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INSTRUCTIO NS

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

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 with “eithef the
SPCU or SKBU Dual Phase Comparison relayingsystems,or
similar systems utilizing frequency-shift keying (F SK) The
TCF-10 frequency shift receiver responds to “earrier-
frequency signals transmitted from the distant end ofa power
line, and carried on the power line conductor§, The space
frequency (sometimes referred to as trip, negative)'is 100 hertz
above the center frequency of thegehannel (which can be
selected within the range of 3Q,kHzte 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 copditions:*Fhe transmitter at each end
of the channel is switched at'a §0-hertz rate between space (or
trip negative) and mark (omtfip positive) so as to produce at
the receivingdend,, theWdesired operation of the relaying
system.

CONSTRUCTION

The TCF-10 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
rackyunits) with edge slots for mounting on a standard relay
racky

All of the circuitry that is suitable for mounting on printed
circuit boards is contained on printed circuit modules that
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plug into the chassis from the front and are readily accessible
by removing the transparefit cover on the front of the chassis.
The power supply components and external connectors are
located at the rear of ‘the chassis as shown in Figure 9.
Reference to the integnal sehematic connections of Figure |
will show the location offthese components in the circuit.

The printed gircuit ‘modules slide into position in slotted
guides at the‘tep and bottom of the chassis, and the module
terminals engage a terminal block at the rear of the chassis. A
handle%on thegfront 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 and Test Board (Style No.
1447C86GO0!1) is available for facilitating circuit measure-
ments 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 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, S#606B592A26, with

a linear dB scale from —20dB to + 10dB is also available for
external mounting.

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

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. 1f
Jurther 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 MARCH 1979
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External 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
(f) of the channel are greatly attentuated. Figure 15 shows a
typical curve for the LC filter as well as a characteristics
curve for the IF (intermediate frequency) filter, FL2, and the
discriminator output. This apparently wide bandwidth for thé
input filter in relation to the IF filter is necessary to both
achieve high speed relaying by minimizing channel delayand
to achieve proper operation of the noise clamp by sampling
noise in the frequency band surrounding the IF band!

OSCILLATOR, MIXER, AND IF AMPLIFIER
MODULE

From the input filter, the signal enters the, oscillator
and mixer stage of the receiver. Crystal®X11, transistors
Q12 and QI3, and their associated resistoers and,capacitors,
comprise a crystal-controlled oscillator thatwoperates at a
frequency 20kHz above the channel center frequency, f¢. The
output from this local oscillatorgs,fedathfough transformer
T11 to potentiometer R12, and thé'latter is adjusted to feed
a suitable input to the base ofimixer transistor Ql1. The
output of filter FL204"is impressed on the emitter-collector
circuit of Ql1. Asa result of mixing these two frequencies,
the primary of transformer will'contain frequencies of 20kHz,
2f. +20 kHz, f; +20kHz¥and f..

The output from the secondary of T12 is amplified by Q31
in the intermediate fréquency (IF) stage, and is impressed on
FL2. This is'atwo-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 sub-
stantially,higher than 20kHz. The output of this filter is the
IE,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 detee-
tion module.

AMPLIFIER LIMITER AND DISCRIMINATOR
MODULE

The IF output signal from the IF amplifier is feddnto the
amplifier limiter through potentiometer R§2 at the input of
the amplifier limiter stage. Sufficient input is'taken from RS2
so that with minimum input signal (5%mv.) atd?2 and with in-
put control RS set for zero ,attentuation, satisfactory
amplitude limiting will be obtained at'theloutput of the limiter
stage.

The output of the limiter, stage is fed to the discriminator.
The discriminator is adjustedwat’ the factory to have zero
output (as measured by a milliammeter inserted in the circuit
at jack J1) at the channel center frequency, f.. The adjust-
ment for zero oufput/abf. is made by capacitor C68. In addi-
tion, C63 dspadjusted for maximum voltage reading across
R80 when the output'current is zero. Maximum current out-
put, oftepposite, polarities, will be obtained when the frequen-
cy is 100yphertz¥above or below the zero current output fre-
quency. Thisyseparation of 200 hertz between the current
peaks is“affected by the value of C66 (the actual value of
whichymay be changed slightly from its typical value in fac-
torypcalibration 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 QS5 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 1 is at +20 volts at mark frequency.

S/N DETECTION MODULE

The S/N detection module has three basic functions; first
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 provide a clamping
output when the desired signal level exceeds the normal
received level by a substantial amount, typically 25dB.
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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 and signal-to-noise ratio using logarithmic
circuits. See Figure 17.

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 IC13 (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 isola-
tion transformer T31. Operational amplifiers IC1 and 1C2
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 1. F. frequency, and blocks all
the higher multiples such as in the I.F. amplifier. Operational
amplifier IC3 and associated components amplifies thefsignal
for feeding into the RMS circuit composed of 1C4¢and LCS
with adjustable potentiometer R94 controlling the amouft of
amplification. This latter circuit converts the signalsiinto a'de
voltage proportional to the rms value of thesac, 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 hertzbandwidth called the
I.F. is fed into the S/N detectionqboard through isolation
transformer T32. The amount ofisignalifed into the board is
adjustable by means of potentiometeriRabl 1. The circuit com-
posed of operational amplifiers ICThand IC8 and associated
components is an RMS circuit‘which converts the signals into
a dc voltage proportional tofthe r.m.s. 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 sumgation amplifier takes the difference between the
rms values of the IF signal and the RF signal and feeds it into
one half of the logarithmic amplifier composed of 1C9 and
associated components. At the same time, the r.m.s. value of
the IF signal s 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-1F] 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 altgfing the®ad-
justments of R94 and R111). In addition, the ‘outputjof 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 ICI0A and(ICI13Aito 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 tg nojse‘fatio (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%elts. This circuit will also put out +16
volts out of terminali27 for very high signal levels. This is a
high signal clamp,and occurs for signal levels approximately
plus 25dB abeve notmal received level.

TheYeutput0f the IF rms circuit is also fed to the
logarithmiceircuit composed of IC11A, ICI2A, and ICI11B
whichwputsiout a dc signal level linearly proportional to signal
levelin dB for feeding an external microammeter calibrated
with " 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-
ponents R163, R164, R165, R166, R167, R168, D88, D75,
and Z22. If there is no low level signal or low signal to noise
ratio signal to prevent transistor Q62 from becoming conduc-
ting, then transistor Q62 becomes conducting, causing Q63 to
become conducting and a plus 20 volts signal to appear out of
terminal 29 from which it is fed to the protective relay. In a
similar manner, the mark output of plus 20 volts when present
from the discriminator is fed into the output module through
terminal 15 into the *‘and” gate built about transistors Q65
and Q66. Just as in the case of the space output, the mark out-
put of plus 20 volts will appear out of terminal 27 for feeding
to the relays if there is no low level clamp or low signal to
noise ratio clamp.
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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 before it is fed through
ICI1A and the logarithmic amplifier ICI12.

It is fed through terminal 7 into the voltage comparator
circuit built around operational amplifier IC21B. This com-
parator 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, both transistors Q67
and Q64 will become conducting. Transistor Q64 conducting
will prevent mark and space signals from appearing on the
outputs going to the relays 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
20 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 +16 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 transistoriQ71
to conduct supplying plus 20 volts out of terminal 13 to the
protective relays. Transistor Q61 conducting will jprevent
both transistors Q62 and Q65 from conducting, and thus pre-
vent either a mark or space signal from appeafing atytheir
respective outputs to the protective relays. It should be noted
that the S/N clamp also operates for a high signal level of ap-
proximately plus 25dB above normal when set to operate at
10dB signal to noise ratio.

POWER SUPPLY

The regulated 45 volt dc, 20V.dc, and 10V dc circuits of
the receiver are suppliedgfrom zener regulators mounted on a
common heat sink at the reanof the'chassis. Resistors R3 and
R7 of suitable valugfare cannected between the station battery
supply and the 45"Weltdzener régulator to adapt the receiver
for use on 48 or 125 voltidcbattery circuits. Capacitor C1 and
C2 bypass rf or transient voltages to ground. Choke L1 with
capacitor C3 form a trap to isolate the receiver from transient
voltages inthe 20kHZ range that may appear on the dc supply
and which coeuld affect the receiver.

CHARACTERISTICS

Center Frequencies Available 30kHzto 300kHz in 0.5kHz
increments

© Sensitivity (Noise free

@ Ambient Temperature Range

© Battery Drain

0.016 volts normal sensitivity.
0.005 volts (max sensitivity
for limiting)

channel)

Input Impedance 5000 ohms minimum

Bandwidth (Input L C Filter) Down 3dB at +800 hertz

Down 30dB at,3 5000 hertz

Downy3dB at #4225 hertz
Down 35dB, at +1000 hertz

Overall receiver selectivity

4'milliseconds channel (Trans-
mittéfr and receiver back to
back)

Operating Time

Signal-to-noise ratio ¢lamp. 10dB SNR (as shipped)

setting
—20°Cto +55°C

Battery Voltage Vaniations
Nominal 48V'de
Nominahi2sV dc

42V dc — 56V dc
105V dc — 140V dc

0.4 amperes

Dimensions Panel Height = 5% inches
(3RU)
Panel Width = 19 inches
Weight 13 pounds
© CLI Accuracy +2dB between —15dB
and 0dB
INSTALLATION

The TCF receiver is generally supplied in a cabinet or a
relay rack as part of a complete carrier assembly. The loca-
tion 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 it as this heat in rising will tend to
raise the ambient temperature immediately around the
chassis above acceptable levels. The maximum ambient
temperature around the chassis must not exceed 75 C. In ad-
dition, 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
receiver introducing abnormal temperature variations in the
receiver.

ADJUSTMENTS

All factory adjustments of the TCF receiver have been
carefully made and should not be altered unless there is
evidence of damage or malfunctioning. Such adjustments are:
frequency and output level of the oscillator and mixer; input
to the amplifier and limiter: frequency spacing and magnitude
of discriminator output peaks; pickup of signal to noise ratio
clamp; and pickup of low signal level clamp. The adjustment
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that must be made at time of installation is the setting of in-
put 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 max-
imum expected 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 output. The attenuator RS should then be
readjusted to increase 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 ter-
minals indicated at the front panel of the input module. The
red terminal 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 opera-
tion which will lock the output of the receiver into neither 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 necessarygat,the
time of initial installation is the adjustment of the CET instru-
ment to correspond to proper variation of signal level from
normal. This may be necessary if the instrument, wasjnot
supplied with the receiver and was not adjusted by,the fagtory.
If this instrument was supplied and adjusted by theifactory,
then it could be used in adjusting R5. In this_case it would be
necessary only to adjust RS with a normalfsignaldeing receiv-
ed so that the instrument indicates“0dB.

Q©  If the instrument was not previously adjusted by the fac-
tory, then the following proceduresshould be used in adjusting
the instrument.

1. Set incoming level into receiver{at +10dB above normal
level (288 mv for 16 my.clippingdevel. 90 mv for 5 mv clip-
ping level).

2. Adjust spanadjustmentypR147, so that the voltage at TP72
with respe€t to A'P62%common) is +3.000 volts.

3. Reduce incominggsignal into receiver by 30dB. 9 mv
for 16 mv clipping level. 3 mv for 5 mv clipping level.

4. Adjust full scale adjustment, R153, so that instrument
now reads —20dB. (This is approximately 0 micro-
amperes).

S®hncrease signal to +10dB level. (This is 100
microamperes).

6. Adjust slope adjustment R155 to read +10dB on CLI in-
strument.

7. Reduce signal to normal level (90 mv). CLI_instrument
should read 0dB. If desired, R155 can now/be readjusted
so instrument reads 0dB with sacrifice in reading accuracy
for +10dB. (90 mv for 16 mv clipping level. 28 mv for
5 mv clipping level).

FACTORY ADJUSTMENTS

In case the factory adjustments have been altered or there
is suspicion of improper adjustments or malfunctioning, then
the following procedures can betused. In addition, alterations
to the settings used by the factery for low signal level clam-
ping and low signal-to-nois¢ ratio clamping can be made us-
ing these procedures if‘desired.

Potentiometer RU2, in the oscillator and mixer should be
set for 0.3 volts, measured with a VTVM connected between
TPI11 and terminal 33%on the circuit board (ground terminal
of voltmetery A frequency counter can be connected to the
same points{for @ check on the frequency which should be
20kHzyaboveythe channel center frequency. The frequency is
fixed by thecrystal used, except that it may be changed a few
cyclesybysthe value of capacitor C12. Reducing C12 increases
thedfrequency, 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 cycles 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 TP56 at the base of Q54 to terminal 33 of the limiter.
With 16 millivolts of space fequency 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 ration is as follows:

1. Set the incoming signal into receiver at nominal level (90
mv. for 16 mv clipping level, 28 mv. for 5 mv clipping
level.)

2. Adjust LF. 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 +16 volts dc at TP75.
This will also appear as +20 volts at TP91 of the output
board and the red S/N level indicator will light.
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5. Go back and readjust RF input with R94 so that signal
level at TP63 is now 74.4 mv dc.

Q©  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 and repeat
steps 4 and 5 as stated.

For S/N of 0dB set TP63 to 297mv.
5dB set TP63 to 200mv.

15dB set TP63 to 114mv.

20dB set TP63 to 96.6mv.

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 signal being received and
with an oscilloscope connected across TP56 and terminal
33 of the limiter module, adjust input attenuator RS to
the point where the peaks of the oscilloscope trace just
begin to flatten. (An alternate adjustment would be4to

Q@ set incoming signal level into receiver at 16mv 4with

RS set at zero which is the point at which limiting

should begin).

2. Adjust the -V Ref. adjustment R178 on the outputymodulé
so that the low level clamp just picks up, This\ will be in-
dicated by the red low level light on the Qutputymodule
coming on. There also will be +20 volts at TR86 on the
output module.

3. Adjust input attenuator RS to increase signal into receiver
by desired margin of operation. This narmally should be
15dB. This is done by reducingthe'RSgattenuator setting.

MAINTENANCE

Periodic checks of the receivedrcarrier signal level and the
receiver sentitivity ‘will detect gradual deterioration and per-
mit its correction beforejfailure 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,
RS5. A change,in operating margin from the original setting
can be detected\by observing the change in the dial setting
requiredato 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 thé 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 pegmits at-
taching instrument leads to the variousgtest points of ter-
minals when making voltage, oscilloscope or frequency
checks.

TABLE"1
RECEIVER D-C MEASUREMENTS

© NOTE: All voltage readings taKen with ground of dc

VTVM on terminal 17a(negative dc). Receiver ad-
justed for 15dB operating margin with Space and
Mark signals down 40dB from | watt or 50dB down
from 10/wattsiUnless indicated otherwise, voltage
willinot ‘vary appreciably whether signal is mark,
Space, Oryzero.

Collector,of Transistor Voltage
or. Test Point (Posiltive)
Qll < 13
QL2 (TP12) 15 (Mark or Space)

Q13 (TP13) 15 (Mark or Space)
Q14 (TP14) 2.5

QIS5 (TP15) 2.5

TPI11 18

TPS52 16

Q51 (TPSI) 11.5

Q52 (TP53) 12

Q53 (TP54) 15.5

Q54 (TP5S) 2.5

TP56 16

Q55 < 1 (Mark or No Signal)
Q55 19.5 (Space)

Q56 19.5 (Mark)

Q56 < 1 (Space or No Signal)
TP61 10.4

TP62 10

TP63 10.4

TP64 18

TP65 0

TP66 10

TP67 10.5

TP68 10.5

TP69 10

TP70 4

TP71 16

TP72 11.4

TP73 10.8

TP74 10.3

TP8I 20 (Space)

TP8I 0 (Mark or No Signal)
TP82 20 (Mark)
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Collector of Transistor Voltage
or Test Point (Posiltive)

TP82 0 (Space or No Signal)

TP83 20 (Space)

TP83 0 (Mark, No Signal, or
clamp)

TP84 20 (Mark)

TP84 0 (Space, No Signal or
clamp)

TP8S 10.3

TP86 20 (Low level clamp)

TP86 0 (Noclamp)

TP87 16V (Low SNR Clamp)

TP87 4V (No SNR Clamp)

TP88 20

TP89 0

TP90 20 (Good Signal Level)

TP90 0 (Low Signal Level
clamp)

TABLE Il

RECEIVER RF MEASUREMENTS

NOTE: Voltmeter readings taken at any point from receiver
input to stage involving transistor QIS are si€ither
meaningful or feasible because of either waveform
variations or the effect of instrument loadingyen the
readings. Receiver adjusted as Table I.

Collector of Translistor Voltswith Signal At
or Test Point +10dB Above Notmal Level

QIS(TP15) 0.8

Q51 (TP51) 0.9

Q52 (TP53) 0.65

Q53 (TP54) 2.2

Q54 (TP55) 4.5

TP61 013

TP67 275

FILTER RESPONSE LMEASUREMENTS

The LC input filter (E£201) and the IF Filter (FL2) arein
sealed containers,;and#repairs can only be made by the fac-
tory. 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 Figure 16 can be used
in caseithere is reason to suspect that either of the filters is not
performing correctly.

Figure 15 shows the —3dB and —35dB checkpoints for the
I'E 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 ofyEigure
15 was chosen to show the IF filter response, which petmitted
only a portion of the input filter curve to bedshown. The
checkpoints for the passband of each section of each section
of the IF filter are down 3dB maximum at 19.75 and
20.25kHz, and for the stop band are down 18dB minimum at
19.00 and 21.00kHz for each section. The signal generator
voltage (Figure 16) must be+eld cerstant throughout the en-
tire check. A value of 7.8 voltsyis stitable. The reading of
VM2 at the frequency of minimum attenuation should not be
more than 22dB below the geading of VMI. It should be
noted that a limit measuted inithis manner is for convenience
only, and does not iadicate'@etual insertion loss of the filter.
The insertion lossgwouldibefapproximately 16dB less than the
measured difference bécause of the input resistance and the
difference in_inputyand output impedances of the filter.

Imytesting'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
offminimum attenuation will vary somewhat with the channel
frequency, but should not be more than 18dB below the
reading of VM L. (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 (YI1)
and probably a different feedback capacitor (CI12). 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 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 60Hz to 330kHz,
input impedance 7.5 megohms.
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b.

[

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

Microammeter 0-100pa 700 to 900 ohms range,
(if receiver has carrier level indicator). (Westing-
house S#606B592A26 is preferred as it has correct
resistance and a linear dB scale from —20dB to
+10dB.

1. Desirable Test Equipment for Apparatus Mainte-
nance

a.

b.

All items listed in I.

Signal Generator
Output Voltage: up to 8 volts
Frequency Range: 20-kHz to 330kHz

. Oscilloscope

. 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 rackgbuthalso can be
removed and used as a portable unit:

RENEWAL PARTS

Repair work can be dome most satisfactorily at the
factory. However, replacement parts can be furnished, in
most cases, to customers, who are equipped for doing repair

work. When ordéring, parts, always give the complete
nameplate data, the glectrical value, style number, and iden-
tify the part by its‘designation on the Internal Schematic
drawing,

© TYPETCF-10 RECEIVER
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TCF-10
INPUT osc. LMITER DISCRI-
FILTER & IF AMP M
MIXER MINATOR
IF I—— AND #» S/N
S/N g
RF N s/n é RED=LOW S/N
DETEC-
TION N LOW LEVEL
ANDQ. |> L ‘7 —3» LOW LEVEL=GOOD SIGNAL
7
YELLOW = GOOD SIGNAL
7
MARK RED = LOW SIGNAL
——=_ 4 AND = - MARK
> o i
RED = MARK
SPACE
——— AND SPACE
3 4
RED = SPACE
Sub. 1
775B84(
Fig. 2. Receiver'Logic/for Dual Phase Comparison
REMOVEABLE SHROUD — ‘
2. 375
1125w .- @ } }4———&075 % {9.53) (750
(28575) o [ 1 = 152.305) (44,450}
| ’
‘-LJ 4.950 = - 2500
126.730) o, 8
A750ﬂ fe- ‘ H3h (63300}
{19.050)
13.835 17.434 )
(351.403) 1442.82)
15775
{400 €85)
10.000
{254.000)
(28.880), 28.880)
ﬂl.137 h-— — |,|37{-
3 1 1
| |
| H H
REMOVEABLE SHROUD (491502}
— 19.354
e 18,375 MTG. CENTERS
1466.725)
! f
g 5219 2250 O O
(126.77) (132.586) (57.150)
4,938 . .
|uzs.u) === { <% ]
1484 o
] (37.703)
L 2 ]
92, £ 88 880
(4 PLACES)
Sub. §
1445C

1 )

Q Fig. 3. Outline TCF-10 Receiver
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COMPONENT DESCRIPTION STYLE NO.
R4 RESISTOR 1000 SOW 5% 184A763H0O3
R6 RESISTOR I0.0K 50w 5% 184A763H5!
RS POTENTIOMETER 100K 2w {85A086HIO
FL20I FILTER
TJI TIP JACK BLACK 187A332H02
TJ2 TIP JACK RED 187A332H0I

[J=To BE DETERMINED:

(BLACK) '

|
9w |
|
|

Sub. 1
7758394

Fig. 4. Internal Schematic Input Filter Module

CeMPaNENT DESCRIPTION  STYLE NO.
cit CAPACITOR +250UF 200V  187A624H0Z
a2z CAPACITOR SEE NOTE ¥
c13 CAPACITOR +250UF 200V  187A624H02
cra CAPACITOR  1.000UF 200V 187A624H04
cis CAPACITOR  1.000UF 200V 187A624H04
cie CAPACITOR sEEnoTEM
€17 CcAPACITaR +250UF 200V  187A624H02
cis CAPACITOR +250UF 200V  187A624H02
c19 CAPACITER +250UF 200V  187A624H02
c20 CAPACITOR  100.000PF 500V 762A757HO1
c2y CAPACITER +250UF 200V  187A624H02
c22 CAPACITER  1.000UF 200V 187A624H04

NEG. c23 CAPACITOR +250UF 200V 187A624H02

—— e — e e A - ———— RIY RESISTOR  10.0K .50w SI  184A763HSI

V7 -1 K3 RESISToR 470000 30w 31 J8enresuad

1 RI4 RESISTOR 3300.0 .50W ST 1B4AT63HI9

] - R1S RESISTOR  330.0 .50v SI 184A76IMIS

o) m R16 RESISTER  10.0K .SOW 51 1B4A763WS}

L &~ | RIT RESISTOR  03.0K .50v ST  184AT63N6I

FL2 R18 RESISTOR 3300.0 50w 51 1R4A763HI9

12 25 RL9 RESISTOR 3300,0 .50¥ ST 184A76JHI9

B o ~ - R20 RESISTOR  10.0K .50W 5% 184A763HS}

4,6 R21 RESISTOR 33.0% 50w ST 184A763M63

L2 4¢2 s L3 jo} [pouteur R22 RESISTOR  330.0 .50V ST 1BAA76IMIS

TPI4 17 3] e 5 7]27 R23 RESISTOR  10.0K .50 ST 184A763HS)

R24 RESISTOR  220-0K -50W 51 1B4A763H83

TPI5, R2S RESIST@R 4700.0 .SOw ST 1B4A76IH43

| RZ5 RESISTOR  3300.0 .50w ST 184AT6INI9

Q4 Qis r27 RESISTOR 22.0K -S0W ST 184A76IH39

| R28 RESISTOR  680.0 .50W 53 1B4A763M23

R29 RESISTBR  68.0 -50W 51 187A290M21

{ R0 RESIST@R  10.0K +50w 5% 184A763HSS

o © R31 RESISTOR  330.0 .50w ST 184AT63HIS

™ c20 pal R32 RESISTER 3300.0 -50w ST 184A763H19

<, T | R32 RESISTOR 1000.0 - -50w 5% 184A763H27

R34 RESISTOR  22.0K +50w ST 184A763KS9

| RIS RESISTOR  680.0 +50w SI 184A763H23

cal L R36 RESISTOR  68.0 .50W 5% 1B87A290W2)

£ ] Ac22 v c23 | R37 RESISTOR 10.0K .50W SX [BAA763IHSI

N cl9 b 4 R12 rat 1,08 L12v 629A430H02

3 , Jhn JUMPER 0 DHM RESISTOR B6ZAATBHOL

33 o1 TRANSISTOR  2N4249 849A4a1H0)

o + e +20v o1z TRANSISTOR  2N4249 8494441503

[____j any TRANSISTOR  2N4249 8494441103

5 1444C51602 | al4 TRANSISTOR  2N4249 849A41HO3

—_—— e —— — — ais TRANSISTOR  2Na249 8490441H03

- + . T TRANSFORMER 205C04360]1

RF OQUTPUT MH TRANSFORMER 205C043603
n CRYSTAL SEENOTEQ

FL2 FILTER 7624613601

W=CI2 RANGE 4 TO 390Pf AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.

B®:Ci6 RANGE 22 TO IOOPf AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS

Q=Yil RANGE-50 TO220KHZ
?=COMMON TERMINAL

1444C52

Fig. 5. Internal Schematic Oscillator-Mixer-IF Amplitier Module
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D55 8

Q55 35

056
JUMPER
Q56

-~ o o
T2 TPS O TP O
F ices §‘C67
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7J1 ce3 ™ TP 7;J ce8
S ce
ces
—]
17
| °
I~
!
l2s
[vd
'\
H
I [
i
I

R5

L

SPACE
I
I
|

CenPONENT DESCRIPTION
CSt CAPACITOR «250UF 200V
cs2 CAPACITER +250UF 200V
Cs3 CAPACITOR «100UF 200V
C54 CAPACITOR 1300.000PF 500V
Css CAPACIT@R «100UF 200V
Csé CAPACIT@R +250UF 200V
Ccs7 CAPACITOR «100UF 200V
Ccss8 CAPACIT@R +250UF 200V
C59 CAPACI TOR +250UF 200V
cs0 CAPACITOR 1.000UF 200V
Csl CAPACITOR «220UF SOV
cé2 CAPACITOR +220UF SOV
Cce63 CAPACITOR 4.5TO IOOPF

Cé4 CAPACIT@R 9100.000PF 200V
C6s CAPACITOR SEE NOTE O

Cceés CAPACITOR 100.000PF SO0V
ce? CAPACITOR SEE NOTEQ

ces CAPACITOR 4.5T0 IOOPF

Cé9 CAPACITOR 9100.000PF 200V
ci0 CAPACITOR +220UF SOV
cn CAPACITOR +220UF SOV
DS DI@DE IN457A

Ds2 DIODE INaSTA

D5) DIODE INA57A

DS 4 DIODE INAaSTA

DSS DI@DE INASTA

D56 JUMPER

D57 DI@DE IN628

Ds8 DI1@DE IN628

RSI RESISTOR 4700.0 .SOW S2
RS3 RESISTOR 27.0K +.50W SX
RS4 RESISTOR 2200.0 .SOW SX
RS5S5 RESISTOR 27.0 .SOW 52
R56 RESISTOR 10.0X .50W S%
R57 RESISTOR 4700.0 .50W S%
RS8 RESIST@R 27.0K .SOW 52
RS9 RESIST@R 1500.0 .50wW S2
R60 RESISTOR 180.0 50w S2
Ré61 RESIST@R 4700.0 ,SOW S%
R62 RESIST@R 2200.0 ,SOW SX
R63 RESISTOR 33.0K «50W 5%
R64 RESIST@R 2700.0 .SOW S2
R6S RESISTOR 680.0 .SOW S
R66 RESISTOR 68.0 .SOW S
R67 RESISTOR 4700.0 .SOW S2
Ré8 RESIST@R 2700.0 .S0W S%
R69 RESISTOR 1B40K «50W 52
R70 RESISTOR 220.0 +50W S%
R71 RESISTOR 68.0 .S0W 2%
R72 RESISTBR 330.0 .SOW S
R73 RESISTOR 56+.0 ,SO0W 2%
R74 RESISTOR 12.0K «+50W 52
R75 RESISTOR 3000.0 .SOW S
R76 RESISTOR 3000.0 .S0W S%
R77 RESISTOR 220.0 .50W 5%
R79 RESISTBR 2200.0 .SOW 52
R80 RESIST@R 2200.0 .SO0W S%
R52 POT 1e0K +SOW
Q51 TRANSIST@R 2Na249

052 TRANSI STOR 2N4249

053 TRANSISTOR 2Na249

Q54 TRANSISTOR 2N4249

Q55 TRANSI ST@R 2NJ6 a5

Q56 TRANSI STOR 2NJ6as

T21 TRANSFORMER

T22 TRANSFORMER

TELEPHONE JACK

STYLE NO.

