composed of IC4 and ICS
with adjustable potentiometér R94.controlling the amount of
amplification. This latter circuit converts the signals into a dc
voltage proportional t6 the rms value of the ac signals.
Operational amplifier \IG6A Jand associated components is
used for inversion andyisolation of this dc voltage before being
fed into thegsummation“amplifier [C6B.

The narrow=band'signal of 500 hertz bandwidth called the
I.F. is fed into the S/N detection board through isolation
transformer T32. The amount of signal fed into the board is
adjustable by‘means of potentiometer R111. The circuit com-
posedyof operational amplifiers IC7 and IC8 and associated
compenents is an rms circuit which converts the signals into
a,de\voltage proportional to the rms value of the ac signals
present in the IF bandwidth. The output of this circuit is also
then fed into the summation amplifier IC6B.

The summation amplifier takes the difference betweenthe
rms values of the IF signal and the RF signal andsfeedssit’into
one half of the logarithmic amplifier composed of{IC9 and
associated components. At the same time, the“tms”value of
the IF signal is fed into the other half of this logarithmic
amplifier. The logarithmic amplifier takes the logarithmic
difference between these two signals (which is equivalent to I[F
divided by [RF-IF] from the summen), The constants of the
circuits are set up so thatytheWoutput of the logarithmic
amplifier is positive when the ratio of the signal to noise ratio
in these bandwidths is greatepthan 10dB, and is negative
when the signal to noise‘ratio i§ less than 10dB. (Note: The

point at which the changeyin polarity occurs can be altered to
other than 10dB Ssignal to noise ratio by altering the ad-
justments of R94%nd RTI1). In addition, the output of the
logarithmic amplifier'is also negative when the signal level is
approximately 25dB above normal for high-level clamping.

The outputfof the logarithmic amplifier is fed through
networks@ensisting of ICI0A and [CI13A to the level detector
cireuit 1€ 13B which has a fast pickup and slow dropout when
it'receives a signal from the logarithmic amplifier indicating a
lower “than desired signal-to-noise ratio (lower than 10dB is in-
itially set when shipped). This will put out a +16 volts out of
terminal 27 for this condition. For high signal-to-noise ratio
this output will be +4 volts. This circuit will also put out +16
volts out of terminal 27 for very high signal levels. This is a
high signal clamp and occurs for signal levels approximately
plus 25dB above normal received level.

The output of the IF rms circuit is also fed to the
logarithmic circuit composed of IC11A, ICI2A, and IC11B
which puts out a dc signal level linearly proportional to signal
level in dB for feeding an external microammeter calibrated
with a linear dB scale with 10dB equal to 33-1/3
microamperes.

OUTPUT MODULE

The output module provides four buffered outputs to the
relaying system. They are mark (or trip positive), space (or
trip negative), S/N level. and “not low signal” with red in-
dicating light emitting diodes for these outputs and a yellow
indicating light emitting diode for normal level (satisfactory
signal level). In addition, the output module has logic which
will prevent either a mark or space output whenever the S/N
level drops to an unsatisfactory level or the received signal
level drops to an unsatisfactory level.

The space output of plus 20 volts (when present) from the
discriminator is fed into the output module through terminal
25 into the *‘and” gate consisting of diodes D71, D72, D73,
and D74, transistors Q62 and Q63, and associated com-
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fixed by the crystal used, except that it may be changed a few
hertz by the value of capacitor of C12. Reducing C12 increases
the frequency, but the capacity should never be less than a
value that assures reliable starting of oscillation. The frequen-
cy at room temperature is usually several hertz above the
crystal nominal frequency as this reduces the frequency devia-
tion at the temperature extremes.

The adjustment of the amplifier and limiter is made by
potentiometer R52. An oscilloscope should be connected
from TPS56 at the base of Q54 to terminal 33 of the limiter.
With 16 millivolts of space frequency on the receiver input (RS
set at zero), R52 should be adjusted to the point where the
peaks of the oscilloscope trace begin to flatten. This should
appear on the upper and lower peaks at approximately the
same setting. (For greater sensitivity when required, the
receiver can be set to 5 millivolts for beginning of limiting.
However this makes the receiver more susceptible to locally
generated noise within the cabinet and should not be used un-
less absolutely necessary and chassis is located in a noise free
area,)

The adjustment of the signal-to-noise ratio clamp for
clamping at 10dB signal-to-noise ratio is as follows:

1. Set the incoming signal into receiver at nominal level (90
mv. for 16 mv normal clipping level, 28mv. for S mv max-
imum sensitivity level).

2. Adjust LF. input with RI11 so that signal at TP68 of the
S/N detector module is +100 mv dc (with respectgto
TP62).

3. Adjust RF input with R94 so that signal at TP63fis + 145
mv dc (with respect to TP62).

4. Adjust log amplifier balance potentiometef’R129,s0 that
S/N clamps operates. This will be +6,voltsidc at TP75 to
TP62. This will also appear as +12 volts,at TR91 of the
output board with respect to board términal 3{and the red
S/N level indicator will light.

5. Go back and readjust RF input with R94 so that signal
level at TP63 is now 744ymv 'd¢. (with respect to TP62).

The adjustments above ase foryoperation of the clamp
at 10dB or less signal-to4noisegratios. If it is desired to
clamp at other than 10dBjer léss, the following values can
be used in place of the 145 mv value in step 3.

For S/N of 0dB sét TP63 to 297mv.

SdB set TP63 to 200mv.
15dB set TP63 to 114mv.

20dB set TP63 to 97mv.

Note:®When the SNR clamp is set to clamp at a 10dB signal-

to-noise ratio, the receiver will also clamp at a high
signal level of approximately 25dB above normal.

The low signal level clamp is set to operate at the signal
level where the receiver just drops out of limiting. This is ac-
complished as follows:

1. With a normal space frequency signalbeifig received and
with an oscilloscope connected acrossyI P56sand terminal
33 of the limiter module, ad just input,attenuator RS to the
point where the peaks of the oscilloscope trace just begin
to flatten. (An alternate adjustmentgwould be to set in-
coming signal level into geceiverdat 16mv with RS set at
zero which is the point_at which'limiting should begin).

2. Adjust the low-levelY(LL) adjustment R178 on the output
module panel sogthat theylow level clamp just picks up.
This will be indicated bythe red low level light on the out-
put module“eoming_on. There also will be +12 volts at
TP86 on theyoutput module.

3. Adjustiinputiattenuator RS to increase signal into receiver
by desired‘margin of operation. This normally should be
1 5dB. Thisyis done by reducing the RS attenuator setting.

MAINTENANCE

Periodic checks of the received carrier signal level and the
receiver sentitivity will detect gradual deterioration and per-
mit its correction before failure can result. The carrier level
indicator, when provided, permits ready observation of the
received signal level. With or without a carrier level indicator,
an overall check can be made with the attenuation control,
RS. A change in operating margin from the original setting
can be detected by observing the change in the dial setting
required to cause a low signal level clamp to operate as in-
dicated by the red LED becoming lit. If there is a substantial
reduction in margin, the signal voltage at the receiver input
should be checked to see whether the reduction is due to loss
of signal level or loss in receiver sensitivity.

All adjustable components for normal field adjustments
on the printed circuit modules are accessible when the front
cover on the chassis is removed. All other adjustable com-
ponents on the printed circuit modules may be made entirely
accessible while permitting electrical operation by using
module extender style number 1447C86GO1. This permits at-
taching instrument leads to the various test points of ter-
minals where making voltage, oscilloscope or frequency
checks.

TABLE |
RECEIVER D-C MEASUREMENTS

NOTE: All voltage readings taken with ground of dc
VTVM on terminal 17 (negative dc). Receiver ad-
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justed for 15dB operating margin with Space and TP84 — 12 (Higher Freq. or No
Mark signals down 40dB from 1 watt or 50dB down Signal)
from 10 watts. Unless indicated otherwise, voltage TP8S +0.3
will not vary appreciably whether signal is mark, TP86 + 12 (Low level clamp)
space or zero. TP86 0 (Noclamp)
TP87 +6 (LowSNRelamp)
TP87 -6 (No SNR clamp)
TP88 + 12
Collector of Transistor Voltage TP89 =02
or Test Point (Positive) TP90 #+.12(Good Signal Level)
TP90 = 12(Low Signal Level clamp)
Qll 15
QI2(TPI2) 17 (Mark or Space) TABLE Il
QlecTrie ! (Markor Space) RECEIVER RF MEASUREMENTS
QIS (TPIS) 3
TP11 22 NOTE: Voltmeteryreadings taken at any point from receiver
TPS2 19 input/ topstage involving transistor Q15 are neither
Q51 (TP51) 14 meaningful or feasible because of either waveform
Q52 (TPS3) 14.5 vasiations or the effect of instrument loading on the
Q53 (TP54) 18 readings. Receiver adjusted as Table 1.
Q54 (TPSS 3
TPS6 19 Collector of Transistor Volts with Signal At
Q55 I (Lower Freg. orNo Signal) or Test Point +10dB Above Normal Level
Q55 23 (Higher Freq.) QIS(TPIS) 0.8
Q56 23 (Lower Freq.) Q51 (TP51) 0.9
Q56 1 (Higher Freq. or Né'Signal) Q52 (TP53) 0.65
Q53 (TP54) 2.2
NOTE: The following readings are taken withythe negative Q54 (TP55) 45
of dc VTVM on terminal 3 (common of dc power, supply) TP6| 013
of either the S/N detection module or the oufput module. TP67 275
TP61 +4 FILTER RESPONSE MEASUREMENTS
le?)i + 8_4 The LC input filter (FL201) and the IF Filter (FL2) are in
TP64 +6 sealed containers, and repairs can only be made by the fac-
TP65 bio tory. The stability of the original response characteristics is
TP66 0 such that in normal usage, no appreciable change in response
TP67 305 will occur. However, the test circuits of Figure 16 can be used
TP68 4+ 0.5 in case there is reason to suspect that either of the filters is not
TP70 —6 performing correctly.
ig;; I ? 5 I:‘igurc 15 shows the —3dB an§ —35dB chc.ckpoin.ts for the
TP72 + 0.8 IF filter, und the —3dB ch'eckpomts for the 1np'ut filter. The
i + 0:3 response cur.ve of the IF fllter‘ shows the .combmed effect. of
TPS| + 12 (Higher Frequency) th‘c two scct'lons, an.d wa§ obtained by‘ adding the attenu?tlon
TPSI — 12 (Lower Freq, or No of each section for identical fr.equencws. The sc.ale of Fl.gure
Signal) ’ 15 was chosejn to show trlc IF fl‘ller response, which permitted
P82 + 12 (Lower Frequency) only a Portlon of the input filter curve .to be shown. The
P82 — 12 (Higher Freg, or No checkpoints flor the passband of each sc.ctlon of each section
Signal) (Z)(f) 212: HlF ﬁ:? a;e dowr; 3:8 mdaxlmulr;d;t .19.,75 and
X . z, and for the stop band are down minimum at
iizg i- ;Zzzttih:rr:::lfrn;yg 19.00 andA2l.00k Hz for each section. The signal generator
Signal) voltage (Figure 16) must be held c.onst.ant throughout trlc en-
TP84 + 12 (Lower Frequency) tire check. A value of 7.8 volts is suitable. The reading of

VM2 at the frequency of minimum attenuation should not be
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more than 22dB below the reading of VMI. It should be
noted that a limit measured in this manner is for convenience
only, and does not indicate actual insertion loss of the filter.
The insertion loss would be approximately 16dB less than the
measured difference because of the input resistance and the
difference in input and output impedances of the filter.

In testing the LC filter, a value of approximately 2.45V is
suitable for the constant voltage at which to hold VMI
throughout the check. The reading of VM2 at the frequency
of minimum attenuation will vary somewhat with the channel
frequency, but should not be more than 18dB below the
reading of VM. (The filter insertion loss is approximately
6dB less than the difference in readings).

CONVERSION OF RECEIVER FOR CHANGED
CHANNEL FREQUENCY.

The parts required for converting a TCF receiver for
operating at a different channel frequency consist of a new
LC input filter (FL201), a new local oscillator crystal (Y11)
and probably a different feedback capacitor (C12). There are
two ways of effecting this change. The easiest and preferred
method is to order a new input filter module and a new os-
cillator mixer module for the new frequencies from the fac-
tory. The new modules would then just have to be plugged in
as replacements for the original modules. The second method
would involve ordering just replacement filter, FL201, and
new local oscillator crystal for the new frequencies and mak-
ing the substitution on the modules. These substitutionsgon
the modules are not difficult as the crystal plugs in and the
filter has five leads to be soldered. However, testing of (the
local oscillator for easy starting will have to be made, andythe
value of C12 chosen to assure this easy starting of oscillation.
The whole receiver should then be checked@ut“fer correct
performance.

RECOMMENDED TEST.EQUIPMENT

1. Minimum Test Equipment for.Installation

a. A-C vacuum Tube ¥oltmeter (VTVM). Voltage range

0.003 to 30 volts, frequency range 60Hz to 330kHz, in:
put impedance 7.5 megohms.

b. D-C Vacuum Tube Voltmeter (VTVM).
Voltage Range: 1.5 to 300 volts
Input Impedance: 7.5 megohms

c. CLI Microammeter, range 0-100 g7A, style number
606B592A26, (if receiver hasycarrierdevel indicator)

Il. DESIRABLE TEST EQUIPMENT FOR APPARATUS
MAINTENANCE

a. All items listed in I.

b. Signal Generator
Output Voltage:
Frequency Range:

up to 8 volts
20kHz to 330kHz

c. Oscilloscope
d.{Frequency counter
e Ohmmeter

f. Capacitor checker

g. Milliammeter, 0-1.5 or preferably 1.5-0-1.5

Some of the functions of the recommended test equipment
are combined in the type TCT carrier test meter unit which is
designed to mount on a standard 19” rack but also can be
removed and used as a portable unit.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, replacement parts can be furnished, in
most cases, to customers who are equipped for doing repair
work. When ordering parts, always give the complete
nameplate data, the electrical value, style number, and iden-
tify the part by its designation on the Internal Schematic
drawing.
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INPUT osc.
FILTER a8
MIXER
RF
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Fig. 2. Receiver Logic farpDual Phase Comparison.
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Fig. 3. Outline TCF-10 Receiver.
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COMPONENT DESCRIPTION STYLE NO.
R4 RESISTOR 100.0 S50W 5% I84A763HO3
"R6 RESISTOR I0OK SOW 5%  184A763H5]
| RS POTENTIOMETER 10.0K 2w 185A086HIO
FL20I FILTER O
| T TIP JACK BLACK 187A332H02
P6 TJ2  TIP JACK RED 187A332HOI
T
|
|3| b4
[
INPUT ‘ TP8
|l9 P2
| TPS 3 [J=T0 BE DETERMINED.
O
| ™3 | ‘
TJl -
(BLACK) |
| 5 1444C85G0I
SUB. 1
775B394
Fig. 4. Internal Schematic Input Filtér Module (Below 200 kHz)
lsu
Ié—{_ﬂ_ﬂ *
21
COMPONENT DESCRIPTION STYLE NO.
WHEN [l T e ™ [ 1 | | --e--e-- comceececes  cesacmc-s
USED/C R4 RESISTOR  100.0 .S50W 52 184A763H03
I 22 R6 RESISTOR 10.0K «SOW ST 184A763HS1
15 TP2 . zZ1 ZENER IN30278 20.0V 188A302H07
' z2 ZENER IN3027B 20.0V 188BA302HO7
FL20! FILTER D.SPEC
| RS poT 10K 2w 185A086HIO
T T TRANSF 7148677601
| BLK.
| ||4soc7ssm __J
Sub 2
7758920

12

Fig. 5. Internal Schematic Input Filter Module (Above 200 kHz)
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TYPE TCF-10 RECEIVER

CeMPENENT DESCRIPTIGN),  STYLE NO.
cit CAPACITER +230UF 200V §g7AERANOZ
a2 CAPACITOR  SEENOTEW
c1a CAPACITOR +250UF 200V 187As24H02
cla CAPACITOR  1.000UF 200V }87A6C4HO4
cis CAPACITOR  1.000UF 200V 187A624H04
ce CAPACITOR SEE NOTE
ci17 CAPACITER +250UF 200V 18 7A624H02
cis CAPACITOR +250UF Z0Ov 187A624M0R
c1s CAPACI TR +250UF @00V  187A624H02
c20 CAPACIT@R  100.000PF 500V 762A7STHOI
c2 CAPAGLTER 200V 187A624402
NEG c22 CAPACITOR 200V 187A624H04
INPUT POWER SUPPLY (3] GAPACITER, 200V 187A624H02
—— e —— e e —_ e — — — = === 11 RESISTAR +50W ST 184AT6INSI
I_ | Tﬂ R1 RESLSTOR «S0W ST AT6IHA
R14 RESISTOR 50w 53 A763HY
l poay ~| RIS RESISTER +S0W ST 184AT6IHIS
k4 1 PO | RIS RES! STER .S0M ST 184AT&IHSI
| @ RIT RESI STOR +S0W 5% AAT63IH6]
| RIS RESISTOR 50w 52 AT63H9
RIS RESISTOR .S0W 5% 184A763HIY
I R20 RESI STER J50W ST 184AT6INS
1€ R21, RESISTOR +SOW ST 184AT6IM6]
| OuTPUT R22 RESISTOR .SOW ST 184AT6IHIS
R23 RESISTOR +30W ST 184A76INS]
| R24 RESISTOR .S0W ST 184AT6IHED
R2S RESI STOR +50W 5T 184AT6IH4I
R26, RESI STOR 450V 5T 184A763HIY
I R27 RESISTOR L50W ST |84ATEINSY
R28 RESI STOR .50W 5T 184A763H2)
) R29 RESISTER +50W ST 187A250M21
R30 RESISTOR +S0W 5T 184AT6INSI
| RY RESI STOR +50W ST 184ATEINIS
R32 RESISTOR -50W 53 184AT63HIY
| R33 RESI STER SO ST 184A763H27
R34 RESI STOR 450w ST 184AT6IHSS
R3S RESISTER .50w 5% A763H2)
| R36 RESI STOR S0W ST 187A290H21
© RI7 RESISTOR -30U 5T 184A76INHSI
| e [ R12 PoT (12w 629A400H0Z
L S JUMPER 0 0HM RESISTOR 862A476HO1
I POS. 011 TRANSISTOR  2N4249 849A44IH0Y
_ POWER SUPPLY| Q12 TRANSISTOR  2Na24? 849A441H0
| LIE] TRANSISTOR  2N424y 845A441H0)
7 s 1444051601 _| ala TRANSISTOR  2M4249 849A441H03
—_— —_———— — — — & — Qs TRANSLSTOR  2N4249 g45A44IH
= T TRANSFORMER 205€043601
RF OUTPUT Tiz TRANSFORMER 205C043603
i CRYSTAL SEENOTEQ
FLz FILTER 7624613601

W¥-Cl2 RANGE 4 TO 390Pf AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS

@+-CI6 RANGE 22 TO I00Pf AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS

Q=Yll RANGE-50 TO220KHZ
D=COMMON TERMINAL

Sub 4
1444C52

Fig. 6. Internal Schematic OscillatorsMixer-IF Amplifier Module (Below 200 kHz)

COMPONENT DESCHIPTION  STYLE wO.
cre capACLTOR +250UF 200V  187A624M02
iy CAPACI T@R +250JF 200V 187624402
ca0 CAPACITOR  100.000MF 500w 7624757401
cay CavaciToR +2500F 200v 174624402
cez CAPACITOR  1.000UF 200V 1478624H04
c23 CAPACI TOR ~2500F 200V 1878624102
a cai CAPAC] TOK SEE NOTE 4
€213 caractToR “100UF 30V  184A683HO04
c215  capaciTen ©100UF SOV IBAAE8INO4
C2le  CAPACITOR  1.000UF 200V 187A624K04
€217 CAPACITOR  1.000UF 200V 1¥7A62404
C218  CAPACITOR L2500F 200v  187A624H02
© C2i4  CAPACITOR SEE NOTE O
1C201  INT CaT naTIO 201C826m01
o JuMPER O GuM RESISTOR 8424aTgr0l
26 HESISTON 3300-0 504 ST 184A76343y
K27 ESISTOR 2.0K .30 ST 15aATeInSY
wa HESLSTOR  880.0 .30a 5T  184A783M23
w2y RESI 570 64:0 50w ST 187A290W21
K30 KESISTOK  10.0x 50w SE  154ATAIASI
NEG K31 RESISTOR  130.0 .SOx SI  184A763M15
—_——— Y L= P, K32 KESISTUR 2300.0 .50m 51 184A763n39
[ 833 RESISTOR  1000.0 .50w 5T 184A763421
A3a RESISTOR  22.04 .50% 5T 144aT61n59
— ) 735 KESISTOR  60.0 .50w ST 1daAT6In23
38 RESISTGR  68.0 .50M 51 157A290421
1p216 ) w31 MESISTUR  10.04 (30w 51 14aA7634%)
© K211 QESISTOR  10.0K .50k ST I8eATEINS)
TPRIH b FLZ K13 NESISTON  10.04 50w 51 184A763451
l TPIE 23 A21a  WESISI2K 2700.0 .30w ST 14aAT63NIT
211 215 5 K215 NESISTOR  10.0K .50 ST I154A763A51
U “3‘('__@# 2 |t e | w216 RESISTIN B200-0 .50k ST 1d4A763nas
i A b oA 208 s 7|2 outeuT K217 WESISTOK 20000 50w 51  152A763.034
51 L w218 RESIST@R  150.0 .50m 5T 18aA763407
o ) A czis roi2 57 R219 RESISTOK  330.0 .50k ST 13AATE3AIS
S & K220 KESISTOR  A7.U< 150w ST 14wATADMET
3 | " K222 KESISION 4700.0 50N 5T InaATsine)
CED) fczo) o & |
| s | &
9] L3 L . 3 " | Qi THANSISTOR 244248 daraaa1n0)
l i a Q15 THANSISTOR  2vazas 8478000403
L3 | U211 TRANSISTOR  2vazas 8a9As4140)
=c22
coe L ca7 |
T SRe2is 2201 cEvER 191538 a2y B626606H01
Bl ez | Y CRYSTAL  SLLwOTE O
I - c2r2 < T21 TRANSE 7148677601
P23 ]: | T2z TRANSE 203043603
RZ)
| s 33 pos. A C21l RANGES FROM I00PF TO 1000P¢
. ¢ >
O C214 MAYVARY UP TO I0OPf I87A63SHO! THROUGH H23
© Y1l FREQ. EQUALS RCVR (CHANNEL) FREQUENCY
- _QL . sacsegol | PLUS 20KHZ

RF
outeuT

Sub

1

1458C60

Fig. 7. Internal Schematic Oscillator-Mixer-IF Amplifier Module (Above 200kHz)
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CeMPRNENT DESCRIPTION  STYLE No.
csi1 CAPACITER «250UF 200V 187A624H02
cr3 c52 CAP/CITOR +250UF 200V 187A624H02
Q55 35 cs3 CAPACI TOR <100UF 200V 187A624HO1
cSa CAPACIT@R 1300.000PF SOOV 18 7AS84H1S
Jl €55 CAPACI TOR +100UF 200V  187A624H01
| cse CAPACI T@R «250UF 200V 187A624H02
c57 CAPACITOR <100UF 200V 187A624HO1
T c58 CAPACITOR «250UF 200V 187A624H02
€59 CAPACIT@R +250UF 200V 187A624H02
< c60 CAPACITOR 1.000UF 200V 187A624H04
~ JUMPER (23] CAPACITOR .220UF SOV 762A703HO1
ce2 CAPACI T@R .220UF S0V 762A703HO1
S ce3 CAPACITOR 4.5TO I00PF 762A736H02
Q56 Céa CAPACIT@R 9100.000PF 200V 187A624H16
c72 ces CAPAGITOR SEENOTEO
(113 CAPACITBR 100.000PF SO0V 187A684H08
cer CAPACITOR SEE NOTEQ

ces CAPACITOR 4.5TO IOOPF 762A736H02
c69 CAPACITOR 9100.000PF 200V 187A624H)6
* c10 CAPACITOR «220UF SOV 762A703HO1
T21 TF§_ c11 CAPACITOR «220UF 50V 762A703HOI
o » cr2 CAPACITOR 330.000PF 200V B8BOA397HOI
F C70] c73 CAPACITOR 330.000PF 200V BBOA3STHOI
T x DSi 0100E 1Nas7A 184AB55HOT
052 OIQGO0E 1N4S7A 184A855H07
D53 0I@O0E INASTA 184A855H07
2 crt 0S4 0I00E IN457A 184ABSSHOT
F S © DSS 0100E INaSTA 184AB55HOT
DSé 0IROE IN4S7A 184A8B5SH07
DS7 DIGDE IN628 184A855H12
D58 DIODE IN628 18 4A855H12
R31 RESIST3R 4700.0° «S0W S% 184A763x43
RS3 RESISTOR 27.04 +50W ST 184A763H61
RS54 RESISTOR 2200.0 .S0w SZ% 184A763H35
RSS RESISTOR 27.0 «50W ST 187A290H11
RS6 RESISTOR 10.0K «50W 52 184A763HSI
RS7 RESISTOR 4700.0 «50W ST 184A763H43]
RS8 RESISTOR 27.0K .SOW S% 184AT63H61
"0 RS9 RESISTOR 1500.0 +50W 5% 184A763H31
0 R60 RESISTOR 1800 +50W 5% 184A763H09
3 Ré61 RESISTOR 4700.0 +50W 5% 184A763HA43
R62 RESISTOR 2200.0 .50W ST 184A763H3S
R63 RESISTOR 33.0X «50W ST 184A763H63
R64 RESISTOR 2700.0 .50W ST 184A763H37
R6S RESIST@R 680.0 .S0W ST 184A763H23
R66 RESISTOR 68.0 '.50W ST 187A290H21
R67 RESISTOR 4700.0 «50W 52 184A763HAa3
R68 RESISTOR 2700.0 .50W ST 184A763H37
IF R69 RESISTOR 18.0KX «50w S% 184A763HS7
INPUT R70 RESISTOR  220.0 .S0W ST 184AT63HIL
R7T1 RESISTOR 68.0 «50W 2T 629A531H04
R72 RESISTOR 330.0 '+ 50W 5% 184A763HI1S
R73 RESISTOR 56.0 «50W 22 629A531H02
R74 RESISTOR 12.0K .50W ST 184A763HS3
R7S RESISTOR 3000.0 +50w ST 184A763H38
R76 RESIST2R  30C0.0 «50W S% 184A763ri33
R77 RESISTOR 220.0 «50W 52 184A763411
R19 RESISTOR 2200.0 +50W S 184AT63H3S
REO RESISTER 2200.0 +50W ST 1B4A763H3S
RS2 PoT 1.0k .50% 629A645H04
051 TRANSISTOR  2N4249 849A441H03
052 TRANSISTOBR  2N4249 849A441H03
[ 053 TRANSISTOR  2N4249 849A441H03
Q54 TRANSISTOR  2N4249 849A441HO3

— Q55 TRANSISTOR  2N364S 849A441HO1
Ire] 056 TRANSISTOR  2N3645 849A441HO1
x T21 TRANSFORMER 6068533G0I
T22 TRANSFORMER 6068533602

* Ji TELEPHONE JACK 187A606HO!

H3A13034 01-401 3dAl

O—-ONE OR TWO CAPACITORS USED; VALUES
DETERMINED IN TEST.

Sub 4
1444C49

Fig. 8. Internal Schematic Amplifier Limiter-Discriminator Module
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COMPONENT DESCRIPTION STYUE NO.

R81 RESISTOR 1000.0 .S0v 12 Ba3A319HA3
R82 RESISTA2R 2210.0 .50% 1Z 848A819H31
R83 RESISTOR 102K «25% 1Z 843A320H46
R84 RESISTOR 16.04 «25V 12 843A820H4aS
R8S RESISTAR S6.2K «25% 12 848AB21H18
R86 RESISTOR 10.0€ S0k 2 848A820HA4S
R87 RESISTAR 2210.0 «S0V )& 848A319H81
R88 RESISTOR 10.28), «29WC 17 | 848A320H45
R89 RESISTOR 10.0X “@2SW A% B843A320H4ASg
R90 RESISTOR 825K «50% 17 B848AR21H34
R91 RESISTOR 100K 9S00 N Z 848A320:}45S
R92 RESISTGR 6190460 «S0¥ 17 848A320H2S
R93 RESISTOR 4990.0/ .S0% 1Z 848A820H16
R9S RESISTOR 47%0.0 25 17 843A320H14
R96 RESISTOR _4750.0, .25% 1%Z 84RA820H14
R97 RESISTOR 4990.0 «50% 12 843AB20H16
R98 RESI STOR 150« .50% 1Z 848A820462
R99 RESISTOR “4990.0 «S50%W 1Z 848A820H16
R100 RESISTOR 4990.0 «S0%W 12 843A820H16
R101 RESISTOR, 4990.0 “«50% 12 848A820H16
R102 RESTSTOR 10.0K «S0% 12 848A820445
R103 RESISTOR 10.0K «S0% 12 848A820H45S
R104 RESISTOR 100X «50W 12 848A320H4S
R10S RESISIOR 10.04 .S0%W 12 848A820H4S
R106 RESISTER 10.0K .S50W 1Z 848A820HAS
Rid07 RESDSTOR 100K «50% 1Z 8483A320H4S
R108 RESISTOR 100.0X .SOW 12 848A821H42
R109 RESISTOR 100X «S0%W 12 848A820H4S
R110 RESISTOR 10000 «50% 1%Z 848A819HAa3
R112 RESISTOR 4750.0 +.25% 12 848A820H14
R113 RESISTOR 4750.0 «25\ 1% 848AR20414
R114 RESISTOR 15.04 .S0W 12 848BAB20H62
RIS RESISTGR 4990.0 «S0% 12 848A320H16
R116 RESISTOR 4990.0 +SOW 1% 848A820H16
R117 RESISTOR 4990.0 «S0% 1% 848A820H16
R118 RESISTOR 4990.0 +5S0% 12 848A820H16
R119 RESISTOR 10.0K «S0W 12 848A820HA4S
R120 RESISTOR 1000.0 +S50% 12 843A819H48
R121 RESISTOR 15.0X .S50% 1Z 848A320H62
R122 RESISTOR 15.0€ «50% 1Z 848A820H62
R123 RESIST9R 10.0K S0t 12 848A820HA4aS
R124 RESISTOR 10.0K «50W 12 848A820H4S
R125 RESISTOR 10.0K .S0W 12 B848A820HA45S
R126 RESISTOR 1004 «S0% 1% 848A820HA4S
R127 RESISTOR 2.0K «S0W 12 848A819H77
R128 RESISTOR 9530.0 +S0W 12 848A820H43
R130 RESISTOR 9530.0 .S50% 1Z 848A820H43
R131 RESISTOR 10.0K -«S0K 12 848A820HAS
R132 RESISTOR 100K «SOI’ 12 848A820HAS
R133 RESISTOR 10.0K «SO0% 12 848A820HAS
R134 RESISTOR 10.0X .50 12 BABAB20HAS
R13S RESISTOR 10.0X «S0% 1Z 848A820H4S
R136 RESISTOR 150K .50% 12 8 48A820462
R137 RESISTOR 10.0K .50v 12 B848AS20HA4S
R138 RESISTOR 10.04 «SOV 12 848A820H4S
R139 RESISTOR 10.0K «50% 12 848A820HA4S
R140 RESISTGR 475.04K «25% 1% 848A822H08
R141 RESISTOR 200.04X .50V 17 848Ag2|HTI
R142 RESISTOR 150.0 .S50W 12 848A818H68
R144 RESISTOR 750.0 S50 1Z B848A819H36
R145S RESISTOR 18.7K SOl 1Z 848A820H71
R146 RESISTOR 4990.0 «50W 1Z 848A820H16
R148 RESISTOR 1000.0 +SO0% 17 8438A]19448
R149 RESISTOUR 15.0€ .S0% 12 848A320H62
R1S0 RESISTOR 2.04 +SOV 1Z B848A819H77
R1S1) RESISTOR 2.0 S0 12 848A319H77
R152 RESISTOR lj.BK «25%W 12 848A320469
R154 RESISTOR 10K .S0% 12 84a34319H+H48
R155 RESISTOR 1.0K , 25W 20% 629A430 HO2
R156 RTST QTR 150.0 .50W 12 B848A8I18HG8
RIS7 RESISTOR  20.0K .50W I% 848A820HT4
RISS RESISTOR 20.0K ,50W I% B848AB20H74

Component Part
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COMPONENT DESCRIPTION  STYLE NO.

R9 4 POT 20.0K +50% 629A645HNS
R111 POT S0.0K +504 629A645H |2
R129 POT 2.5K .25 629A645H0 7
R147 POT 250.0K +75% 8B0AS26H1D
R153 POT 2.5K .25 629A645H)7
cs1 CAPACI-TOR 2000.000PF S00V  187AS34HOI
c82 CAPACITOR 1000.000PF 200V 880A39 THOT
c83 CAPACITGR 220.000PF 200V 879A989H17
c84 CAPACI TOR «010UF SOV 184A663HOI

c8s CAPACITCR 1.000UF SOV 3512A08401
c86 CAPACI TOR .010UF 50V 182A653H01
c87 CAPACITOR 2000.D00PF SO0V 187A584HO1
C88 CAPACITGR 1000.000PF 200V B30A397HO7
c89 CAPACITOR  33.000PF 200V 879A9%9H07
c90 CAPACI TOR «010UF SOV 184A663H0]
cot CAPACI TOR «010UF S0V 184A663H01
c92 CAPACI TCR 1.000UF 50V 3512A03HO1
c93 CAPACITOR <010UF SOV 184A643HO1
c9a CAPACITOR  33.000PF 200V 879A989HO7
c9s CAPACITGR «010UF S0V 1B84A663HOI
c96 CAPACI TOR «010UF 50V 184A663HOI
c917 CAPACITOR «470UF SOV 762A680H0A4
c9s8 CAPACITOR  33.000PF 200V 879A989H07
c99 CAPACITOR .010UF SOV 184A663HOI
c100 CAPACI TOR .010UF SOV 184A563H01
ci01 CAPACITOR  33.000PF 200V 879A989HO7
ci102 CAPACI TOR .010UF SOV 134A663H01
c103 CAPACITCR  33.000PF 200V 879A989H07
c104 CAPACI TOR .010UF SOV 184A663HO1
c105 CAPACI TOR «010UF SOV 184A663H0]
Cc106 CAPACITOR .047UF S0V 848A646HO7T
ci107 CAPACITOR  33.000PF 200V 879A989HO7
c108 CAPACITOR .010UF SOV 1844663H0}
c109 CAPACITOR <010UF SOV 184A653H0O0
c110 CAPACITOR .22.UF 100V 3512A08H0O2
1C1 INT CKT SES3IT 35)2A10HO |
1c2 INT CKT SES3IT 3S12A10H01
1c3 INT CKT SES31T 3592A0H0}
1Ca INT CKT SES3T 3512A10H01
1cs INT CKT SES3IT 351 2A10H0 1
1Cé INT CKT 747D ) 443€S52H0 1
1c7 INT CKT SES31T 351 2A10HO1
1c8 INT CKT SES31T 3512A10H0 1
1c9 INT CKT SN56502 3512809H01
1c10 INT CKT 747DM 1:443C52HO01
IC1t INT CKT 747D 1443C52H01
1ci2 INT CKT sns 6802 3512A09HO1
1C13 INT CKT 747DM 1443C52H01
D61 DIODE INafa8 8368928H05
D62 DIGDE 1N4148 836A928H0%
D63 DIODE 184148 836A928HN6
D64 DIODE 1N41 48 836A928H06
D65 DIODE TN a148 836A928406
z1 ZENEZR INB25A 6.2 v 862A288H06
z12 ZENER INB25A 6.2 v B862A288H06
FAR K ZENER 1N325A 6.2V B628235H06
Jin JUMPER of\oHM RESISTOR 862AA78HOI
Jnz JUMPER 0 'OHHY RESISTOR 862A478HO|
Jna3 JUMPER 0 OHM RESISTOR 862A473HOI
Jila JUMPER 0 PHM RESISTOR B862A478HOI
T3 TRANSFORMER 7148677GOI