187A624H02
187A624H02
187A624H01
187A584H15
1B7A624H01
1B7A624H02
187A624H01
187A624H02
187A624H02
187A624H04
762A703HO1
762A703H01
762A736H02
187A624H1 6

187A684H08

762A736H02
187A624H16
762A703H01
762A703HO1
184A855H07
184A855H07
184A855H07
184A855H07
18 4A855H07
862A478HOI
184ABSSHI2
1BAABSSHI2
1B4AT763H43
184A763H6]
1B4A763HIS
187A290H1 I
184A763HS51
184A763H43
184A763H6]
184A763H31
1B4A763H09
184A763H43
184A763H3S
184A763H63
1B4A763H37
1B4AT763H23
187A290H21
184A763H43
18 4AT763HIT
184A763HST
184A763H) )
629A531H04
1B4A763HIS
629A531H02
184A763HS3
184A763H38
1B4A763H38
184AT763H1)

184AT63HIS
184A763HIS
629A645H0 4
B849A441HOD
B49A441HO3
B49A441HO3
B49A441HO3
849A441HO1
B49A441HO!
606B533GO1
6068533602
187A606HO!

DETERMINED IN TEST.

FINISH LEADS OF T22

O-ONE OR TWO CAPACITORS USED; VALUES

A~FOR STYLE 1444C48G03 REVERSE START AND

Sub. 2
14449C49

Fig. 6. Internal Schematic Amplitier Limiter-Discriminator Module
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TYPE TCF-10 RECEIVER

COMPONENT DESCRIPTION  STYLE NOs

R81 RESISTOR 1000.0 .S50% 1% 848A819H4a8
Rg2 RESISTOR 2210.0 +50W 1% 848A819H81
R83 RESISTOR 10.2K «25W 1% 848AB20H46
R84 RESISTOR 10.0K «25W 12 848AB20HA4S
R85 RESISTOR 56+2K +25W 1%W848AB21H18
R86 RESISTOR 10.0K «S0W V%2 _B4BAB20HAS
R87 RESISTOR 2210.0 .50 12 848A819HS1
R88 RESIST@R 10.2K +25WRL% 484BAB20HA6
R89 RESISTOR 10.0K «25W 1%, B848AB20HA45
R90 RESISTOR 82.5K 450Vl 7 V848AB21H34
R91 RESISTOR 10.0K (4SOW 1% 848A3204H45
R92 RESISTBR 6190.0, «S0W A% 848A820H25
R93 RESISTOR 4990.0W.50W 12 848A8B20H16
R9S RESISTOR 4750.0 «2SW 12 848AB20H14
R96 RESISTOR 475080 .25W 1% B848AB20H14
R97 RESISTOR 4990.00y@50% 1% 848A8B20H16
R98 RESISTOR I'Ss0K +SOW 1Z2 B4BAB20H62
R99 RESISTOR4 4990.00 .S50W 12 B4BAB20H16
R100 RESISTOR 4990.0 «S0W 1% 848A820H16
R101 RESISTOR)HA99P.0 ‘.SOW 1% B4BAB20H16
R102 RESISTOR 10.0K «50W 1% B848AB20HA4S
R103 RESI STOR 10.0K «50W 1% B4BAB20H4S
R104 RESISTOR 10.0K «50W 1% B4BAB20HA4S
R10S RESI ST@R 10.0K «50W 1Z 848AB20HAS
R106 RESTHSTOR 10.0K «SOW 12 B848AB20HA4S
R107 RESISTOR 100K «SOW 12 848AB20HA4S
R108 RESI'STOR 100.0K «S50W 1% B848A821H42
R109 RESI STOR 10.0K «SOW 1% 848AB20HA4S
R1100 RESISTOR 1000.0 +SOW 1Z 848A819H48
RA12 RESISTOR 4750.0 +25W 12 848A820H14
R113 RESISTOR 4750.0 <254 1% 848A820H14
R114 RESISTOR 150K «SOW 12 B8A48AB20H62
RIS RESISTOR 4990.0 +S0W 1Z B848AB20H16
R116 RESISTOR 4990.0 «SOW 1% 848AB20H16
R117 RESISTOR 4990.0 +S0W 1% B848AB20H16
RT18 RESISTOR 4990.0 +SOW 1% 848A820H16
R119 RESISTOR 10.0K «SOW 1Z 848AB20HA4S
R120 RESISTOR 1000.0 .S0W 1%2 848A819H48
R121 RESISTOR 15.0K «50W 1Z 8A48AB20H62
R122 RESISTOR 150K «S50W 12 848AB20H62
R123 RESISTOR 10.0K «50W 1% 848AB20HAS
R124 RESISTOR 10.0K «S0W 1% BA48AB20H4S
R125 RESISTOR 10.0K «SOW 1% 84BAB20HAS
R126 RESISTOR 10.0K +SOW 1Z 848AB20HAS
R127 RESIST@R 2.0K +50W 1%2 B848A819H77
R128 RESISTOR 9530.0 «SO0W 1% 848A820H43
R130 RESISTOR 9530.0 +50%W 1% 848A820HA43
R131 RESISTOR 100K «50% 1% 848A820HAS
R132 RESISTOR 100K «S50W 1%2 848AB20HA4S
R133 RESISTOR 10.0K «S0W 12 B848AB20HAS
R134 RESISTOR 100K «50W 1Z2 B4BAB20HAS
R135 RESISTOR 10.0K .50W 12 848A820H4S
R136 RESISTOR 15.0K .50l 12 B84BAB20H62
R137 RESISTOR 10.0K «50W 1Z B48AB20HA4S
R138 RESISTOR 10.0K «50W 1Z 848AB20H4S
R139 RESISTOR 10.0K +50W 1Z 848AB20HA4S
R140 RESISTOR  475.0K .25W 1% 848A822H08
R141 RESISTOR  200.0K «SOW 1Z2 848A82I1H7I
R142 RESISTOR 150.0 «S0W 12 848AB18H68
R144 RESISTOR  750.0 .S0W 1% 848A819H36
R14S RESISTOR 18.7K «SOW 1% 848A820H71
R146 RESISTOR 4990.0 +S0W 1% 848A820H16
R148 RESISTOR 1000.0 +S0%W 12 848A819H48
R149 RESISTOR 150K .50W 12 848AB20H62
R150 RESISTOR 240K +50W 12 848AB19H77
R1S1 RESISTOR 2.0K «50¥ 12 B848AB19HT7
R152 RESISTOR 178K «25W 12 8ABAB20H69
R154 RESISTOR 1.0K +50W 1Z2 848A319H48
R1SS RESISTOR |.0K , 25W 20% 629A430HO2
R156 RESISTAR 1500 +SOW 1% 843AB1846K
RI5T RESISTOR 33n  3W T63A12THI6
RI58 RESISTOR 33 3W T63A127HI6

17
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COMPONENT DESCRIPTION  STYLE NO.
R9 4 POT 20.0K .50 629A645HNS
R111 POT 5S0.0K +50W 629A645H 12
R129 POT 2.5K «25W 629A645H07
R147 POT 250.0K 75U 880AB26H10
R153 POT 2.5K .25W 629A645H07
c81 CAPACI-TOR 2000.000PF 500V 187AS5%4H0]
cs82 CAPACITOR 1000.000PF 200V 880A397HO7
c83 CAPACITOR 220.000PF 200V B79A989H17
c84 CAPACITOR .010UF 50V 184A663HO1
c8s CAPACITOR 1.000UF SOV 3512A08H01
c86 CAPACI TOR .010UF SOV 184A663H01
c817 CAPACITOR 2000.000PF 500V 187AS584HO1
c8s8 CAPACITOR 1000.000PF 200V 880A397H07
c89 CAPACITOR 33.000PF 200V 879A989HO7
c90 CAPACI TOR .010UF SOV 184A663H01
(1] CAPACI TOGR .010UF 50V 184A663H01
c92 CAPACI TOR 1.000UF S0V 3512A03H01
c93 CAPACITOR .010UF 50V 184A663H01
c94 CAPACITOR 33.000PF 200V 879A989HO7
c95 CAPACITOR .010UF S0V 184A663H0!
c96 CAPACITOR .010UF 50V 184A663HN]
c917 CAPACITOR .470UF S0V 762A680H04
c98 CAPACITBR 33.000PF 200V 879A989HO7
C99 CAPACITOR .010UF 50V 184A663HO1
c100 CAPACITOR .010UF 50V 184A663HO01
ciol CAPACITOR 33.000PF 200V 879A989H07
cto2 CAPACITOR .010UF 50V 184A663401
c103 CAPACITGR 33.000PF 200V 879A989H07
cl04 CAPACITOR .010UF 50V 184A663H01
Cc105 CAPACI TOR .010UF 50V 184A663H01
C106 CAPACITOR .047UF 50V B848A646H07
c107 CAPACITOR 33.000PF 200V 879A989HO7
c108 CAPACITCGR .010UF 50V 154A663H01
c109 CAPACI TOR .010UF 50V 184A663H01
ct10 CAPACITOR .22 UF j00V 3512A08H02
1C1 INT CKT SE531T 3512A10H01
1c2 INT CKT SES3IT 351 2A10H0 }
1Cc3 INT CKT SES31T 3512A10H01
1C4 INT CKT SES3IT 351 2A0H01
1C5 INT CKT SES31T 3512A10H01
1Cé INT CKT 747DM 1 443¢52H00
1C7 INT CKT SES3IT 3512AT0H01
1cs8 INT CKT SES31T 391 2A10H01
1C9 INT CKT SN56502 3512A09H01
1C10 INT CKT 747DM 1448C52H01
1C11 INT CKT 747DM 1443C52H01
1c12 INT CKT SN56502 851 2A09H0 |
1C13 INT CKT 747DM 1443C52H01
D61 DIGDE INa] 48 836A928H05
D62 DIODE INAa8 836A928H0A
D63 DIODE 1N4148 836A928H06
D64 DIGDE 1N 4128 836A928H06
D65 DIGDE 184148 836A9284H06
211 ZENER IN4460 6.2V B837A693H08
z12 ZENER IN44 60 6.2V 837A693H08
Z113 ZENER 1N325A 6.2V B62A2RK8HNG
Ji11 JUMPER 0/0HM RESISTOR 862A478HOI
Ji12 JUMPER 0U@HM RESISTOR 862A478HOI
J113 JUMPER 0. OHM RESISTOR 862A478H0I
J114 JUMPER 0 YOHM RESISTOR 862A478H01

Sub. 9
Sheet 1
O 6705032
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COMPONENT

D71 DI®DE
D72 DIODE
D73 DIODE
D74 DIODE
D75 DIODE
D76 DIODE
D77 DIGDE
D78 DIODE
D79 DIODE
D80 DIODE
D81 DIGDE
Dg2 DI@DE
D83 DIBDE

D8 4 DIODE
D85S DIOGDE

D& 6 DIODE
D87 DIODE
R161 RESISTOR
R162 RESISTOR
R163 RESISTOR
R164 RESISTOR
R165 RESISTOR
R166 RESISTOR
R167 RESISTOR
R168 RESISTOR
R169 RESISTOR
R170 RESISTOR
R171 RESISTOR
R172 RESISTOR
R173 RESISTOR
R174 RESISTOR
R175S RESISTOR
R176 RESISTOR
R177 RESISTOR
R179 RESISTOR
R180 RESISTOR
R181 RESISTOR
R182 RESISTOR
R183 RESISTOR
R184 RESISTOR
R185S RESISTOR
R186 RESISTOR
R187 RESISTOR
R188 RESISTOR
R189 RESISTOR
R190 RESISTOR
R191 RESISTOR

DESCRIPTION STYLE NO.
IN64SA 837A692HN2
IN645SA 837AAK92HNA
IN645A 837A692H03
IN64SA 837A692H03
IN64SA 837A692H03
IN64SA 837A692H03
IN64SA 837A692HN3
IN645SA 837A692H03
IN64SA 837A692HN3
IN64SA 837A692H03
IN4ST7A 184A855H07
IN4AS7A 18 4A855H07
IN64SA 837A692H03
IN64SA 837A692H03
LED 3508A22HN?
LED 3508A22H0 1
LED 3508A22H01
10.0K «S0%W SZ 184A763HS]
120.0K .S0% S% 184A7T63H77
33.0K «S0%W SZ 184AT63H63
120.0K «S0¥ S%Z 184A763H77
4.7K .S0W SZ 184A763H5]
2.4K .S0W S7  184A763HS7
82.0K +.S50W SZ 184A763H73
150.0 3.00W 5% 762A679H01
10.0K «S0W S%2 184A763HS
120.0K «SOW S%Z 184A763KH7d
33.0K «+50W SZ 184A763H63
120.0K .50V S%Z 184A7T63H7T7
4,7K +S0W S7Z2 184A763HS5)I
2.4K .S0W S7 184A763HST
82.0K «S0W SZ2 184A763RE3
150.0 3.00% S%2 762A609H0
10.0K «S0W 1%2 848AB20HAS
10.0K +50% 12 848AB20H4S
68+.1K .50% 12 B8ABAB23H26
4990.0 +SOW K2 84BA820H16
6810.0 +50W 1Z 4848A820H29
2.0K +SOW 120 8ABAK1I9KHT7
2.0K <S50V 4% 84888 19H77
562.0X 25y 120, 848A822H15
S11.0K «SQURIZ BuBAB22HI T
16200 <25k 1% 4848A819HAR
1620.0 f25W A% BASAB19H6R
33.0K ([« 50 5% 184A763H63
68+0K <504 457 184AT6L3HTI
68410K s SOW SZ  184AT63H71

COMPONENT

R192 RESI STOR
R193 RESISTOR
R194 RESISTOR
R195 RESISTOR
R196 RESISTOR
R197 RESISTOR
R198 RESISTOR
R199 RESI STOR
R200 RESLSTOR
R201 RESISTOR
R202 RESLSTOR
R203 RESISEGR
061 TRANSI STOR
062 TRANST STOR
063 BRANSI STOR
064 TRANSI STCR
065 TRANSISTOR
066 TRANSISTOR
067 TRANSI STOR
063 TRANSISTOR
@69 TRANSI STOR
@70 TRANSISTOR
Q71 TRANSISTOR
z21 ZENER

z22 ZENER

z23 ZENER

z24 ZENER

z2s ZENER

z26 ZENER

z27 ZENER

z28 ZENER

R178 POT

Ic21 INT CKT
Jiz| JUMPER
Ji22 JUMPER
J1Z3  JUMPER
D88 DioDE
pe9 DI0DE

DESCRIPTION STYLE NO.
330K, .50k S7Z 184AT63H53
120. 0K J9S0W S%2  184ATA3HTT
100K [+SOW SZ2 184ATA3HSI
1840Kd . SOW S%Z  184NT63HST
82.0X «S0l S%Z 184AT63H73
15040 3.00¥ SZ2 762A679401
38.0K .S50W 5% 184A763463
68.0K +SOW SZ 184A763H71
4700.0 .S0W S%Z 184A763H43
2400.0 +50W S%Z 184476343%
82.0K .50l SZ 1844763H173
150.0 3.00% SZ 762A679HOI
2N699 18 4A638H19
2N699 184A4535%H19
2436415 R490AATHN]
2699 1842638H19
2N699 184A638H19
2N3645 8A49A441HO 1
28699 184A633H19
2N699 1848533419
2N3645 849A441HO]
2N699 1840638H19
2N3645 849NA441HDY
IN961B 10,0V 1B6AT9THOT
IN36B3A  24.0V 862n238H01
IN9618B 10.0V  1864797HO7
IN36588A 24.0V  EA2A288H01
IN96113 10.0V  186A79THO7
IN3688A 24.0V B626288H01
IN9618B 10.0V  186A797HO7
IN3688A 24.0V 8B62428%H01
2.5K .25 629A645H) T
747DM 1443C52Hol
0 OHM RESISTOR 862AA73HO1
O OHM RESISTOR 8¢2A478HO|
O OHM RESISTOR B62A478Ho|
LED 3508A22H0 |
LED 3508A22Ho |
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TYPE TCF-10 RECEIVER

I.L. 41-945.57A

DB DOWN (FILTERS ONLY’
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Fig. 15. Filter and Discriminator Characteristics of the Type TCF-10 Receiver
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TYPE TCF-10 RECEIVER

I. F. FILTER TEST CIRCUIT CONNECTIONS

COUNTER

FL-20I

T 10K
i 3 5 7
COUNTER S O 0 o x
_ I.F. FILTER
l (FL2)
O~
s ?4 6
-L- SECH|
- 10 K
| 3 6N 17
COUNTER o o O\
|.F. FTER
(FI2)
L
ot 02—-?44%
€ secF¥:

INPUT FILTER TEST CIRCUIT CONNECTIONS

@~ XFMR.NOT

CONNECTEDT
FL 20| TERMSB 4

&8 FOP 200 8-
SOOKNZ.

Sub. 2
877A794
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Fig. 16. Test Circuits for TCF-10 Receiver Filters
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TYPE TCF-10 RECEIVER I.L. 41-845.57A

INPUT FILTER |
1600 HZ
BANDWIDTH O HZ — P _2r BANDWIDTH
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Sub. 2
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) Fig. 17. Signal to Noisé Ratio Characteristics
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Westinghouse I.L. 41-945.14C
INSTALLATION ¢ OPERATION ¢ MAINTENANCE

INSTRUCTION-S

TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT
TRANSMITTER EQUIPMENT -1 WATT/10 WATT
FOR ALL RELAYING APPLICATIONS

CAUTION: It 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 secured
before swinging out the equipment rack to prevent
its tipping over.

APPLICATION

The type TCF carrier transmitter equipment pro-
vides for the transmission of either of two closely
controlled discrete frequencies, both within a narrow
band channel, over high-voltage transmission lines.
The center frequency of the channel can vary from_30
Q to 300 kHz in 0.5 kHz steps. The two frequéncies
transmitted are separated by 200 Hz, one be€ing 4t
center frequency (fc) plus 100 Hz and the ‘others<at
center frequency minus 100 Hz. The higher frequency,
termed the Guard frequency, is transmitted continu-
ously when conditions are normal. It indicates at the
receiving end of the line that the channel is operative
and it also serves to prevent fal§e operation of the
receiver by line noise. The lowergfrequency, termed
the Trip frequency, is transmitteddas a signal that an
operation (such as tripping a eircuitibreaker) should
be performed at the receiving end of‘the line.

When frequency-shift carrier is used in protective
relaying applications, it"is;recommended that the trip
frequency be transmittedfat a higher power level to
increase reliabidity ofgthe“system under conditions of
abnormally high channed losses or line noise. The
frequency is shifted from Guard to Trip by the closing
of a protective reélay contact and the same contact
also shifts the transmitter from a 1-watt to a 10-watt
output level.

Whén electro-mechanical relays are used for
keying_ from guard to trip frequency, the contact
used is eonnected to the high voltage input of a
buffering keying board. This board buffers the
input so that random noise does not key the cir-
cuits. When solid state relays are used, the 20 V
D.C. voltage used for keying is connected to the

low voltage input of the buffering ke¥ing toard.

CONSTRUCTION

The 1 watt/10 watt TBEF transmitter unit is
mounted on a stamdard\W9-inch wide panel 12 %
inches (7 rack .units).shigh with edge slots for
mounting on a standard relay rack. All components
are mounted on the rear of the panel. Fuses, a pilot
light, a poWer switch and a jack for metering the
amplifier collector current are accessible from the
front of)the panel when supplied. See Fig. 7. All
ofgthe circuitty that is suitable for printed circuit
board, mounting is on three such boards, as shown
in Fig."8, The components mounted on each printed
circuitydboard or other sub-assembly are shown en-
clesed by dotted lines on the internal schematic.
Eig. 1 or 2. The location of components on the three
printed circuit boards are shown on separate illus-
trations, Fig. 4, 5, and 6.

External connections to the assembly are made
through a 18-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 frequency, a mixer and buffer
amplifier, a driver stage and a power amplifier.
One filter is located between the driver and the

© power amplifier and the second filter removes har-

monics that may be generated by distortion in the
power amplifier.

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
Jurther 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.

SUPERSEDES |I.L. 41-945.14B, DATED NOV. 1977

© DENOTES CHANGE FROM SUPERSEDED ISSUE.

EFFECTIVE DECEMBER 1978



TYPE TCF POWER LINE CARRIER 1W/10W

A single crystal designed for oscillation in the
30 kHz to 300 kHz range cannot be forced to oscil-
late 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 or 2.
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 (for a 30-kHz transmitter).
Capacitor C55 and crystal Y2 in series are connected
between the positive side of the supply voltage and the
base of transistor Q51, which operates in the emitter-
follower mode. The emitter is coupled to the base
through C57, and with Y2 removed the base of Q51
would be held at approximately the midpoint of the
supply voltage by R51 and R52. The crystal serves as 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 oscillations and reducing
C55 will raise the frequency.

Crystal Y1 is connected in a circuit that is
similar except for the addition of C53 and diodes
D51 and D52. By adjustment of C52 this circuit
is made to oscillate at 100 Hz above its marked
frequency. Capacitor C53 is not effective until
D51 is biased in the forward direction and becomes
conductive. It is biased in the reverse direction
until the relay control contact is closed, ahich
places 45 V.D.C. at terminal 3 of the printed circuit
board. With D51 conducting, C53 is effe€tively in
parallel with C52, and adjustment®of ‘€53 /will
reduce the frequency by 200 Hz. The erystals taken
individually have a greater variation)of frequency
with temperature than would be acceptableyHowever,
by proper matching of the two cryStals ithe variation
in their difference frequency ‘can be kept within
limits that permit holding themfrequency stability of
the overall transmitter to #10 Mzfover a temperature
range of —20 to +55°C.

The frequencies produced by the two oscillators
are coupled to the“basg 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 6f transformer T51, but the dif-
ference frequency is accepted and amplified by
Q53 and ‘Q54.

When the relay control, or keying, contact is
closed;, it increases the output power from 1 watt to
10, watts as well as changing the frequency from

Guard to Trip. This is effected by reducing the
emitter resistance of buffer-amplifier transiStor
Q54. When the keying contact is open, transistor
Q55 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 Q55_is made con-
ductive by closing the keying contact. R70 is placed
in parallel with R68 and theWamount/ of emitter
resistance not bypassed by C66, cangbe adjusted as
required to obtain a 10-watt otitput<leyel.

As is shown on the Internal Schematic, Fig. 1 or
2, the voltage for the keying circuit is obtained from
the 45-volt regulated’’supply in the transmitter, and
opening the single “pewer switch de-energizes both
the transmitter apd%he Keying circuit.

The driver, stagé consists of transistors Q54
and Q57 connected in a conventional push-pull
circuit“withminput supplied from the collector of
Q54 Shrough, transformer T52. Thermistor R73 and
resigstorsiayR74 and R75 are connected to provide a
variable bias that reduces the effect of varying
ambientitemperatures on the input level.

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 improves
the waveform of the signal applied to the power
amplifier.

The power amplifier uses two series-connected
power transistors, Q101 and Q102, operating as a
class B push-pull amplifier with single-ended out-
put. Diodes D101 and D103 provide protection for
the base-emitter junctions of the power transistors
Zener diodes D105 and D106 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, Cg and
L103, Cc) which are factory tuned to the second
and third harmonics of the transmitter frequency.
Capacitor Cp 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 turner and coaxial cable. Auto-
transformer T4 matches the filter impedance to
coaxial cables of 50,60, or 70 ohms.

fpv%(-k'm
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TYPE TCF POWER LINE CARRIER 1W/10W

I.L. 41-945/14C

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 J02 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"”’
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 Q1. Depending on the load current, the
d-c voltage drop through transistor Q1 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 voltages.
Capacitor C1 provides a low carrier-frequency
impedance across the d-c output voltage. Capacitors
C2 and C3 bypass r.f. or transient voltages to
ground, thus preventing damage to the transistor
circuits

CHARACTERISTICS

Frequency
range 30-300 kHz
Output 1 watt guard — 10 gvatgs trip
(into 50 to 70 ohm“resistive
load)
Frequency
stability + 10 Hz4romy-20°C to +55°C.
Frequency A. When used with narrow band
spacing receiver

1."One-way channel, two or
more signals-500 Hz min.

2. Two-way channel, 1000
Hz min. between trans-
mitter and adjacent re-
ceiver frequencies.

B. When used with wide band
receiver.
1. One-way channel, two or

more signals-1000 Hz min.

2. Two-way channel, 2000
Hz min. between trans-
mitter and adjacent re-
ceiver frequencies.

Harmonics Down 55 db (min.) from output

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

Supply voltage 42-56v. for nom. 48 v. supply.

variation 105-140 v. for nom.4125 v.supply.
Battery drain 0.5 a. fguard
1.15%. trip } 48 v.d.c.
0.5gma. guard
125 v.d.c.
0:9 A. trip } v.a.c
Keying circuit
current 4 ma.
Temperature
range —20 to +55°C around chassis.
Dimensions Panel height - 12%’’ or 7 r.u.
Panel width - 19"’
Weight 12 lbs.
INSTALLATION

The TCF transmitter is generally supplied 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, corrosive fumes,
or heat. The maximum ambient temperature around
the chassis must not exceed 55°C.

ADJUSTMENTS

The TCF 1W/10W 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.
If it is desired to check the adjustments or if re-
pairs have been 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 imped-
ance 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 a-c vacuum
tube voltmeter (VTVM) across the load resistor.
Turn power output control R64 to minimum (full
counter-clockwise). Turn on the power switch on
the panel and note the d-c 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 5 volts
across the load resistor used. At this point check
the adjustment of the series output tuning coil L.105



TYPE TCF POWER LINE CARRIER 1W/10W

by loosening the Kknurled shaft-locking nut and
moving the adjustable core in and out a small
amount from its initial position. Leave it at the
point of maximum voltage across the load resistor
used. Then rotate R64 farther clockwise to obtain
the correct voltage for 1 watt in the load resistor,
as shown in the following table.

Then change to Trip frequency by connecting
together terminals 2 and 3 of the transmitter printed
circuit board (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 L105 for maximum
output voltage and readjust R70 for a 10 watt output
if necessary. Tighten the locking nut on L105. Open
the power switch and remove the' jumper used to key
the transmitter to the 10 watt level. Remove the
load resistor, and reconnect the coaxial cable cir-
cuit to the transmitter.

T106 Voltage for
Tap 1 Watt Output

Voltage for
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 ‘tamer
instructions for its adjustment.

Normally the output filter (FL102) will (reguire
no readjustment except as noted above. Itgi® factery
tuned for maximum second and third sharmonic rejec-
tion, and for series resonance (maximum ‘Gutput at
the fundamental frequency) with a,60-ohmyload. A
small amount of reactance in théytransmitter output
load circuit may be tuned out by.rea@djustment of the
movable core of L105. This may bejnecessary with
some types of line coupling equipment. The adjust-
able cores of L102 and{L103, have been set for
maximum harmonic réjection and no change should
be made in thesedsettings unless suitable instru-
ments are availdble £#or measuring the second and
third harmonic present inghe transmitter output.

The operating frequencies of crystals Y1 and
Y2 have been carefully adjusted at the factory and
good stability canpbe expected. If it is desired to
check theWfrequencies of the individual crystals,
This cdnwbeddone by turning the matched pair 180°
and imserting a crystal in its proper socket with the
othery crystal unconnected. A sensitive frequency
couniterhwith a range of at least 2.2 MHz can be
eonnected from TP51 to TP54. (Connection to TP54

rather than to TP53 provides a better signal to ‘the
counter and avoids some error from the efféet of
the counter input capacitance on the oseillator
circuit.) While measurement of the oscillator crystals
individually is necessary for the initial adjustment
of the oscillators, generally any subsequentgchecks
may be made with a lower range counter connected
at the transmitter output. If any minorfadjustment of
the Guard and Trip frequenciesy should be needed.
the Guard adjustment should be,made with capacitor
C52 and the Trip Adjustment withi€53.

Q56-Q57 Bias Adjustment

The push-pull outputhystages of the transmitter
board are normally (shipped correctly biased. If any
components involved, in these stages have been
changed, then 4t may be necessary to recheck the
biasing ofsthis\stage.

Unsoldery the, lead from terminal 2 of transformer
T1 (jlsty.above ‘FL101) and temporarily connect a
low-range, d-c““milliammeter (0-1.0 ma) between the
removed lead (+) and T1 terminal 2 (-). Turn the
slotted ‘control on the small potentiometer to full
counterclockwise. Now, apply power to the TCF
carrier set, but do not transmit carrier. This can
be /done by removing the crystals. Advance the
potentiometer clockwise until the milliammeter
reads 0.05 ma. Turn off the power, remove the mil-
liammeter, and solder the lead back on terminal
2 of T1. Replace the crystals and again apply d-c
power to reenergize the transmitter. Check output,
etc. of transmitter as previously described.

CONVERSION FOR ADDING
VOICE CAPABILITY

This transmitter as shipped has been internally
wired so that voice can be added by merely substi-
tuting buffer keying board 265C484G01 for keying
board 204C495G04. These are interchangeable plug-in
modules. In addition, diode D53 should be removed
from the transmitter board 6275D85G02 as noted in
the schematics of Figures 1 and 2. This will now
make this transmitter conform to the schematics of
Figures1or2 of1L.41-945.13 and perform as described
in that instructionleaflet.It is nowonly necessary to
make the required external connections to connector
J3 to complete the conversion to voice,

When orderingthe buffer keyingboard 265C484G01
for conversion to voice, also request instruction leaf-
let 1L 41-945.13 as this leaflet will now contain the
complete operation instructions for the transmitter
after the conversion as well as the external inter-
connections required between the voice adapter,
relaying, and transmitter.

A
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I.L. 41-945.14C

MAINTENANCE

Periodic checks of the transmitter Guard and
Trip power outputs will detect impeding 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 indef-
inite 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 +20%.

TABLE |
TRANSMITTER D-C MEASUREMENTS

Note: All voltages are positive with “fespect, to
Neg. 45 V. (TP51). All voltages_read, with

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 fre-
quency and transistor g£haracteristics. T51-3=
Terminal 3 of transformer I'51. Other trans-
former terminals _identified similarly. All
read with a-c VIVM.

d-c VTVM.

Voltage at Voltage at
Test 1 watt 10, watts
Point Output Qutput
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
TP59 *<1.0 *<1.0
TP101 0 0
TP103 21 +2 21+2
TP105 44.0 44.0

Voltage at Voltage at
Test Point 1 watt 10 watts

Output Output
TP54 to TRS1 0.015-0.03 0.015-0.03
TP574to TR51 0.05 -0.09 0.3 -1.2
TR59t0 TP51 0.05 -0.09 0.3 -1.2
TIs1te,TP51 1.65 5.6
Ti:3to TP51 1.45 4.9
T1-4 to Gnd. .6 2.0
B2-1to Gnd. .57 1.85
TP101 to TP103 5.2 17.0
TP101 to TP105 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 24.5

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 FL.101 and FL102.
Inductors L1101, L1102 and L103 in these filters are
adjustable over a limited range, but forty-two com-
binations 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
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kHz at the upper end. A particular assembly can be
adjusted over a somewhat wider range than the
width of its assigned 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- 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- 72.0 127.5-135.0 222.1-230.0
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- 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- 94.5 170.0-180.0 284.1-287.0
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

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.

A signal generator, a frequency counter and @
vacuum tube voltmeter are required for readjustment
of FL101. The signal generator and the ceunten
should be connected across terminals 4 and 5%of
transformer T1 and the voltmeter across terminals
1 and 2 of transformer T2. The signal generator
should be set at the channel center freguwencyy,and
at 2 to 3 volts output. The core screw of the\{small
inductor should be turned to the positien “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 induct-
ance with core position is less at gither end of the
travel then when near the center and consequently
the effect of core screw rotation on the VTVM read-
ing will be less mhen \ the Jresonant inductance
occurs near the endyof core travel.

The procedfite for readjustment of the 2nd and
3rd harmonic traps, offfilter 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 terminals
of protective gap G1. The ground or shield lead
of all\ imstruments should be connected to the
groufided “terminal of the transformer. Set the signal
genetator at exactly twice the channel center fre-
queneyyand at 5 to 10 volts output. Turn the core
serew of the large inductor L102, to the position

that gives a definite minimum reading on the VTVM.
Similarly, with the signal generator set at @xactly
three times the channel center frequency amnd 5 to
10 volts output, set the core screw of the small
inductor, L.103, to the position that gives a definite
minimum reading on the VTVM. Then reméve the
instruments and the 500 ohm resistom

After the new pair of gnatéhed crystals have
been adjusted, as described unden ' ADJUSTMENTS’".
the transmitter can be operatedpwithra 50 to 70 ohm
load (depending on which $ap of “T4 is used) con-
nected to its output, and“imducter L.105 can be read-
justed for maximum omtput ‘@b the changed channel
frequency by the preceduref described in the same
section.

If a frequency-sensitive voltmeter is available,
the 2nd and /£3rd “harmonic traps may be adjusted
without @8ing” an o@scillator as a source of double
and triple\they channel frequency. Connect the fre-
quenC¥=sensitive voltmeter from TP109 to ground
and adjust the transmitter for rated output into the
seleeted 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
[.102 until a minimum voltmeter reading is obtained.
Similarily, tune the voltmeter to the third harmonic
and adjust L103 for minimum voltmeter reading.
Although the transmitter trequency 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 noted that the
true magnitude of the harmonics cannot be measured
in this manner because of the preponderance of
the fundamental frequency of the volt-meter ter-
minals. Accurate measurement of the harmonics
requires use of a filter between TP109 and the
voltmeter that provides high rejection of the fun-
damental. The insertion looses 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 (VTVM). Volt-
age range 0.003 to 30 volts, frequency range
60 hz to 330 kHz; impedance 7.5 megohms.

c. D-C Vacuum Tube Voltmeter (VTVM).

1.5 to 300 volts.

7.5 megohms.

Voltage Range:
Input Impedance:
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I.L. 41+ C

II. Desirable Test Equipment for Apparatus Main-
tance.

a. All items listed in L.
b. Signal Generator
Output Voltage: up to 8 volts

Frequency Range: 20-kHz to 900 kHz
c. Oscilloscope
d. Frequency counter
e. Ohmmeter

f. Capacitor checker.

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 stan-
dard 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. When4ordering parts,
always give the compl nameplate data and
identify the part by i d%on on the internal
Schematic drawing.

It should be noted in older sets, the power
regulating transis as 2N1015C which are no
longer available. Th have been replaced with the

2N6259 transist owever when replacing a

2N1015C transi with a 2N6259 transistor, it is

also necess to replace the heat sink assembly.
g is

Therefare, case, order complete assembly
S ber’ 299B099G01 which consists of tran-
sis eat sink assembly.
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ELECTRICAL PARTS LIST

Susar oEscrirTion R
CAPACITORS
cl1 Oil-filled; 0.45 mfd.; 330 V.A.C. 1723408
C2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962 ¢
C3 Oil-filled; 0.5 mfd.; 1500 V.D.C.
Cl1 Metallized Paper, 0.47 mfd.;
C21 Metallized Paper, .047 mfd.;
Cs51 Dur-Mica, 1500 pf., 500 V.D.C.
C52 Variable, 5.5-18 pf.
Cs53 Variable, 5.5-18 pf. 879A834H01
C54 Metallized paper, .1 mfd.; 200 V.D.C. 879A834H01
C55 Variable, 5.5-18 pf. 762AT36H01
C56 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C517 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C58 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C59 Dur-Mica, 100 pf., 500 V.D.C. T62AT757THO1
C60 Dur-Mica, 100 pf., 500 V.D.C. 762A757HO1
C61 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C62 Dur-Mica, 4700 pf., 500 V.D.C. T62A757TH04
C63 Dur-Mica, 1000 pf., 500 V.D.C. 762A757H02
Cé4 Metallized paper, 0.25 mfd.; 200 V.DIC / 187A624H02
C65 Metallized paper, 0.25 mfd.; 2 187A624H02
C66 Metallized paper, 0.25 mfd 187A624H02
ce617 Metallized paper, 0.25 mfd.; 187A624H02
C68 Metallized paper, 0.5 mfd.;m .C. 187A624H03
C69 f .D.C. 187A624H02
C10 Dur-Mica, 300 pf, 500 187A584H09
C71 3 pf, 861A846H03
C172 3 pf, 861A846H03
C13 3 pf, 861A846H03
C74 Metallized pap . 187A624H04
C15 i 0.5 mf, 200 V.D.C. 187A624 HO3
C176 0.01 mf, 200 V.D.C. 764A278H10
CcT71 188A669H01
C101 alliged paper, 0.25 mfd,; 200 V.D.C. 187A624H02
C102 ed paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C103 & C104 — Extended foil, 0.47 mfd.; 400 V.D.C. 188A293H01
C103 & C104 Extended foil, 0.22 mfd.; 400 V.D.C 188A293H02
C103 & C104 (755 - 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. 188A293H04
C103 & C1 .(150.5 - 300 KC) — Extended foil, 0.047 mfd.; 400 V.D.C. 188A293H05
DIODES - GENERAL PURPOSE
1N645A 837A692H03
2 1N645A 837A692H03
1N4822 188A342H11
4 1N4822 188A342H11

s
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I.L. 41.945.14C

ELECTRICAL PARTS LIST

DIODES - GENERAL PURPOSE
D15 1N4822 188A342H11
D16 1N4822 1884342H11
D21 IN645A 837A692H03
D22 1N4822 188A342H11
D23 IN4822 188A342H11
D24 | IN4822 -  188A342H11
b2 IN4822 | 1ssAsa2HIl
D51 IN628; 125 V., 30 MA. 184A885H12
D52 IN628; 125 V., 30 MA. 184A885H12
D55 IN457A; 60 V., 200 MA. 184A885H07
D58 IN628; 125 V., 30 MA. 184A885H12
D101 1N538; 200 V., 750 MA. 407C703HO3
D102, D104 |  IN91: 100 V., 150 MA. (Germanium Version Usédywith 2N1908) 182A881H04
D103 |  1N538; 200 V., 750 MA. 407C703H03
D102, D104 1N4818 (Silicon Version used with 2N3%792) 182A881H04
DIODES -( ZENER
z1 IN2828B; 45V. *5%; 50 W. 184A854H06
z2 IN3009A; 130 V. +10%; 10 W. 184A61THI2
oz 1N957B 186A797THO6
Z12 T In3essA 862A288H01
Z13 1N3688A 862A288H01
Z14 IN3686B 185A212H06
z21 1N957B 186AT97THO6
722 ~ IN3688A 862A288H0I
723 1N3688A 862A288HO1
724 IN3688B 185A212H06
Z54 IN36868..20 W, +5%; 750 MW. 185A212H06
Z105 IN2999A; 568V, +10%; 10 W. 184A617H13
7106 IN2999A; 56 V. +10%; 10 W. 184A617H13
RESISTORS

R1 26.5 ohms +5%; 40 W. (For 125 V Supply) 04D1299H44
R2 41 . 26,5 ohms +5%; 40 W. (For 125 V Supply) 04D1299H44
R3 261.5 ohms_is%; 40 W. (For 48 V Supply) 04D1299H44

R3 500 ohms +5%; 40 W. (For 125 V Supply) 1268047
R4 - N IOOLhms +10%; 1 W. Composition 187A644H03
RS B 1K +107%; % W. Composition 187A641H27
. ®6 | 3K _+5% 5SW WeeWownd |  188A3I7HOI
‘ R7 15K +10%; 2 W. Composition 187A642H55
Ri1 | 47K +2% '»W. Metal Glaze 629A53 1 H43
R12 | 12K +2%;, '2W Metal Glaze 629A531H58
RI13 10K +29%: '2W. Metal Glaze 629A531H56
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LINE CARRIER 1W/10W

ELECTRICAL PARTS LIST

ciRcur e, §
RESISTORS (Continued)
R14 6.2K *2%; % W. Metal Glaze 629A531H51
R15 1.5K 2% % W. Metal Glaze 629A531H36
R16,R26 51K *2%; %2 W, Metal Glaze 629A531H73
R17 1.8K *2%; Y2 W. Metal Glaze 629A531H38
R21 4:TK +2%:; Y2 W. Metal Glaze 629A531H48
R22 12K +2%; Y2 W. Metal Glaze 629A531H58
R23 10K *2%; Y2 W. Metal Glaze 629A531H56
R24 6.2K *2%; Y2 W. Metal Glaze 629A531H51
R25 1.8K +2%; %2 W. Metal Glaze 629A531H38
R18, R28 18K *2%; }2 W. Metal Glaze 629A531H62
R27 1.5K *2%; % W. Metal Glaze 629A531H36
R51 10K +5%; Y2 W. Composition 184A763H51
R52 10K *5%; ¥2 W. Composition 184AT763H51
R53 10K *5%:; %2 W. Composition 184A763H51
R54 10K *5%; Y2 W. Composition 184AT763H51
R55 100 ohms *5%; % W. Composition 184A763H03
R56 3.6K +5%; Y2 W. Composition 184A763H40
R57 3.6K *5%; % W. Composition 184A763H40
R58 100 ohms *5%; %2 W. Composition 184A763H03
R59 10K +5%; Y2 W. Composition 184A763H51
R60 5.6K +5%; %2 W. Composition 184A763H45
R61 | 15K £5%; Y2 W. Comp®sitiony 184A763H55
R62 10K +5%; Y2 W. Comp@sition 184A763H51
R63 1K +5%; Y2 W.4Composition 184 AT63H27
R64 Potentiometer, 1K, 14 W, 629A430H02
R65 1.8K *5%; Y2 W.\€omposition 184 A763H02
R66 8.2K 6% Y2W. Composition 184A763H49
R67 12K 6%, %, W. Composition 184A763H53
R68 330 ohms (¢ 5%; %2 W. Composition 184A763H15
R69 800 ohmsy* 5%; Y2 W. Composition 184A859H06
R70 Rotentiometer, 1K; 14 W. - 629A430H02
R71 4. 7K + 5%; Y2 W. Composition 184AT63 H43
R72 39K +5%; Y2 W. Composition 184A763H65
R73 Thermistor, 30 ohms, Type 3D202 (G.E.C.) 185A211H06
“—N_RTM 62 Ohms *5%; Y2 W. Composition 629A531H03
R75 68 Ohms *5%; %2 W. Composition 187A290H01
R76 2K *5%; %2 W. Composition 184A763H34
R77 10 ohms +5%; %2 W. Composition 187A290H01
R%8 10 ohms +5%; % W. Composition 187A290H01
RT9 20K +2%; '2 W. Metal Glaze 629A531H63
R80 25K Potentiometer +20%; Y4 W. 629A430H09
R81 1K *1%,; Y2 W. Metal Film 848A819H48

10
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ELECTRICAL PARTS LIST

gﬁ%‘: DESCRIPTION
RESISTORS (Cont'd.)
R82 5K Pot.  +20%; % W. 62 HO7
R83 10.2K +1%, % W. Metal Film 843A820H46
R84 27 ohms  +5%, % W. Composition 187A290H11
R85 Thermistor 3D402 10 ohms 185A211H03
R86 750 ohms  + 1%, 4 W. Metal Film 848A819H36
R101 10 ohms +5%:; % W. Composition 187A280H01
R102 2.2K +10%; 1 W. Composition 187A644H35
R103 2.7 ohms +10%: Y5 W. Wire Wound 184A636H14
R104 0.27 ohms +10%; 1 W. Wire Wound 184A636H18
R105 10 ohms +5%; % W. Composition 187A290H01
R106 4.7K +10%; 1 W. Composition 187A644H43
R107 2.7 ohms +10%; % W. Wire Wound 184A636H14
R108 0.27 ohms +10%; 1 W. Wire Wound 184A636H18
TRANSFORME
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 Transformer 606B537G02
STORS
Ql 2N6259 i 3503A41H01
Ql 2N6259 with Heat Sink 299B099G01
Qll 2N4356 849A441H02
Q12 2N699 184A638H19
Q21 2N4356 849A441H02
Q22 2N699 184A638H19
Q51 2N697 184A638H18
Q52 2N69 184A638H18
Q53 2N6 184A638H18
Q54 2N 184A638H19
184A638H18
762A672HO07
26 762A672HO07
1908 (Use in Matched Pairs) (Germanium Version used with 1N91) 187A673H02
2N3792 (Use in Matched Pairs) (Silicon Version used with 1N4818) 187A673H16
MISCELLANEOUS
Supplied for Desired Channel Frequency in Pair
Y1-Y2 Matched Per Specifications on Drawing 408C1743
01 Driver Filter 408C261 + (Req.Freq.)
Output Filter 5415214 + (Req.Freq.)
Pilot Light Bulb - For 48 V. Supply (When supplied) 187A133H02
Pilot Light Bulb - For 125 or 259 V. Supply (When supplied) 183A955H01
Fl, F2 Fuse, 1.5A (When supplied) 11D9195H26

t NOTE: In older sets using 2N1015C Transistor, it is necessary to replace the Heat Sink when
substituting 2N6259 for the 2N1015C. Therefore order complete assembly S# 299B099GO01.

11
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ciosa

RIO8

cio3

606B530G

TPIO4 LiOI
o

‘ clo2 clol |
|

QTPIOI

RIO7
RIO6

TPI03Q [R104 N O
[RIDTJTPI02
plor])

(Dwg. 763A056)]

Fig. 5 Component Location§ of)the \PRower Amplifier Circuit Board

’
+m+ ‘
'R28 ]
Fizea \ A Lrzst
—r-+ bzt
+-+
723+
[R25 |-
Z24]]
204C495G6
L)

‘ RII
Ri2
[Z15 ]|
+Hor2+
+Ri3 H
IHE
- —_— l —

(Dwg. 717B510)

Fig. 6 Component Locations of the Buffer Keying Circuit Board

18



61

3
5t

o
»

|
— et |
(]

18 3 MTG. CENTERS

8

r4
24

3 |

\
@ééﬁ%}m
\ | .

P- FOUR STLOTS

A=

@I~

-

35 3

T

(Dwg. 410C312)

Fig. 7 Outline and Drilling Plan for TCF Transmitter Assembly

MOL/ML ¥3THYVI INIT ¥3IMOd 4D1 3dAL

ovL'sve-Ly Tl









,r“'*l?my
TINGHOUSE ELECTRIC CORPORATION |
Y-INSTRUMENTDIVISION = CORALSPRINGS , FL.



W

INSTALLATION

Westinghouse I.L. 41-945.54B
OPERATION ¢ MAINTENANCE

INSTRUCTIONS
TYPE TCF POWERLINE CARRIER RECEIVER
EQUIPMENT FOR MULTI-STATION
SUPERVISORY CONTROL
CAUTION: It is recommended that the user of this inch wide panel 10% jimeheSghigh (6 rack units)

equipment become thoroughly acquaint-
ed with the information in this instruc-
tion leaflet before energizing the
carrier assembly. Failure to observe
this precaution may result in damage
to the equipment.

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

APPLICATION

In multi-station supervisory control operation,
common channel and a common set of equipment, at
the master station are used for two or moreemote
stations, whereas in single-station opefationf a
separate channel and separate set of equipmentjare
used at the master station for each remote stagiomn.

The TCF power line carrier receiver is a wide band
frequency shift receiver used in anf{ ON-@FF mode
for multi-station supervisory ‘@€ontraol, systems. A
receiver designed for frequeficy=shift operation
used in an ON-OFF mode will provide better noise
rejection than a receiver designed with AM demodu-
lation. The TCF receivergdescribed should then be
considered where high line attenuation results in
a low signal-to-noise ratio.

The range of channel, fréquencies for which the TCF
receiver cane supplied is 30 to 300 kHz in 0.5 kHz
steps. The“transmittér signal is 100 hertz below
the channel centerdfrequency, corresponding to the
Trip frequency uSed for frequency shift transfer-
trip relaying applications. Reception of this signal
causes operation of a mercury-wetted contact relay
in the “ECF receiver.

CONSTRUCTION

The, TCF receiver unit for multi-station supervisory
eontrol applications is mounted on a standard 19

with edge slots for mountingr on a standard relay
rack. All components are_anounted at the rear of
the panel. Fuses, a pilot light, a power switch,
an input attenuatorpand a jack for metering the
discriminator outputycurrent are accessible from the
front of the panel. Refer to Fig. 3.

All of the circuitry that is suitable for mounting on
printedy circuit /boards is contained in an enclosure
that projeets from the rear of the panel and is ac-
¢essiblej by opening a hinged door on the front of
theypanel. Other components on the rear of the
panel “are located as shown on Fig. 4. Reference
to the internal schematic connections on Fig. 1
will show the location of these components in the
circuit. 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
shielding between adjacent boards and from external
fields.

TCF receivers for transfer trip relaying require a
logic circuit board and may require a carrier level
indicator circuit board, which are contained in the
third-from-right and right-hand compartments respec-
tivelv. These are not required for this TCF receiver
for supervisory control and the compartments are
vacant.

The printed circuit boards slide into position in
slotted guides at the top and bottom of each com-

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.

SUPERSEDES I.L.41-945.54A, DATED OCTOBER 1970 EFFECTIVE DECEMBER 1978
O DENOTES CHANGES FROM SUPERSEDED COPY
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partment, and the board terminals engage a terminal
block at the rear of the compartment. Each board
and terminal block is keyed so that if a board is
placed in the wrong compartment, it cannot be in-
serted into the terminal block. A handle on the
front of each board is labeled to identify its function
in the circuit.

A board extender (Style No. 644B315G01) is avail-
able for facilitating circuit voltage measurements
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 components
and test points on the board are readily accessible.

A portion of the receiver operates from a regulated
20 VDC supply, and the remainder from a regulated
45 VDC supply. These voltages are taken from two
zener diodes mounted on a common heat sink.
Variation of the resistance value between the posi-
tive side of the unregulated DC supply and the 45
volt zener adapt the receiver for operation on 48,
125 or 250 VDC.

External connections to the receiver are made
through a 24 circuit receptacle, J3 on 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 TCHE, receiver responds
are received through a coaxial €able connected to
jack J2 of Fig. 1. Resistor R4 and 20-volt Zener
diodes CR1 and CRZ2 protecet, the receiver from
abnormally high voltages g€€eived through the co-
axial cable. Input attenuator’R5 reduces the signal
to a level suitable for best operation of the receiver.
The attenuator ig adjmstable from the front of the
panel and can ‘be, elampgd at the desired setting.
A scale on the paneljisfgraduated in db. While this
scale is typical rather than individually calibrated,
it is accurate within one or 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.

Input Rilter

From) the attenuator, the signal passes through the
input filter, FL-201, which has a selectivity char-

acteristic as shown in Fig. 2. The input _filter
rejects undesired signals while accepting a wide
enough band of frequencies to assure fast operation.
A 1/1 ratio toroidal-core transformer mounted ex-
ternally on the filter isolates the filter output from
ground.

Oscillator and Mixer

From the crystal filter, the signal“enters the oscil-

lator and mixer stage of the réceiver. Crystal Y11,
transistors Q12 and Q13)andytheir associated re-
sistors and capacitors, comprise a crystal-con-
trolled oscilator thatgoperates at a frequency 20 KC
above the channell frequency, fc. The output from
this local oscillater, is fed through transformer
T11 to potentiometeér, R12, and the latter is adjusted
to feed afsuitable input to the base of mixer tran-
sistor Q119 The output of FL1 is impressed on the
emittérseollector  circuit of Ql1. As the result of
mixing “these®two frequencies, the primary of trans-
formen, T12) will contain frequencies of 20 kHz,
2fc + 200kHz, fc and fc + 20 kHz. The fc + 20 kHz
frequency predominates, but there is appreciable
aftenuation of the higher frequencies in passing
through transformer T12.