T32 TRANSFORMER T14B677GOI

Sub 1

1334D15

. List - SNRyDetection Module
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COMPONENT DESCRIPTION  STYLE NO. COMPONENT DESCRIPTION STYLE NO.
D71 DIBDE IN64SA 837A692H03 R192 RESISTOR 33.047 50 ST 184AT63H43
D72 DIODE IN64SA 837A%92HN3 R193 RESISTOR “WQ0.0K 4501 52 184ATA3HTT
D73 DIODE IN645A 837R692H03 R19 4 RESISTOR 100%™ S0k 52 184ATA3IHSI
D74 DIGDE IN64SA 837A692H03 R195S RESISTOR 18.0K .S01 S2 1K4AT63H57
D75 DIODE IN64SA 837A692H03 R196 RESI STCR ION0K .50W 1% 848AB20H45’
D76 DIODE IN64SA 837A692H03 R197 RESISTQR © 499.0 .50W 1% 848A8I9HI9
D77 DIGDE IN64SA 837A692HN3 R198 RESISTOR 33.0K «50% ST 184A763H63
D78 DIODE IN64SA 837A692H03 R199 RESISTOR 6B.0K .50W S2 184AT63HTI
D79 DIGDE IN64SA 837A692H03 R200 RESISTOR /4700.0 .SOVW 52 184A763H43
D80 DIODE IN64SA 837A692H03 R201 RESTSTIOR™ 2400.0 .50 52 184AT6343%
D81 DIODE 1N4S7A 184A855H07 R202 RESI STOR 10.0K .50W 1% 848A820H45
pg82 DIODE INASTA 184A85SSHO7 R203 RESISTSR 499.0 .50W 1% B848A8I9HI9
D83 DIODE IN64SA 837A692H03 061 TRANSISTOR  2N699 184A638H19
D8 4 DIODE IN64SA 837A692H03 062 TRANSISTOR  2N699 184A538H19
D85S DIODE LED 3508A22H02 063 TRANSISTCR 243645 B49AAAIHN]
D& 6 DIODE LED 3508A22H01 064 TRANSISTGR  2N699 184A638H19
D87 DIOGDE LED 3508A22H01 065 TRANSISTBR  2N699 184A638H19
R161 RESISTOR 10.0K .50 SZ 184AT63HSI 0616 TRANSISTOR  2N3645 829A441HO1
R162 RESISTOR  120.0K +S50% 52 184A763H77 067 TRANSISTOR  2N699 184A638H19
R163 RESISTOR 33.0K .S0W 52 184A763H63 063 TRANSISTOR  2N699 184AA3SH19
R164 RESISTOR  120.0X .50V S2 184A763H77 QE9 TRANSISTOR  2N3645 B4A9AA441HO
R165 RESI STOR 4.7K .S0W S2 184AT63HSI 670 TRANSISTOR  2N699 1R48638H19
R166 RESISTBR 2.4K .50% 5% 184AT63HST 071 TRANSISTOR  2N3645 849A441K01
L)
R167 RESISTOR 10.0K .50W % 848AB20H45 721 ZENER INOGIB  10.0V  18BAATITHOT
R168 RESISTOR  499.0 .50W % 848A8I9HI9 : ‘
‘ z22 ZENER IN4752A 33.0V  849A5I5H02
R169 RESISTOR 10.0K .50 52 184AT763H5I L
z23 ZENER IN9618  10.0V  1RAOTITHNT
R170 RESISTOR  120.0K .50 52 184A763H77
R ’ z24 ZENER IN4752A 33.0V  849A5I5H02
171 RESI STOR 33.0K .50% S% 1B4A763H63
> 225 ZENER IN961B  10.0V 186ATITHOT
R172 RESISTGR  120.0K .50V S2 184A763Ha7
. z26 ZENER IN4752 33.0V 849A5I5H02
R173 RESISTOR 4,7K .50% 52 184AT63HSI i
z27 ZENER IN961B  10.0V  186A797HOT
R174 RESISTCR 2.4K .50W 52 184AT63HSZ 708 ZENER IN4T52 3130V 849AS5I5HO2
R175S RESISTOR 10.0K .50W |% B848A820H45 ‘ ’
R176 RESISTCR  499.0 .50W I% B848A8I9HI9 R178 PoT 2.5K .25u 629A645HI7
R177 RESISTOR 10.0K «50% 12 B84BAB20H4S 1Cc21 INT CKT 747DM 1443C52HOI
9] . . 5
S:gg 222}21;§ SRy :2 g:gggg?:gz Ji1zl JUMPER 0 OH4 RESISTOR B62AAT3HOI
" J122 JUMPER O OHM RESISTOR 862A478HOI
R181 RESISTOR 4990.0 .S0W 1% 848A820H16 1123 JUMPER 0 OHM RESISTOR
R182  RESISTOR 6810.0 .504 124 848ABROH29 R 862A478HOI
R183 RESISTOR 2.0K .50WNLZE 84BAB19HT7T
R184 RESI STOR 2.04 .50l 4%, 848AB19HT7 D88 DIODE LED 3508A 22HOI
R185S RESISTER  562.04 .2Swmr% WBABAB22H1S D89 DIODE LED 3508A22HOI
R186 RESISTOR  S11.0X .SQF 124 848AB22H11
R187 RESISTGR 1620.0 «25K 1%/ 84BAB19H43
R188 RESISTOR 1620.0 4#@25W TR 848AB19H68
R189 RESISTOR 33.0¢ .50 572 184AT63H63
R190 RESISTOR 68 OKES0K 52 184ATE3HTI
R19 1 RESISTOR 68.0K +50% SZ 18AAT63HTI

19°Sv6-LY "'l
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Fig. 14. Component Location Oscillator*Mixer IF Amplifier Module (Below 200kHz)
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Fig. 19. Filter and Discriminator Characteristics ot the Type TCF-10 Receiver
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I.L. 41-945.61
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Fig. 20. Test Circuits for TCF-10 Receiver Filters.
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Fig. 21. Signal to Noise Ratio Characteristics.
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Fig. 22. Type TCF-10 Receiver, Circuit Board Location.
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Fig. 23. Internal Schématic - Power Supply Module
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Fig. 24. Component Location - Power Supply Module
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INSTALLATION

Westinghouse I.L. 41-945.59A
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TCF-10 POWER LINE CARRIER FREQUENCY-SHIFT
RECEIVER EQUIPMENT - WITH RS232C INTERFACE
FOR DATA SET APPLICATIONS

CAUTION

It is recommended that the user of this equip-
ment become acquainted with the information in
this instruction leaflet, and in the system instruction
leaflet before energizing the system.

Printed circuit modules should not be removed
or inserted when the equipment is energized. Fail-
ure to observe this precaution may result in an
undesired tripping output or cause component
damage. Care should also be exercised when re-
placing modules to assure that they are replaced in
the same chassis position from which they either
were removed or the module they are replacing was
removed.

If the carrier set is mounted in a cabinetfit must
be bolted down to the floor or otherwise seéetired
before swinging out the equipment rack to'prevent
its tipping over.

APPLICATION

The TCF-10 frequency-shiftsréeceiver equipment
as adapted for data set applications responds to
carrier-frequency signals transmitted from the
distant end of a power lin€"and carried on the power
line conductors. The Mark frequency is 100 hertz
above the center freqiéncy of the channel (which
can be selected within the range of 30kHz to
300kHz), andrit isitransmitted continuously when
conditions dre nérmaland no information is to be
conveyed over‘the ¢hannel. Its reception indicates
that the channelyi§ operative. The space frequency
is 100 hertz below the channel center frequency.
When data is to be conveyed over the channel, the
tranSmitter at one end of the channel is switched
altesnately between mark and space so as to pro-
duce,at the receiving end a desired number of mark
and space outputs. Control of the durations of the
intervals of the marks and spaces can be utilized to
convey information over the channel.

SUPERSEDES I.L. 41-945.59, DATED AUGUST 1977
OCHANGED SINCE PREVIOUS ISSUE

CONSTRUCTION

The TCF-10 receiver is mounted on a standard
19-inch wide chassisyS Ya%ifiches high (3 rack units)
with edge slots fier mounting on a standard relay
rack.

All ofsthe cireuitry that is suitable for mounting
on printed/cireuit boards is contained on printed
circuitymodudes that plug into the chassis from the
front ‘andWare readily accessible by removing the
tranSparent cover on the front of the chassis. The
external connectors are located at the rear of the
chagsis as shown in Figure 10. Reference to the
internal schematic connections of Figure 1 will
show the location of these components in the circuit.

The printed circuit modules slide into position
in slotted guides at the top and bottom of the chassis,
and the module terminals engage a terminal block
at the rear of the chassis. A handle on the front of
each module is labeled to identify its function, and
also identify adjustments and indicating lights if
any are available at the front of the module. Of
particular significance is the input attenuator'con-
tained on the front of the filter module which is
used in adjusting the input receiver signal during
initial field installation.

A module extender (Style No. 1447C86G01) is
available for facilitating circuit measurements or
major adjustments. After withdrawing any one of

All possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to be covered by these instructions. If
Sfurther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.

EFFECTIVE JUNE 1978



the circuit modules, the extender is inserted in that
position. The module is then inserted into the ter-
minal block on the front of the extender. This restores
all circuit connections and renders all components
and test points on the module readily accessible.

The receiver operates from a regulated +12V
and —12V supply derived from a self-contained
DC to DC converter. The power supply module
containing the DC to DC converter has links which
enable it to operate from either 48 volts or 125
volts dc.

External connections to the receiver are made
through a 36-terminal receptacle, J3. The r-f input
connection to the receiver is made through a coaxial
cable jack J2.

OPERATION

INPUT MODULE

The input module contains the input control
and the input filter. The signals to which the . TCF-10
receiver responds are fed through a coaxial cable
connected to jack J2 at the rear of the chassis to
the input module. The input control RS, accessible
at the front of the input module, attenuates the sig=
nal to a level suitable for the best operating range
of the receiver.

A scale on the panel is graduated in dB«W hile
this scale is typical rather than individually calibrated,
it is accurate within several dB and is usef ulinset-
ting approximate levels. Settings should beymade
more accurately utilizing a suitablé acholtmeter
with a dB scale when possible.

From the attenuator, the signakp@sses through
a bandpass LC filter, FL 201. FThi§ filter has a pass-
band of approximately %600Hz#Which is relatively
wide in comparison tothe®hF filter which has a
passband of approximately 500Hz. Still, frequencies
several kHz above ormbelow the center frequency
(fo) of the channel are greatly attenuated. Figure
2 shows a typical curve for the LC filter as well as
a characteristics curve for the IF (intermediate
frequency) filter, FL2, and the discriminator out-
put. This apparently wide bandwidth for the input
filter inretation to the IF filter is necessary to both
achigve high speed data transmission and to achieve

proper operation of the noise clamp by sampling
noise in the frequency band surrounding the IE
band.

OSCILLATOR, MIXER, AND IF
AMPLIFIER MODULE

From the input filter, the signal enters the oscil-
lator and mixer stage of the receiver. Grystal Y11,
transistors Q12 and Q!3, and their associated re-
sistors and capacitors, comprisgsa, crystal-controlled
oscillator that operates at a frigqueney 20kHz above
the channel center frequencygf... The'output from this
local oscillator is fed through@transformer TI11 to
potentiometer R12, and.theMatter is adjusted to feed
a suitable input to the baseyof mixer transistor QI1.
The output of filter FElyis impressed on the emitter-
collector circuit Of QW As a result of mixing these
two frequenicies, the primary of transformer will con-
tain frequencies 0f20k Hz, 2f,. +20kHz, f; + 20kHz,
and f;.:

The output from the secondary of T12 is am-
plified, by Q31 in the intermediate frequency (IF)
stage, and is impressed on FL2. This is a two-section
filter, with both filters contained in a common case.
Its“pass band is centered at 20kHz. Since its pass
band is narrower than that of the input filter, it
eliminates the frequencies present at its input that
are substantially higher than 20kHz. The output
of this filter is the IF output which is fed to both
the amplifier-limiter and the S/N Detection module.
The output from the secondary of transformer
T12, the RF output, is also fed to the S/N Detec-
tion module.

AMPLIFIER LIMITER AND
DISCRIMINATOR MODULE

The IF output signal from the IF amplifier is
fed into the amplifier limiter through potentiometer
R52 at the input of the amplifier limiter stage. Suf-
ficient input is taken from R52 so that with minimum
input signal (5 mv.) at J2 and with input control
RS set for zero attenuation, satisfactory amplitude
limiting will be obtained at the output of the limiter
stage.

The output of the limiter stage is fed to the dis-
criminator. The discriminator is adjusted at the
factory to have zero output (as measured by a milli-
ammeter inserted in the circuit at jack J1) at the

S
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I.L. 41-945:59A

channel center frequency, f.. The adjustment for
zero output at f is made by capacitor C68. In ad-
dition, C63 is adjusted for maximum voltage read-
ing across R80 when the output current is zero.
Maximum current output, of opposite polarities,
will be obtained when the frequency is 100 hertz
above or below the zero current output frequency.
This separation of 200 hertz between the current
peaks is affected by the value of C66 (the actual
value of which may be changed slightly from its
typical value in factory calibration if required).

It should be observed that although the mark
frequency is f; +100 hertz, after leaving the mixer
stage, and as seen by the discriminator, the mark
frequency is 20k Hz-100 hertz. Similarly the space
frequency as seen by the discriminator is 20kHz
+100 hertz. The intermediate frequency at which
the discriminator has zero output then is 20kHz.
The discriminator is adjusted so that the mark and
space outputs are of equal lengths for equal periods of
mark and space signal frequencies.

The discriminator output is connected to the
bases of transistors Q55 and Q56 in such a maaner
that transistor Q56 is made conductive when cur-
rent flows, from the discriminator outputiinfthe
forward direction of diode D54, (which oceurs with
space output) and Q55 is made conduetive When
current flows in the forward direction of diode D55
(which occurs with mark output.)s@onseguently,
terminal 35 is at a potential ofjapproximately +12
volts at mark frequency and terminal*l is at +12
volts at space frequency.

S/NDETECTION MODULE

The S/N detection module has three basic func-
tions; first to determingthe in-band signal to noise
ratio and provide clamping output at the desired
level of signal-to-neise ratio, second to measure
incoming i band signal level and provide both an
output to a carrierflevel indicating instrument and
to a clamping €ircuit in the output module for
clamping at the desired low level of signal, and third
to provide afclamping output when the desired sig-
nal level exceeds the normal received level by a
subStantial amount, typically 25dB.

The method of determining signal to noise ratio
utilizes the measurement of signal level in two

different bandwidths, that of the input filter which
is 1600 hertz, and that of the IF filter which,is£500
hertz. The total signal plus noise in the 500 hertz
bandwidth is subtracted from the signalyplis noise
in the 1600 hertz bandwidth and this difference is
then compared with the signal plus noise in the
500 hertz bandwidth to arrive at a true in-band
signal-to-noise ratio using legarithmic circuits.
See Figure 21.

[f the ratio of sighalio noise is less than the
value selected, typically 10dB, then there will be a
+6V out of IC13 (TRZSand terminal 27). This is a
high noise condition and this voltage is used as a
clamp to preyenterroneous interpretation of data
being received due to high noise conditions. Under
normal léWynoise conditions, typically signal to
noise ratig gneater than 10dB, the voltage out of
ICI3,((LP75) is —6V and no clamping is done.

JThe wide band signal of 1600 hertz bandwidth
called the RF signal is fed into the S/N detection
beard’through isolation transformer T31. Opera-
tional amplifiers ICl and IC2 along with their
associated components, R82 through R92 and C81
through C90, constitute a 4 pole low pass filter
which passes the mixed band of frequencies in the
bandwidth of 1600 Hz centered about the 20kHz
I[F frequency, and blocks all the higher multiples
such as in the IF amplifier. Operational amplifier
IC3 and associated components amplifies the sig-
nal for feeding into the RMS circuit composed of
IC4 and ICS with adjustable potentiometer R94
controlling the amount of amplification. This
latter circuit converts the signals into a dc voltage
proportional to the RMS value of the ac signals.
Operational amplifier IC6A and associated com-
ponents is used for inversion and isolation of this
dc voltage before being fed into the summation
amplifier IC6B.

The narrow-band signal of 500 hertz bandwidth
called the IF is fed into the S/N detection board
through isolation transformer T32. The amount of
signal fed into the board is adjustable by means of
potentiometer R111. The circuit composed of
operational amplifiers IC7 and IC8 and associated
components is an RMS circuit which converts the
signals into a dc voltage proportional to the RMS
value of the ac signals present in the IF bandwidth.
The output of this circuit is also then fed into the
summation amplifier IC6B.



The summation amplifier takes the difference
between the RMS values of the IF signal and the
RF signal and feeds it into one half of the logarith-
mic amplifier composed of IC9 and associated
components. At the same time, the RMS value of
the IF signal is fed into the other half of this loga-
rithmic amplifier. The logarithmic amplifier takes
the logarithmic difference between these two signals
(which is equivalent to I F divided by [RF-IF] from
the summer). The constants of the circuits are set
up so that the output of the logarithmic amplifier
is positive when the ratio of the signal to noise
ratio in these bandwidths is greater than 10dB, and
is negative when the signal to noise ratio is less
than 10dB. (Note: The point at which the change
in polarity occurs can be altered to other than
10dB signal to noise ratio by altering the adjust-
ments of R94 and R111). In addition, the output
of the logarithmic amplifier is also negative when
the signal level is approximately 25dB above nor-
mal for high level clamping.

The output of the logarithmic amplifier is fed
through networks consisting of [CI0A and IC13A
to the level detector circuit IC13B which has a fast
pickup and slow dropout when it receives a signal
from the logarithmic amplifier indicating a lower
than desired signal to noise ratio (lower than 10dB
is initially set when shipped). This will put outsa
+6 volts out of terminal 27 for this condition.(For
high signal to noise ratio this output willsbe —=6
volts. This circuit will also put out +6,volts outjof
terminal 27 for very high signal levels™§[his=is a
high signal clamp and occurs for signaldevels approx-
imately plus 25dB above normal leyel.