I-F Amplifier

The output from the secondary of T12 is amplified
by Q31, in the intermediate frequency amplifier
stage, and is impressed on filter FL2. This is a
two-section filter, with both filters contained in
a common case. Its pass band is centered at 20 kHz,
and it eliminates the frequencies present at its
input that are substantially higher than 20 kHz.

Amplifier and Limiter

The output from the second section of the IF ampli-
fier 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 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 dis-
criminator. The discriminator is the same as that
used in the two-frequency TCF receivers, although
in this application the input to the receiver is
either zero or Trip frequency. As is shown in Fig. 2,
the discriminator will have output only at or near
Trip frequency, and this characteristic greatly
increases the frequency selectivity of the receiver.

Picat



TYPE TCF POWER LINE CARRIER RECEIVER EQUIPMENT

FOR MULTI-STATION SUPERVISORY CONTROL

The discriminator is adjusted at the factory to have
zero output (as measured by a milliammeter inserted
in the circuit at jack J1) at fc hertz. The adjust-
ment for zero output at fc hertz is made by capaci-
tor C88. C83 also is adjusted to obtain a maximum
voltage readamg across R84 when the current output
is zero. Maximum current output, of opposite polari-
ties, 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).
It should be observed that although the higher signal
frequency is fc + 100 hertz, after leaving the
mixer stage and as seen by the discriminator the
corresponding frequency is 20 kHz — 100 hertz.
Similarly, the lower signal frequency is converted
to 20 kHz + 100 hertz.

The discriminator output is connected to the bases
of transistors Q81 and Q82 in such manner that Q82
is made conductive when current flows out of termi-
nal 4 (which occurs with Trip output) and Q81 is
made conductive when current flows into terminal
4. Consequently, terminal 15 is at a potential of
approximately +20 volts at Guard frequency and
terminal 11 is at +20 volts at Trip frequéncy.4In
this application, of course, no connectiofijis made
to terminal 15.

Output Circuit Board

Terminal 11 of the discriminator c¢ircuitfyboard is
connected to terminal 8 of the output@eircuit board.
Transistor Q101 amplifies the inputfreceived from
the discriminator when the receivier has Trip input,
and energizes relay HG. The contacts of this relay
are the mercury-wetted type, which assures bounce-
less operation. Diode CR101 is connected across
the coil of relay HG s0 that a high voltage will not
be induced across thef coil terminals when it is
de-energized, a8 thisymight damage transistor Q101.

It should bednoted th@t relay HG has Form D con-
tacts, and onlydthg normally-open or the normally-
closed contacts should be used unless there is no
objection to having both contacts momentarily
closed simultaneously when the relay is energized
or .de-energized. Also, for protection of the HG
relay, ““eontacts, the external device controlled
should) contain series resistance and capacitance
(of values suitable for the load voltage and current)
across the terminals that are externally connected
to the HG relay terminals. With such protection,

I.L. 41-945.548

the HG contacts have maximum ratings of 2 amperes,
500 volts, and 100 volt-amperes. The HGyrelay
will pick up at approximately 20 volts.

Power Supply

The regulated 20 VDC and 45 VDC cireuits of the
receiver are supplied from 2zemer diodes mounted
on a common heat sinkgon (thefrear of the panel.
Resistors (R2, R3) of suitable value are connected
between the station batt€ry, supply and the 45 volt
zener to adapt the receiyer|for use on 48, 125 or
250 VDC battery circiits.\Elie receiver is connected
to the external supply thsough a switch and fuses,
and a pilot light indiecates whether the DC circuits
are energized.| Capacitors Cl1 and C2 bypass r-f-
or transient voltages to ground.

CHARACTERISTICS

FEirequeney range

Sensitivity (on-
offyoperation)

Input Impedance

Bandwidth (input
filter)

Bandwidth (i-f
filter)

Discriminator

Operating Time

*Frequency spacing

O Ambient temperature

ran ge

Battery voltage

variations

Rated Voltage
48 VDC

125 vDC

250 vDC

Battery drain

30-300 kHz

0.044 volt (55 db below 10
watts for limiting)

5000 ohms minimum

down <3 db at £850 hertz
down >28 db at +2000 hertz

down <3 db at +250 hertz
down >36 db at +1000 hertz

Set for zero output at chan-
nel center frequency and

for max. outputs at 100
hertz above and below
center frequency. (See
Fig. 2)

7 ms channel (transm. and
recvr.)

1.5 kHz Adjacent receiver

3 kHz Adjacent transmitter

-20°C to +55°C temperature
around chassis.

Allowable variation

42 — 56 VDC

105 — 140 VvDC

210 — 280 vDC

0.20 a. at 48 VDC

0.27 a. at 125 or 250 VDC
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Dimensions Panel height — 10%” or
6 r.u.
Panel width — 19"’

Weight 13 1bs.

*Max. Keying Rate 40 pulses per sec.

INSTALLATION

The TCF receiver is generally supplied 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, corrosive fumes,
or heat. The maximum ambient temperature around
the chassis must not exceed 60°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 malfunc-
tioning. Such 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.

After the receiver has been installed, the input
attenuator R5 must be set for the desired operating
margin. The receiver should not be set with a
greater margin of sensitivity than is needed “te
assure correct operation with the maximum expected
variation in attenuation of the transmitter ‘signal.
In the absence of data on this, the receiyer maywsbe
set to operate on a signal that is 1§ db below the
expected maximum signal. After installation®of the
receiver and the corresponding #transmitter, and
with a normal signal being received, “input attenu-
ator R5 should be adjusted to the, position at which
the output relay drops out. RS thén should be re-
adjusted to increase the yoltagegsupplied to the
receiver by 15 db. The scalesmarkings for R5 permit
an approximate setting, to¥be smade but it is pre-
ferable to make this sefting by means of the db
scales of an az¢ VEVM connected from ground to
the sliding contactiof R5«

In case factory adjustments have been accidently
disturbed or components have been replaced, it
may be*' necessary to readjust the oscillator and
mixer, he limiter, or the discriminator, and pro-
cedures for these adjustments are described in the
following paragraphs.

Rotentiometer R12 in the oscillator and mixer should
be set for 0.3 volt, measured with an a-c VTVM
connected between TP11 and terminal 18 on the

4

circuit board (ground terminal of voltmeter);\ A
frequency counter can be connected to theg”Same
points for a check on the frequency, whichishould
be 20kHz above the channel frequency. The frequéncy
is fixed by the crystal used, except that it may
be changed a few hertz by the value of eapacitor
Cl12. Reducing C12 increases thew frequency, but
the capacity should never begess thanja value that
insures reliable starting of osgillation. The fre-
quency at room temperaturéWis “Wusually several
cycles above the crystal nominal ¥frequency as this
reduces the frequency déwiationdat the temperature
extremes.

The adjustment of the ‘amplifier and limiter is made
by potentiometer R§2. An oscilloscope should be
connected from'theéybase of transistor Q54 to termi-
nal 18 ofgthe limiter. With 44 mv.of signal frequency
on the receiver input (R5 at zero), R52 should be
adjusted to the point where the peaks of the oscillo-
scope “trace®mbegin to flatten. This should appear
on the, uppér and lower peaks at approximately the
same setting. The R52 adjusting screw then should
be “turned one turn farther in the direction to pro-
duce, limiting.

Adjustment of the discriminator is made by capa-
citors C83 and C88. Apply to the receiver input a
44 mv. signal taken from an oscillator set at the
center frequency of the channel. (R5 at zero.) Con-
nect a 1.5-0-1.5 milliameter 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 milliameter
reading as the oscillator frequency is varied Posi-
tive and negative peaks should occur at 100 hertz
above and below center frequency

MAINTENANCE

Periodic checks of the received carrier signal and
the receiver sensitivity will detect gradual de-
terioration and permit its correction before failure
can result. An overall check can be made with the
attenuation control T5. A change in operating margin
from the original setting can be detected by ob-
serving the change in the dial setting required to
drop out the alarm relay. If there is a substantial
reduction in margin, the signal voltage at the re-
ceiver input should be checked to see whether the
reduction is due to loss of signal or loss of re-
receiver sensitivity.

All adjustable components on the printed circuit

P
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boards are accessible when the door on the front
of the panel is opened. (An offset screwdriver would
be required for adjusting R12.) However as de-

scribed under ‘‘CONSTRUCTION,’’ any board may
be made entirely accessible while permitting elec-
trical operation by using board extender Style No.
622B315G01. This permits attaching instrument
leads to the various test points or terminals when
making voltage, oscilloscope or frequency checks.

It is advisable to record voltage values after ad-
justment in order to establish reference values which
will be useful when checking the apparatus. The
readings will remain fairly constant over an in-
definite 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 following
tables. Voltages should be measured with a VTVM.
Some readings may vary as much as +209%.

TABLE |

RECEIVER D-C MEASUREMENTS

Note: All voltage readings taken with ground 0f
d-c VTVM on terminal 18 (+20v.). Receiverjadjusted
for 15 db operating margin with input signalfdown
40 db from 10 watts. Unless otherwisegindicated,
voltage will not vary appreciably whether signal
is on or off.

Collector of Volts
Transistor )
Ql1 .20
Q12 14.5(No signal)
Q12 14.0 (Trip signal)
Q13 17.0 (No signal)
Q13 15.0(Tripsignal)
Q31 18.5
Q32 18.5
Q51 8.4
Q52 13.5
Q53 4.4
Q54 18
Q82 and Q101 20 (No signal)
Q@82)and Q101 <0.5 (Trip signal)

I.L. 41-945,548

TABLE 11
RECEIVER R-F MEASUREMENTS

Collector of Volts
Transistor (fc -~ 100 cy.)

Q32 .25

Qb1 .3

Q52 .4

Q53 2.1

Q54 4.8

RECOMMENDED “TEST EQUIPMENT

l. Minimum Test Equipment for Installation

a. A-C _Vacuum Tube Voltmeter (VTVM). Volt-
age range 0.003 to 30 volts, frequency
rangel 60 hertz to 330 kHz, input im-
pedance 7.5 megohms.

D.""R;€ Vacuum Tube Voltmeter (VTVM). Voltage
range 1.5 to 300 volts, Input Impedance
7.5 megohms.

Il.9Desirable 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 330 kHz

c. Oscilloscope

d. Frequency counter
e. Ohmmeter

f. Capacitor checker

g. Milliameter 0-1.5 or preferable 1.5-0-1.5
range, for checking discriminator.

Some of the functions fo 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 identi-
fy the part by its designation on the Internal Sche-
matic drawing.
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264C844

(%] Fig. 11. Schematic Oscilllator and Mixer 200.5-300kHz
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INSTALLATION

Westinghouse 1.L. 41-945.13B
MAINTENANCE

e OPERATION o

INSTRUCTIONS

TYPE TCF POWER LINE CARRIER FREQUENCY -

SHIFT TRANSMITTER EQUIPMENT
FOR KEYED AND VOICE APPLICATIONS

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 secured
before swinging out the equipment rack to prevent
its tipping over.

APPLICATION

The type TCF carrier transmitter equipment
provides forthe transmission of either of two closely
controlled discrete frequencies, both within a nars
row-band channel, over high-voltage transmission
lines. The center frequency of the channel £an vary
from 30 to 300 KHz in 0.5 KHz steps. Thedtwo fre-
quencies transmitted are separated by#§2000Hz,
one being at center frequency (fc) plus 100 Hz
and the others at center frequency minus 200 Hz.
The higher frequency, termed the Guard/frequency,
is transmitted continuously when conditions are
normal. It indicates at the receiwxinghend/ of the line
that the channel is operative dand it also serves to
prevent false operation jof, the receiver by line
noise. The lower frequenceyj.termed the Trip fre-
quency, is transmitted agia signal that an operation
(such as tripping a circuit breaker) should be per-
formed at the receiving®end of the line.

When fregueney shift” carrier is used in protec-
tive relaying applications, it is recommended that
the trip frequency be transmitted at a higher power
level to increasedreliability of the system under
conditions of abnormally high channel losses or
line noise. The frequency is shifted from Guard to
Trip by the®closing of a protective relay contact,
and “the same contact also shifts the transmitter
fromea l-watt to a 10-watt output level. .

When electro-mechanical relays are used for
keying from guard to trip frequency, the contact
used is connected to the high voltage input of a

buffering keying board.%This#board buffers the
input so that random neiSe doés not key the circuits.
When solid state relays are used, the 20 V D.C.
voltage used for keying4is connected to the low
voltage input of the buffering keying board.

CONSTRUCTION

The) ¥ watt/10 watt TCF transmitter unit is
mounted ‘on® a standard 19-inch wide panel 12Y%
inches (% rack units) high with edge slots for
mounbing on a standard relay rack. All components
aredmounted on the rear of the panel. Fuses, a pilot
light, a power switch and a jack for metering the
amplifier collector current are accessible from the
front of the panel. See Fig. 5. All of the circuitry
that is suitable for printed circuit board mounting is
on two such boards, as shown in Fig. 2. The com-
ponents mounted on each printed circuit board or
other sub-assembly are shown enclosed by dotted
lines on the internal schematic. Fig. 1. The loca-
tion of components on the two printed circuit boards
are shown on separate illustrations, Fig. 3 & 4.

External connections to the assembly are made
through a 18-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 frequency, a mixer and buffer

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.

SUPERSEDES |I.L. 41-945.13A, DATED MARCH 1974

O DENOTES CHANGE FROM SUPERSEDED ISSUE.

EFFECTIVE JULY 1978



TYPE TCF POWER LINE CARRIER FREQUENCY

amplifier, 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 oscil-
late 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 2MHz
range. The crystals are Y1 and Y2 of Fig. 1. 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
Q51, which operates in the emitter follower mode.
The emitter is coupled to the base through C57, and
with Y2 removed the base of Q51 would be held at
approximately the midpoint of the supply voltage by
R51 and R52. The crystal serves as 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 oscillations and reducing
C55 will raise the frequency.

Crystal Y1 is connected in a circuit that is
similar except for the addition of C53 and diodes
D51 and D52. By adjustment of C52 this circuit
is made to oscillate at 100 Hz above its marked
frequency. Capacitor C53 is not effectivesmuntil
D51 is biased in the forward direction and be-
comes conductive. It is biased in th€y reverSe
direction until the relay control contact is clesed,
which places 45 V.D.C. at terminal “34of the printed
circuit board. With D51 conducting, WC53 is ef-
fectively in parallel with C52, and adjustment of
C53 will reduce the frequency by 200 Hz. The
crystals taken individually have @& greater variation
of frequency with temperature ‘than awvould be accept-
able. However, by properamatching of the two
crystals, the variatign ingdtheir difference frequency
can be kept within limits that permit holding the
frequency stability of theWeverall transmitter to *10
Hz over a temperature range of —20 to * 60°C.

The frequencies pfoduced by the two oscillators
are coupled to, the base of mixer transistor Q53
through C62 and)\C63. The sum of the two frequen-
cies 1is 8@y, 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 relay control, or keying, contact is
closed, it increases the output power from 1 watt4o
10 watts as well as changing the frequency froem
Guard to Trip. This is effected by reducing the
emitter resistance of buffer-amplifier transistor
Q54. When the keying contact is open, transigtor
Q55 receives no base current and is nonseonducting.
Emitter resistor R70 therefore is effectively open-
circuited. The level of output power, is adjusted to
1 watt by means of R64. WhengQS55 is, made con-
ductive by closing the keying /contact. R70 is
placed in parallel with R68 amd the amount of emit-
ter resistance not bypassed by €66 can be adjusted
as required to obtain a 10-watt, output level.

As is shown on theé Interpal Schematic, Fig. 1,
or Fig. 2, the voltageWfor the keying ciruit is
obtained from thef 45-vielt regulated supply in the
transmitter, andyopening the single power switch de-
energizes both thedtransmitter and the keying circuit.

The “driver, stage consists of transistors Q56
and Qb7 connected in a conventional push-pull
circuit gwith input supplied from the collector of
Q54 through “transformer T52. Thermistor R73 and
resistors“R74 and R75 are connected to provide a
variable wbias that reduces the effect of varying
ambient/temperatures on the input level.

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 the signal applied to the
power amplifier.

The power amplifier uses two series-connected
power transistors, Q101 and Q102, operating as a
class B push-pull amplifier with single-ended out-
put. Diodes D101 and D103 provide protection
for the base-emitter junctions of the power transis-
tors. Zener diodes D105 and D106 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 FL.102. The output
filter includes two trap circuits (L102, CB and
L103, Qc) which are factory tuned to the second
and third harmonics of the transmitter frequency.
Capacitor Cp 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 turner and coaxial cable. Auto-
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transformer T4 matches the filter impedance to
coaxial cables 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 J02 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’’
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 Q1. Depending on the load current, the
d-c voltage drop through transistor Q1 and resistors
R1 and R2 varies to maintain a constant output
voltage. The Zener diode Z2 serves to protect
the collector-base junction of Ql 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 voltagesfto
ground, thus preventing damage to the transistor
circuits.

When keyed for voice by the voice,ddapter,
transistor Q55 is keyed into class A“@peration so
that its conduction can be modulatedgby 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 ohm§). The voice
input modulates the carrier through4this transistor
by varying the amount of comduction of Q55 so that
the output power of carrierwaries with the voice
amplitude following the  Vieice" frequency compon-
ents. Since with Q55 completely non-conducting,
R64 has been set to, produce a 1l-watt output,
maximum modulation’on the side to shut off Q55
© will not result, in\an output level of less than 1l-watt
carrier atdany “gime." Also since the output level
has beeft’ setr at™ 10 watts with Q55 completely
conducting £by the adjustment of R70, the max-
imum modulation on the side of turn on of Q55 will
not result in a carrier output level of greater
than 10 watts at any time. Thus the modulation for
veice will not result in the output carrier level
dropping below 1 watt and endangering the guard
frequency for relaying purposes.

The buffer keying board in addition to providing
proper buffering, also contains logic for the proper
keying of both frequency and output level in re-

gards to protective relaying operation, voice adapter
operation, and 52b contact operation.

It should be remembered that proteetive relaying
operation has first priorty. If the protective relay
operates and puts a voltage input,into any of the
three input points labeled_carrier auxiliary keying,
the transmitter will both freéquency shift to trip
frequency and full 10y watts soutput 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 keyWto /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 Two-way channel, - See Voice

spacing Adapter Instruction Leaflet.

Harmonics Down 55 db (min.) from output

level.

Input voltage 48 or 125 v.d.c.

Supply voltage 42-56v. for nom. 48v. supply.

variation 105-140v. for nom. 125v. supply.
Battery drain 0.5 a. guard 48 v.d.c.
1.15a. trip
0.5 a. g‘_‘ard} 125 v.d.c.
0.9 a. trip
Keying circuit
current 4 ma.
Temperature
range —20 to +60°C. around chassis.
Dimensions Panel height - 12%’" or 7 r.u.
Panel width - 19"
Weight 12 1bs.
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INSTALLATION

The TCF transmitter is generally supplied 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, corrosive
fumes, or heat. The maximum ambient temperature
around the chassis must not exceed 60°C.

ADJUSTMENTS

The TCF 1W,'10W transmitter is shipped with
the power output 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 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. 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 a-c vacuum tube voltmeter (VTVM)
across the load resistor. Turn power output control
R64 to minimum (full counter-clockwise). Turn on
the power switch on the panel and note the d-c
voltage across terminals 5 and 7 of J3. If this ig
in the range of 42 to 46 volts, rotate R64 clockwise
to obtain 4 or 5 volts across the load resistor used.
At this point check the adjustment of the series
output tuning coil L105 by loosening the knurled
shaft-locking nut and moving the adjustablé¥core
in and out a small amount from its initial position.
Leave it at the point of maximum voltage “@erdss
the load resistor used. Then rotate' R64 “farther
clockwise to obtain the correct voltage“for 1 watt
in the load resistor, as shown _in ‘thesfollowing
table.

Then change to Trip frequenévwwsby connecting
together terminals 2, 3 and 4 of the transmitter printed
circuit board (which is “approximately equivalent to
connecting together términals®? and 12 of J3), and
rotate R70 until th€ voltage across the load resistor
is as shown in the followingftable for a 10 watt out-
put. Recheck the adjustmént of L105 for maximum
output voltage and readjust R70 for a 10 watt output
if necessary. Tighten gthe locking nut on L105. Open
the power switch and remove the jumper used to key
the transmuitteriato the 10 watt level. Key for voice
by opening ‘@onnection between terminals 12 and 7 of
J3. Thisjis dene by removing handset from telephone
hook@switeh of corresponding voice adapter. (Another
methodywould be to jumper terminal 2 to terminal 14
ifSbuffer’keyving board). Turn the power back on. Adjust
R820for a 3.2 watt output across the load resistor (14V

4

across 60 ohms). Open the power switch, remove the
jumper, remove the load resistor, and reconnect the
coaxial cable circuit to the transmitter.

10 VOLTAGE FOR

TWATT 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 outliged in the line tuner
instructions for its adjustment.

Normally the output filter (kL 102) will require
no readjustment except as neted above. It is factory
tuned for maximum se¢ondyand third harmonic rejec-
tion, and for series Té€sonance (maximum output at
the fundamental frequency) with a 60-ohm load. A
small amount, of tea€tance in the transmitter output
load circuit maypbe ‘tufied out by readjustment of the
movable,core of L105. This may be necessary with
some types, ofsline coupling equipment. The adjust-
able cofes ‘of, LL102 and L103 have been set for
maximitm hacmonic rejection and no change should
be made in these settings unless suitable instru-
meéntsy.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 the
other crystal unconnected. A sensitive frequency
counter with a range of at least 2.2 MHz can be
connected from TP51 to TP54. (Connection to
TP54 rather than to TP53 provides a better signal
to the counter and avoids some error from the effect
of 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.

Q56-Q57 Bias Adjustment

The push-pull output stages of the transmitter
board are normally shipped correctly biased. If any
components involved in these stages have been
changed, then it may be necessary to recheck the
biasing of this stage.
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Unsolder the lead from terminal 2 of transformer
T1 (just above FIL.101) and temporarily connect a
low-range d-c milliammeter (0-1.0 ma) between the
removed lead (+) and T1 terminal 2 (-). Turn the
slotted control on the small potentiometer R80 to full
counterclockwise. Now, apply power to the TCF
carrier set, but do not transmit carrier. This can
be done by removing the crystals. Advance the
potentiometer clockwise until the milliammeter
reads 0.2 ma. Turn off the power, remove the
milliammeter, and solder the lead back on terminal
2 of TI1. Replace the crystals and agéin apply
d-c power to reenergize the transmitter. Check
output, etc. of transmitter as previously described.

MAINTENANCE

Periodic checks of the transmitter Guard and
Trip power outputs will detect impeding 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 eguipment
to its initial settings.

Voltage values should be recorded after ‘adjust-
ment in order to establish referencegwalues, which
will be useful when checking the fapparatus. The
readings will remain fairly constamt over an indef-
inite period unless a failure @ccursh However, if
transistors are changed, therg,may, beé considerable
difference in these readings without the overall

performance being affectedr

Typical voltagegvalies are given in the follow-
ing tables. Voltage§ &hould be measured with a
VTVM. Readings may#ary as much as +20%.

TABLE |

TRANSMITTER D-C MEASUREMENTS
Nete: All" voltages are positive with respect to
Neg. 45 V. (TP51). All voltages read with
d-c VTVM.

Voltage at Voltage at Voltage at
Test 1 Watt 10 Watts 3. Watts
Point Output Output Output
(For Voice)
TP52 20 20 20
TP53 5.4 5.4 5.4
TP54 3.4 3.4 3.4
TP55 21 18w —
TP56 21 18.5 —
TP57 *<1.0 *<1.0 —
TP58 44.3 44.1 —
TP59 *<h.0 *<1.0 —
TP101 0 0 —
TP103 21 +°2 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 VT VM.

Voltage at | Voltage at | Voltage at
1 watt 10 watts 3.2 Watts

Test Point Output Output Output
(For Voice)

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 —

T1-1 to TP51 1.65 5.6 —

T1-3 to TP51 1.45 4.9 —

T1-4 to Gnd. .6 2.0 —

T2-1 to Gnd. .97 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 -

TP109 to Gnd. 9.8 31 -

J102 to Gnd. 7.8 24.5 14




TYPE TCF POWER LINE CARRIER FREQUENCY

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
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 adiusted over a somewhat wider
ranze than the width of its assigned 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- 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- 72.0 127.5-135.0 222.1-230.0
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 -84.5 151.5-159.5 250.1-262.0
44.5-47.0 85.0- 89.0 160.0-169.5 262.1-2714 .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

57.5-60.5 106.5-112.5  200.1-207.0

If the new frequency lies withinfthe “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.{Indgeneral, however, it
is desirable to order gomplete“filter assemblies ad-
justed at the factory for theljspecified frequency.

A signal generatorp.adfrequency counter and a
vacuum tube voltmeter are required for readjustment
of FL101. The signal generator and the counter
should be connected” across terminals 4 and 5 of
transformer T and the voltmeter across terminals
1 and 2 of™ransformer T2. The signal generator
should sbeyset 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 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 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 EL102yhis somewhat
similar. A signal generator and a jgounter should be
connected to terminals 3 and 4 (of #ransformer T3,
and a 500 ohm resistor and a VEVM to the terminals
of protective gap G1l. The, ground or shield lead
of all instruments should be connected to the
grounded terminal of ¢he transformer. Set the signal
generator at exactd¥ptwice the channel center fre-
quency and at 5(to/10; wolts output. Turn the core
screw of thej largeinductor LL102, to the position
that gives a definite, minimum reading on the VTVM.
Similarly,aWithythe signal generator set at exactly
three times “the channel center frequency and 5 to
10 volts “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
instfuments and the 500 ohm resistor.

After the new pair of matched crystals have
been adjusted, as described 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 L105 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.
Similarily, 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
noted that the true magnitude of the harmonics can-
not be measured in this manner because of the pre-
ponderance of the fundamental frequency at the volt-

J
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meter terminals. Accurate measurement of the har-
monics requires use of a filter between TP109 and
the voltmeter that provides high rejection of the
fundamental. The insertion looses 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 resistof.

© b. A-C vacuum Tube Voltmeter (VTVM) or equiva-
lent. Voltage range 0.003 to 30 volts, frequency
range 60 hz to 330 kHz; impedance 7.5 megohms.

© c¢. D-C Vacuum Tube Voltmeter (VTVM) or equiva-
lent.

II. Desirable Test Equipment for Apparatus Main-
tance.

a. All items listed in I.

b. Signal Generator
up to 8 volts.
20-kHz to 9

>

Output Voltage:

Frequency Range:
c. Osiclloscope
d. Frequency counter
e. Ohmmeter

f. Capacitor checker.

a portable unit.

the factory. Howeye acement parts can be
furnished, in most , to customers who are
equipped for doin palr work. When ordering parts,
always give plete nameplate data and
identify the t by?its designation on the Internal
Schematic w

S

>
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ELECTRICAL PARTS LIST

SYMBOL DESCRIPTION "DESIGNATION:
CAPACITORS
C1 Oil-filled; 0.45 mfd.; 330 V.A.C. 1723408
C2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
C3 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
Buffer C1, C2, C3 Metallized Paper, 0.47 mfd.; 849A437H04
Cc21 Metallized Paper, .047 mfd.: 849A43 THO4
C51 Dur-Mica, 1500 pf., 500 V.D.C. T62AT57THO03
C52 Variable, 5.5-18 pf. 879A834HO01
C53 Variable, 5.5-18 pf. 879A834HO01
C54 Metallized paper, .1 mfd.; 200 V.D.C. 187A624HO01
C55 Variable, 5.5-18 pf. 879A834H01
C56 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584HO01
C517 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C58 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C59 Dur-Mica, 100 pf., 500 V.D.C. T62AT57THO1
C60 Dur-Mica, 100 pf., 500 V.D.C. 762A75THO1
C61 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C62 Dur-Mica, 4700 pf., 500 V.D.C. T62A757THO04
C63 Dur-Mica, 1000 pf., 500 V.D.C. T62AT75THO2
C64 Metallized paper, 0.25 mfd.; 200 V.D.@. 187A624H02
C65 Metallized paper, 0.25 mfd.; 2004¥D.C 187A624H02
C66 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C67 Metallized paper, 0.25 mfd.; 200¥.D.C. 187A624H02
C68 Metallized paper, 0.5 mfd.; 200 V:D:.C. 187A624H03
C69 Metallized paper, 0.25 mfd{, 200 V.D.C. 187A624H02
C10 Dur-Mica, 300 pf, 500 V.DuC\ 187A584H09
Cc11 3 pf, 861A846H03
C172 3 pf, 861A846H03
C13 3 pf, 861A846H03
C74 Metallized papér, Te0 mf, 200 V.D.C. 187A624H04
C15 Metallized paperp0+ mf, 200 V.D.C. 187A624H03
C176 Metallized/papef) 0.01 mf, 200 V.D.C. T64A278H10
c11 0.47 mfd, 188A669H01
C101 Metallized paper, 0.25 mfd,; 200 V.D.C. 187A624H02
Cc102 Metallizedspaper, 0.25 mfd.; 200 V.D.C. 187A624H02
C103 & C104 (30-50 KC) — Extended foil, 0.47 mfd.; 400 V.D.C. 188A293H01
C103 & C104 (50.5475 KC) — Extended foil, 0.22 mfd.; 400 V.D.C. 188A293H02
C103 & C104 (7565 - 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. 188A293H04
C103 & C104 (150.5 - 300 KC) — Extended foil, 0.047 mfd.; 400 V.D.C. 188A 293 HO5
DIODES - GENERAL PURPOSE
D11 1N645A 837A692H03
D12 IN645A 837A692H03
D13 1N4822 188A342H11
D14 1N4822 188A342H11
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ELECTRICAL PARTS LIST

DIODES — GENERAL PURPOSE
D15 1N4822 188A342H11
D16 1N4822 188A342H11
D21 1IN645A 837A692H03
D22 1N4822 188A342H11
D23 1N4822 188A342H11
D24 1N4822 188A342H11
D25 1N4822 188A342H11
D51 1N628; 125 V.; 30 MA. 184A885H12
D52 1N628; 125 V., 30 MA. 184A885H12
D55 1IN457A; 60 V., 200 MA. 184A885H07
D58 1IN628; 125 V., 30 MA. 184A885H12
D101 1N538; 200 V., 750 MA. 407C703HO03
D102,D104 1N91; 100 V., 150 MA. (Germanium Version usediwith 2N1908) 182A881H04
D103 IN538; 200 V., 750 MA. 407C703H03
D102,D104 1N 4818 (Silicon Version used with 2N3792) 188A342H06
DIODES < ZENER
z1 1N2828B; 45V. *5%,; 50 W. 184 A854H06
z2 1N3009A; 130 V. +10%; 10, W. 184A617H12
74,725,726 1IN957B 186AT97THO6
Buffer, Z2, Z3 1IN3688A 862A288H01
Z13 1N3688A 862A288H01
Z14 1N3686B 185A212H06
Z21 1N957B 186AT9THO6
Z22 1N3688A 862A288H01
z23 1N3688A 862A288H01
Z24 1N3688B 185A212H06
Z54 1IN3686B»20 W +5%; 750 MW, 185A212H06
Z105 1N2999A;,56" V. +10%; 10 W. 184A617H13
Z106 1N2999A /66 V. +10%; 10 W. 184A617H13
RESISTORS

R1 26mdrohms +5%; 40 W. (For 125 V Supply) 04D1299H44
R2 26:.5 ohms +5%; 40 W. (For 125 V Supply) 04D1299H44
R3 26.5 ohms +5%; 40 W. (For 48 V Supply) 04D1299H44

R3 500 ohms *5%; 40 W. (For 125 V Supply) 1268047
R4 100 ohms +10%; 1 W. Composition 187A644H03
R5 1K +10%; ¥2 W. Composition 187A641H27
R6 3K *59%; 5 W. Wire Wound 188A317HO1
R7 15K +10%; 2 W. Composition 187A642H55
BUf.)R4, R6 18K +2%; Y2 W. Metal Glaze 629A531H62
Buf. R2, RS 51K +2%; Y% W. Metal Glaze 629A531H73
Buf. R3 1.8K +2%; Y2W. Metal Glaze 629A531H38
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ELECTRICAL PARTS LIST

Shear e
RESISTORS (Continued)
Buf. R7, R10, R12 1.5K +2%; %2 W. Metal Glaze 629A531H36
Buf. R8, R, R11 6.2K +2%; ¥ W. Metal Glaze 629A531H51,

Buf. R13

10K +2%; Y2 W. Metal Glaze

R14, 20, 21, 28, 32

10K *2%; %2 W, Metal Glaze

R15,17,22,24,25

12K +2%,; Y2 W. Metal Glaze

R16, 18, 19 27K +2%; Y2 W. Metal Glaze
R23, 29 4.TK +2%; Y2 W. Metal Glaze 9A531H48
R26, 27 27K +2%; Y2 W. Metal Glaze 629A531H66
R30, 31, 33 12K *+2%; Y2 W. Metal Glaze 629A531H58
R34 4:TK +2%; Y2 W. Metal Glaze | 629A531H48
R51 10K *5%; Y% W. Composition 184A763H51
R52 10K +5%; %2 W. Composition 184AT63H51
R53 10K +5%; Y% W. Composition 184A763H51
R54 10K *5%; Y2 W. Composition 184A763H51
R55 100 Ohms +5%; Y2 W. Composition 184A763H03
R56 3.6K *5%; Y2 W. Composition 184A763H40
R57 3.6K *5%; Y2 W. Composition 184A763H40
R58 100 ohms +5%; %2 W. Compositio 184A763H03
R59 10K +5%; % W. 184A763H51
R60 5.6K *5%; Y2 W. 184A763H45
R61 15K *+5%; %2 W. 184AT63H55
R62 10K *5%; %2 W. 184AT763H51
R63 1K +5%; %2 W. ition 184AT63H27
R64 Potentiometer, 1 184A763H02
R65 1.8K +5%; mposition 184A763H02
R66 . Composition 184A763H49
R67 . Composition 184AT63H53
R68 . Composition 184AT63H15
R69 . Composition 184A859H06
R70 629A430H02
R71 +5%; Y2 W. Composition 184AT63H43
R72 +5%; Y2 W. Composition 184A763H65
R73 Thermistor, 30 ohms, Type 3D202 (G.E.C.) 185A211H06
R74 v.' Ohms *5%; %2 W. Composition 184 A763H02
R75 100 Ohms +5%; Y2 W. Composition 184A763H03
R76 ¢ 2K *5%; Y2 W. Composition 184AT63H34
R77 10 ohms *5%; Y% W. Composition 187A290H01
R7 10 ohms +5%; % W. Composition 187A290H01
20K *2%; Y2 W. Metal Glaze 629A531H63
25K Potentiometer +20%; % W. 629A430H09
81 1K *1%; Y2 W. Metal Film 848A819H48
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ELECTRICAL PARTS LIST

SYmBOL DESCRIPTION "DESIGNAT IO,
RESISTORS (Cont’d.)
R82 5K Pot. +20%; %2 W. 629A430H07
R83 N 10.2K +1%, Y2 W. Metal Film 843A820H46
R84 27 ohms +5%, Y W. Composition 187TA290H11
R85 Thermistor 3D402 10 ohms 185A211HO03
R86 750 ohms  *1%, %2 W. Metal Film 848A819H36
R101 10 ohms +5%:; Y2 W. Composition 187A280H01
R102 2.2K +10%; 1 W. Composition 187A644H35
R103 2.7 ohms  *£10%; %2 W. Wire Wound 184A636H14
R104 0.27 ohms +10%; 1 W. Wire Wound 184A636H18
R105 10 ohms +5%; Y2 W. Composition 187TA290H01
R106 4:7K +10%; 1 W. Composition 187A644H43
R107 2.7 ohms  +10%; Y2 W. Wire Wound 184A636H14
R108 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 Transformer 606B537G02
TRANSISTORS
Q1 2N1015C 187A342H02
Q11 2N4356 849A441H02
Q12 2N699 184A638H19
Q21 2N4356 849A441H02
Q22 2N699 184A638H19
Q51 2N697 184A638H18
Q52 2N697 184A638H18
Q53 2N6IT 184A638H18
Q54 2N699 184A638H19
Q55 2N697 184A638H18
Q56 2N2726/2N3712 T62A672H07
Q57 2N2726/2N3712 T62A672H07
Q1014Q102 2N1908 (Use in Matched Pairs)(Germanium Version used with 1N91 187A673H02
Q101,Q102 2N3792 (Use in Matched Pairs) (Silicon Version used with 1N4818) 187A673H16
MISCELLANEOUS
EL101 Driver Filter 408C261 + (Req.Freq.)
FIL,102 Output Filter 5415214 +(Req. Freq.)
PL Pilot Light Bulb - For 48 V. Supply (When supplied) 187A133H02
Pilot Light Bulb - For 125 or 259 V. Supply (When supplied) 183A955H01
F1l, F2 Fuse, 1.5A (When supplied) 11D9195H26

n
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Westinghouse I.L. 41-945.31A
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TCF POWER LINE CARRIER FREQUENCY-SHIET
TRANSMITTER EQUIPMENT -1 WATT/1 WATT =
FOR CONTACT-KEYED FUNCTIONS

CAUTION: It is recommended that the user of this
equipment become thoroughly familiar with the in-
formation in this instruction leaflet before energiz-
ing 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 carrier transmitter equipment
provides for the transmission of either of two close-
ly controlled discrete frequencies, both within a
narrow-band channel, over high-voltage transmission
lines. The center frequency of the channel can gary
from 30 to 300 kHz in 0.5 kHz steps. The two, fres
quencies transmitted are separated by 200yphertz,
one being at center frequency (fc) plus 100 hertz
and the other at center frequency minus 100 hertz.
The higher frequency, termed the Guard freguency,
is transmitted continuously when c@ndition§ are
normal. It indicates at the receiving end of the line
that the channel is operative and 4t also serves to
prevent false operation of the recéiver by“line noise.
The lower frequency, termed the, Trippfrequency, is
transmitted as a signal thatg@an opefation (such as
tripping a circuit breaker) (should be performed at
the receiving end of the line.

When frequencylyshift{carrier is used in protec-
tive relaying applications,” the transmitter usually
is designed tof tramsmit “the Trip frequency at ten
times the power/leveld’of the Guard frequency in
order to increase ‘thefreliability of the system under
conditions of abnormally high channel losses or
line noise. In applications where these unfavorable

© conditions are “not encountered, the 1-watt/l-watt
transmitter may be used satisfactorily. The frequen-
cy is‘ghifted from Guard to Trip by the closing of a
proteetive relay contact.

CONSTRUCTION

The 1 watt/1 watt TCF transmitter unit is
mounted on a standard 19-inch wide panel 8% inches

SUPERSEDES |I.L. 41-945.31, DATED MAY 1973

(5 rack units) high with edge,slots, for mounting on a
standard relay rack. All [components are mounted on
the rear of the panely Fuses/ a pilot light, and a
power switch are accessible from the front of the
panel when supplied.%Refer to Fig. 6. All of the
circuitry that isf suitable for printed circuit board
mounting is on“two boards as shown in Fig. 2. The
components gnountedy on the printed circuit boards
and the output’ filter are shown enclosed by dotted
lines on WFig 3" The location of components on
the_printed circuit boards are shown on Fig. 4, 5 and
7.

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 three main stages
and an output filter. The stages include two crystal
oscillators operating at frequencies that differ by
the desired channel frequency, a mixer and buffer
amplifier, and a final amplifier connected push-pull.
The output 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 oscil-
late away from its natural frequency by as much as
+ 100 hertz. In order to obtain this desired fre-
quency 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 operated with
a specified amount of series capacity and the fre-
quency of Y1 is 2.00 MHz plus the channel fre-

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 DECEMBER 1978

ODENOTES CHANGES FROM SUPERSEDED COPY
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quency, or 2.03 MHz to 2.30 MHz. Capacitor C55 and
crystal Y2 in series are connected between the pos-
itive side of the supply voltage and the base of
transistor Q51, which operates in the emitter-
follower mode. The emitter is coupled to the base
through C57, and with Y2 removed the base of Q51
would be held at approximately the midpoint of the
supply voltage by R51 and R52. The crystal serves
as a series-resonant circuit with very high induct-
ance 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. In-
creasing C55 will lower the frequency of oscilla-
tions and reducing C55 will raise the frequency.

Crystal Y1 is connected in a circuit that is
similar except for the addition of C53 and diodes
D51 and D52. By adjustment of C52 this circuit
is made to oscillate at 100 hertz above its marked
frequency. Capacitor C53 is not effective until
D51 is biased in the forward direction and becomes
conductive. It is biased in the reverse direction
until the relay control contact is closed, which
places 45 V.D.C. at terminal 3 of the printed circuit
board. With D51 conducting, C53 is effectively in
parallel with C52, and adjustment of C53 will
reduce the frequency by 200 hertz. The crystals
taken individually have a greater variation of fre-
quency with temperature than would be acceptable.
However, by proper matching of the two crystalsy
the variation in their difference frequency can4be
kept within limits that permit holding the fregquency
stability of the overall transmitter to * 10 hertz/
over a temperature range of -20 to + 55°C¢

The frequencies produced by the” twodescillators
are coupled to the base of mixerftransistor Q53
through C62 and C63. The sum,of ‘the two frequen-
cies is so high that negligible “amount® appears on
the secondary of transformer T51, but“the difference
frequency is accepted and ‘amplified by Q53 and
Q54. The level of output™power is adjusted to 1
watt by means of R64.

The amplifier” stage consists of transistors
Q56 and Q57 cgnnected inva conventional push-pull
circuit with inputd supplied from the collector of
Q54 through transfopmer T52. Thermistor R73 and
resistors R74 and R75 are connected to provide a
variable bias that reduces the effect of varying am-
bient temperatures on the input level.

As@is,_shown on Fig. 1 the voltage for the key-
ing scircuit 1s obtained from the 45-volt regulated
supply In’the transmitter, and opening the single
poweraswitch de-energizes both the transmitter and
theykeying circuit.

The output transformer T1 couples the amplifier
transistors to the output filter FLL102. The output
filter includes two trap circuits (L102, /Cp and
L1103, C) which are factory tuned to the second and
third harmonics of the transmitter frequency. Capa-
citor Cp approximately cancels the inductive react-
ance of the two trap circuits at the operating fre-
quency. Protective gap G1 is awsmall lightning
arrester to limit the magnitude of switching surges
or other line disturbances reac¢hingmthe carrier set
through the line tuner and ce@%ial ‘¢éable. Auto-trans-
former T2 matches the filter/impedance to coaxial
cables of 50, 60, or 70 ohms.

The series resonant “eircuit composed of L105
and CE is tunedyto the’transmitter frequency, and
aids in providing, resistive termination for the out-
put stage. Jack/J102 is mounted on the rear panel
of FL102and is _used for measuring the r.f. output
current of‘theftransmitter into the coaxial cable. It
shotild “"be, noted that the filter contains no shunt
reactivefelements, thus providing a reverse impe-
dancefythat is free of possible ‘‘across-the-line’’
resonances.

The regulated 45 volt power supply is obtained
from a 50-watt Zener diode mounted on a heat sink
and connected to the station battery supply through
suitable series resistors, as shown in Fig. 1. Capa-
citor C68 provides a low carrier-frequency impe-
dance across the d-c output voltage, and capacitors
C1 and C2 bypass r.f.or transient voltages to ground,
thus preventing damage to the transistor circuits.

CHARACTERISTICS

Frequency Range 30-300 kHz
Output 1 watt guard - 1 watt trip
(into 50 to 70 ohm resistive
load)
Frequency Stability +#10 cycles/sec. from -20°C
to +55°C.
Frequency Spacing 1. One-way channel, two or
more signals - 500 hertz
min.

2. Two-way channel-1000
hertz min. bet ween trans-
mitter and adjacent re-
ceiver frequencies.

down 55 db (min.) from out-
put level.

Harmonics
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Maximum Keying

Frequency 100 hertzlimited by receiver

Input Voltage 48, 125 or 250 V.D.C.

Supply Voltage 42-56 V. for nom. 48 V.supply

105-140 V. for nom. 125 V.
supply

210-280 V. for nom. 250 V.
supply

0.12 a. at 48 v. d-c.
0.27 a. at 125 or 250 v. d-c.

Battery Drain

Temperature Range -20 to +55°C around chassis

Dimensions Panel height - 8%’’ or 5 r.u.
Panel width - 19"’
Weight 9 lbs.

INSTALLATION

The TCF transmitter 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 aro@nd the
chassis must not exceed 60°C.

ADJUSTMENTS

The TCF 1W/1W transmitter is shipped with the
power output control R64 set for an gutputief 1 watt
into a 60 ohm load. If it is desired to cheeck the ad-
justments or if repairs have made“readj@stment nec-
essary, the coaxial cable should beydisconnected
from the assembly terminals)and replaced with a 50
to 70 ohm non-inductive resistomofyat least a 1 watt
rating. Use the value of the €xpected input impe-
dance of the coaxial cablejand'line tuner. If this is
not known, assume 60 ohms. Connect the T2 output
lead to the corresponding/tap. Connect an a-c vac-
uum tube voltmeter (WI'VM) across the load resistor.
Turn power output control R64 to minimum (full
counterclockwiSe). Turn on the power switch on the
panel and note“the d-c voltage across terminals 5
and 7 of J3. If this is in the range of 42 to 46 volts,
rotate R64 clockwise to obtain 3 or 4 volts across
the doad resistor. At this point check the adjust-
ment Of the series output tuning coil L105 by loos-
ening the knurled shaft-locking nut and moving the
adjustable core in and out a small amount from its
initial position. Leave it at the point of maximum
voltage across the load resistor.

Continue to advance R64 until the output valt-
age shown in the following table is obtained ac-
ross the load resistor. Recheck the setting of L105
to be sure it is at its optimum point fordl, watt out-
put. Tighten the locking nut. Key the transmitter to
Trip by connecting together terminals 2 and 3 of the
printed circuit board (or terminals 7 and 8 of J3).
There should be no appreciabl€ change in the out-
put voltage. Open the qpowerf switch, remove the
jumper used to key the transmifter to Trip, remove
the load resistor, andecoennec¢t the coaxial cable
circuit to the transmitter.

T2 Voltage for
Tap 1 Watt Output
50 7.1

60 7.8

70 8.4

Follow the procedure outlined in the tuner in-
struetions 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 L105. This may be necessary with
some types of line coupling equipment. The adjust-
able cores of L102 and L103 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
the other crystal unconnected. A sensitive frequen-
cy counter with a range of at least 2.3 megahertz
can be connected from TP51 to TP54. (Connection
to TP54 rather than to TP53 provides a better signal
to the counter and avoids some error from thé effect
of the counter input capacitance on the oscillator
circuit.) While measurement of the oscillator cry-
stals individually is necessary for the initial ad-
justment of the oscillators, generally and subse-
quent checks may be made with a lower range count-
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er 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.

Q56 - Q57 Bias Adjustment

The push-pull output stages of the transmitter
board are normally shipped correctly biased. If any
components involved in these stages have been
changed, then it may be necessary to recheck the
biasing of this stage.

Unsolder the lead from terminal 2 of transformer
T1 (just above FL101) and temporarily connect a
low-range d-c milliammeter (0-1.0 ma) between the
removed lead (+) and T1 terminal 2 (-). Turn the
slotted control on the small potentiometer to full
counterclockwise. Now, apply power to the TCF
carrier set, but do not transmit carrier. This can
be done by removing the crystals. Advance the
potentiometer clockwise until the milliammeter
reads 0.05 ma.Turn off the power, remove the
milliammeter, and solder the lead back on terminal
2 of TI1. Replace the crystals and again apply
d-c power to reenergize the transmitter. Check
output, etc. of transmitter as previously described.

MAINTENANCE

Periodic checks of the transmitter powervoltput
will detect impending failure so that thefequipment
can be taken out of service for corréctions, At/ regu-
lar maintenance intervals, any accumulated dust
should be removed, particularly, from the he€at sink.
It is also desirable to check the tranSmitter power
output at such times, making @any necessary read-
justments to return the equipment t@)its initial set-
tings.

Voltage values should “be _récorded after adjust-
ment in order to s@stablishyreference values which
will be useful @thendchegking the apparatus. The
readings will remain fairdy constant over an indefin-
ite period unless a“failure occurs. However, if
transistors are changed, there may be considerable
difference in these readings without the overall
performandée being affected.

Typical voltage values are given in the follow-
ing tables.” Voltages should be measured with a
VITVM.0Readings may vary as much as * 20%.

TABLE |
TRANSMITTER D-C MEASUREMENTS

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

d-c VTVM.

Test Points Voltage,at 1 Watt ©utput
TP 52 20
TP 53 5.4
TP 54 3.4
TP 55 21
TP 56 21
TP 57 .65
TP 58 44.3
TR 59 65

TABLE I

TRANSMITTER RF MEASUREMENTS

Note: “Woltages 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
voltages read with a-c VTVM.

Test Points Voltage at 1 Watt Output

TP54 to TP51 0.12

TP57 to TP51 0.8

TP59 to TP51 0.8

T1-1to TP51 26

T1-3 to TP51 26

T1-4 to Gnd. 36

T2-2 to Gnd. 30

TP109 to Gnd. 9.8

J102 to Gnd. 7.8

CONVERSION OF TRANSMITTER FOR
CHANGED CHANNEL FREQUENCY

The parts required for converting a 1W/1W TCF
transmitter for operation on a different channel
frequency consist of a pair of matched crystals for
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the new channel frequency if the old and new fre-
quency are not in the same frequency group (see
table on internal schematic drawing) and, in general
new or modified filter FL102. Inductors L102 and
L 103 in this filter are adjustable over a limited
range, but forty-two combinations of capacitors and
inductors are required to cover the frequency range
of 30 kHz to 300 kHz. The widths of the frequency
groups vary from 1.5 kHz at the low end of the chan-
nel frequency range to 13 kHz at the upper end. A
particular assembly can be adjusted over a some-
what wider range than the width of its assigned
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- 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 | 222.1-230.0
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- 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 | 274.1-28740
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 frequengy,/the filters
can be readjusted. If the frequencies are in/different
groups, it is possible that chafiges gonly in the
fixed capacitors may be reqaired.In general, how-
ever, it is desirable to order @omplete filter assem-
blies adjusted at the fagtory for the specified fre-
quency.

The procedure for teadjustment of the 2nd and
3rd harmonic traps efafiltéer*FLL102 is as follows: A
signal generator and & counter should be connected
to terminals,4 “and “Gyef transformer T1, and a 500
ohm resistor and a®VTVM to the terminals of pro-
tective gap G1. The ground or shield lead of all
instruments*“should be connected t¢ the grounded
terminal of the“transformer. Set the signal generator
at exactly twice the channel center frequency and
at 3 to 5 ¥elts output. Turn the core screw of the
large inductor, L102, to the position that gives a
définite minimum reading on the VTVM. Similarly,
with the signal generator set at exactly three times
the “channel center frequency and 5 to 10 volts out-
put, set the core screw of the small inductor, L103,
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 crystalssiave been
adjusted, as described under ‘‘ADJUSTMENTS’’,
the transmitter can be operated with a 50 to 70 ohm
load (depending on which tap of T2 is used) con-
nected to its output, and indugcter L105 can be read-
justed for maximum output~at the changed channel
frequency by the proceduréydescribed in the same
section.

If a frequency-semnsitive voltmeter is available,
the 2nd and 3rdy harmonic traps may be adjusted
without using™@n oscillator as a source of double
and triple €4he channel frequency. Connect the fre-
quency-sensitive, voltmeter from TP109 to ground
and adjust the transmitter for rated output into the
selecdted load resistor. Set the voltmeter at twice
the ehannel frequency and, using the tuning dial and
dbmrange switch, obtain a maximum on-scale reading
ofgthe 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 frequency will differ from
the channel center frequency by 100 cycles, the
effect of this difference on the adjustment of the
harmonic traps will be negligible. It should be
noted that the true magnitude of the harmonics can-
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 TP109 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 (VTVM). Voltage
range 0.003 to 30 volts, frequency range 60
cycles/sec. to 330 kHz input impedance 7.5
megohms.

c. D-C vacuum tube voltmeter (VT VM).

1.5 to 300 volts

7.5 megohms.

Voltage Range:

Input Impedance:
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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 900 kHz

c. Oscilloscope
d. Frequency counter; 2.5 Mhz; 50 ms.
e. Ohmmeter

f. Capacitor checker.