The output of the IF RMS{circuit is also fed
to the logarithmic circuit gcomposed of ICIIA,
IC12A, and IC11B which putsfout a dc signal level
linearly proportionalgo signakdevel in dB for feed-
ing an external miéroammeter calibrated with a
linear dB scale with, LOdB gqual to 33-1/3 micro-
amperes.

OUTPUT MODULE

The output module provides four buffered out-
puts to the'datalaquisition system. They are mark,
space,§/Nulevel, and not low signal with red indi-
cating,light emitting diodes for these outputs and
a yellow indicating light emitting diode for normal

level (satisfactory signal level). In addition, th¢
output module has logic which will prevent either
a +12V mark or +12V space output whenever the
S/N level drops to an unsatisfactory level or‘the
received signal level drops to an unsatisfactory
level.

The higher frequency output of piiis 12 volts
(when present) from the discriminatords fed into
the output module through temmical, 25 into the
“and” gate consisting of diades D#1, D72, D73,
and D74, transistors Q62 and 63, and associated
components R163, R1644R1658R 166, R167, R168,
D88, D75, and Z22. Lfsthereqs no low level signal
or low signal to noise ratig,signal to prevent tran-
sistor Q62 from becoming conducting, then tran-
sistor Q62 becgmeseonducting, causing Q63 to
become conducting and a plus 12 volts signal to
appear out of temminal 29 from which it is fed to
the outsidesworld. In a similar manner, the lower
frequency “output of plus 12 volts when present
fromgthe¥discriminator is fed into the output mod-
ule through terminal 15 into the ““and” gate built
around transistors Q65 and Q66. Just as in the
case of the higher frequency output, the lower fre-
queficy output of plus 12 volts will appear out of
terminal 27 for feeding to the data acquisition
equipment if there is no low level clamp or low
signal to noise ratio clamp. If there is a clamp,
both of these outputs will be clamped to minus
12 volts output.

The low-signal-level clamp operates off the
carrier level signal of the S/N detection module
which is basically the same signal fed to the CLI
instrument.

It is fed through terminal 7 into the voltage
comparator circuit built around operational ampli-
fier IC21B. This comparator compares this signal
level with the voltage reference from IC21A, and
if the signal level is greater than the low level at
which clamping is desired, the output of IC21B
will be negative causing the yellow LED to glow
indicating OK level and there will consequently be
no low signal clamping. If the signal level is below
the level at which clamping is desired, then the output
of IC21B will be positive causing the red LED to
glow indicating low level. In addition, both transistors
Q67 and Q64 will become conducting. Transistor
Q64 conducting will prevent plus 12 volt signals

b
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from appearing on the outputs going to the outside
world by preventing transistors Q65 and Q62 from
conducting. Transistor Q67 conducting causes Q68 to
become non-conducting and thus removes the not
low signal output from terminal I. Under good or
OK signal level, this not low signal output at ter-
minal | of this module is plus 12 volts.

The S/N clamp output from the S/N detection
module is fed into terminal 35 of this module. At
low signal-to-noise ratio level, this +6 volt signal
will cause transistors Q70 and Q61 to conduct.
Transistor Q70 conducting will cause both the red
LED to glow indicating low S/N and transistor
Q71 to conduct supplying plus 12 volts out of ter-
minal 13 to the outside world. Transistor Q61 con-
ducting will prevent both transistors Q62 and Q65
from conducting, and thus prevent plus 12 volt
signals from appearing at their respective outputs
to the outside world. It should be noted that the
S/N clamp also operates for a high signal level of
approximately plus 25dB above normal when set
to operate at 10dB signal to noise ratio.

OUTPUT MODULE - CONTACT OUTPUT

The output module-contact output gperforms
two functions; alarming on low signal leveldising
a telephone relay with two form C contactshand
indicating signal level with its self-comtained, CLI
instrument.

The alarm circuit consists of all ¢dmponents
associated with ICI, IC2, @1, Q2, Q3, and relay
AL. The signal level from the§/Nydetection module
is fed into a level detecter,comsisting of IC1B and
resistors R6, R7, R8, and'R9. An adjustable refer-
ence for the level detegtor consisting of ICIA and
R1, R2, R17, R3, R4%and RS is also fed into the
level detector. Asglong as the signal level exceeds
the value set By, thereference, there will be approx-
imately plu§’ 12 viglts out of the level detector into
the photofoptigal isolator. This causes QI to become
non-condueting and thus transistors Q2 followed
by transistor @3 to become conducting. As a con-
sequence, the alarm relay AL is picked up on signal
levels above the alarm level. When the signal level
draps below the alarm level set by the reference,
theyoutput of the level detector will be minus 12
volts causing QI to become conducting and Q2 and
Q3"to become non-conducting and drop out the
alarm relay AL. The alarm relay has a delay of

approximately 40 milliseconds on dropofit to,pre-
vent undesirable alarming on short temperary loss
of signal. Note that the level of aldrm is set by
adjusting alarm level R17, accessibleffrom front of
module, independent of the low signal level output
from the output module (whichissetby L.L. ADJ.
R178). Also both of these outputs dperate on total
signal level within the passband of the receiver.

The CLI instrument operates directly on signal
level received fromgthe'§/N detection module. It
measures signal lgvel in the entire bandwidth of the
receiver and thus €lesely correlates with the low
level clamp (L1, ADJ.) and the low signal alarm
AL (alarmflevel). Tt thus can be used in setting
both of these adjustments.

POWER(SUPPLY

Thewt 12 volt dc, —12 volt dc, and the +45 volt
dewsupply voltages for the receiver are derived from
theypower supply module.

The +12 volt dc supply and the —12 volt dc
supply are both derived from the DC to DC con-
verter and are regulated for input voltages to the
regulator of from 42 volts to 56 volts. For nominal
48 volt input units, the DC to DC converter has
sufficient range so that the preregulator consisting
of R1, R4, and Z1 is not necessary and is not con-
nected by omitting jumpers J1 and J3 and supply-
ing J7 and J2. In this case, then, the +45 volt
supply is derived directly from the input supply
voltage and is not regulated.

For nominal 125 volt input units, the pre-regu-
lator consisting of R1, R4, and Z1 is necessary and
is connected by supplying jumpers JI and J3 and
omitting J7 and J2. In this case then, the +45 volt
supply is derived from this pre-regulator and is
regulated.

The LED’s DI and D2 indicate when the power
supply is energized with either 48V or 125V by the
proper one glowing. Since all components are sup-
plied in each power supply, a 48V supply can be
converted to a 125V supply simply by removing
jumpers J7 and J2 and inserting J| and J3. Similarly,
a 125V supply can be converted to a 48V supply by
removing jumpers J1 and J3 and inserting J7 and
J2. Capacitor Cl and C2 bypass rf or transient
voltages to ground. Choke L1 with capacitor C3



form a trap to isolate the receiver from transient
voltages in the 20kHz range that may appear on
the dc supply and which could affect the receiver.

CHARACTERISTICS
Center Frequencies  30kHz to 300kHz in 0.5kHz
Available increments

Maximum Sensitivity  0.005 volts (65dB below 1
(Noise free watt for limiting)

Input Impedence 5000 ohms minimum

Down 3dB at £800 hertz
Down 30dB at £5000 hertz

Bandwidth (Input
L C Filter)

Down 3dB at £225 hertz
Down 35dB at £1000 hertz

Overall receiver
selectivity

4 milliseconds channel
(Transmitter and receiver
back to back)

Operating Time

Signal-to-noise ratio 10dB SNR (as shipped)
clamp setting Nominal

Ambient Tempera-  —20°Cto +55°C

ture Range

Battery Voltage Variations
Nominal 48V dc 42V dc — 56V dc
Nominal 125Vdc 105V dc — 140Vadc

Battery Drain 0.25 Ampeies

Dimensions Panel Height$ 5% inches
(3RU)
Pangl Width=19 inches
Weight 1,3 pounds
CLI Accuracy +2dB between —15dB and
0dB.
INSTALLATION

The PEE- 10 receiver is generally supplied in a
cabinet or a relay rack as part of a complete carrier
assembly.” The location must be free from dust,

excessive humidity, vibration, corrosive fumes, or
heat. In particular equipment which generates
excessive heat such as power supplies should n6t be
mounted directly beneath the TCF-10. Heat rising
will tend to raise the ambient temperature immedi-
ately around the chassis above acceptable levels.
The maximum ambient temperature around the
chassis must not exceed 55°C. In additien, sudden
fluctuations in ambient temperdture‘¢aused by these
power supplies due to variations imiload can cause
variations in performance du€ to ineven heating of
the receiver introducing ,abn@rmal temperature
variations in the receiver.

ADJUSTMENTS

All factory adjustments of the TCF-10 receiver
have been carefully made and should not be altered
unless there'is evidence of damage or malfunction-
ing. Sueh,adjustments are: frequency and output
level,of the oscillator and mixer; input to the am-
plifierfand limiter; frequency spacing and magnitude
of discriminator output peaks; pickup of alarm
relay; and pickup of low signal level clamp. The
adjustment that must be made at time of installation
is \the’ setting of input attenuator RS. The input
attenuator adjustment is made by a knob on the
front of the panel of the input module.

The receiver should not be set with a greater
margin of sensitivity than is needed to assure correct
operation with the maximum expected variation to
attenuation of the transmitter signal. In the absence
of data on this, the receiver may be set to operate
on a signal that is 15dB below the maximum ex-
pected signal. After installation of the receiver and
the corresponding transmitter, and with a normal
space signal level being received, input attenuator
RS should be adjusted to the position at which the
receiver clamps into neither a mark nor space out-
put. The attenuator RS should then be readjusted
to increase the voltage supplied to the receiver by
15dB. The scale markings for RS permit approxi-
mate settings to be made, but it is preferable to
make this setting by means of the dB scales of an
ac VTVM connected across the terminals indicated
at the front panel of the input module. The red ter-
minal is connected to the wiper arm of RS and the
black terminal is connected to ground. With this
setting, a 15dB drop in signal will cause a low signal
level clamp operation which will lock the output of

P
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the receiver into nether a mark nor a space output
at the point at which the receiver just drops out of
limiting.

The only other adjustment which may be nec-
essary at the time of initial installation is the
adjustment of the CLI instrument to correspond
to proper variation of signal level from normal.
This may be necessary if the instrument was not
supplied with the receiver and was not adjusted by
the factory. If this instrument was supplied and
adjusted by the factory, then it could be used in
adjusting RS. In this case, it would be necessary
only to adjust RS with a normal signal being received
so that the instrument indicates 0dB.

If the instrument was not previously adjusted
by the factory, then the following procedure should
be used in adjusting the instrument. (Note: When
CL I instrument is supplied within the chassis, this
is factory adjusted.)

1. Set incoming level into receiver at +10dB above
normal level.

2. Adjust span adjustment, R147, so thatfthe volt-
age at TP72 with respect to TP62 (common) is
+3.000 volts.

3. Reduce incoming signal into receiver by 30dB.

4. Adjust full scale adjustment,(R153) so that in-
strument now reads —20dB,, (Fhis is approxi-
mately 0 microamperes):

5. Increase signal to g=l0dBglevel. (This is 100
microamperes).

6. Adjust slope adjustment R155 to read +10dB
on instrument.

7. Redu€e signal to normal level. Instrument should
read 0dByIffdesired, instrument could be ad-
justed to read 0dB with R155 with sacrifice in
reading accuracy for +10dB.

FACTORY ADJUSTMENTS

In case the factory adjustments have been altered
or there is suspicion of improper adjustments or
malfunctioning, then the following procedures can

be used. In addition, alterations to the settingsyused
by the factory for low signal level clamping and
low signal-to-noise ratio clampingdCan be made
using these procedures if desired.

Potentiometer R12 in the oscillator and mixer
should be set for 0.3 volts, measured’with a VTVM
connected between TPI lfand,terminal 33 on the
circuit board (grourdyterminal of voltmeter). A
frequency counter can beyconnected to the same
points for a check on the frequency which should
be 20k Hz above the channel center frequency. The
frequency is fixed By the crystal used, except that
it may be changed a/few cycles by the value of ca-
pacitor C12¢ Reducing C12 increases the frequency,
but the capagity should never be less than a value
that agsures reliable starting of oscillation. The
fréquenaoy at room temperature is usually several
cyclessabove the crystal nominal frequency as this
reduces the frequency deviation at the temperature
extremes.

The adjustment of the amplifier and limiter is
made by potentiometer R52. An oscilloscope should
be connected from TP56 at the base of
Q54 toterminal 33 of the limiter. With 5 millivolts
of space frequency on the receiver input (RS set at
zero), R52 should be adjusted to the point where
the peaks of the oscilloscope trace begin to flatten.
This should appear on the upper and lower peaks
at approximately the same setting.

The adjustinent of the signal to noise ratio clamp
for clamping at 10dB signal to noise ratio is as
follows:

1. Set the incoming signal into receiver at nominal
level (28 mv.)

2. Adjust IF input with R111 so that signal at TP68
of the S/N detector module is +100 mv dc (with
respect to TP62).

3. Adjust RF input with R94 so that signal at TP63
is +145 mv dc (with respect to TP62).

4. Adjust log amplifier balance potentiometer
R129 so that S/N clamps operates. This will be
+6 volts dc at TP75. This will also appear as
+ 12 volts at TP91 of the output board and the
red S/N level indicator will light.



5. Go back and readjust RF input with R94 so
that signal level at TP63 is now 74.4 mv dc.

The adjustments above are for operation of the
clamp at 10dB or less signal to noise ratios. If it is
desired to clamp at other than 10dB or less, the
following values can be used in place of the 145 mv
value in step 3.

For S/N of 0dB set TP63t0297mv.
S5dB set TP63 to 200mv.

15dB set TP63 to 114mv.

20dB set TP63 to 97mv.

NOTE: When the SNR clamp is set to clamp at a
10dB signal to noise ratio, the receiver will also
clamp at a high signal level of approximately 25dB
above normal.

The low signal level clamp is set to operate at
the signal level where the receiver just drops out of
limiting. This is accomplished as follows:

1. With a normal space frequency signal being re-
ceived and with an oscilloscope connected across
TPS56 and terminal 33 of the limited module;
adjust input attenuator RS to the point whefe
the peaks of the oscilloscope trace just begin‘te
flatten. (An alternate adjustment would besto
set incoming signal level into receiver atfSmv
with RS set at zero which is the point atswhich
limiting should begin.

2. Adjust the -V Ref. adjustment R 178 on'the out-
put module so that the low leveh€lamp,just picks
up. This will be indicated bysthe*red low level
light of the output modulecoming on. There
also will be +12 volts ateIP86s0n the output
module.

3. Adjust input atfenuatorRS to increase signal
into receiver ‘oy_désired margin of operation.
This normally shouldébe 15dB. This is done by
reducing the RS attenuator setting.

The alarm levelfs set to alarm at a signal level
5dB above the signal where the receiver just drops
out of limitimg.)This will result in an alarm be given
at a @oint.where the signal level has dropped
10dB.from the initial nominal setting but the receiver
signal level is still SdB above limiting.

1. With a normal higher frequency signal being
received and with an RF voltmeter conriected across
the input module input test jacks TJ1 and TJ2 (dvail-
able at front on module), adjust input attenuator
RS to where signal level is 9mv across these test
jacks.

2. Adjust the alarm level R1770ongthe output
module — contact output to the péint,where the
alarm relay AL just drops out,

3. Adjust input attenuator(R5to increase sig-
nal level into receiver by 10dBW(This is for operation
with 15dB margin. For 6ther than 15dB margin,
this value should befchanged accordingly.) This is
done by reducing the'RS attenuator setting by 10dB.

MAINTENANCE

Periodic ehecks of the received carrier signal
level andithemeeeiver sensitivity will detect gradual
deteriofatiomyand permit its correction before failure
can_fesultydFhe carrier level indicator, when pro-
videdjypermits ready observation of the received
signahlevel. With or without a carrier level indicator,
an overall check can be made with the attenuation
control, R5. A change in operating margin from
the original setting can be detected by observing
the change in the dial setting required to cause a
low signal level clamp to operate as indicated by
the red low level LED becoming lit. If there is a
substantial reduction in margin, the signal voltage
at the receiver input should be checked to see whether
the reduction is due to loss of signal level or loss in
receiver sensitivity.

All adjustable components for normal field
adjustments on the printed circuit modules are acces-
sible when the front cover on the chassis is removed.
All other adjustable components on the printed
circuit modules may be made entirely accessible
while permitting electrical operation by using module
extender style number 1447C86GO01. This permits
attaching instrument leads to the various test points
of terminals when making voltage, oscilloscope or
frequency checks.

RELAY MAINTENANCE AND ADJUSTMENT

The AL relay contacts should be cleaned peri-
odically. A contact burnisher S#I182A836HO01 is
recommended for this purpose. The use of abrasive
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material for cleaning contacts is not recommended,
because of the danger of embedding small particles
in the face of the soft silver and thus impairing the
contact. Care must be taken to avoid distorting the
contact springs during burnishing.

These relays have been properly adjusted at
the factory to insure correct operation, and under
normal field conditions they should not require
readjustment. If, however, the adjustments are dis-
turbed in error, or if it becomes necessary to replace
some part, the following adjustment procedure
should be used.

In the AL relay the armature gap should be ap-
proximately 0.004 inch with the armature closed.
This adjustment is made with the armature stop
screw and locknut. The contact leaf springs should
be adjusted to obtain at least 0.015 inch gap on all
contacts when fully open. There should be at least
0.010 inch follow on all normally-open contacts
and 0.005 inch follow on all normally-closed con-
tacts. The relay should pick up at approximately
35 volts.

TABLE |
RECEIVER D-C MEASUREMENTS

NOTE: All voltage readings taken with the nega-
tive of dc VTVM on terminal 17 (negative,dc)? Re-
ceiver adjusted for 15dB operating®margin with
space and mark signals down 50dB frém 1 watt
or 60dB down from 10 watts. Wnless indicated
otherwise, voltage will not “wary appreciably
whether signal is lower frgquengy, higher frequency,
or zero.

Collector of Transistor Voltage
or Test Point (Positive)
Qll <15
QI2(TP12) 17 (Mark or Space)
QI13(TPi3) 17 (Mark or Space)

Q14 (TP14) 3
QI5(TP1%) 3
TPII 22
TP52 19
Q51 (TP51) 14
Q52(TP53) 145
Q53 (TP54) 18

Q54 (TP55) 3

TPS56 19

Q55 < 1 (Lower Freqfor Ng Signal)
Q55 23 (Higher Freqy)

Q56 23 (Lower Freq.)