Some of the functions of the recommended test

19’’ rack but also can be removed and used
portable unit.

equipment are combined in the type TCT carrier tesO
meter unit, which is designed to mount on a stal@
a

RENEWAL PARTS rs

Repair work can be done maost @torily at
the factory. However, replacem p can be
furnished, in most cases, to t s who are
equipped for doing repair worki W rdering parts,

always give the complete n pl ata and identi-
fy the part by its designation the Internal Sche-

matic Drawing and Westin designation on the
Electrical Parts ListQ
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ELECTRICAL PARTS LIST

SRear DESCRIPTION WESTIN
CAPACITORS

C1 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962

C2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 18’7’7%2
Cl11 Metallized Paper, .047 mfd.; 849A437THO04
C51 Dur-Mica, 1500 pf., 500 V.D.C. @62A757HO3
C52 Variable, 5.5-18 pf. 879A834HO01
C53 Variable, 5.5-18 pf. 879A834HO01
C54 Metallized paper, .1 mfd.; 200 V.D.C. 187A624HO01
C55 Variable, EIS pf. 762A736HO01
C56 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C517 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C58 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C59 Dur-Mica, 100 pf., 500 V.D.C. T62AT57THO1
C60 Dur-Mica, 100 pf., 500 V.D.C. T62AT57THO1
C61 Metallized paper, 0.25 mfd.; 200 V.D. 187A624H02
C62 Dur-Mica, 4700 pf., 500 V.D.C. T62AT757THO04
C63 Dur-Mica, 1000 pf., 500 V.D.C. T62AT57THO2
C64 Metallized paper, 0.25 mfd.; 200 VaD.C" 187A624H02
C65 Metallized paper, 0.25 mfd¥,200 G .C. 187A624H02
C66 Metallized paper, 0.2 @ 00 V.D.C. 187A624H02
C67 Metallized paper, 0:25 m , 200 V.D.C. 187A624H02
C68 Metallized paper, 0 00 V.D.C 187A624H03
Cce69 Metallized paper, (0 .; 200 V.D.C 187A624H02
C170 Dur-Mica, 300 187A584H09
C171 3 pf, L 4 861A846H03
C72 3 pf, 861A846H03
C173 861A846H03
C4 per, 1.0 mf, 200 V.D.C. 187A624H04
C75 paper, 0.5 mf, 200 V.D.C. 187A624H03
C16 ed paper, 0.01 mf, 200 V.D.C. 764A278H10
C1 188A669H01

DIODES - GENERAL PURPOSE

1N628; 125 V.; 30 MA. 184A885H12
IN628; 125V ., 30 MA. 184A885H12
D55 1N457A; 60 V., 200 MA. 184A885H07
D58 4 1IN628; 125V., 30 MA. 184 A885H12
01 1N538; 200 V., 750 MA. 407C703HO03
IN91; 100 V., 150 MA. 182A881H04
103 1N538; 200 V., 750 MA. 407C703HO03
D104 1N91; 100 V., 150 MA. 182A881H04




TYPE TCF 1W/1W CONTACT-KEYED

ELECTRICAL PARTS LIST

SYMBOL DESCRIPTION "GELICNATION
DIODES - ZENER
Z1 1N2828B; 45V. *5%; 50W. 184A854H06
Z11 1IN957B
Z12 1IN3688A
Z13 IN3688A
Z14 IN3686B
Z15 1N3688A 862A288H01
Z54 1IN3686B; 20V. 5%, 7T50MW. 185A212H06
RESISTORS
R1 26.5 ohms +5%; 40 W. (For 125 V Supply) 04D1299H44
R2 26.5 ohms 5%, 40 W. (For 125 V Supply) 04D1299H44
R3 26.5 ohms *5%; 40 W. (For 48 V Supply) 04D1299H44
R3 500 ohms +5%; 40 W. (For 125 V Supply 1268047
R4 100 ohms +10%;, 1 W. Composition 187A644H03
R5 1K £10%; Y2 W. Ccmposition 187A641H27
R6 3K 5%, 5 W. Wire Wound 188A317HO1
R7 15K +10%, 2 W. 187A642H55
R11 4.T7K *2%; Y2 W. 629A531H43
R12 12K +2%; Y2 W. 629A531H58
R13 10K +2%, Y2W. 629A531H56
R14 6.2K 2%, Y2W.) 629A531H51
R15 1.5K +2%,; 629A531H36
R16 18K +2%,; 629A531H62
R17 1.8K tZ'%; 629A531H38
R18 51K . Metal Glaze 629A531H73
R51 10K . Composition 184 A763H51
R52 Y2 W. Composition 184A763H51
R53 Y2 W. Composition 184A763H51
R54 +5%; Y% W. Composition 184 A763H51
R55 +5%; Y2 W. Composition 184A763H03
R56 +5%; Y% W. Composition 184AT763H40
R57 3.6K *5%; Y2 W. Composition 184A763H40
R58 0 ohms £5%; Y2 W. Composition 184A763H03
R59 10K *5%; Y W. Composition 184 AT763H51
R60 5.6K *5%; Y% W. Composition 184A763H45
R 15K +5%; Y W. Composition 184A763H55
10K *5%; Y2 W. Composition 184A763H51
1K +5%; Y W. Composition 184A763H27
6 Potentiometer, 1K;% W. 629A430H02
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ELECTRICAL PARTS LIST

?\ﬁféjolz DESCRIPTION wDEESSTIlI';NNGAHTOIgiE
RESISTORS (Cont’d.)
R65 1.8K *5%; Y W. Composition 184 AT63H02
R66 8.2K *5%, Y2 W. Composition 184AT63H49
R67 12K +5%; Y% W. Composition 184AT63H53
R68 330 ohms *5%; Y W. Composition 184AT763H15
R69 800 ohms t 5%; Y W. Composition 184 A859H06
R70 Potentiometer, 1K; % W. 629A430H02
RT1 4.TK +5%; Y2 W. Composition 184AT63H43
R72 39K +5%; ¥ W. Composition 184AT63H65
R73 Thermistor, 30 ohms, Type 3D202 (G.E.C.) 185A211H06
R74 62 ohms +5%; Y2 W. Composition 629A531H03
RT5 68 ohms *5%; Y2 W. Composition 187A290H21
R76 2K *5%; Y2 W. Composifion 184AT63H34
R77 10 ohms *5%; Y2 W. Compesition 187A290HO01
R78 10 ohms +5%; Y% W, Compgsitién 187TA290HO01
R79 20K +2%; Y% W. Metal Glaze 629A531H63
R80 25K Potentiometer *20%; % W. 629A430H09
TRANSFORMERS
Tl Driver Output Transformer 606B410G01
T4 Load-Matching Auto-Transformer 292B526G03
T51 Buffer Amplifier Transformer 292B526G03
T52 Driveridnput Transformer 606B537G01
TRANSISTORS
Q11 2N4356 849A441H02
Q12 2N699 184A638H19
Q51 2N697 184A638H18
Q52 2N697 184A638H18
Q53 2N697 184A638H18
Q54 2N699 184A638H19
Q55 2N697 184A638H18
Q56 2N2726 /2N3712 T62A67T2HO07
Q57 2N2726/2N3712 T62A672HO07
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MISCELLANEOUS

Y1-v2 Supplied for Desired Channel Frequency in Pair 408C1743
Matched Per Specifications on Drawing
FL102 Output Filter 5415214 + (Req. Freq.)
PL Pilot Light Bulb - For 48 V. Supply (When supplied) 187A133H02 @
Pilot Light Bulb - For 125 or 259 V. Supply (When supplied) 183A 01
F1,F2 Fuse, 1.5A (When supplied) 9 195H26
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INSTALLATION

Westinghouse I1.L. 41-945.12B
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT

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

CAUTION: It is recommended that the user of this equip-
ment become thoroughly familiar with the information in
this instruction leaflet before energizing 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 trans-
mission line protection consists of directional-comparison un-
block relaying plus a transfer-trip channel for breaker failure
protection. Normally these systems of relaying require twg
frequency-shift channels, wideband for unblocking“and
narrowband for transfer trip. A saving in channelSpectoum
can be effected by using a three-frequency transmitterifor the
two relaying functions and two separate receiversiyone for
each function, as shown in Figure 7.

SYSTEM OPERATION

The three-frequency TCF carriefitransmitter/provides for
the transmission of any of three closelyjcontrolled discrete
frequencies, all within the equivalentispacingof a single wide-
band channel. The center frequeney of ‘the channel can vary
from 30 kHz to 300 kHz in @Sk HZ\steps. The transmitter
normally operates at a frequency that is 100 Hz above the
channel center frequencyg(fc)-“Ehis frequency serves as the
“guard” frequency for(theftrdnsfer-trip receiver and as the
“block™ frequency flor the unblock receiver. Note that the dis-
criminator chafacteristi€yin the unblock receiver in this case is
reversed from the Miormal unblock receiver used with the stan-
dard two-frequéncy transmitter. This ‘‘guard” or “‘block”
frequency is transmiitted continuously when conditions are
normal. It indicates at the receiving end of the line that the
channel is opesative and serves to prevent false operation of
the feceiver by line noise. The lowest frequency, which is 100
Heyless, than fc is the “‘transfer trip” 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 andis, transmitted as an unblock
signal for directional-comparison relaying. If a subsequent
transfer-trip operation isiealled for, the transmitter will shift
to fc -100 Hz whichiis the/f‘trip” frequency for the transfer-
trip (narrow-bafd)yceceiver.

Note that, when,the transmitter shifts to ‘‘unblock,” the
frequency is/completely outside the passband of the narrow
band transfer-trip receiver. Normally, this would cause a low-
signallalarm output from that receiver. In order to prevent an
alanm_output in this case, the checkback output of the un-
bleek receiver is cross-connected to the guard or block input
of the"transfer-trip receiver (through on OR logic circuit).
This'logic is shown in Figures 8 and 9. 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 incorrect output indications.

The transmitter normally operates at an output level of
one watt at the “‘guard” or “‘blocking” frequency, but in-
creases 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
transmitter is shifted to the ‘‘unblock™ frequency, if the
transfer-trip keying circuit is energized, the transmitter will
shift to the *‘trip”” frequency without delay.

CONSTRUCTION

The 10-watt/1-watt/10-watt TCF transmitter unit is
mounted on a standard 19-inch wide panel 12% inches

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. 1f
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.

SUPERSEDES I.L. 41-945.12A, dated June 1976

©Denotes change from superseded Issue.

EFFECTIVE NOVEMBER 1977
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(7 rack units) high with edge slots for mounting on a standard
relay rack. A jack for metering the ampifier collector current
is accessible 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 cir-
cuit boards are shown on separate illustrations, 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 coaxial cable jack, J2.

OPERATION

The transmitter is made up of four main stages and two
filters. The stages include two crystal oscillators operaing at
frequencies that differ by the desired channel center frequen-
cy, a mixer and buffer amplifier, a driver stage and a power
amplifier. The interstage filter is located between the driver
and the power amplifier. The output 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. 1.
The frequency of Y2 is 1.00 MHz when operated with a
specified amount of series capacity, and the frequency of Yil
is 2.00 MHz plus the channel center frequency, or 2.03 MHz
for 30 kHz center frequency. Capacitor C55 and crystal Y2'1n
series are connected between the positive side of the supply
voltage and the base of transistor Q51, which operatésin the
emitter following mode. The emitter is coupled to\the base
through C57. With Y2 removad the base of QSlywould”be
held at approximately the midpoint of the supply voltage by
RS51 and R52. The crystal serves as a serie§-resonant circuit
with very high inductance and low capagitance. dFhe circuit
can be made to oscillate at other than the natufal frequency of
the crystal by varying the series capaciter, €55. Increasing
C55 will lower the frequency of os€illations and reducing C55
will raise the frequency.

Capacitor C73 (in parallebwith“€70) is not effective until
D55 is biased in the forwafd dirgétion and becomes conduc-
tive. It is biased in the reversedirection until the keying con-
trol for unblock is closed which places 45V. dc at terminal 12
of the printed circuit board. With DSS conducting, C73 and
C70 are placed,in parallel with C55 and C74. The adjustment
of C73 will reduee the frequency of the Y2 circuit by 200 hz.
Since Y2 is thelower of the two frequencies derived from Y1
and Y2, ‘the,difference frequency, which is the frequency
transmitted, is now increased by 200 hz. Thus the frequency
transmitted is now 200 hz above the guard frequency or 300
iz aboeve, the center frequency.

Crystal Y1 is connected in a circuit that is similar except
for the addition of C53 and diodes D51 and D52. By adjust-
ment of C52 this circuit is made to oscillate at 100 hz above
its marked frequency. Capacitors C53 and C76 are not ef-
fective until DSI is biased in the forward direction and be-
comes conductive. It is biased in the reverse directionduntil
the keying control is closed, which places 45¥rdc at terminal
1 of the printed circuit board. With D51 conddeting, C53 and
C76 are effectively in parallel with C52"and CZ5¢ The adjust-
ment of C53 will reduce the frequengy™by,200thz. The crystals
taken individually have a greater, variation of frequency
with temperature than would be, acceptable. However, by
proper matching of the twogcrystalsy the variation in their
difference frequency can be kept within limits that permit
holding the frequency stationfef the overall transmitter to
+ 10 hz over a temperatuse range of — 20 to +55°C.

The frequencies produeed by the two oscillators are coupl-
ed to the base of mixer transistor Q53 through C62 and C63.
The sum of the twe, frequencies is so high that a negligible
amount{@ppears‘on the secondary transformer TSI, but the
difference ‘frequeney is accepted and amplified by Q53 and
Q54.

When thekeying control is closed, it increases the output
power from | watt to 10 watts as well as changing the fre-
quencynfrom 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, transistor
Q55 receives no base current and is non-conducting. Emitter
resistor R70 therefore is effectively open-circuited. The level
of output power is adjusted to | watt by means of R64. When
Q55 is made conductive by closing the keying control circuit,
R70 is placed in parallel with R68 and the amount of emitter
resistance unbypassed by C66 can be adjusted as required to
obtain a 10-watt output level.

Note in the keying board that diode D12 serves as in-
terlocking 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 im-
mediate preference over the “‘unblock™ keying. This is ac-
complished by the ‘‘transfer trip” keying causing transistor
Q12 to conduct which in turn shunts out the keying voltage in-
put to transistor Q22 through diode D12. Thus while Q12
becomes conducting and consequently QIl1, effecting
“transfer trip” keying, this conduction of Q12 also prevents
Q22 from becoming conducting and prevents ‘“‘unblocking”
keying.

As is shown on the Internal Schematic, Fig. I, 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 con-
nected in a conventional push-pull circuit with input supplied

P
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from the collector of Q54 through transformer T52. Thermis-
tor R73 and resistors R74 and R75 are connected to pro-
vide a variable bias that reduces the effect of varying ambient
temperatures on the input level. In addition, network R67,
R79, and potentiometer R80 are used in the bias circuit and
are adjusted by meads of R80 to limit the quiscent current
in the driver stage common to 0.2 ma. This adjustment is
made by unsoldering the lead going from pin 2 of the frans-
mitter to terminal 2 of transformer Tl and inserting a dc
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, after this, the milliammeter is removed and the lead
replaced.

The driver filter, FL101, consists of a series-resonant in-
ductor and capacitor connected between the driver and power
amplifier stages by appropriate transformers T1 and T2. This
filter greatly improves the waveform of this signal applied to
the power amplifier.

The power amplifier uses two series-connected power
transistors, Q10! and Q102, operating as a class B push-pull
amplifier with single-ended output. Diodes D101 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 iné¢ludeswo
trap circuits (L102, Cg and L103, Cc) which, aredfactory
tuned to the second and third harmonics of the transmitter
frequency. Capacitor Cp approximately cancels’the induetive
reactance of the two trap circuits at the operating frequency.
Protective gap Gl is a small lightning arrester toflimit the
magnitude of switching surges or, other line'disturbances
reaching the carrier set through the line turnér and coaxial
cable. Autotransformer T4 matches the filter impedance to
coaxial cable of 50, 60, or 70%Hhms:

The series resonant circuitseomposed of L105, and Cg is
tuned to the transmitter frequencysand aids in providing re-
sistive termination for the output stage. Jack J102 is mounted
on the rear panel of FI£102 and is used for measuring the r.f.
output current ofythe transmitter into the coaxial cable. It
should be noted thatythe filter contains no shunt reactive
elements, thus providinga reserve impedance that is free of
possible ‘‘across-the-line’’ resonances.

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 demand. The Zener diode ZI1 holds
a cOnstant base-to-negative voltage on the series-connected
pewergtransistor Q1. Depending on the load current, the dc
voltage'drop through transistor QI and resistors Rl and R2
varies to maintain a constant output voltage. The Zener diode
Z2 serves to protect the collector-base junction of QI from
surge voltages. Capacitor C1 provides a low carrier-frequency
impedance across the dc output voltage. Capacitors C2 and

C3 bypass r.f. or transient voltages to ground, thus preventing
damage to the transistor circuit.

CHARACTERISTICS
Frequency 30-300 kHz
Range I watt guard-_10 watts transfer trip
Output (intaRS0 ter70 ohm resistive load) —
10 watts‘anbloek.
Frequency
Stability + 10 Hzfrom —20°C to +55°C.
Frequency 2500%Hz min. between transmitter and
Spacing adjacent receiver frequencies (with r.f.
hybrid)
Harmonics Down 55 db (min.) from output level.

Input veltage 48 or 125v.d.c.

Stipply voltage 42-56 v. for nom. 48 v. supply. 105-

variation 140 v. for nom 125 v. supply.
Battery drain 0.5 a. gl{ard § 48vde
1.15a. trip
0.5 a. gfjard 2 125vde.
1.15a. trip
Keying circuit
current 4 ma.
Temperature
range —20to +55°C. Around chassis.
Dimensions Panel height - 12%" or 7 r.u.
Panel width - 19”
Weight 12 1bs.

INSTALLATION

The TCF transmitter is generally supplied in a cabinet or
on a relay rack as part of a complete carrier assembly. The
location must be free from dust, excessive humidity, vibra-
tion, corrosive fumes, or heat. The maximum ambient tem-
perature around the chassis must not exceed 55°C.

ADJUSTMENTS

The TCF 10 W/1 W/10 W 3 frequency transmitter is
shipped with the power output controls R64 and R70 set for
outputs of | watt and 10 watts into a 60 ohm load. If it is
desired to check these adjustments or if repairs have made
readjustment necessary, the coaxial cable should be dis-
connected 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
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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 tube voltmeter (VTVM) across the
load resistor. Turn power output control R64 to minimum
(full counter-clockwise). Turn on the power switch on the
panel and note the dc voltage across terminals 5 and 7 of J3.
If this isin the range 0f 42t046 volts, rotate R64 clockwise to
obtain 4 or S volts across the load resistor used. At this point
check the adjustment of the series output tuning coil L105 by
loosening the knurled shaft-locking nut and moving the ad-
justable core in and out a small amount from its initial posi-
tion. Leave it at the point of maximum voltage across the load
resistor used. Then rotate R64 farther clockwise to obtain the
correct voltage for | watt in the load resistor, as shown in the
following table. For above 200 kHz, tuning coil L105 is a
screw type adjustment and not a plunger ‘with kunrled shaft
and locking nut.

Then change to Trip frequency by connecting together ter-
minals 2 and 3 of the transmitter printed circuit board (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 output.
Recheck the adjustment of L105 for maximum output voltage
and readjust R70 for a 10 watt output if necessary. Tighten
the locking nut on L105. 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 cir®
cuit to the transmitter.

T106 Voltage for Voltage for
Tap 1 Watt Output 10 Watts Output
50 7.1 2214
60 7.8 24.5
70 8.4 265

Follow the procedure outlined in the line tuner instruc-
tions for its adjustment.

Normally the output filter (FL102) will require no read-
justment except as noted abovel \Itfis factory tuned for max-
imum second and thirdyharmenic®fejection, and for series
resonance (maximumf{output at the fundamental frequency)
with a 60-ohm load:pAsmall@mount of reactance in the
transmitter output load cigeuit may be tuned out by readjust-
ment of the movable core of LO1S. This may be necessary
with some types of line coupling equipment. The adjustable
cores of L102 and L103"have been set for maximum harmonic
rejection and no change should be made in these settings un-
less suitable instruments are available for measuring the sec-
ond aiid%third, harmonic present in the transmitter output.

Thewoperating frequencies of crystals YI and Y2 have
beemycarefully adjusted at the factory and good stability can

be expected. If it is desired to check the frequencies of the in-
dividual crystals, this can be done by turning the matchedspair
180° and inserting a crystal in its proper socket with lother
crystal unconnected. A sensitive frequency counter withya
range of at least 2.3 M Hz can be connected from TPS1 and
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 oscillatopycrystals in-
dividually is necessary for the initialjadjustment of the os-
cillators, generally any subsequent checksyimay be made with
a lower range counter connected at'the tpansmitter 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.

Q56-Q57 BIAS ADJUSTMENT

The push-pull gutput stages of the transmitter board are
normally shipped\eofrectly biased. If any components in-
volved in these“stagesshave been changed, then it may be
necessagy to recheckythe biasing of this stage.

Unsolder, theead from terminal 2 of transformer TI (just
abovel EL10%and temporarily connect a low-range dc
milliammeter’(0-1.0 ma) between the removed lead (+) and
T1 terminal 2 (—). Turn the slotted control on the small
potentiometer to full counterclockwise. Now, apply power to
the TCF carrier set, but do not transmit carrier. This can be
done by removing the crystals. Advance the potentiometer
clockwise until the milliammeter reads 0.2 ma. Turn off the
power, remove the milliammeter, and solder the lead back on
terminal 2 of T1. Replace the crystals and again apply dc
power to reenergize the transmitter. Check output, etc. of
transmitter as previously described.

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 in-
itial settings.

Voltage values should be recorded after adjustment in
order to establish reference values which will be useful when
checking the apparatus. The readings will remain fairly cons-
tant over an indefinite period unless a failure occurs.
However, if transistors are changed, there may be con-
siderable difference in these readings without the overall per-
formance being affected.

Typical voltage values are given in the following tables.
Voltages should be measured with a VTVM. Readings may
vary as much as + 20%.
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TABLE |
TRANSMITTER DC MEASUREMENTS

Note: All voltages are 'positivc with respect to Neg. 45 V.
(TP51). All voltages read with dc VTVM.

Voltage at Voltage at
1 Watt 10 Watts
Test Point Output Output
TPS52 20 20
TPS3 5.4 5.4
TPS54 34 34
TPSS 21 18.5
TPS6 21 18.5
TPS7 <1.0 <1.0
TPS8 4.3 44.]
TPS9 <1.0 <1.0
TP10I 0 0
TP103 21 +2 21+2
TP10S 443 440
TABLE Il

TRANSMITTER RF MEASUREMENTS

Note: Voltages taken with transmitter set to indicated out-
put across 60 ohms. These voltages subjeet to“varia-
tions, depending upon frequency and transistor
characteristics. T51-3 = Terminal 3 of/transformer
T51. Other transformer terminals identified/similarly.
All read with ac VTVM.

Voltage at Voltage at
1 Watt 10 Watts
Test Point Output Output
TP54 to TPS1 0.015-)0.03 0.015-0.03
TP57 to TPSI 0.05%-0.09 03 -1.2
TP59 to TPS| 005 -0.09 03 -1.2
TI1-1to TPS1 1.65 5.6
T1-3to TPSI 1.45 49
T1-4 to Gnd: .6 2.0
T2-1to Gnd. .57 1.85
TP101 to TP103 5.2 17.0
TP103 to TP10S 5.2 17.0
I3-4to Gnd. 35 112
T4-2%0/Gnd. 31 110
TP109 to Gnd. 9.8 31
J102 to Gnd. 7.8 24.5

CONVERSION OF TRANSMITTER FOR
CHANGED CHANNEL FREQUENCY

The parts required for converting a IW#I0OW TCF
transmitter for operation on a different channel frequency
consist of a pair of matched crystals for thegnew channel fre-
quency, new capacitors C103 gand C104 on the power
amplifier circuit board if the old andniew frequencies are net
in the same frequency groupi(see table on internal schematic
drawing) and, in general,c.new orymodified filters FL101 and
FL102. Inductors L101; LA02%nd L103 in these filters are
adjustable over a limited range, but thirty-two combinations
of capacitors and induct@ss are required to cover the frequen-
cy range of 30 to 200)k Hz: 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 adjustedover aisomewhat wider range than the width of its
assigned group Since some overlay is necessary to allow for
componentjtelerances. 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- 72.0 127.5-135.0 222.1-230.0
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
41.5-440 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- 945 170.0-180.0 274.1-287.0
50.5-53.5 95.0-100.0 180.5-191.5 287.1-300.0
54.0-57.0 100.5-106.0 192.0-2000 |
57.5-60.5 106.5-112.5 200.1-207.0

If the new frequency lies within the same frequency
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 adjusted at the factory for the specified frequency.

A signal generator, a frequency counter and a vacuum
tube voltmeter are required for readjustment of FL101. The
signal generator and the counter should be connected across
terminals 4 and 5 of transformer T1 and the voltmeter 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 induc-
tance 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 reading will be less when the resonant
inducatnce occurs near the end of core travel.
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The procedure for readjustment of the 2nd and 3rd har-
monic 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 terminals of protective gap G1. The ground or shield
lead of all instruments should be connected to the grounded
terminal of the transformer. Set the signal generator at exact-
ly twice the channel center frequency and at 5 to 10 volts out-
put. 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 VTVM. Then
remove the instruments and the 500 ohm resistor.

After the new pair of matched crystals have been adjusted,
as described under “ADJUSTMENTS?”, 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 can
be readjusted 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 os-
cillator as a source of double and triple the channel frequency.
Connect the frequency-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, ob-
tain 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 thesthird
harmonic and adjust L103 for minimum voltmeter feading
Although the transmitter frequency will differy from, the
channel center frequency by 100 Hz, the effect@of this
difference on the adjustment of the harmenic teaps will be
negligible. 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#oltmeter that provides
high rejection of the fundamental, Theuinisertion losses of this
filter for the 2nd and 3rd harmonicsymust be measured and
taken into account.
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RECOMMENDED TEST EQUIPMENT

Minimum Test Equipment for Installation.

a.

b.

a.

b.

60-ohm 10-watt non-inductive resistor.

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

DC Vacuum Tube Voltmeter (VTVIM)
145 t0'300,volts.

7.5 megohms.

Voltage Range:

Input Impedance:

. Desirable Test Equipment forpApparatus Maintenance.

All items listed ingl.
Signal Generatér

up to 8 volts.
20-kHz to 330-kHz.

Output Voltage:

Frequency ‘Range:

. Oscillascope
. Efequency counter

. Ohmmeter

Capacitor checker.