Q56 < 1 (Higher Freq. or No Signal)

NOTE: The following reddingsyare taken with the
negative of dc VTVM%n terminal 3 (common of
dc power supply) of either'the S/N detection mod-
ule or the output modulex

TP61 + 4

TP62 0

TP63 + 04

TR64 + 6

L P65 —12

IP66 0

TR67 + 0.5

TP68 + 0.5

TP70 -6

TP71 + 6

TP72 + 1.5

TP73 + 0.8

TP74 + 0.3

TP8I +12 (Higher Frequency)

TP8I —12 (Lower Freq. or No
Signal)

TP82 +12 (Lower Frequency)

TP82 —12 (Higher Freq. or No
Signal)

TP83 +12 (Higher Frequency)

TP83 —12 (Lower Freq. or No
Signal)

TP84 +12 (Lower Frequency)

TP84 —12 (Higher Freq. or No
Signal)

TP85 + 0.3

TP86 +12 (Low level clamp)

TP86 0 (Noclamp)

TP87 + 6 (Low SNR clamp)

TP87 — 6 (NoSNR clamp)

TP88 +12

TP89 —12

TP90 +12 (Good Signal Level)

TP90 —12 (Low Signal Level
clamp)



TABLEIII
RECEIVER RF MEASUREMENTS

NOTE: Voltmeter readings taken at any point
from receiver input to stage involving transistor
Q15 are neither meaningful or feasible because of
either waveform variations or the effect of instru-
ment loading on the readings. Receiver adjusted as
in Table L.

Collector of Translistor
or Test Point

Volts with Signal At
+10dB Above Normal Level

QI5(TPI15) 0.8
Q51 (TP51) 0.9
Q52 (TP53) 0.65
Q53 (TP54) 2.2
Q54 (TPSS) 45
TP61 013
TP67 275

FILTER RESPONSE MEASUREMENTS

The LC input filter (FL201) and the IF filter
(FL2) are in sealed containers, and repairs can
only be made by the factory. The stability of the
original response characteristics is such that in
normal usage, no appreciable change in resporfSe
will occur. However, the test circuits of Figure 19
can be used in case there is reason to suspect that
either of the filters is not performing correctly|

Figure 2 shows the —3dB and —35dB“¢heck-
points for the IF filter, and the —3dB €heckpoints
for the input filter. The responsefeurveyof the IF
filter shows the combined effect of the%two, sections,
and was obtained by adding the attenuation of
each section for identical frequeneies¢ The scale of
Figure 2 was chosen to show(the IF filter response,
which permitted only a"portién of the input filter
curve to be shown. The cheekpoints for the pass-
band of each sectign offthe LF filter are down 3dB
maximum at 19.75 and,2025kHz, and for the stop
band are down 18dB "minimum at 19.00 and
21.00kHz for each section. The signal generator
voltage (Figure 19) must be held constant through-
out the entire‘gheck. A value of 7.8 volts is suitable.
The reading 6fi¥ M2 at the frequency of minimum
attenuatiomshould not be more than 22dB below
the reading of VM 1. It should be noted that a limit
measured in this manner is for convenience only,
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and does not indicate actual insertion loss of the
filter. The insertion loss would be approximately
16dB less that the measured difference because of
the input resistance and the difference in input and
output impedances of the filter.

In testing the LC filter, a value of approximately
2.45V is suitable for the constant vgltageat which
to hold VM 1 throughout the cheék, The geading of
VM2 at the frequency of minimum,attenuation
will vary somewhat with thé channel frequency,
but should not be more than,|8dBbelow the read-
ing of VM. (The filterdnsertign loss is approxi-
mately 6dB less than_the difference in readings.

CONVERSION OF RECEIVER FOR CHANGED
CHANNEL FREQUENCY

The parts ‘requireéd for converting a TCF-10
receivergfor operating at a different channel fre-
quency consisteof a new LC input filter (FL201),
a new Jocal oscillator crystal (Y 11) and probably
a differentafeedback capacitor (C12). There are
two, ways of effecting this change. The easiest and
preferted method is to order a new input filter module
and amew oscillator mixer module for the new fre-
quencies from the factory. The new modules would
then just have to be plugged in as replacements for
the original modules. The second method would in-
volve ordering just replacement filter, FL201, and
new local oscillator crystal for the new frequencies
and making the substitution on the modules. These
substitutions on the modules are not difficult as
the crystal plugs in and the filter has five leads to
be soldered. However, testing of the local oscillator
for easy starting will have to be made, and the
value of C12 chosen to assure this easy starting of
oscillation. The whole receiver should then be
checked out for correct performance.

RECOMMENDED TEST EQUIPMENT

I. Minimum Test Equipment for Installation

a. A-C Vacuum Tube Voltmeter (VTVM).
Voltage range 0.003 to 30 volts, frequency
range 60 hertz to 330 kHz, input impe-
dance 7.5 megohms.

b. D-C Vacuum Tube Voltmeter (VTVM).
Voltage range: 1.5 to 300 volts
Input impedance: 7.5 megohms
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c. CLI Microammeter. range 0-100uA, style

number 606B592A26, (if receiver has car-
rier level indicator)

Il. Desirable Test Equipment for Apparatus
Maintenance

a.

b.

All items listed in I.

Signal Generator

Output Voltage: up to 8 volts
Frequency Range: 20kHz to 330kHz

Oscilloscope

. Frequency counter

Ohmmeter

Capacitor checker

T

&
O

&

L 4

&

g. Milliammeter, 0-1.5 or preferabl 1.
range, for checking discriminat
Some of the functions of the r ended
test equipment are combined in the type TCT car-

rier test meter unit, which is designed to mount
on a standard 19" rack but also caﬂ be removed

and used as a portable u%

the factory.
furnished, 1

, replacement parts can be
t cases, to customers who are

REN%ARTS
Repair wor@ one most satisfactorily at
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DESCRIPTIEON STYLE N@.

CAPACITOR +250UF 200V 187A624H02
CAP/CIT@R «2SOUF 200V 187A624H02
CAPACITOR «100UF 200V 187A624H01
CAPACITOR 1300.000PF SO0V 187A584H1S
CAPACITOR «100UF 200V 187A624H0OI
CAPACITOR «250UF 200V 187A624H02
CAPACIT@R +«100UF 200V 187A624H01
CAPACITOR +250UF 200V 187A624H02
CAPACITER «250UF 200V 87A624HO2
CAPACITOR 1.000UF 200V 187A624H04
CAPACIT@R «220UF S0V 762A703HOI
CAPACIT@R +220UF SOV 762A703HOI
CAPACITOR 4.5T0 IOOPF 762A736H02

CAPACITOR 9100.000PF 200V 187A624H16
CAPACITOR SEE NOTED
CAPACITOR 100.000PF SOOV 187A684H08
CAPACITOR SEE NOTED

CAPACITOR 4.5T0 IOOPF 762A736H02
CAPACITOR 9100,000PF 200V 187A624H16
CAPACITE@R .220UF SOV 762A703HOI
CAPACITOR .220UF 50V 762A703H01
CAPACITOR  330.000PF 200V  B8B0A397HOI
CAPACITOR 330000PF 200V BBOA337HOI
LIQLE INaSTA 18 4AB55107
DI1ODE 1N457A 134AB55:407
DI1ODE INa5T7A 18 44855H07
DIODE INaSTA 18 4A8S5HOT
DIBDE IN4STA 182ABSSHOT
DIJDE INASTA 184A855:407
D1@DE IN628 18 4A855H12
DIODE IN628 18aAB55H12
RESISTIR 4700.0 504 5% 1843763543
RESISTOK 27,04 .S0W 5T  24A763:51
RESISTER  2200.0 .S0W 5% 134A763:13%
RESISTOR 27.0 .S@W ST 137A293H11
RESISTER 10.0 .50W SZ  134A763HS1
RESISTOR  4700.0 .S0v 5% 134A7631443
IRESISTOR 27.0K «50W 5% 134AT63H61

RESISTCR  1500.0 .50W 5% 1833A763r31
RESISTOR 180.0 50w 5% 1841763,409
4700.0 .S50W 5% 15417631443
ESISTOR 2200.0 50w S 184AT63H3S
RESISTOR 33.04 «50% S% 184A763463
RESISTOR 2700.0 -50W %4 184A763A437
RESISTOR 630.0 50w ST 134A763H23
RESISTaR 63.0 ".50W 9% 187A290KH21
RESISTOIR 470040 .50W $% 1¥4A763443
RESISTOR  2700.0 .50W 5% 184A763:137

RESISTOR 18.0K .50W 5% 184AT63H57
SISTCR 220.0  .50w N2 184AT63411
1STER 68.0 +50W 2T 629A531:404
15T:3R 330.0 +50W 3% 184AT63H1S
RESISTSR S6.0 .50 2T 4IYAS3INCR
ReSISTER »S0W 52 184ARTE3HS]3
RESISTUR < 90W S% 1B8AATE3HTH
SISTew G DA BanThl s
RESISTOR <S0W 54 1344763:41)
RESI STOR -50W S2  184AT63H3S
RESISTOR 2200.0 .50W STt 184A763H3S
PoT 1.0K 50w 629A645H04
TRANSISTOR 2N4249 849A441H03
TRANSIST8R 2N4249 849A441H03
TRANSISTOR 2N4a249 849AA441HO03
TRANSI STOR 2Na249 849A441HO0J
TRANSISTOR 2NJ64S 849A441HO1
TRANSI STOR 2N3645 849A441HOI
TRANSFORMER 6068533601
TRANSFORMER 6068533602
TELEPHONE JACK 187A606HOI1

O-ONE OR TWO CAPACITORS USED; VALUES
DETERMINED IN TEST.

(Dwg. 1444C49 Sub. 4)

O Fig. 5. Internal Schematic Amplifier Limiter-Discriminator Module.
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COMPONENT DESCRIPTION  STYLE Wi COMPENENT DESCRIPTIGN  STYLFE
%1 RESI STOR 1000.0 <50 17 RAGNEG D08 R9 4 POT 20.0K « S0 629N645HNS
R82 RESISTOR 2210.0 <S50V 1% SAZAG19HE ) R111 PGT 50.0K « SOV 629NKASH |12
R83 RESI STER 10.2¢ «25% 1% B43A%Z20H46 R129 POT 2.5K .25 629 645H0T
R84 RESISTOR 10,04 «251 12 B4shi2liiag R147 PoT 250.0K .75% 880ngREUHIN
R8BS RESISTOR S6.2K .25% 1% B4ZAB21HIZ R153 POT 2.5K  .25Y 629A645H07
RE6 RESISTGR 10.0% .50k 17 BAEAZZOHAS c81 CAPACITOR 2000.000P 4500y 187455 410
R37 RESISTOR  2210.0 501 17 8437319431 ca2 CAPACI TSR 1000. - 80639 THOT
R3% RESISTSR 10.2K .25% 12 B4%A320HAS o3 CAPACITOR 2204 v B 758959417
R&9 RESI STOR 10-04 25 19 B4BAZ2LHAS cga CAPACI TOR 18 40 663101
R90 RESI STCR B2.5¢ «50% 17 B4TARPIHIA cae CAPACI TAR 35120840 )
R91 RESI STOR 10.0¢ «50% 12 B4BA220%4S Cre CAPACI TOR 15 EAB63HD 1
R92 RESISTGI  6190.0 «50% 17 8/34320H25 P CAPACITOR 187859 410 |
R9 3 RESISTOR 4990.0 «50% 1% 848320116 Crg CAPAGI TOR GAOA39THNT
R9S RESISTOR 4758.0 .25% 1% 84363206114 Ceo CAPACI TOR €79 AIHIHNT
R96 RESISTGR  4750.0 250 1% 84GAS20H14 ¢90 CAPAC] TOR 18 ANGASHD1
R97 RESISTGR  4990.0 501 12 B43AZ20H14 co1 CAPACI TOR 1840663401
R9E RESI STOR 15.0K «50% 1%  B45A320HA2 Coo 3512M03H0 ]
R99 RESISTOR  4990.0 .50W 1%  $45A320:116 93 15 AR66AHO )
R100 RESISTGR  4990.0 .50% 12 4343201156 con ONePE 200V  §719A949H0T
RIO1 4990.0 50 1% 8454220114 Cos L010UF SOV 18 4AREAHOL
R102 10,8 +50% 17  BAXAHPOMH4S Coe T010UF S0V 1Banaaand
R103 STST 10,04 2501 17 BATAS2045 Co7 L470UF S0V 7624670404
R104 RESISTCR 10.0K 504 17 BAZASR04AS coB 33.000PF 200V 879499907
R105 RESI STOR 100X +SO 17 Ba%ABP0HAS T010UF S0V 1840661101
R106 RESISTCR 10.0/C +50U 17 §4BAB20HAS (010U S0V 1R4R563101
R107 RESI STCR 10.0€ 504 17 BA36520HAS 33, 000FF 200y 8719949407
R10% RESISTAR  100.0K .50 17 B43A321HA2 P ToR Col0uF 50U 14Ansea01
R109 RESI STGR 10.0K +50t 12  B4SAZPOHAS ' oR RO PRAOIAS
4 s PACITGR  33.000PF 200V &79A259:37
R110 RESISTCR  1000.0 «S0% 12  §4%6819il4% oG Ton OlouE ooy Tsameaana
R112 RESISTCR  4750.0 .25t 1% £4%A5R0H14 CrPACT ToR TOloUE S0V imanceaton
RI13 - RESISTER 4750.0 .25 1% &ASAZZOMI 4 CAPACITOR L04TUF SOV BASALAGHOT
Rira — RESISTOR 1505 .50% 17 BAGALR0HS CAPACITSR  33.00GPF 200V B79A949407
RIS RESISTOR 499040 +S0% 1% E43A320416 enPACE Tont TOTOUF S0V 1754A66a101
RI16 RESISTOR 4990.0 +50L 12 848AX20H16 o COPAGTTOR C010UF SOV 1% 4A ££ 3101
E::; §E§§§¥§§ ﬁggg'g -ggﬁ :2 gii?fi%?l? 10 CAPACI TR .22 UF 100V 3512A08H02
. . N BAL20H 16 N .
R119 RESI STGR 10.0K -50% 1% ®43AX20445 1c1 INT C<T SES3IT 3512A10H01
R120 RESISTOR 1000.0 .SO0% 1% B843A&19443 1c2 INT CKT SES3IT 3512A10:01
RI21 RESI STOR 15.04 .50% 12  B4SAZ20H52 1c3 INT CKT SES3IT 3512410401
R122 RESISTGR 15.0€ .50 12 BA8AS20H62 1ca INT. CKT S=531T 3512A10401
R123 RESI STOR 10.0K .50 1% B48AS20H4S 1cs INT CKT SES3IT 3512A10HG
R124 RESISTOR 10.0K «50% 12 B4BAZ20:4S 1cé INT CKT 747D 1443C52H01
R125 RESI STOR 10-0K S0 1% RASAB20HAS 1ca INT CKT SES3IT 3512A10HN]
R126 RESISTOR 10.04 «+S0W 17  BAGAB20HAS 1cs INT CKT SES3IT 3512410401
R127 RESISTOR 2.0K .50W 1% B4BASI9HTT 1c9 INT CKT SN56502 3512409K01
R128 RESISTOR 9538.8 +50% 12 843A820H43 Icio INT CKT 74701 1443C52H01
R130 RESISTOR 9530.0 +50% 1% B4BAR20HA3 icn INT CKT 747D% 1443C52401
R131 RESISTOR 10.04 +50% 17  84ZAS20HAS 1ci2 INT CKT SN56502 3512A09H01
R132 RESI STOR 10,04 50U 1% BAZA320HAS IC13 INT CKT 4T 1443C52HO0)
R133 RESI STOR 10.0K +50% 1% 8434520145 b6l DICDE 1Na148 8360928105
R134 RESI STOR 10.0€ 501 17 RASAB20H4S D62 DICDE INapas 836A928HO A
R135 RESISTOR 18.0:¢ .S0L 17 843A320HAS D63 DICDE 184148 8364923H06
R136  RESISTOR  15.0K +50% 1% B43A320462 boa bIobe 1Natas 836n9281H06
R137 RESISTUR 10.0K «50V 12 BABASSOHAS Dés DICDE 1N 4148 836A928H04
R138 RESI STOR 10. 0K z1 ZENER IN825A 6.2V B862A288H06
R139 RESISTCR 10.0K z12 ZENER INB25A 62V B862A288H06
R140 RESISTCR  475.0K Z113 ZENER INB25A 6.2V  B6282R5HIG
2::; 553;2;32 fgg-;x Jii JUMPER 0 OHM RESISTOR R&2MATBHOI
Rioe oy oTon  190.0 J112  JUAPER 0 OHti RESISTOR 862A4T5HO1
Riae REsIoTor 200 Jna3 JUNPER 0 OIM RESISIOR  §A2A4TRHO]
R lae et oo ppaket Jl1a JUHPER 0 OHit RESISTOR 862A478HO1
148 RESISTOR  rao0co T3 TRANSFORMER 714867760
R 1ao Reeleton o0 T32 TRANSFORMER 714867760
R150 RESI STOR 2.0K ¢
RIS1 RESI STOR HAS 19477
R152 RESISTOR 3A32069
RIS 4 REZSISTOR 4808 19H48
R1SS SISTOR 629A430H02
R1S4 SISTOR 848A8 18168
R157 STOR BASASPOH T A
R15% RESTSTUR BAGAS204T 4
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(+ 6V FOR CLAMAKS
S/N LEVEL
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COMPONENT

DIoDE
DIOLE
DIODLE
DioLE
DICUE
DIODE
DIQODE
DI0DE
DIODE
BIODE
bIBDE
DIGLE

RESTSIDN
2

DESCAIBdhaN

16 457
IN6BSA
INGaSA
EN6 SR
16 ASA
EPPLTY
1NGAba
N6 25A
IN6asA
INAasA
INaSTA
184574
TNBasA
tueasa
o