Some of the functions of the recommended test equip-
ment 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 fac-
tory. 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.

g
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ELECTRICAL PARTS LIST

SYMBOL DESCRIPTION "DESIGNATION
CAPACITORS
Cl Oil-filled, 0.45 mfd.; 330 V.A.C. 1723408
2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
C3 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
Cil Metallized Paper, .047 mfd.; 849A437HO4
C21 Metallized Paper, .047 mfd.; 849A437THO04
C51 Dur-Mica, 1500 pf.; 500 V.D.C. 762A757HO3
CS52 Variable, 5.5-18 pf. 879A834H0I
Cs3 Variable, 5.5-18 pf. 879A834H0I
C54 Metallized Paper, .1 mfd.; 200 V.D.C. 187A624H01
C55 Variable, 5.5-18 pf. 762A736HO1
C56 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C57 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
CsS8 Metallized Paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C59 Dur-Mica, 100 pf., 500 V.D.C. 762A757THOIL
C60 Dur-Mica, 100 pf., 500 V.D.C. 762A757THOI
Col Metallized paper,0.25 mfd.; 200 V.D.C, 187A624H02
C62 Dur-Mica, 4700 pf.; 500 V.D.C. 762A75THO4
C63 Dur-Mica, 1000 pf.; 500 V.D.C. 762A757HO2
Co4 Metallized paper, 0.25 mfd.; 200V.D.C: 187A624H02
C65 Metallized paper, 0.25 mfd:; 200 V.D:@. 187A624H02
C66 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C67 Metallized paper, 0.25%mfd.;200 V.D.C. 187A624H02
C68 Metallized paper, 0.55mfd¥%200 V.D.C. 187A624H03
C69 Metallized paper, 0:25/nfde;200 V.D.C. 187A624H02
C70 3pf. 861A846H03
C71 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C72 Dur-Micg, 300 pf*500 V.D.C. 187A584H09
C73 Variablé; 5.5-18'pt. 879A834H0I
C74 3 pf. 861A846H03
C75 3pF. 861A846H03
C76 3pf. 861A846H03
Ciol Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
Cl102 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C103 & C404 (30-50 KC) — Extended foil, 0.47 mfd.; 400 V.D.C. 188A293HOI
C103 & C104 (50.5-75 KC) — Extended foil, 0.22 mfd.; 400 V.D.C. 188A293H02
C103 &' Cl04 (75.5-100 KC) — Extended foil, 0.15 mfd.; 400 V.D.C. 188A293H03
Cl103 & C104 (100.5 - 150 KC) — Extended foil, 0.10 mfd.; 400 V.D.C. 188A293H04
C103 & C104 (150.5 - 300 KC) — Extended foil, 0.047 mfd.; 400 V.D.C. 188A293H05
DIODES — GENERAL PURPOSE
D11 IN645A 837A692H03
D12 IN645A 837A692H03
DI3 1N4822 188A342H1 1
D14 1N4822 188A342H1 1
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ELECTRICAL PARTS LIST

SYmBoL DESCRIPTION "BESIGNATION.
DIODES — GENERAL PURPOSE

DI5 1N4882 188A342H11
D16 1N4822 188A342H 11
D21 IN645A 837A692H03
D22 1N4822 188A342H1 |
D23 1N4822 188A342H 11
D24 1N4822 188A342H11
D25 1N4822 188A342H11
D51 IN628; 125 V., 30 MA. 184A885H12
D52 IN628; 125 V., 30 MA. 184A885H12
D55 IN457A;60 V., 200 MA. 184 A885HO07
D58 IN628; 125 V., 30 MA. 184A885H 12
D101 IN538;200 V., 750 MA. 407C703H03

D102, D104 IN91; 100 V., 150 MA. (Germanium Version used with 2N1908) 182A881 HO4
D103 1N538;200 V., 750 MA. 407C703HO03

D102, D104 1N4818 (Silicon Version used with 2N3792 182A881HO04

DIODES - ZENER
Z1 1N2828B;45V. +5%;50 W. 184A854H06
22 IN3009A; 130 V. +10%:; 10 W. 184A617HI12
Z11 IN957B 186A797H06
Z12 IN3688A 862A288H0I
Z13 IN3588A 862A288H0I
Z14 IN3686B 185A212H06
721 IN957B 186A797H06
722 I N3688A 862A288HO0I
Z23 IN3688A 862A288HOI
224 IN3686B 185A212H06
754 IN3686B; 20 V.1t:5% 750 MW, 185A212H06
Z105 1N2999A; 56 V.1 10%; 10'W. 184A617H13
Z106 1N2999A; 56 V. +10%; 10 W. 184A617H13
RESISTORS

R1 26.5%9hmsyt5%; 40 W. (For 125 V Supply) 04D1299H44
R2 26.5 ohmsyt5%; 40 W. (For 125 V Supply) 04D1299H44
R3 265 ohms +5%; 40 W.(For48 V Supply) 04D1299H44
R3 500.ohms +5%; 40 W. (For 125 V Supply) 1268047
R4 100 ohms +10%; 1 W. Composition 187A644H03
R5 1K +10%; Y2 W.Composition 187A641H27
R6 3K +5%; 5 W.Wire Wound 188A317HOI
R7 15K +10%; 2 W.Composition 187A642H55
Rl 4.7k +2%; ‘2 W. Metal Glaze 629A531H48
R12 12K +2%; Y2 W. Metal Glaze 629A531HS8
R13 10K +2%; Y2 W. Metal Glaze 629HS31H56
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ELECTRICAL PARTS LIST

SvmBoL DESCRIPTION "BESIGNATION
RESISTORS (Continued)
R14 6.2K +2%; Y2 W. Metal Glaze 629A531HS5I1
RI15 4.7K +2%; Y2 W. Metal Glaze 629A531H48
R16 47K +2%; '» W. Metal Glaze (For 125 Vdc) 629A531H72
R17 4.7K +2%; > W. Metal Glaze 629A531H48
R21 4.7K +2%; 2 W. Metal Glaze 629A531H48
R22 12K +2%:; 2 W. Metal Glaze 629A531H58
R23 10K +2%; > W. Metal Glaze 629A531H56
R24 6.2K +2%; 2 W. Metal Glaze 629AS531HS5I
R25 4.7K +2%; 2 W. Metal Glaze 629A531H48
R26 15K +2%; 2 W. Metal Glaze (For 48 Vdc) 629A531H60
R27 4.7K +2%; Y2 W. Metal Glaze 629A531 H48
RSI 10K +5%; ¥2 W. Composition 184A763HSI
R52 10K +5%; Y2 W. Composition 184A763H51
R53 10K +5%; Y2 W. Composition 184A763H5!
RS54 10K +5%; Y2 W. Composition 184A763HS5I
R55 100 ohms +5%; Y2 W. Composition 184A763H03
R56 3.6K +5%; Y2 W. Composition 184A763H40
R57 3.6K +5%; Y2 W. Compesition 184A763H40
R58 100 ohms +5%; 2 W. Gomposition 184A763H03
R59 10K +5%; Y2 W.. Comgposition 184A763H51
R60 5.6K +5%; Y2 W. Gomposition 184A763H45
R61 15K +5%; Y2 W Gempésition 184A763H55
R62 10K +5%; 2*W,L Composition 184A763H51
R63 1K +5%; 2 W.. Composition 184A763H27
R64 Potentiometer, hK; /&'W. 629A430H02
R65 1.8K +5%%%2 W. Composition 184A763H02
R66 82K “$5%; 2 W. Composition 184A763H49
R67 12Ka25%:; 2 W. Composition 184A763H53
R68 330 ohms +5%; 2 W. Composition 184A763H15
R69 800'0hims +5%; ¥ W. Composition 184A859H06
R70 Potentiometer, I K; '4 W. 629A430H02
R71 4.7K +5%; Y2 W. Composition 184A763H43
R72 39K +5%; Y2 W. Composition 184A763H65
R73 Thermistor, 30 ohms, Type 3D202 (G.E.C.) 185A211HO06
R74 180 ohms +5%; Y2 W. Composition 184A763H02
R75 100 ohms +5%; Y2 W. Composition 184A763H03
R76 2K +5%; Y2 W. Composition 184A763H34
R77 10 ohms +5%; 2 W. Composition 187A290HO0I
R78 10 ohms +5%; Y2 W. Composition 187A290HO01
R79 20K +20%; 2 W. Metal Glaze 629A531H63
R80 25K Potentiometer +20%; 4 W. 629A430H09
R8I 1K +1%; 12 W. Metal Film 849A819H48
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ELECTRICAL PARTS LIST

SYmBoL DESCRIPTION "DESIGNATION |
RESISTORS (Continued)
R82 SK Pot. +20%; 2 W. 629A430H07
R83 10.2K +1%; Y2 W. Metal Film 848A820H46
R84 27 ohms +5%; Y2 W.Composition 187A290H1 1
R85 Thermistor 3D402 10 ohms 185A2TTHO3
R86 750 ohms +1%; Y2 W. Metal Film 848A 819H36
R87 10K +5%; Y2 W. Composition 184 AT63H S1
R101 10 ohms +5%; Y2 W. Composition 187A280HO01
R102 2.2K +10%; 1 W. Composition 187A644H35
R103 2.7 ohms +10%; 2 W. Composition 184A636H14
R104 0.27 ohms +10%; | W. Wire Wound 184A636H18
R10S 10 ohms +5%; 2> W.Composition 187A290H01
R106 4.7K +10%; | W. Composition 187A644H43
R107 2.7 ohms+ 10%; "2 W. Wire Wound 184A636H14
R108 0.27 ohms +10%; 1 W. Wire Wound 184A636H18
TRANSFORMERS
Tl Driver Output Transformer 606B410GO01
T2 Power Amp. Input Transformer 292B526GO1
T3 Power Amp. Output Transformer 292B526G02
T4 Load-Matching Auto-Transformer 292B526G03
TSI Buffer Amplifier Transformer 606B537G01
TS2 Driver Input Transformer 606B537G02
* TRANSISTORS
Ql 2N6259 ¢ 3503A41HOI
Ql 2N6259 with Heat Sink Assembly ¢ 299B099GO1
Qll 2N4356 849A441HO02
QI2 2N699 184A638H19
Q21 2N4356 849A441HO02
Q22 2N699 184A638H19
Qsl 2N697 184A638H18
Q52 2N697 184A638H 18
Q53 2N697 184A638H18
Q54 2N699 184A638H19
Q55 2N697 184A638H18
Q56 © 2N2726/2N3712 762A672HO7
Q57 Q(2N2726/2N3712 762A672HO7
Q101,Ql102 2NA908 (Use in Matched Pairs) (Germanium Version used with IN9I) 187A673H02
Q101, Q102 2N3792(Use in Matched Pairs) (Silicon Version used with IN4818) 187A673H02
MISCELLANEOUS
Yi-v2 e Maiched Per Specifcations on Drawing 408C743

FL101 Driver Filter 408C261 + (Req. Freq.)

FL102 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) 183A955HOI
F1E2 Fuse, 1.5 A (When supplied) 11D9195H26
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i.L. 41-945:12B
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INSTALLATION

Westinghouse I.L. 41.945.51M
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 respdnds|to
carrier-frequency signals transmitted from thedistant
end of a power line and carried on the power<line
conductors. The Guard signal is transmitted céntinu-
ously when conditions are normal. Its re€eptien indi-
cates that the channel is operative and“that there is
no fault in the protected equipment. The, Guard fre-
quency is 100hertz above the centerfrequency of the
channel. When a fault occurs gwithin the protected
equipment, protective relays Switch the transmitter
located there to a Trip frequencyy,» 100 hertz below

¢ the center frequency, and”@lso“increase the power

output of the transmitter (from 1 watt to 10 watts).

The reception off Tripefrequency within a fixed
interval after diSappedrance of the Guard frequency
causes the gnergization of a high-speed electro-
mechanicald telay which closes the breaker trip
circuit. If trip#frequéncy is not received within this
interval, the chanmel 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
cannotW\cause false tripping. Qther circuitry, des-
cribed under OPERATION, provides security against
falsettripping caused by severe line noise that over-
rides a normal Guard signal and produces a spurious
Trip signal.

SUPERSEDES |I.L. 41.945.51L, dated Jan. 1976

© Denotes change from superseded :issve.

CONSTRUCTION

The TCF receiver unit for transfer-trip applica-
tions is mounted onpa stamdard 19-inch wide panel
10% inches highy(6 rack, units) with edge slots for
mounting on a_standard relay rack. All components
are mounted at theyrear of the panel. Fuses, a pilot
light, a power“switch, an input attenuator, a jack for
metering gthediscriminator output current, and the
contfel forfthe adjustable time delay in the logic
circuit “are ‘@ccessible from the front of the panel.
See Fig. No. 15.

All of the circuitry that is suitable for mounting
om, printed circuit boards is contained in an en-
closure that projects from the rear of the panel and
1§ 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 wallsof 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.

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
Jurther 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 NOVEMBER 1977
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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
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 receivenresponds
are received through a coaxial cablé" connected to
jack J2 of Fig. No. 1. Resistor R4, and 20-volt
Zener diodes CR1 and CR2 protect the receiver
from abnormally high voltagesfreceived through the
coaxial cable.Input attenuator RS reduces the signal
to a level suitable for bestgperation of the receiver.
The attenuator is adjustablé from the front of the
panel and can be clamped, at®the desired setting. A
scale on the panel is¢pgradwated in db. While this
scale is typical rather than individually calibrated,
it is accurate within“ene’or 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 Filtee

From®the attenuator, the signal passes through
a @rystal filter, FL1. This filter has a narrow pass
band, and frequencies several hundred cycles above

or below the center frequency (fc) of the chanfel
are greatly attenuated. Fig. 4 shows a typical curve
for the crystal filter, as well as a characteristic
curve for the intermediate frequency filter, FIs2, 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®may result from
arcing disconnects or corona discharge.

Oscillator and Mixer

From the crystal filter, the|Signal enters the
oscillator and mixer stageépoftthe receiver. Crystal
Y11, transistors Q12 and Q13 or IC201 (Fig. 17)
and their associated sesisters and capacitors, com-
prise a crystal-controlled, oscillator that operates
at a frequency 20 _kH2zabove the channel frequency,
fc. The output from, this local oscillator is fed
through transformer /T11 to potentiometer R12, and
the later isjadjusted to feed a suitable input to the
base @famixentransistor Ql11. The output of FL1 is
impressed, on“the emitter-collector circuit of Q11.
As theyresult of mixing these two frequencies, the
primary of‘transformer T12 will contain frequencies
of, 20kHz, 2fc + 20kHz, fc + 20kHz and fc.

IF Amplifier

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-

AEy,
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I.L. 4194551 M

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 manner
that Q82 is made conductive when current flows“out
of terminal 4 (which occurs with trip output) and
Q81 is made conductive when current £low§dinto
terminal 4. Consequently, terminal 15 is at“apoten-
tial of approximately + 20 volts at Guard®™frequency
and terminal 11 is at + 20 volts at Trip frequency.
These two outputs feed the logic cirewit beard, and
through it they control the opegation of the loss-of-
channel alarm relay, AL, and the, Tripfrelay, AR.

As a means of increasingyfurther the security of
the receiver against false®tripping on noise-gener-
ated Trip frequencies, diode CR84 is connected in
the emitter circuit of Q82. ThiS requires an increase
of three or four db. in ghefminimum Trip signal that
will pick up ,theyn Trip.s€lay. However, when the
transmitter ig 'keyed*te, 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-
tionsyor channel deterioration are not encountered,
aTEE 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 employshstatic
circuitry that permits elimination of separate guard
and lockout relays but provides all of thegfinction
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 receives Guardgsignal, its output
terminal (15) supplies positi¥e 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 QlO14is not indicated on the block dia-
gram, but it@discharges C101 quickly when Guard
signal disappearsy, so that the full 120 ms. delay is
obtained(on/closelyv repetitive appearances of Guard
signaly 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 made conductive and capacitor C102 receives no
charge. Q103 is non-conductive since it receives no
base input through CR105, and its collector is held
ab 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 CRI113, Q110
conducts and removes base input from Ql11. 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
onthefrontofthe 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 con-
dition Q106 becomes conducting and does not sup#
ply input #1 to Q107 (block J). If input #2 (supplied
through R115) also is lacking for Q107, the latter
is non-conductive and its collector voltagegis
approximately 15 volts. This constitutes input #3
to AND block K. Block K is a three-input dioade-
AND, with the inputs contributed by the gollegtors
of transistors Q103, Q107 and Q111.” Wheny,one or
more of these transistors is conducting,“input fed
from the 45 volt supply through R138%eannot reach
the base of Q108 to cause pickup“ofythe Trip relay
because the voltage drop across any of the three
diodes plus the saturation resistance of a transistor
is substantially less than gheWwvoltage drop across
one diode (CR110) plus the’ base-emitter voltage
required to make Q108 conductive.

The logic bloeksdF and G provide further pro-
tection against incorrectftripping under noise con-
ditions. Transistor Q105 is represented by block
F; and diode CR107; capacitor C103 and resistor
R115 are represented by block G. Q105 receives
input from ‘either Trip or Guard signals through
R101 or R106,, and when either signal is present
its calleetorn, voltage is a small fraction of a volt.
When the transmitter is shifted from Guard to Trip
by elosure of a protective relay contact, the dis-

criminator 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 bailds
up in C103 during this interval flows to the base of
Q107 and keeps it conducting after the appearanée
of Trip signal has removed the input through R125.
However, this delay has approximately thegsame
duration as the minimum delay obtained from block
I and thus does not increase the (mimimam overall
time for tripping following a legitimate,rip signal.

At times when severe random neise is present,
such as might be producéd by,.e@pbening a nearby
disconnect switch, the ,noisesproduced signal may
override the Guard signal“and/produce a discrimin-
ator output that no longerfhas a constant Guard out-
put but rapidly fluctuates between Guard and Trip
(and beyond). Therenwill” be relatively long periods
when the diéscriminator has neither Guard nor Trip
output. At suchytimés capacitor C103 may approach
or reachypits maximum voltage, thereby keeping Q107
conducting, form40 to 50 ms. Also, because of the
quick resetWfeature of logic block I, intermittent
reappearanee 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.

R

P
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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 comé
pletely. However, the signal may weaken gradually
from various causes, and it is desirable tof'have a
means for providing a visual indication of ‘the chan-
nel condition as well as for energizingpan ‘@larm
when the signal has weakened seriously but ‘has not
reached the point of complete failure.fThese func-
tions are provided if a carrier level indi¢ator stage
is included in the receiver.

The carrier level indicatorgis‘housed in the
right-hand compartment of thel enclesure that con-
tains the circuit boards. Eig. 2pshows the connec-
tions of the components on“$his_¢ircuit board and
alse the external connectlions of the board. All other
stages of the receivergare /identical with those
shown on Fig. 1. Thé same AL relay is used, but it
is energized through#transistor Q104 of the logic
stage when ghe Teceiver does not include carrier
level indicaftion and through Q154 of the carrier level
indicator “when" theflatter is supplied. A TCF re-
ceiver in whiehy the carrier level indicator was not
included at time 'of assembly can have this feature
added later by installing the printed circuit board
andsguides In the right hand compartment and mak-
ing minor changes in the wiring.

The” r.f. input to the carrier level indicator is
takeny 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 Clafy and,@158
establish a d-c¢ voltage across C158(that ‘€ontrols
the conductivity of Q153. The base currentfof Q153
together with the current through R164 is measured
by a milliammeter (supplied by the customer) located
at a point convenient for observation. This current
can also be metered at the reeeiver by means of
jack J151 on the printed, circuit/board. Thermistor
R166 with its associated “mesistors, and Sensistor
R152, provide compensation to minimize the varia-
tion of the metered curmrent with ambient tempera-
ture. When Q153 be€emes conductive, it supplies
base input to Q164 to/turn it on and pick up alarm
relay AL. Whenythe signal at the receiver input
drops suffi¢iently, “AL will drop out and close the
alarm cipéliit. The signal level at which this will
occur is| détermined by the setting of R156 in the
emittenof Qlo1.

‘Bhe) input to the carrier level indicator is not
afféeted 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 indicatop
circuit board only, which prevents accidental in-
insertion of any other circuit board in this coms
partment.

Reference to the internal schematic diagrams,
Figs. 1 and 2, will show the wiring changes re-
quired. Connect terminal 2 to the adjacent terminal
2 of the output board, terminal 9 to terminal 9yoffthe
logic board, terminal 12 to terminal 12(of theyoutput
board (and remove connection from ‘the later to
terminal 12 of the logic board), terminals, 14 and 17
to terminals 18 and 19 respectiyvely of J3, terminal
16 to terminal 16 of the limiter beard, ferminal 18 to
terminal 18 of the discrimin@tor’board and terminal
19 to terminal 19 of the4ogic\board!

Power Supply

The regulated“20. V.D.C#and 45 V.D.C. circuits
of the receiver aresupplied 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 Zenen to adapt the receiver for use on 48,
125 or 2500VABR.C. battery circuits. The receiver is
connegtednto) the external supply through a switch
and, fuses, and a pilot light indicates whether the
D.C.\Cirenits are energized. Capacitors C1 and C2
bypassyr.f. or transient voltages to ground. Chokes

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

CHARACTERISTICS
Frequency range 30-300 kHz

0.005 volt (65 db below 1
watt for limiting)

Sensitivity (noise-
free channel)

Input Impedance 5000 ohmSyminimum

Bandwidth (crystal down £< 3'db at 220 hertz
filter) down “>760 db at 1000 hertz

Discriminator Set for 200 cycles shift
from Guard to Trip fre-
quency. Offset 25 hertz
to favor Guard for all

relay-output applications.

Operating time 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

Frequency spacing

A. For two or 500 hertz minimum
more signals

over one-way

channel
B. For two-way 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.

Battery drain 0.20 a. at 48 V.D.C.

0.27a.at1250r250 V.D.C.

Dimensions Panel height- 10¥4’’'or6 r.u.
Panel width - 19”’
Weight 13 lbs.



TYPE TCF POWER LINE CARRIER

l.L. 41-945.51 M

INSTALLATION

The TCF receiver is generally supplied in a
cabinet or on a relay rack as part of a complete car-
rier ussembly. 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 of
the panel. A screw driver adjustment of a potentio-
meter at the front and top of the printed circuit*béard
sets the point at which the level indicator alarm
operates.

The receiver should not be set with@®a greater
margin of sensitivity than is needed to assure cor-
rect operation with the maximum exp@ctedgvariation
in attenuation of the transmitter signal.)In the ab-
sence of data on this, the recéiwer“may be set to
operate on a signal that is 15.b below the expected
maximum signal. After inst@llatien of the receiver
and the corresponding transmitteryand with a normal
Guard signal being received§ input attenuator R5
should be adjusted to “the gposition at which the
alarm relay drops odt. R54then should be readjusted
to increase théWvoltage supplied to the receiver by
15 db. The sfeale markings for R5 permit an approxi-
mate setting togbe made but it is preferable to make
this setting@by mgans of the db scales of an a-c
VTVM connectedffrom ground to the sliding contact
of RS.

In case the transmitter has a 1 Watt/1 Watt out-
puat, and diode D84 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 which theitrip
relay just picks up. R5 then should be_readjusted
for a 15 db increase in receiver input,/and the jump-
er across R128 should be removed. If%€R84 is by-
passed 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 arrivinig at_the R5 setting, as
described in the precec@ing‘pdaragraph.

If the receiver hag ajearrier level indicator, the
procedure for setting ‘R3(1s/somewhat different. Turn
R156 to maximum ‘eleckWise position and adjust R5
to the position 4@t, which the alarm relay just drops
out. At this peint the'signal has been attenuated to
the point that the“discriminator no longer has Guard
output althoughyit still would be sufficient to pro-
duce output frem the carrier level indicator, and the
baSepinput to/' Q154 on the carrier level indicator is
divertedihto negative through Q103 on the logic
Gircuityboard. (Note that a milliammeter reading at
J1861 has 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 withana-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,
wnich 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 D84 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 legic
delays), this can be done most conveniently b¥
means of an oscilloscope with a calibrated triggered
sweep. A two-pole toggle switch, checked to_hdve
less than 1 ms. interval between pole closyres, can
be used to impress the signal and trigger the sweep.

MAINTENANCE

Periodic checks of the receivedWycarrier signal
and the receiver sensitivity fwill ¢detect gradual
deterioration and permit its correéetion before failure
can result. The carrier lewel/Indicator, when pro-
vided, permits ready4@ebservation of the received
signal level. With of’ witheut a carrier level indica-
tor, an overall chéck c@h be“made with the attenua-
tion control R5. Afjebangefin operating margin from
the original setting cam be detected by observing
the change in the dial setting required to drop out
the alarm relay. If,there is a substantial reduction
in margin,4the signal voltage at the receiver input
should be checked to see whether the reduction is
due to loss ofisignal or loss of receiver sensitivity.

Allbadjustable 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, as des=
cribed under ‘‘CONSTRUCTION’’, any board may
be made entirely accessible while permitting “elec
trical operation by using board extender Style No.
644B315G01. This permits attaching instrument
leads to the various test points of terminalS"when
making voltage, oscilloscope or fréquency checks.

It is advisable to record voltagé®values after
adjustment in order to establishy, reference values
which will be useful when che€king the apparatus.
The readings will remain“fairl¥ constant over an
indefinite period unlessha failure occurs. However,
if transistors are changed,there may be considera-
ble difference in these readings without the overall
performance beinggaffeeted.

Typical woltage values are given in Table I and
II. Voltages'should be measured with a VTVM. Some
readings®may 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 (+)
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) i,
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 < (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)
Q110 15 (Guard)
Ql11 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 taken’between receiver in-
put and Q32 are not meaningfulforfeasible because
of waveform or effect of instrument loading. Receiver
¢ adjusted as in Table 1. Reference to +20V.

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

The AL and AR felay eaontacts should be cleaned
periodically. A gontacthburnisher S#182A836H01 is
recommended for this purpose. The use of abrasive
material for ¢leanimg contacts is not recommended,
because of thepdanger of embedding small particles
in the face Wof the soft silver and thus impairing
thedeontact. Care must be taken to avoid distorting
the eonbact“springs during burnishing, particularly
in, the ‘¢ase’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 shipments of set§ starting in early 1973,
the germanium “fransistors used in the various
modules werg teplaced, with silicon transistors. In
addition, dite t@ thegnature of silicon transistors,
some resistor valuesfin the circuits had to be changed
In order to correetly bias these transistors. There-
fore the transistors are not replaceable on a pin for
pin basis thr@ughout the receiver. Before attempting
to replace a germanium transistor with a silicon
transistor on older sets using germanium, please
eheck the schematics on the following pages to see
if the Tocation 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.
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Type T CF Receiver (Front View).
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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
IF 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 sot
be more than 22db below the reading of VM1V It
should be noted that a limit measured indthisiman=
ner is for convenience only and does nat, indicate
actual insertion loss of the filter. The insertion
loss would be approximately 16db less “than the
measured difference because of thefinput,resistor
and the difference in input and output impedances
of the filter.

Because of the extreme frequencySensitivity of
the crystal filter, the oscillatom,used in its test
circuit should have vepy,go0d frequency stability
and a close vernier contrel. The oscillators used
for factory testing haw¥e” speeial modifications for
this use. A value of approximately 10db (2.45 volts)
is suitable for the ®nstant voltage at whichto hold
VM1 througheut thedcheck. The reading of VM2 at
the frequency Wef “minimum attenuation will vary
somewhatf with they channel frequency but should
not be ‘morefthandl1db below the reading of VMI.
(The filterinserfion 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 (FL1), a new local
oscillator crystal (Y11) and probably a different

feedback capacitor (C12). Because the gridefrange
of channel frequencies precludes maintaining a
factory stock of the various crystals, immediate
shipment of the filter and the oscillater crystal can-
not be made. After the crystals have been procured
and the filter has been completed, it is recommend-
ed that the receiver be returned togthe factory for
the conversion and for complete test and adjustment.
However, if the time that(thefreceiver can be out of
service must be kept toja minimum, the conversion
may be made by custemers, who are equipped for
this work.