LED

LED

507
230K .50%
120.0% L0t
4.7K .50t
2.4K .so
15K 2 50%
499.0 .5)
10,04 .50

VPan

L2sw
590

S50

63,04 .50%

STyLF 9. COMPONENT DESCRIPTION STYLE NO

FITARD DD R192 RESISTER 33.04 .50% ST IHAATAIHAD
B7/ 79000 RI93 120,04 L 50% 5T 194474377
B3RP RI19a 10204 .50L ST 1%487673451
BATAGORINT RI9S 13.0K .SQE ST 1%ah763457
B37A692407 RI196 El 1.5 % .50t |7 B4BABIIHES
837869210 R197 RESISI3M  499.0 .50v 1% B4BABIIHIY

£374897400
R374AT2HOA
8378892119
8374692107
1RaAk 5107

[oversm
t33nasmrion
Hraas o
SSaanzoiian
3o0unoint
Jonbin
fsieh iy
13ANTAINTY
Va7 ey
1844747477 049
RO o
PN H
848A8!9H65 201
B48ABI9HIG zoa
1ManTa e o
Vienreniny 223
onreriin :
1%48N7623177 275
. 225
Ve 22
1948742557 Z;rS
B48ABIOHES N
B4BABI9HIS BANES
R aeaspo: tom
Jizi
Ji2zz2
Ji23
088
o089

1BAATERE T
1BAATATNT |

RESIS 33.0% 504 5% I%ARTAIHAD
KES1S £3.0¢ .80 ST 184ATEIHTI
RESISTOR  4700.0 .50y 5% 1848763443
RESISION 2400.0 .50t ST 1RAATEI43«

RESISTOR 15K .50t |7 B4BABIIHES
RESISTI:  499,0 .57 1% B848ABIGHI9
TRANSISTOR  PNAGY [EZIYS POIE]

TRANSIST 24
TRANSIST?
TRENSIST i
TRANSI ST
TRANST 513K
TRANSISTGY
TRANSTSTOR
TRANSI 5105
THANSI ST

1243575459
“araayung
1485435419
1348694519
Bagaaa} =)
1848632419
1840437119
Haghaalking
1Ranerzelg

TRANSIST % ga9naa1401
ZENER LAV 1£7737407
ZFNER IN4752A 33.7V  B49A515H02
ZENER INGAIR 10OV 1946797207
ZENFR IN4TS2A 33.0v  B49AS5ISHO2
it INDAIH 100U 1alf757007

g IN4752A  33.0v  B49AS5)5H02
ISR 1.0V JAGST 90T

ING4T52A 33.7v  B49ASISHO2

25K 250 6290645437

INT CKT 74700 1443C52HO!
JUEPER 0 OHA RESISTOR & 73003
JUMPER O OHM RESISTOR  B62A478HO!
JUMPER O OHM RESISTOR 862A478HO!
DIODE LED 3508422401
DIODE LED 3508A22HO0!

MARK OUT
12V ON HIGHER FREQ

IS MARK)

(+12V ON LOWER FREQ.

IS SPACE

LED LIGHTS ON
SPACE FREQUENCY)

%‘ MARK IN

Ls BUFFERED OUT
¥12v NORMAL

(Dwg. 1452C90 Sub. 4)

Fig. 7. Internal Schematic Output Module.
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|
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| 1
|
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| l9E | NEG
cova]é3 ‘ — |
|
21y
i 2
~12 v.\ 231 N0
SGNAL 7
LEVEL N 25.1 NC
i ALARM
31 RELAY
t > OUTPUT
+
cL!
INSTRUMENT
1
I
|
M Zecarcn 0
_______________________ _11443C€45601
COMPONENT CRIPTION 75YYLE__I!(}_ (h
RESISTOR 5% 1B4A763H5]
R OK .50W 5% 184A763H5I
BIK 50W 1% 848AB20H29
4.99K .50W 1% 848AB20HI6
681K .50W |% 848AB20MH29
2.0K .50W |% 848ABIOHTT7
20K .50W |% B4BABIOHT 7
562.K 25W 1% 848AB22HI5
511K .50W % B4BAB22HI|

33K .50W 2% 629A531H44
15K .50W 2% 629A531H60
120K .50W 2% 629A53/HB2
13.3K .50W 1% 848BAB20H57
I5K .50W 2% 629A531 H60
6.8K .50W 2% 629A531H52
6.8K .50W2%  629A53H52
2.5K .25W 10%  629A645H07
O OHM RESISTOR  862A478HOI
IN645A 837A692H03
IN645A 837A692H03
IN9578 IB6A79THO6
TRANSISTOR 2N3417 848A851 HO2
TRANSISTOR 2N899 184A638HI9
TRANSISTOR 2N3645 849A441HO
INT.CKT 7470M 1443C52H0|
INT. CKT 5082-437 7758621HO |
CAPACITOR .25 MFD.200V0C 187A625H02
INSTRUMENT — 6068592H26
RELAY — 408C062HO7

< \: (Dwg. 1449C44 Sub. 4)
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€c

48 OR 125VDC
POS

J7
FOR 48V.

35
GROUNDE

48 OR 125 VOC

COMPONENT DESCRIPTION STYLE NO.

o] CAPACITOR .01 MFD 3516A36H0I
ce CAPACITOR 0f MFD 35/6A36H0I

c3 CAPACITOR 047 MFD 849A437H04

R1,4,5,6 RESISTOR 750 25w 1267270

R2 RESISTOR 4.TK 50W 2% 629A531H48
R3 RESISTOR 47K 50W 2% 629A531H48
21 ZENER IN28288 184A854H06
Ji JUMPER 0 OHM RESISTOR 862A478HO!
y< JUMPER 0 OHM RESISTOR 862A478HOI
J3 JUMPER O OHM RESISTOR 862A478HOI
J7 JUMPER O OHM RESISTOR 862A478HOI
SWI  SWITCH DPDT 849A299HO |
DI DIODE LED 3508A22H02
D2 DIODE LED 3508A22H02
L colL 292B096G602

(Dwg. 1452C65 Sub. 7)

o Fig. 9. Internal Schematic Power Supply Module.
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Fig. 12. Component Location Oscillater-Mixer<lF Amplifier Module.
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Fig. 13. Component Location Amplifier Limiter-Discriminator Module.
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Fig. 14. Compongnt Location S/N Detection Module.
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() Fig. 15. Component Location Output Module.
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Fig. 16. Component Location odule - Contact Output.
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%) Fig. 17. Component Location Power Supply Module.
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© Fig. 18. Outline TCF-10 Receiver.
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Fig. 19. Test Circuits for TCF-10 Receiver Filters.
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Fig. 21. Signal to Noise Ratio Characteristics.
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INSTALLATION

Westinghouse 1.L.41-945.58
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TCF-10 POWER LINE CARRIER FREQUENCY-SHIFT
RECEIVER EQUIPMENT — WITH RELAY OUTPUT FOR
SUPERVISORY CONTROL AND TELEMETERING

CAUTION

It is recommended that the user of this equip-
ment become acquainted with the information in
this instruction leaflet, and in the system instruction
leaflet before energizing the system.

Printed circuit modules should not be removed
or inscrted when the equipment is energized. Fail-
ure to observe this precaution may result in an
undesired tripping output or cause component
damage. Care should also be exercised when re-
placing modules to assure that they are replaced in
the same chassis position from which they either
were removed or the module they are replacing was
removed.

If the carrier set is mounted in a cabinet, tyiust
be bolted down to the floor or otherwise ‘Secured
before swinging out the equipment rackgtOyprevent
its tipping over.

APPLICATION

The TCF-10 frequency;shiftireceiver equipment
as adapted for supervisory eontrolfand certain tele-
metering applications resp®nds, té”carrier-frequency
signals transmitted from‘the distant end of a power
line and carried on the"power line conductors. The
Mark frequencyis 1007hertz above the center fre-
quency of theghannel (Which can be selected within
the range of 30kWHz te 300kHz), and it is trans-
mitted continuwously®when conditions are normal
and no information is to be conveyed over the
channcl. Its reception indicates that the channel is
operative. The Space frequency is 100 hertz below
the éhannel center frequency. When supervisory
controlor telemetering information is to be con-
veyed over the channel, the transmitter at one end
of the"channel is switched alternately between Mark
and Space so as to produce at the receiving end a
desired number of operations of a relay activated

NEW INFORMATION

by the Space frequency.€ontrol of the durations
of the intervals that the'reldy contacts are open
and closed also can“be utilized to convey informa-
tion over the chémnel.

CONSTRUCTION

The TCE-10rreceiver is mounted on a standard
19-inchywideschassis 5' inches high (3 rack units)
with edgclots for mounting on a standard relay
raek”

AWvof the circuitry that is suitable for mounting
on printed circuit boards is contained on printed
circuit modules that plug into the chassis from the
front and are readily accessible by removing the
transparent cover on the front of the chassis. The
external connectors are located at the rear of the
chassis as shown in Figure 10. Reference to the
internal schematic connections of Figure 1 will
show the location of these components in the circuit.

The printed circuit modules slide into position
in slotted guides at the top and bottom of the chassis,
and the module terminals engage a terminal block
at the rear of the chassis. A handle on the front of
cach module is labeled to identify its function, and
also identify adjustments and indicating lights if
any are available at the front of the module. Of
particular significance is the input attenuator con-
tained on the front of the filter module which is
used in adjusting the input receiver signal during
initial field installation.

All possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to be covered by these instructions. If
Surther information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.
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A module extender (Style No. 1447C86GO0l) is
available for facilitating circuit measurements or
major adjustments. After withdrawing any one of
the circuit modules, the extender is inserted in that
position. The module is then inserted into the ter-
minal block on the front of the extender. This restores
all circuit connections and renders all components
and test points on the module readily accessible.

The receiver operates from a regulated +12V
and —12V supply derived from a self-contained
DC to DC converter. The power supply module
containing the DC to DC converter has links which
enable it to operate from either 48 volts or 125
volts dc.

External connections to the receiver are made
through a 36-terminal receptacle, J3. The r-f input
connection to the receiver is made through a coaxial
cable jack J2.

OPERATION

INPUT MODULE

The input module contains the input control
and the input filter. The signals to which the TCF-1Q
receiver responds are fed through a coaxial cable
connected to jack J2 at the rear of the chassis,to
the input module. The input control RS, accessible
at the front of the input module, attenuatesgthe sig#
nal to a level suitable for the best operating range
of the receiver.

A scale on the panel is graduated imdB. While
this scale is typical rather than individually, calibrated,
it is accurate within several dBand 1§ useful is set-
ting approximate levels. Settings,should be made
more accurately utilizing @ stlitable ac voltmeter
with a dB scale when“possibles

From the atténuator, the signal passes through
a crystal filter, FLT{I his filter has a narrow pass
band, and frequencies several hundred hertz above
or below the center frequency (fc) of the channel
are greatly attenuated. Figure 2 shows a typical
curve for theicrystal filter, as well as a characteristic
curve forythelintermediate frequency filter, FL2,
and for thediscriminator output. The narrow pass
baad, 0f\FL | permits close spacing of channel fre-
gueneies and reduces the possibility of false opera-

tion caused by spurious signals such as may result
from arcing disconnects or corona discharge”

OSCILLATOR, MIXER, AND IF
AMPLIFIER MODULE

From the input filter, the signal enters the oscil-
lator and mixer stage of the receiyer..@€gystal Y11,
transistors Q12 and Q13, and*theirassociated re-
sistors and capacitors, comprise,a enystal-controlled
oscillator that operates at a frequeney 20kHz above
the channel center frequeney, f.{The output from this
local oscillator is fed throughytransformer T11 to
potentiometer R12, and thelatter is adjusted to feed
a suitable input to the base of mixer transistor QI11.
The output of filter Flul is impressed on the emitter-
collector circuitfof /QLI. As a result of mixing these
two frequeneies, the primary of transformer will con-
tain frequencieswef 20kHz, 2f. +20kHz, . + 20kHz,
and f&

Fhenoutput from the secondary of T12 is am-
plified by Q31 in the intermediate frequency (IF)
stage, and is impressed on FL2. This is a two-section
filter, With both filters contained in a common case.
Itsspass band is centered at 20kHz. It eliminates
the frequencies present at its input that are sub-
stantially higher than 20kHz. The output of this
filter is the IF output which is fed to both the ampli-
fier-limiter and the S/N Detection module.

AMPLIFIER LIMITER AND
DISCRIMINATOR MODULE

The IF output signal from the IF amplifier is
fed into the amplifier limiter through potentiometer
R52 at the input of the amplifier limiter stage. Suf-
ficient input is taken from R52 so that with minimum
input signal (5 mv.) at J2 and with input control
RS set for zero attenuation, satisfactory amplitude
limiting will be obtained at the output of the limiter
stage.

The output of the limiter stage is fed to the dis-
criminator. The discriminator is adjusted at the
factory to have zero output (as measured by a milli-
ammeter inserted in the circuit at jack J1) at the
channel center frequency, f.. The adjustment for
zero output at f is made by capacitor C68. In ad-
dition, C63 is adjusted for maximum voltage read-
ing across R80 when the output current is zero.
Maximum current output, of opposite polarities,
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will be obtained when the frequency is 100 hertz
above or below the zero current output frequency.
This separation of 200 hertz between the current
peaks is affected by the value of C66 (the actual
value of which may be changed slightly from its
typical value in factory calibration if required).

It should be observed that although the mark
frequency is f; +100 hertz, after leaving the mixer
stage, and as seen by the discriminator, the mark
frequency is 20kHz-100 hertz. Similarly the space
frequency as seen by the discriminator is 20kHz
+100 hertz. The intermediate frequency at which
the discriminator has zero output then is 20kHz.
The discriminator is adjusted so that the mark and
space outputs are of equal lengths for equal periods of
mark and space signal frequencies.

The discriminator output is connected to the
bases of transistors Q55 and Q56 in such a manner
that transistor Q56 is made conductive when cur-
rent flows, from the discriminator output, in the
forward direction of diode D54, (which occurs with
space output) and Q55 is made conductive when
current flows in the forward direction of diodeyD 55
(which occurs with mark output.) Consequently,
terminal 35 is at a potential of approximately#+ 20
volts at mark frequency and terminal 1§ at %20
volts at space frequency.

S/N DETECTION MODULE

The S/N detection module hastenebasic func-
tion: to measure incoming in-bandssignal level and
provide both an output téacarsier level indicating
instrument and to an alarmigircuit in the output
module for alarming dt theydesired low level of
signal.

The narrowsband(signal of 220 hertz bandwidth
called the LgF. is fed,into the S/N detection board
through igolation transformer T32. The amount of
signal fed it thefboard is adjustable by means of
potentiometer R¥1 1. The circuit composed of opera-
tional amplifiers IC7 and IC8 and associated com-
ponents is aft RMS circuit which converts the signals
into%a dc voltage proportional to the r.m.s. value
of therac signals present in the IF bandwidth.

The output of the IF rms circuit is then fed to
the logarithmic circuit composed of ICI11A, ICI2A,

and IC11B which puts out a dc signal level linearly
proportional to signal level in dB fomfeeding a
microammeter calibrated with a linear dB scale
with 10dB equal to 33-1/3 microamperes{ is con-
tained on the output module (contact output).

This same output is alsofed to an alarm circuit
on the output module (contactglitput) for alarming
at low signal levels.

OUTPUT MODULE

The output module provides three buffered
outputs to the telemetering system. They are mark,
space and ngt Tow signal with red indicating light
emitting diodes for these outputs and a yellow in-
dicatinglight emitting diode for normal level (sat-
isfactory Signal level).

The Tower frequency of plus 12 volts (when
present)from the discriminator is fed into the output
module through terminal 15 into the gate consisting
ofidiodes D78 and D79, transistors Q65 and Q66, and
associated components R171, R172, R173, R174,
R175, R176, D80, and Z24. Transistor Q65 then
becomes conducting, causing Q66 to become con-
ducting and a plus 12 volts to appear at terminal
27 as well as causing LED D89 to glow. This output
labeled ““Mark” is then fed into the output module
— contact output — whereit is used to energize the
mercury wetted relay for contact outputs. Note
that this ““Mark’ output is plus 12 volts on lower
frequency and minus 12 volts on either higher fre-
quency or no signal.

In a similar manner, the higher frequency output
of +12 volts when present from the discriminator
is fed into the output module through terminal 25
into the gate built about transistors Q62 and Q63.
Just as in the case of the “mark’ output, the “space”
output of plus 12 volts will appear out of terminal
29. This output is wired out to the output connector
J3 for external use if desired. Note also that this
““space’’ output is plus 12 volts on higher frequency
and minus 12 volts on either lower frequency or no
signal.

The low-signal-level clamp operates off the car-
rier level signal of the S/N detection module which
is basically the same signal fed to the CLI instru-
ment.



It is fed through terminal 7 into the voltage com-
parator circuit built around operational amplifier
IC21B. This comparator compares this signal level
with the voltage reference from IC21 A, and if the
signal level is greater than the low level at which
clamping is desired, the output of IC21B will be
negative causing the yellow LED to glow indicating
OK level and there will consequently be no low
signal clamping. If the signal level is below the
level at which clamping is desired, then the output
of IC21B will be positive causing the red LED to
glow indicating low level. In addition, transistor
Q67 will become conducting. Transistor Q67 con-
ducting causes Q68 to become non-conducting and
thus removes the not-low-signal output from ter-
minal 1. Under good or OK signal level, this not-
low-signal output at terminal | of this module is
plus 12 volts.

OUTPUT MODULE - CONTACT OUTPUT

The output module-contact output performs
three functions; contact output of mark and spaces
using a mercury wetted relay with two form C con-
tacts, alarming on low signal level using a telephone
relay with two form C contacts, and indicating
signal level with its self-contained CLI instrument

The mercury wetted relay is energized by the
mark output of the output module and picks upsen
the lower frequency and drops out at the highgr fres
quency.

The alarm circuit consists of allbcomponents
associated with IC1, IC2, Q1, Q2, Q3%and relay
AL. The signal level from the S/N detection thodule
is fed into a level detector consisting of %C 1B and
resistors R6, R7, R8, and R9. Amadjustable refer-
ence for the level detector consisting/of IC1A and
R1, R2, R17, R3, R4, andsR%yis also fed into the
level detector. As long, as'the signal level exceeds
the value set by the seference, there will be approx-
imately plus 12 volts gfit of ‘the level detector into
the photo-optical 1seldtor. This causes QI to become
non-conducting and thus transistors Q2 followed
by transistor Q3 to become conducting. As a con-
sequence, the alarmyrelay AL is picked up on signal
levels above, the alarm level. When the signal level
drops bélew the alarm level set by the reference,
the outputhof the level detector will be minus 12
volts causing QI to become conducting and Q2 and
Q3% tombecome non-conducting and drop out the

alarm relay AL. The alarm relay has a delay of
approximately 40 milliseconds on dropout to pre-
vent undesirable alarming on short temporary’loss
of signal. Note that the level of alarm is set by,
adjusting alarm level R 17, accessible from frontof
module, independent of the low signal level output
from the output module (which is set by L.L#ADJ.
R178). Also both of these outputs@perate on total
signal level within the passband offthe receiver.

The CLI instrument operatesidirectly on signal
level received from the S/N detection module. It
measures signal level in the'entire bandwidth ofthe
receiver and thus closely, correlates with the low
level clamp (L.L. ADJW),and the low signal alarm
AL (alarm level). "I, thus can be used in setting
both of these adjustments.

POWER SUPPLY

The 2. volt dc, —12 volt dc, and the +45 volt
dc supplyweltages for the receiver are derived from
the poweg supply module.

Lhev+12 volt dc supply and the —12 volt dc
supply are both derived from the DC to DC con-
verter and are regulated for input voltages to the
regulator of from 42 volts to 56 volts. For nominal
48 volt input units, the DC to DC converter has
sufficient range so that the preregulator consisting
of R1, R4, and Z1 is not necessary and is not con-
nected by omitting jumpers J1 and J3 and supply-
ing J7 and J2. In this case, then, the +45 volt
supply is derived directly from the input supply
voltage and is not regulated.

For nominal 125 volt input units, the pre-regu-
lator consisting of R1, R4, and Z1 is necessary and
is connected by supplying jumpers J1 and J3 and
omitting J7 and J2. In this case then, the +45 volt
supply is derived from this pre-regulator and is
regulated.

The LED’s D1 and D2 indicate when the power
supply is energized with either 48V or 125V by the
proper one glowing. Since all components are sup-
plied in each power supply, a 48V supply can be
converted to a 125V supply simply by removing
jumpers J7 and J2 and inserting J1 and J3. Similarly,
a 125V supply can be converted to a 48V supply by
removing jumpers J1 and J3 and inserting J7 and
J2. Capacitor Cl and C2 bypass rf or transient
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voltages to ground. Choke L1 with capacitor C3
form a trap to isolate the receiver from transient
voltages in the 20kHz range that may appear on
the dc supply and which could affect the receiver.

CHARACTERISTICS
Frequency range 30-300kHz
Sensitivity (noise- 0.005 volt

free channel)
Input Impedance

Bandwidth
(crystal filter)

5000 ohms minimum

down < 3dBat 220 Hz.
down >60dB at 1000 Hz.

Set for zero output at chan-
nel center frequency and for
max. outputs at 100 hertz
above and below center fre-
quency.

Discriminator

9 ms. channel (transm. and
recvr.)

Operating Time

2 ms. HG relay operate and
release times

Frequency
spacing
A. For two or
more signals
over one-way
channel

500 hertz minimum

1000 4hertz. minimum be-
tweengtransmitter and ad-
jacentyreceiver frequencies
withyproper hybrids.

—20%C to +55°C temper-
ature around chassis.

B. For two-way
channel

Ambient tempera-
ture range

Battery voltage

variations

RateddVoltage Allowable Variation
48 V de 42- 56 V dc
125V dc 105-140 V dc

Battery drain 25a.at48 Vdcor 125V dc

Dimensions Panel height — 5%” or 3 r.u.
Panel width — 19
Weight 13 Ib.

INSTALLATION

The TCF-10 receiver is generallyfsupplied in a
cabinet or a relay rack as part of a complete carrier
assembly. The location must be free from dust,
excessive humidity, vibration, corrosive fumes, or
heat. In particular equipment which generates
excessive heat such as power supplies should not be
mounted directly beneath the, LCF-10. Heat rising
will tend to raise the ambiengtemperature immedi-
ately around the ch@assis‘@bove acceptable levels.
The maximum ambientgtemperature around the
chassis must not exceed 55°C. In addition, sudden
fluctuations in;ambient temperature caused by these
power supplies due to variations in load can cause
variations.in performance due to uneven heating of
the regeiverpintroducing abnormal temperature
vafiation§ in the receiver.

ADJUSTMENTS

All factory adjustments of the TCF-10 receiver
have been carefully made and should not be altered
unless there is evidence of damage or malfunction-
ing. Such adjustments are: frequency and output
level of the oscillator and mixer; input to the am-
plifier and limiter; frequency spacing and magnitude
of discriminator output peaks; pickup of alarm
relay; and pickup of low signal level clamp. The
adjustment that must be made at time of installation
is the setting of input attenuator RS. The input
attenuator adjustment is made by a knob on the
front of the panel of the input module.

The receiver should not be set with a greater
margin of sensitivity than is needed to assure correct
operation with the maximum expected variation to
attenuation of the transmitter signal. In the absence
of data on this, the receiver may be set to operate
on a signal that is 15dB below the maximum ex-
pected signal. After installation of the receiver and
the corresponding transmitter, and with a normal
space signal level being received, input attenuator
RS should be adjusted to the position at which the
low level clamp operates, causing a red LED low
level light. The attenuator RS should then be read-
justed to increase the voltage supplied to the receiver
by 15dB. The scale markings for RS permit approxi-
mate settings to be made, but it is preferable to
make this setting by means of the dB scales of an
ac VTVM connected across the terminals indicated



at the front panel of the input module. The red ter-
minal is connected to the wiper arm of RS and the
blatk terminal is connected to ground. With this
setting, a 15dB drop in signal will cause a low signal
level clamp output which will produce a —12V
output at the low level output, cause the red LED
low level light to come on, and cause the yellow
LED O.K. level light to go out.

The only other adjustment which may be nec-
essary at the time of initial installation is the
adjustment of the CL1 instrument to correspond
to proper variation of signal level from normal.
This may be necessary if the instrument was not
supplied with the receiver and was not adjusted by
the factory. If this instrument was supplied and
adjusted by the factory, then it could be used in
adjusting RS5. In this case, it would be necessary
only to adjust RS with a normal signal being received
so that the instrument indicates OdB.

If the instrument was not previously adjusted
by the factory, then the following procedure should
be used in adjusting the instrument. (Note: When
CL1 instrument is supplied within the chassis, this
is factory adjusted.)

1. Set incoming level into receiver at +10dB aboye
normal level.

2. Adjust span adjustment, R 147, so that the velt-
age at TP72 with respect to TP62 (cemmon) is
+3.000 volts.

3. Reduce incoming signal into receiver, by 30dB.

4. Adjust full scale adjustment;AR 153, so that in-
strument now reads —20dB.(This is approxi-
mately 0 microampeges):

5. Increase signal to+10dB level. (This is 100
microamperes).

6. Adjust slope adjustment R155 to read +10dB
on instrument.

7. Reducesignal to normal level. Instrument should
read 0dB) If desired, instrument could be ad-
justed, to read 0dB with R155 with sacrifice in
reading accuracy for +10dB.

FACTORY ADJUSTMENTS

In case the factory adjustments have been altéred
or there is suspicion of improper adjustments, or
malfunctioning, then the following procedures can
be used. In addition, alterations to the settings used
by the factory for low signal level clamping’and
low signal-to-noise ratio clampingfCan be made
using these procedures if desifed.

Potentiometer R12 in thefosgillator and mixer
should be set for 0.3 volts, measured witha VTVM
connected between TP11 and, terminal 33 on the
circuit board (ground temminal of voltmeter). A
frequency counter cdnbe connected to the same
points for a check onythe frequency which should
be 20k Hz aboveshéchannel center frequency. The
frequency is,fixed/by the crystal used, except that
it may be changed“@few cycles by the value of ca-
pacitorg&l2. Redueing C12 increases the frequency,
but the capacity should never be less than a value
that assuresWeliable starting of oscillation. The
frequency“at room temperature is usually several
cyeles‘above the crystal nominal frequency as this
reduces the frequency deviation at the temperature
extremes.

The adjustment of the amplifier and limiter is
made by potentiometer R52. An oscilloscope should
be connected from TP56 at the base of
Q54 toterminal 33 of the limiter. With 5 millivolts
of higher frequency on the receiver input (R5 set at
zero), R52 should be adjusted to the point where
the peaks of the oscilloscope trace begin to flatten.
This should appear on the upper and lower peaks
at approximately the same setting. (Note: Input
attenuator RS could be used to produce Smv of
signal across input test jacks J1 and J2 if desired.)

The low signal level clamp is set to operate at
the signal level where the receiver just drops out of
limiting. This is accomplished as follows:

1. With a normal higher frequency signal being re-
ceived and with an RF voltmeter connected
across test jacks J1 and J2 of the input module,
adjust input attenuator RS to the point where
Smv of signal appear across these test jacks.
(An alternate adjustment would be to set in-
coming signal level into receiver at Smv with
RS set at zero which is the point at which limit-
ing should begin).
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2. Adjust the L.L. adjustment R178 on the output
module so that the low level clamp just picks
up. This will be indicated by the red low level
light on the output module coming on. There
also will be +12 volts at TP86 on the output
module. And the yellow O.K. level light will go
out.

3. Adjust input attenuator RS to increase signal
into receiver by desired margin of operation. This
normally should be 15dB. This is done by re-
ducing the RS attenuator setting. (Note: The
low signal clamp as used in this receiver is just
used to put out a signal to external equipment
for use by the external equipment. It does not
clamp any signals within this receiver.)

The alarm level is set to alarm at a signal level
5dB above the signal where the receiver just drops
out of limiting. This will result in an alarm be given
at a point where the signal level has dropped
10dB from the initial nominal setting but the receiver
signal level is still 5dB above limiting.

1. With a normal higher frequency signal being
received and with an RF voltmeter connected agross
the input module input test jacks TJ1 andyTJ2(avail-
able at front on module), adjust input attenuator
RS to where signal level is 9mv acrgss jthese test
jacks.

2. Adjust the alarm level R1Z on'the output
module — contact output tofthéypoint where the
alarm relay AL just dreps out.

3. Adjust input atténuator R5 to increase sig-
nal level into receiver byalOdB. (This is for operation
with 15dB margin{ For,other than 15dB margin,
this value should befchanged accordingly.) This is
done by reduicing the RS attenuator setting by 10dB.

MAINTENANCE

Periodic checks of the received carrier signal
level and the receiver sensitivity will detect gradual
deferioration and permit its correction before failure
¢an result. The carrier level indicator, when pro-
vided, permits ready observation of the received
signal level. With or without a carrier level indicator,
an overall check can be made with the attenuation
control, RS. A change in operating margin from

the original setting can be detected by @bserving
the change in the dial setting requirgd to cause a
low signal level clamp to operate astindicated by
the red low level LED becoming lit. [f"there is a
substantial reduction in margin, the signal voltage
at the receiver input should be checkedo see whether
the reduction is due to lossgf'signal level or loss in
receiver sensitivity.

All adjustable compenents for normal field
adjustments on the printed gircuit modules are acces-
sible when the front*egver on the chassis is removed.
All other adjustable /components on the printed
circuit modylesymay be made entirely accessible
while permitting electrical operation by using module
extenderfstyle number 1447C86GO1. This permits
attaching instriment leads to the various test points
of terminals’when making voltage, oscilloscope or
frequency” checks.

RELAY MAINTENANCE AND ADJUSTMENT

The AL relay contacts should be cleaned peri-
odically. A contact burnisher S#182A836HO01 is
recommended for this purpose. The use of abrasive
material for cleaning contacts is not recommended,
because of the danger of embedding small particles
in the face of the soft silver and thus impairing the
contact. Care must be taken to avoid distorting the
contact springs during burnishing.

These relays have been properly adjusted at
the factory to insure correct operation, and under
normal field conditions they should not require
readjustment. If, however, the adjustments are dis-
turbed in error, or if it becomes necessary to replace
some part, the following adjustment procedure
should be used.

In the AL relay the armature gap should be ap-
proximately 0.004 inch with the armature closed.
This adjustment is made with the armature stop
screw and locknut. The contact leaf springs should
be adjusted to obtain at least 0.015 inch gap on all
contacts when fully open. There should be at least
0.010 inch follow on all normally-open contacts
and 0.005 inch follow on all normally-closed con-
tacts. The relay should pick up at approximately
35 volts.



TABLE |
RECEIVER D-C MEASUREMENTS

NOTE: All voltage readings taken with the nega-
tive of dc VTVM on terminal 17 (—12V dc). Re-
ceiver adjusted for 15dB operating margin with
Space and Mark signals down 50dB from | watt
or 60dB down from 10 watts. Unless indicated
otherwise, voltage will not vary appreciably
whether signal is lower frequency, higher frequency,
or zero.

Collector of Transistor Voltage
or Test Point (Positive)
Qll <15
QI2(TP12) 17 (High or Low Freq.)
QI3 (TP13) 17 (High or Low Freq.)
Q14 (TP14) 3
QIS5 (TPI1)) 3
TPI1 22
TPS52 19
QS1(TPS1) 14
Q52 (TPS53) 14.5
Q53 (TP54) 18
Q54 (TPSS) 3
TP56 19
Q55 < 1 (Lower Freq. or No Signal)
Q55 23 (Higher Freq.)
Qs6 23 (Lower Freq.)
Q56 < | (Higher Freq. 0t NoiSignal)

NOTE: The following readings are taken with the
negative of dc VTVM on terminal"3%common of
dc power supply) of either the S /N degection mod-
ule or the output module.

Collector of Transistor Voltage
or Test Point (Positive)

TP62 0
TP64 +10
TP65 -12v
TP67 5
TP68 S
TP70 -
TRM +
TP72 +
+
+

+ ¥

—_ N N

S
S
12 (Higher Frequency)

TP74
TP8I

TP81 —12 (Lower Freq. or No

Signal)
TP82 +12 (Lower Frequency)
TP82 —12 (Higher Freq. or No
Signal)
TP83 +12 (Higher Frequency)
TP83 —12 (Lower Ffeg, or No
Signal)
TP84 +12 (LowenEréquency)
TP84 —12 (Highes Freq or No
Signal)
TP85 + 0.3
TP86 + 125 (Low level clamp)
TP86 =12, (No clamp)
TP88 +12
TP89 —12
TP90 +12 (Good Signal Level)
TP90 —12 (Low Signal Level
clamp)
TABLE I

RECEIVER RF MEASUREMENTS

NOTE: Voltmeter readings taken at any point
from receiver input to stage involving transistor
QI5 are neither meaningful or feasible because of
either waveform variations or the effect of instru-
ment loading on the readings. Receiver adjusted as
in Table I.

Collector of Translistor
or Test Point

Volts with Signal At
+10dB Above Normal Level

QI5(TP15) 0.8
Q51 (TPSI) 0.9
Q52 (TP53) 0.65
Q53 (TP54) 2.2
Q54 (TPSS) 4.5
TP67 275

FILTER RESPONSE MEASUREMENTS

The crystal input filter (FL1) and the IF filter
(FL2) are in sealed containers and repairs can be
made only by the factory. The stability of the orig-
inal response characteristics is such that in normal
usage no appreciable change in response will occur.
However the test circuits of Fig. 19 can be used in
case there is reason to suspect that either of the
filters has been damaged.
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Fig. 2 shows the —3dB and —60dB check points
for the crystal filters. The response curve of the
IF filter shows the combined effect of the two sec-
tions, and was obtained by adding the attenuation
of each section for identical frequencies. The scale
of Fig. 2 was chosen to show the crystal filter re-
sponse, which permitted only a portion of the IF
filter curve to be shown. The check points for the
pass band of each section of the latter are ‘““down
3dB maximum at 19.75 and 20.25 kHz”, and for
the stop band are “‘down 18dB minimum at 19.00
and 21.00 kHz.” The signal generator voltage (Fig.
19) must be held constant throughout the entire
check. A value of 20dB (7.8 volts) is suitable. The
reading of VM2 at the frequency of minimum at-
tenuation should not be more than 22dB below the
reading of VM. It should be noted that a limit
measured in this manner is for convenience only
and does not indicate actual insertion loss of the
filter. The insertion loss would be approximately
16dB less that the measured difference because of
the input resistor and the difference in input and
output impedances of the filter.

Because of the extreme frequency sensitivity-
of the crystal filter, the oscillator used in itsatest
circuit should have very good frequency$tability
and a close vernier control. The oscillatorsyised
for factory testing have special modificatigns fer
this use. A value of approximately 10dBA2:45 volts)
is suitable for the constant voltage at which tc hold
VMI throughout the check. The redding f VM2 at
the frequency of minimum dttenuation will vary
somewhat with the channel frequency but should
not be more than 11dB below'the reading of VM.
(The filter insertion loss is‘approXimately 6dB less
than the difference in péadings’)

CONVERSION OF RECEIVER FOR CHANGED
CHANNEL FREQUENCY

The partgrequiredsfor converting a TCF-10 re-
ceiver for gperating apa different channel frequency
consist of ‘@new crystal input filter FL1, a new local
oscillator crystalf(Y 11) and probably a different
feedback capacitor (C12). There are two ways of
effecting this change. The easiest and preferred
method is to order a new input filter module and a
new Oscillator mixer module for the new frequen-
cies, from the factory. The new modules would then
justthave to be plugged in as replacements for the
original modules. The second method would involve
ordering just replacement filter, FL1, and new local
oscillator crystal for the new frequencies and making

the substitution on the modules. These substitutions
on the modules are not difficult as the caystalplugs
in and the filter has four leads to be soldered) How-
ever, testing of the local oscillator for easysstarting
will have to be made, and the value of C12 chosen
to assure this easy starting of oscillation. The whole
receiver should then be cheecked out for correct
performance.

RECOMMENDED TESTEQUIPMENT

I. Minimum Test Equipment for Installation

a. A-C Vacuum Tube Voltmeter (VITVM).
Voltage rangey0.003 to 30 volts, frequency
range 60 “hertz to 330 kHz, input impe-
dancg 7.S5ymegohms.

b. D-C Vaguum Tube Voltmeter (VTVM).
Voltage range: 1.5t0 300 volts
Inputimpedance: 7.5 megohms

Il. Desirable Test Equipment for Apparatus
Maintenance

a’ All items listed in I.
b. Signal Generator

Output Voltage:
Frequency Range:

up to 8 volts
20kHz to 330kHz

¢. Oscilloscope
d. Frequency counter

e. Ohmmeter
f. Capacitor checker

g. Milliammeter, 0-1.5 or preferably 1.5-0-1.5
range, for checking discriminator.

Some of the functions of the recommended
test equipment are combined in the type TCT car-
rier test meter unit, which is designed to mount
on a standard 19” rack but also can be removed
and used as a portable unit.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, replacement parts can be
furnished, in most cases, to customers who are
equipped for doing repair work. When ordering
parts, always give the complete nameplate data,
the electrical value, style number, and identify the
part by its designation on the Internal Schematic
drawing.
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COMPONENT DESCRIPTION
CS1 CAPACITOR +250UF 200V
€S2 CAPACITOR «250UF 200V
C€s3 CAPACITOR «100UF 200V
CS54 CAPACITOR 1300.000PF SO0V
€55 CAPACITOR «100UF 200V
Cse CAPACITOR *«250UF 200V
cs7 CAPACI TOR «100UF 200V
css CAPACITOR «250UF 200V
Cs9 CAPACITOR «2S0UF 200V
Cc60 CAPACITOR 1.000UF 200V
cé1 CAPACITOR «220UF SOV
c62 CAPACITOR «220UF SOV
ce3 CAPACITOR 4.5TO I00PF

Cé6a CAPACITOR 9100.000PF 200V
Cc65 CAPACITOR SEE NOTEO

cé6 CAPACITOR 100.000PF SO0V
cer CAPACITOR SEE NOTEO

ces CAPACITOR 4.5TO IOOPF

Cé69 CAPACI TGR 9100.000PF 200V
c70 CAPACITOR «220UF SOV
c71 CAPACI TOR «220UF SOV
DS1 D1@DE IN4STA

DS2 DIBDE iIN4STA

DS3 DIODE INASTA

DS54 DIBDE INASTA

DSS DIODE INASTA

DSé JUMPER

DS7 DIGDE IN628

Ds8 DIODE IN628

RS1 RESISTOR 4700.0 .S0W S3%
RS3 RESISTOR 27.0K .S0W S%
RS4 RESISTOR 2200.0 .S0W 5%
RSS RESISTOR 27.0 «S0W S%
RS6 RESISTOR 10.0K «SOW 52
RS7 RESISTBGR 4700.0 +50W S
RS8 RESIST@R 27.0K «50W 5%
RS9 RESISTBR 1500.0 .S50W S%
R60 RES!STOR 180.0 <SOW S%
Ré61 RESISTOR 4700.0 +S0W S%
R62 RESISTOR 2200.0 +S0W 5%
R63 RESISTOR 33.0K .50W 52
R64 RESIST@R 2700.0 +SOW SZ%
R6S RESISTOR 680.0 +SOW S2
R66 RESISTOR 68.0 .S0W S%
R67 RESISTOR 4700.0 .SOW S2
Ré68 RESISTOR 2700.0 .SOW S%
R69 RESISTOR 1B+0K «S0W 5%
R70 RESISTOR 220.0 .50W 5%
R71 RESISTGR 68.0 «50W 22
R72 RESISTOR 330.0 «SOW SX
R73 RESISTOR 560 +S0W 22
R74 RESISTOR 12.0K «S0W 52
R7S RESISTOR 3000.0 +SOW S%
R76 RESISTOGR 3000.0 .SOW S%
R77 RESISTOR 220.0 +S0W S2
R79 RESISTOR 2200.0 +S0W 5%
R80 RESIST@R 2200.0 .SOW 52
RS2 POT 1.0 +SOW
Qsi TRANSI STOR 2Na249

Qs2 TRANSISTOR 2N4249

Q53 TRANSISTOR 2N4249

Q54 TRANSI STOR 2Na249

Q55 TRANSI STOR 2N3645

Qs6 TRANSI STOR 2N364S

T2t TRANSFORMER

T22 TRANSFORMER

Jt TELEPHONE JACK

STYLE No.

187A624H02
187A624H02
1B7A624H0)
187A584HIS
187A624H01
187A624H02
187A624H01
1B7A624H02
18 7A624H02
187A624H04
762A703HO1
762A703HO1
T62A736H02
187A624H16

187A684H08

T62A736H02
187A624H16
762A703HO!
762A703HO|
18 4A855H07
184A855H07
18 4ABSSHO7
18 4A855H07
184A855H07
862A478HOI
184AB55H12
184A855H12
184A763H43
184A763H61
18 4A763H3S
187A290H 1
184A763HS1
184A763H43
18 4A763H61
184A763H31
184A763H09
184A763H43
184A763H3S
184A763H63
184A763H37
184A763H23
187A290H21
184A763HA43
184A763H37
184A763HS7
184A763H)1 ¢
629A531H04
184A763H1S
629A531H02
18 4A763HS3
18 4A763H38
184A763H38
184A763H]1 1

184AT63H3S
184A763H35
629A645H04
849A441H03
849A441HO3
849A441H03
B849A441HO03
B49A441HO1
849A441H01
6068533601
6068533602
18TA606HOI

O—ONE OR TWO CAPACITORS USED; VALUES
DETERMINED IN TEST.
A—-FOR STYLE 1444C48G03 REVERSE START AND
FINISH LEADS OF T22.

Sub.

2

(Dwg. 1444C49)

Fig. 5. Internal Schematic Amplitier Limiter-Discriminator Module.

8G6°Sv6-LY 1



91

SIGNAL
LEVEL
QUTPUT IN

T0

CLI

w12v. _ . - y _ uT STRU
r -~ 15 = 1
P64 1¢ I
! co7 Zi
—it |
| TPE8 [ TP7I SPAN
[ RII4 RIE}e-{RII7 [
! —(O !
TR72
2 P63 I
Fl 3 s Ri48 I
| (—J D64
N
L E; |
u 3
5
7l |
I 0 |
c93 (= H
| 2 1
|
| TPE2
| TP&5S . . . R [} l '
v 7 i
l2v[\ * [______]
P
L e e e e e AT W3 41448080603
RIT1 POT 50.0K +50u 629A645406
o R147 PCT 250.04  « T3k 830A326+10
COMPONENT DESCKIPTION  STYLE NO. R153 POT 2.5 .25% 629A645H07
€93 CAPACITOK L010UF S0V 184A653401
c94 CAPACITaK 33-000P; 223: 3712223207 R112 RESISTOR 4750.0 .25% 1% 843A320+14
€95 CAPACITOR -010UF 18 oy R113 RESISTOR  4750.0 .25W 1% 843AB20-14
093 CAPACI TOR -2;8j; 233 ;3f§:53:gl RI14 RESISTUR 15.04 +50k 12 BA3A320442
c9 CAPACITOR . : »6§A;§3 8 RI1S RESISTOR  4990.0 .50k 1%  B4%4520A416
c98 CAPACITER — 33.000P zggé 87 A65 ”g RI116 RESISTOR 4990.0 +50W 14 843A320-1%
c99 CAPACITOR «010UF 18405933491 R117 RESISTOR 4990.0 .50% 12 843432016
R118 RESISTOR 4990.0 .50W 1% 8434820416
RI19 RESISTCR 10.04 =504 12 BA43A320445
D63 DIOVE :z:::a 332:;:3:82 R127 RESISTER 2.04 .S0W 1% 8asAs19H17
D64 LIGDE : 8 ¥ R146 RESISTUR 4990.0 .50 12 B43AS20+16
R148 RESISTOR 1000.0 SO\ 12 B43A319Ha3
) . ) ‘ R149 RESISTOR 15.0K «S0w 12 BA48A320A62
1c7 INT CKT SESsi g?:jzig:g: RIS0  RESISTCR 2.0¢ +SOU 12 843ABI9HTT
1c8 INI CKT SES31T > R151 RESISTER 2.04 .50V 12 843A319HTT
1c11 INT CXT 7470 1243C52401 R152 RESISTOR 17.8K +25% 14 B42A320H59
Ic12 INT OKT sN56508 3512409401 R154 RESISTCR  6%1.0 +50% 12 843A319432
R155 RESISTOR 1.0K 25w 20% 629A430H02
R1S6 RESIST2R  150.0 .S0W 1% B843A313+53
Jiii JUAPE R 0 0Hi RESLSTOR 862A478401 R157 RESISTCR 20.0K .50W 12 B43A320H74
Jiie JUAPER 04OHADRESTSTOR  862A473HO1 R158 RESISTCR 20.04 .S50W 12 B43AB201H74
Ji13 JUMPER 0 0H# RBSISTIR 862A4758H01
Jita JUMPER 08l RESISTIR 862A478H01
z11 ZENER IN825A 6.2V 862A288HO6
z12 ZENER INB25A 6.2V 862A288HO6
Sub. 2

(Dwg. 1453C38)

S

Fig. 6. Internal Schematic S/N Detection Module.




LL CLAMP OQUT

SPACE (-12V NORMAL
—— e — — — our +12 v ON LOW LEVEL)
23 e Ul —1

27

SP‘A'EE MARK OUT
(-12Vv ON HIGHER FREQ
WHICH IS MARK )
(+ 2v ON LOWERFREQ
WHICH IS SPACE
LED LIGHTS ON
TP82 SPACE FREQUENCY)
|
7]MARK IN
+12 Vv I
LL OUTPUT
CLAMP I
TP86
/|
3 LS BUFFERED OUT
I +12V NORMAL
TPI0
. k226 I
SIGNAL ”
LEVEL IN
- Dﬁgu tess |
COMMON YELLOW. LOWILEVEL 7|
OK LEVEL !
=12v
- 1444062603 ]
R163  RESISTOR 33.0K .S0W ST 184A763H63
R164 _RESISTOR, 120.0% .50% ST 184A763HT7
R165 #7RESISTOR 4700.0 -50W 5% 1B4A763H43
COMPONENT DESCRIPTION  STYLE N3. Ri166( RESHNSTGR 2400.0 .SOW ST 184AT63H36
""""" oottt IO R167 RESISTOR 1.5 K .50% 1T B4BABI9HES
073 DleoE Ineasa STz R168 RESISTOR  150.0 3.00W ST 762A679HO1
074 D1oDE ‘”“2 37A692103 RI ™ RESI STOR 33.0K 50w 5T 184A763H63
075 Dleve IN64SA 837A692403 R172 RESISTOR  120.0K +50W ST 184A7T63HT7 COMPONENT DESCRIPTION  STYLE NZ.
D78 DI10DE IN64SA 837A592HO) R173 RESISTOR 4700.0 +50W 5% 184A763H43  ==me-eee=  ==m=mm-eces seeee-oo-
D79 DICDE IN645A 837A692H03 Rij3.4 RESISTOR 2400.0 .S0W 5% 184A763H36 062 TRANSISTOR  2N699 184A638H19
b8o DleoE IN645A 837A692H03 RI7S RESISTAR .54 50w 12 B4BABIIHES 063 TRANSISTOR  2N3645 849A441HO1
D81 biepe IN457A 184A855H07 R126 RESISTOR  150.0 3.00W S3 762A679HO1 065 TRANSISTOR  2N699 184A638H19
bs2 016DE 1Na574 18 4AB S5HO7 RI?7  RESISTGR  10.0K .50k 1% B4BAB20H4S 066 TRANSISTOR  2N3645 849A4a1HOI
D83 DroDE IN64SA 8374692403 R179 RESISTAR 10.0< .S0W 13 B43AB20HAS 067 TRANSISTOR  2N699 184A633A19
D85 O1eDE LED 3508A22H02 RIBO RESIST@R 68.1K .50w 12 BA4BAB21H26 068 TRANSISTOR  2N699 184A638H19
D86 DIedE LED 3508A22H0t R181 RESISTOR 4990.0 .50W 11 B4BAB20HI6 069 TRANSISTOR  2N3645 849A441H01
D88 D“’DE LED 3508A22404 RI82 RESISTOR 6810-0 .SOK 1% B4BA320H29
bes bieo LED 3508A22HEH RI83  RESISTOR 2.0K .50k 1T B4BABISHTT
RIBA  RESIST@R 2.0K .50W 12 B4BABI9HTT z22 ZENER IN4752A 33,0V B49A5I5HO2
RIB5  RESISTOR  562.0K .25 11 B4BAB22HIS 724 ZENER IN4752A 33.0V B849A5I5HO2
e INT CKT 74708 ICREL RI86 RESISTOR  S11.0K .50W 13 BA4BAB22HI1 z25 ZENEK IN9618B  10.0V 186AT97HO7
R187  RESIST@R 1620.0 .25 13 B43A319H68 226 ZENER IN4752A4 33.0V B49AS5ISHO2
RI88 RESISTBR 1620.0 .25W 11 B4BABI9H6S
Ji21 JUMPER 0 OH¥ RESISTRY 8620R768A01 R189 RESISTOR 6§g.gx .iou ST 184A763H63
Ji2z o JUMPER 0 BHM RESISTUQN 84473 ) R190 RESISTOR 68.0K «5S0W ST 1B4AT63HTI
J1as  JUMPER 0 @HM RESISTOR QEE2A+794°! RI91 RESISTOR 68.0K -50W 51 184AT63HT
R192  RESISTOR 33.0K .50W ST 184AT63H6D
R193  RESISTOR  120.0K -SOW ST 1B4A763H77
R178 et 2e5K  .25W  629A845HO7 RI94  RESISTOR 10-0K 50w ST 184AT63HS)
R195 RESISTOR 18.0K .SOW ST 184A763HS? Sub. 3
RI96  RESISTOR 1.5K .50a It BA4BABIIHES
R197 RESISTOR  150.0 3.00W SX 762A679HO0! (Dwg. 1453C39)

L

Fig. 7. Internal Schematic Output Module.
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COMPONENT DESCRIPTION STYLE NO ! |+45V
Rl RESISTOR 10K .50W 5% 1B4AT63HSI !
R2  RESISTOR 10K 50W 5% 184A763H51 | !
R3  RESISTOR 681K 50W 1% 848A820H29 1 !
R4 RESISTOR 499K .50W | % 848AB20HIE |
RS RESISTOR 681K 50W % 848A820H29 | Q3
R6  RESISTOR 2.0K -50W 1% 848ABIGHTT | M IAC |
R7  RESISTOR 2.0K .50W 1% 848ABIGHT7 | 9 s 3 (Rid} |
RB  RESISTOR 562.K 25W 1% 848A822HI5 . i
R9 RESISTOR 511K .50W 1% 84BAB22HII | /‘ ]
RIO  RESISTOR 33K 50W 2% 629A531H44 A
Rl RESISTOR 15K .50W 2% 629A531H60 ! 2 al Aoe 1
RI2  RESISTOR 120K .50W 2% 629A531182 | o2 o 1
RI3  RESISTOR 13.3K .50W 1% 84BAB20HS7 5 Xz )
RI4  RESISTOR 15K .50W 2% 629A531H60 | 220
RIS RESISTOR 6.8K .50W 2% 629A531H52 | NEG,
RI6 RESISTOR 68K .50W 2%  629A53IH52 com . <3 l
RI7 POT 2.5K .25W (0%  629A645HO7 h 1
JI JUMPER O OHM RESISTOR  862A478HO! 27
Of  DIODE IN645A 837A692HO5 ) N
D2 DIODE IN645A 837A692HO5 Crav e = {NO
03 D\ODEE INAS7A |Ed:855H07 g ! 28
Zi  ZENER IN9578 1BEATITHOE 7 E >
1GNA .
Qi TRANSISTOR 2N3417 8484851 HO2 v |LN| R 293 NC ALARM
Q2  TRANSISTOR 2N699 184A638HI9 D3 3 2 RELAY
Q3 TRANSISTOR 2N3645 8494441HO! | = I ouTPUT
ICI INTCKT 7470M 144 3C52HOI | I = \NO
1C2  |NT.CKT 5082-4371 7758621H01 | ——3’9]
!
COM . € +
I cLI
| INSTRUMENT|
l
|535 .
| [1453ca260;
L T

HG RELAY OQUTPUT

\ Sub. 2
(Dwg. 1453C40)
Fig. 8. Internal Schematic Output Module-Contact Output.
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|
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|
48 oRI25 VDC & —— FUSH]
NEG. swi

—i2V.
L
L Vs 5
T s DLBV
lII‘IZDSI(\:/ATlo (INDICATION
9

lFUSED NEG.

COMPONENT

Cl CAPACITOR
ce2 CAPACITOR
c3 CAPACITOR
RI RESISTOR
R2 RESISTOR
R3 RESISTOR
R4  RESISTOR
Al ZENER

Ji JUMPER

J2 JUMPER

J3 JUMPER

J7 JUMPER
Swi SWITCH
[o]] DI1ODE

D2 DIODE

Lt coiL

DESCRIPTION STYLE NO.
0l MFD 3516A36HO!
01 MFD 3516A36HOI
.047 MFD B49A437HO4
1000 IOW 644B262H34
47K .50W 2% 629A531H 48
47K 50W 2% 629A53IH48
1000 10W 644B262H34
IN28288B 1B4A845H06
O OHM RESISTOR B862A478HOI

O OHM RESISTOR 862A478HOI
O OHM RESISTOR B862A478HOI
O OHM RESISTOR 862A478HOI

DPOT

LED
LED

B849A299HO!
3508A22H02
3508A22H02
2928096G02

(Dwg. 1452C65)

Fig. 9. Internal Schematic Power Supply Module.
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Sub. 1
(Dwg. 775B713)

Fig. 11. Compongntecation Input Filter Module
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Fig. 12. Component Location Oscillator-Mixer-IF Amplifier Module.
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Fig. 13. Component Location Amplitief Limiter-Discriminator Module.
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Fig. 14. Component Locatiori S/N Detection Module.
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Fig. 15. ComponentyLocation Output Module.
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Fig. 16. Component Location Output Module - Contact Output.
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Fig. 18. Outline TCF-10 Receiver.
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Fig. 19. Test Circuits for TCF-10 Receiver Filters.
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