RECOMMENDEDWTEST EQUIPMENT

I. Minimum Test/Equipment for Installation.

a. A-C vacuum Tube Voltmeter (VTVM).
Voltage range 0.003 to 30 volts, frequen-
cywrange 60 Hz to 330 kHz, input
impedance 7.5 megohms.

b, D-C Vacuum Tube Voltmeter (VTVM).
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.
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TYPE TCF POWER LINE CARRIER
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TYPE TCF POWER LINE CARRIER I.L. 41-945:51M
; — |
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— 9 | 19 [} _J
“HHHHHHHHH‘ ’” ﬂ|
763A292 202C934
Fig. 7. Component Locations 30-200KHz. Oscillator and Fig. 8. Component Locations 200.5-300KHz. Oscillator
Mixer Silicon Transistor Version and Mixer Silicon Transistor Version
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Fig. 9. Component Locations I.F. Amplifier — Silicon Fig. 10. Component Locations Amplifier and Limiter —

Transistor Version

Silicon Transistor Version
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TYPE TCF POWER LINE CARRIER
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Fig.3l2. Component Locations Carrier Level Indicator —

Silicon Transistor Version
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Fig. 14. Component locations on the output printed circuit

Fig. 13. Component Locations Logic Board — Silicon

board.

Transistor Version
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TYPE TCF POWER LINE CARRIER

I.L. 419 1M
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Fig. 16. Test Currents for TCF Frequency Shift Receiver Filters.
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COMPONENT STYLE REQ REF
TRANSISTOR
Q11-Q12-Q13 849A441HO3 3 2N4249
RESISTOR
R15-R22 184A763H15 2 [3300 1/2W %5%
R14—R18-R19 184A763H39 3 [33k 12w +5%
R13 184A763H45 1 [56K 12W *5%
R11-R16-R20-R23 184A763H51 4 [ 10Kk 12w *5%
R17-R21 184A763H63 2 [ 33k 12w =5%
R24 184A763H83 1 [220k 12w +5%
R25 184A763H43 1 [47k 12w +5%
CAPACITOR
©11-C13-C17 187A624H02 3 | 25MFD. 200V
C14—Cl5 187A624H04 2 | 1mFD. 200v.
C12 SEE_NOTE ¥
A C16 SEE NOTE w
[~3R-———m——— e ——— —————
|
| . n POTENTIOMETER
| I e T R12 629A430H02 1 10000
|
2
|
| % N TRANSFORMER
o o 4
| ol E—— = T11 R 205C043G01 1 | 10.000/400
| T12 205C043G03 1 | 25000300
| O | cuv
| l P11 3t
i yiio P13 CRYSTAL
| L—|[]}-———L‘O Y11 SEE NOTE o
|
|
| Q13 ) b
|
|
n
| =c17 2 Cl6 c13 E
I [+ 4 (o4 [14
I —— _ _
|
1

v =C12 RANGE 4 TO 390Pf. AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.

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

0 =Y1l RANGE-50 TO 220 KHZ

REF  COMPONENT LOCATION- 763A292

264C855

Fig. 17. Intefnal Schematic 30-200KHz Oscillator and Mixer Silicon Transistor Version
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COMPONENT STYLE REQ REF
TRANSISTOR
Q21 849A441H03 1 2N4249
RESISTOR
R211»R213-R215 184A763H51 3 10K 12W #5%
R212 184A763H27 1 1K _12W *5%
R214 184A763H37 1 127K 12W *5%
R216 184A763H49 1 182K 12W 5%
R217 184A763H34 1 2K 12W *5%
R218 184A763H07 1 11500 12W 5%
R219 184A763H15 1 13300 12W *5%
R220 184A763H67 1 47K 1RW #5%
R221 184A763H83 1 1220K 12W *5%
R222 184A763H43 1 147K 12W #5%
CAPACITOR
C211 SEE NOTE A
C212-C213-C215 184A663H04 3 _1MFD. 50v.
C214 SEE_NOTE O
C216-C217 187A624H04 2 1 MFD. 200v.
Cc218 187A624H02 1 .25 MFD. 200v.
ZENER DIODE
2201 862A606H01 1 IN753A
INTERNAL CIRCUIT
1C201 201C826H04 1 UA710C
TRANSFORMER
T211 714B677G01 1
T212 205C043G03 1
CRYSTAL
Y11 SEE NOTE O 1

A=C211 RANGES FROM 100Pf. TO 1000Pf.
©=C214 STYLE NO. 187A695H17 .56Pf. BUT MAY VARY UP TO 100Pf.

D= Y11 FREQUENCY EQUALS RECEIVER (CHANNEL) FREQUENCY
PLUS 20 KHZ.

264C844

Fig. 18.

Internal Schematic 200.5-300KHz. Oscillator and Mixer Silicon Transistor Version
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COMPONENT STYLE REQ REF [
TRANSISTOR
031-Q32 849A441H03 | 2 2N4249
RESISTOR
R34-R41 187A290H21 | 2 | 680 1/2W 5%
R36 184A763H15 | 1 3300 12w *5%
R33-R40 184A763H23 | 2 |6800 1/2W *5%
R38 184A763H27 | 1 | 1K 12w =5%
R31-R37 184A763H39 | 2 |3.3K U2W 5%
R35-R42 184A763H51 | 2 | 10K 1/2W 5%
R32-R39 184A763H59 | 2 | 22K 1/2W 5%
CAPACITOR
€314C32-C33-C35 187A624H02 | 4 | 25MFD. 200V
N N " C34 187A624H04 | 1 IMFD. 200V.
—— —BT ——————————————————————— - —'; ’ .C36 762A757HO1 1 100 Pf.
| -» ' ‘
| I
| 3 3 ' FILTER
@ | o l
| I FL2 7624613601 | 1
| FL2 FL2 I
| 14
5 o * ) OT___»
| P ag 2 E 4p 6 I
} 3 o] TP33 5 7 12
i o I)
|
Q32 |
|
|
= C36 3 |
[ = I
I \ |
I 1 I
| €32 | c33 N o<c34 E c35 |
[ 4 I
| |
| . . 4 i |
S S =2
v

@+ COMMON TERMINAL
264C856

Fig. 19. Internal Schematic I.F. Amplifier — Silicon Transistor Version
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COMPONENT STYLE REF.
TRANSISTIOR
Q51-Q52-Q53=Q54 849A441H03 2N4249
RESISTOR
R66 187A290H21 1 680 12W +5%
R55 187A290H 11 1 270 12W *5%
R70 184A763H11 1 2200 172W +5%
R72 184A763H15 1 [3300 12W *5%
R65 184A763H23 1 |6800 12W 5%
R59 184A763H31 1 15K 12W 5%
R54-R62 184A763H35 2 2.2K 1R2W #5%
R64-R68 184A763H37 2 2.7K 12W 5%
R51-R57-R61-R67 184A763H43 4 4.7K 1RW +5%
R56 184A763H51 1 10K 12W 5%
R69 184A763H57 1 18K 12W 5%
R53-R58 184A763H61 2 27K 12W *5%
R63 184A763H63 1 33K 12W 5%
R71 09D8326G20 1 1000 *2%
R60 184A763H09 1 1800 12W *5%
R73 629A531H02 1 |560 12W 2%
CAPACITOR
C54 187A584H15 1 1300MMF. 500v.
C51-C52-C56-C58-C59 187A624H02 5 .25MFD. 200v.
C53-C55-C57 187A624H01 3 0.1MFD. 200V
C60 187A624H04 1 1.0MFD. 200v.
DIODE
D51-D52-D53 184A855H07 1IN457A
POTENTIOMETER
R52 629A645H04 1K
264C841

X4

Fig. 20. Internal Schematic Amplifier and Limiter — Silicon Transistor Version
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~

D82 3

¥y D84

Q82

e |

E cs83

E csas ca9

410C164G01

SEE NOTE A

COMPONENT STYLE REQ REF
TRANSISTOR
Q81-Q82 849A441H01 | 2 2N3645
RESISTOR
R81-R82 184A763H38 | 2 3K 12W 5%
R83:R84 184A763H35 | 2 [2.2K 12w 5%
R85 184A763H11 [ 1 2200 1°2W 5%
R87 184A763H53 | 1 | 12K 12W +5%
SENSISTOR
R86 187A685H03 | 1 [12K 1/4W +10%
CAPACITOR
C81-C82-C90-C91 762A703H01 | 4 | .22MFD. s0v.
€83-C88 762A736H02 | 2 | 45 TO 100Pf.
€84-C89 187A624H16 | 2 | .0091MFD. 200v.
C86 187A684H08 | 1 100Pf.
C85-C87 SEE_NOTE O
DIODE
D81-D82-D84 184A855H07 | 3 IN457A
D85-D86 184A855H12 | 2 IN628
TRANSFORMER
T81 6068533G01 | 1
182 606B533G02 | 1

O =0NE OR TWO CAPACITORS USED; VALUES

DETERMINED IN TEST.

A=FOR STYLE 410C164G03 REVERSE START AND FINISH LEADS OF T82.

264C842

Fig.321.

Internal Schematic Discriminator — Silicon Transistor Version
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C ONENT STYLE REQ REF
NSISTOR
1-Q152-Q153 849A441H03 | 3 2N4249
Q154 184A638H19 | 1 2N699
RESISTOR
R151-RI68 184A763H51 [ 2 [ 10k 12w +5%
R152 187A685H01 1 2.2K
R153 184A763H 11 1 [2200 12w 5%
R154 184A763H39 1 [33K 12w 5%
R155-R159 184A763HS5 2 [ 15K 12w +5%
R157-R 158 184A763H43 2 |47k 12w *5%
R 160 184A763H21 1 |5600 12W =5%
R161 184A763H29 1 [ 12K 1PW 5%
R162-R163 184A763H09 2 |180n 1°2W 5%
R164 184A763H19 1 [4700 12W +5%]
R165 184A763H27 1 1K 12W +5% |
R167 184A763H57 1 [ 18K 12w +5%
RI7I 184A763HO7 I [1500 172w +5%
R170 184A763H23 1 [680n 1RW 5%
POTENTIOMETER
R156 629A645H07 1 2.5K
|
|
THERMISTOR |
R166 185A211H08 1 1D201 |
CAPACITOR
C151-C152-C154 TO C158 187A624H02 7 | .25MFD. 200v.
2] C153 187A624H04 1 | iMFD. 200v. |
|
|
|
[ DIODE
I D151 TO D156-D158 184A855H07 7 IN457A
899c3asoo1f
TELEPHONE JACK
J151 187A606H01 1
264C853

EZ

Fig. 22. Internal Schematic Carrier Level Indicator — Silicon Transistor Version
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COMPONENT STYLE REQ REF
TRANSISTORS
Q101 849A441H03 1 | (2Na249)
Q1022106110111 762A585H01 | 4 | (2N696 )
Q103 184A638H 18 1 | (2N697)
Q107 762A585H02 1 | (2N698)
Q105-108-109-104 184A638H19 | 4 | (2N699)
RESISTORS
=== -==- _——————— FA--""71 R110 187A643H47 1 | (68K 1W 25%)
1 R109 187A643H51 1 (10K 1W 25%)
: P10 ' R137 184A859H06 | 1 | (800 Q 3W) |
l E O D103 ! R111 184A763H19 1 1470 1/2W5%)
> ! R112-R114-R123 184A763H27 3 [(1K 12W $5%)
: —[R13E >0104 : R136 184A763H39 1 [ (33K _12Wi5%
s . R e O
! ! R131 184A763H53 1 (12K 1”W +5%)
1 kD106 I i
R107 184A763H57 1 |(18K 12W =5%)
1 ‘ 1 R104 18aA763H61 | 1 N27K 12W 25%)]
! 21 R102-124 — 125-132-133| 184A763H63 | 5 [(33K 1R2W =5%)
g '—“>| [ R101-106-120 184A763H65 3 [(39K 12W 25%)
T R3el=e R108 18aA763H69 | 1 |(56K 12W =5%)
o . 1 R121-122-129-130 184A763H71 | 4 (68K 12W =5%)
« ) ' R115 184A763H73 1 [(82K 1RW =5%)
i !{ma!!Dm R119 184A763H75 1 1(100K 1/2W +5%)
1 oy R113 184A763H91 1 J(a70K I/2W *5%)
1 DIOY.
1
1 1
! TP104 <« !
1 e !
] 7 !
1 EIN
1 %4 CAPACITORS
1 ' C101 184A661H12 1 |(4.7MFD. 10%)
C105 184A663H02 1 }(.05MFD. 50V)
: 5[] P05 = TP106 A P07 : C102 184A661H25 1 [(6.8MFD)
i S 12 Di2 = & ) C103-104 187A624H11 2 ) 5MFD. =10%)
! Riah 713 Ri24 ! DIODES
: Q109 Qo Q1 : D114 182A881HO7 1 | ( IN100A )
| 2 o] Clo4 © B 1
: 8 = ‘[ = o > : DIO1TO 1037108 TOUZ] gqpgssHor | 11 | (INaSTA)
y J ) : DIO—ZENER j
:_ ______ __ _H_l_ _ _J (1 S AP S, .[4'_°°_'5359'. ~d 7105 185A212H06 1 [ IN3686B )
Z113-104 186A797H06 | 2 1 ( IN957B )

264C845

Fig. 23. Internal Schematic Logic Board — Silicon Transistor Version
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TYPE TCF POWER LINE CARRIER
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TYPE TCF POWER LINE CARRIER

1.L. 41-945:,51M

ELECTRICAL PARTS LIST

CAPACITORS

Cl1 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962

c2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
Cl11 Metallized paper; 0.25 mfd.; 200 ViD.C. 187A624H02

Cl12-C16 V—Ii\/liica, capacity aswr;aﬁired; 500 V.D.é‘.'

C13 | Metallized paper; 0.25 mfd.; 200 V.D.C. ) . 187A624H02
Cl4 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C15 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C31 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C32 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C33 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C34 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C35 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
Cs1 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C52 Metallized paper; 0.25 mfd.; 200 V.D.C" 187A624H02
C53 Metallized paper; 0.1 mfd.; 200 V.D.G: 187TA624HO01
C54 Dur-Mica, 1300 pf.; 500 V.D.C. 187A584H15
C55 Metallized paper; 0.1 mfd.; 2004V-D.C. 187A624H01
C56 Metallized paper; 0.25 mfdgip200 ¥_DLC. 187A624H02
C57 Metallized paper; 0.1 mfd.; 200 V.D.C. 187A624H01
C58 Metallized paper; 0.25 mfd{; 200 V.D.C. 187A624H02
C59 Metallized paper; 0.25 mfd,; 200 V.D.C. 187A624H02
C60 Metallized paper; L0 mfds., 200 V.D.C. 187A624H04
cs1 Mylar; 0.22 mfd =60 V.D/C. 762A703H01
C82 Mylar; 0.22 mfds; 50 V.D.C. 762A703HO01
C83 Variable; 49593100 pf. 762AT36H02
C84 Polystyrene; 9100 pf.; 200 V.D.C. 187A624H16
C85 Temp. compensating; 150 V.D.C.; pf. as required

C86 100 (pf.; zero temp. coef. 187A684H08
C817 Temp.“eompensating; 150 V.D.C.; pf. as required

C88 Variable; 4.5 - 100 pf. T62A736H02
C89 Polystyrene; 9100 pf.; 200 V.D.C. 187A624H16
C99 Mylar; 0.22 mfd.; 50 V.D.C. 762A703H01
C91 Mylar; 0.22 mfd.; 50 V.D.C. 762AT03HO01
Cc101 Tantalum, 4.7 mfd., 35 V.D.C. 184A661H12
C102 Tantalum, 6.8 mfd.; 35 V.D.C. 184A661H25
C103 Metallized paper; 0.5 mfd.; 200 V.D.C. 187A624H11
€104 Metallized paper; 0.5 mfd.; 200 V.D.C. 187A624H11
C105 Ceramic, 0.05 mfd.; 50 V.D.C. 184A663H02
C151 Metallized paper; 0.25 mfd.;A200 V.D.C. 187A624H02
Cl152 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
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TYPE TCF POWER LINE CARRIER

ELECTRICAL PARTS LIST (Cont’d.)

CIRCUIT WESTINGHOUSE N Y
SYMBOL DESCRIPTION DESIGNATION
CAPACITORS (Cont'd.)
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. 187TAG24H02 ]
C157 Metallized paper; 0.25 mfd.; 200 V.D.C. 18%A624H02
C158 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
cat1 Durmica; 100 mmf to 1000 mmf - 187A695H
C2192 Ceramic; .1 mf, 50 v.d.c. o ] 18_@A663H04
c213 Ceramic; .1 mf, 50 v.d.c. ' 184 A663 HO4
c214 Durmica; .56 _mmf 187A695H17
C215 Ceramic; .1 mf, 50 v.d.c. T 184A663 HO4
Cc216  Metallized paper; 1 mf - 187A624H04
C217 Metallized Paper; 1 mf 187A624H04
DIODES — GENERAL PURPOSE
CR51 IN457A; 60 V.; 200 MA. 184 A855H07 ]
CR52 IN475A: 60 V.; 200 MA. -\ 184A855H07
CR53 IN457A; 60 V.; 200 MA. . ‘G = ' 184A855H07
CRS81 IN91; 100 V.; 150 MA. w & | 182p881HO4
CR82 - IN91; 100 V.; 150 MA. 4 | 182A881HO4
CR83 IN91; 100 V.; 150 MA. 182A881H04
CR84 IN475A: 60 V.; 200 MA. 184A885H07
CR85 IN628; 125 V.: 30 MA. 184 A855H12 o,
CR86 IN628; 125 V.; 30 MA. 184A855H12 -
CR101 IN457A; 60 V.; 200 MA. | 184 A885H07
CR102 IN457A; 60 V.; 200 MA. % 184A885H07 |
CR103 IN457A; 60 V.; 200 MAY o 184 A885H07
CR106 IN457A; 60 V.; 200 MAS o - 184 AB85H07
CR107 IN457A; 60 V.: 200"MA! B j 184 A885H07
CR108 | IN457A; 604V-; 200 MA. - 184 AB85H0T
CR109 IN457A; 60 V- i200mVA . 184 A885H07
CR110 IN457A; 60.V.; 200 MA. B N 184A885H07
CR111 IN457A60 V3200 MA. - | 184 A885H07
CR112 _ IN457Aw60 Vi 200 MA. 184 A885H07
CR151 IN457A; 600V.; 200 MA. | 184A885H07 |
CR152 INGSZANG0 V.; 200 MA. 184 A885H07
CR153 INGSTA; 60 V.; 200 MA. - 184 A885H07
CR154 IN4SJA.; 60 V.; 200 MA. 184 A885H07
CR155 ING5TA; 60 V.: 200 MA. ] 184A885H07
CR156 N4574; 60 V.; 200 MA. 184A855H07
DIODES — ZENER

CR1 IN3027A; 20 V. £ 10%; 1W. - 7 188A302H10
CR2 IN3027A; 20 V. + 10%; 1W. - - 188A302H10
CR104 IN957B; 6.8 V. + 5%; 400 MW. L 186AT97HO6
CR103 o IN3686B; 20 V. * 5% 750 MW. | 185A212HO06
CR113 IN95TB; 6.8 V. + 5% 400 MW. - 186 AT9THO6
VRI IN2828B; 45 V. + 5%: 50 \. 184A854H06 .
VR? ~ IN2984B; 20 V. ¢ 59;10W. ’ - 762A631HO1

| Zg01  INT53A; 6.2 V. v 5% 400 MW. - 862A606H0 1
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TYPE TCF POWER LINE CARRIER

L. 41

ELECTRICAL PARTS LIST (Ceont’d.)

.51

e DESCRIPTION WDESJ'NG’@i
POTENTIOMETERS 6
RS 10K; 2 W. 185A086H10
R7 250K; 2 W. 185‘086H11
R12 1K; 4 W. 629A430H02
R52 1K; 14 W. @ZQAG‘}SHO‘I
R156 2.5K; %4 W. 629A645H07
RESISTORS
R1 400 ohms +5%; 25 W. 1202587
R2 26.5 ohms +5%; 40 W. (For 48 V. Supply) 04D1299H44
R2 150 ohms +5%; 40 W. (For 125 V. Supply) 1202499
R2 300 ohms *5%; 50 W. (For 250 V. Supply) T63A963HO01
R3 150 ohms +5%; 40 W. (For 125 V. Supply) 1202499
R3 500 ohms *5%; 100 W. (For 250 V. Supp 629A843H03
R4 100 ohms +5%; 1 W. Composition 187TA643H03
R6 10K *5%; Y% W. Composition 184A763H51
R8 100K #5%; 1 W. Composition 187A643H75
R11 10K *5%; ¥, W. Composition 184AT63H51
R13 5.6K +5%; % W. Compositi 184AT63H45
R14 184A763H39
R15 330 184AT63H15
R16 184AT63H51
R17 184AT63H63
R18 184A763H39
R19 184A763H39
R20 184A763H51
R21 184AT63H63
R22 330 eh ; ¥, W. Composition 184AT63H15
R23 . W. Composition 184AT63H51
R31 %; Y2 W. Composition 184A763H39
R32 +5%; % W. Composition 184A763H59
R33 0fohms *5%; Y% W. Composition 184AT63H23
R34 hms +5%; %4 W. Composition 187A290H21
R 10K +5%; Y%, W. Composition 184AT763H51
R3 330 ohms *5%; Y% W. Composition 184A763H15
R37 3.3K £5%; Y% W. Composition 184AT63H39
R38 1000 ohms *5%; %2 W. Composition 184A763H27
R39. 22K *+5%; Y% W. Composition 184AT63H59
R40 680 ohms *5%; %2 W. Composition 184A763H23
R41 68 ohms *5%; Y% W. Compos‘ition 187A290H21
R42 10K +5%; % W. Composition 184A763H51
R51 4.7K *5%; ¥% W. Composition 184AT63H43
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TYPE TCF POWER LINE CARRIER

ELECTRICAL PARTS LIST (Cont'd.)

RESISTORS (Cont’d.)
R53 27K +5%; Y% W. Composition 184A763H61
R54 2.2K +5%; Y. W. Composition 184A763H35
o R55 27 ohms *5%; % W. Composition 187A290HML
. R56 10K *5%; Y% W. Composition 184@A763H61
R57 4.7K *5%; %2 W. Composition 184A763H43
R58 27K +5%; Y2 W. Composition 184AT63H61
R59 1.5K +5%; % W. Composition 184AT63H31
- R60 180 ohms *5%; 1/4 W. Composition 184 A763H09
R61 4.7K *5%; Y% W. Composition 184 A763H43
R62 1.5K +5%; %2 W. Composition 184AT763H31
R63 3.3K +5%; % W. Composition 184A763H63
R64 2.7K +5%; % W. Composition 184AT63H37
R65 680 ohms * 5%; %2 W. Composition 184A763H23
R66 68 ohms *5%; % W. Composition 187A290H21
R67 4.7K +5%; Y% W. Composition 184A763H43
R68 2.7K +5%; Y% W. Composition 184AT63H37
R69 18K *5%; Y% W. Composition 184AT63H57
R70 220 ohms +5%; Y% W. Composition 184A763H11
R71 270 ohms * 5%; Wire Wound 09D832G19
RT72 330 ohms *5%; Y% W. Composition 184A763H15
T R81 4.7K *+5%; Y% W. Composifion 184A763H43
R82 4.7K *+5%; Y% W. Composition 184A763H43
R83 2.2K £5%; Y% W. Composition 184A763H35
R84 2.2K £5%; % W. €omposition 184AT63H35
R85 6.8K +5%; Y2 W. Composition 184A763H47
R101 39K *5%; ¥afW. Cemposition 184 AT63H65
R102 33K +5%i¥% W."Composition 184A763H63
R103 10K +5%pY W. Composition 184A763H51
R104 2TKEE 5%, 4% W. Composition 184A763H61
R105 10K “¥5%;i "2 W. Composition 184A763H51
R106 39K '85%; Y2 W. Composition 184AT63H65
R107 18K£* 5%; Y. W. Composition 184AT63H57
R108 56K *5%; 2 W. Composition 184A763H69
R109 10K *+5%; 1 W. Composition 187A643H51
R110 6.8K +5%; 1 W. Composition 187A643H47
R111 470 ohms *5%; Y% W. Composition 184A763H19
R112 1000 ohms *5%; % W. Composition 184AT63H27
Ri113 470K +5%; % W. Composition 184A763HI1
R1l4 1000 ohms *5%; Y2 W. Composition 185A763H27
R115 82K *+5%; % W. Composition 184AT763HT3
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TYPE TCF POWER LINE CARRIER

1.L. 41-945.51TM

ELECTRICAL PARTS LIST (Cont’d.)

SYmBOL DESCRIPTION "DESIGNATIONG
RESISTORS
R116 10K +5%; Y% W. Composition 184A763H51
___RI117 10K +5%; Y% W. Composition 184A7638H51
R118 10K +5%; Y% W. Composition 184AT63H51
R119 100K *5%; ¥4.W. Composition 184 AT63HTS
R120 39K *5%; Y2 W. Composition 184 AT63H6S
R121 68K +5%; Y5 W. Composition 184 AT63HT1
R122 68K +5%; Y» W. Composition 184A763HT1
R123 1000 ohms *5%; % W. Composition 184AT763H27
R124 33K +5%; % W. Composition 184AT63H63
R135 33K £5%; Y% W. Composition 184A763H63
R126 10K *5%; Y% W. Composition 184AT63HS51
R127 10K +5%; Y% W. Composition 184A763H51
R128 10K +5%; Y% W. Composition 184 AT63H51
R129 68K *5%; ¥» W. Composition 184AT63HT1
R130 68K +5%; Y5 W. Composition 184A763HT1
R131 12K +5%; Y5 W. Composition 184A763H53
R132 33K £5%; Y. W. Composition 184A7T63H63
R133 33K +5%; % W. Composition 184AT63H63
R134 10K +5%; Y% W. Composition 184A763H51
R135 10K +5%; Y% W. Compositien 184AT763H51
R 136 3.3K +5%; Y% W. Composition 184 AT63H39
R137 800 ohms *+5%; 3 W..€omposition 184A859H06
R138 10K *5%; Y AW. Composition 184AT63HS51
R151 2.7K * 5%; Y2 W. @omposition 184 AT63H37
R152 2.2K Sensister Type TMY% (Tex. Inst. Co.) 187A685H01
R153 220 ohms *+5%;44 WComposition 184AT63H11
R154 2.2K *+5%; Y% W», Composition 184A7T63H35
R155 15K +5%; % W. Composition 184 A763H55
R157 4.TKL+ 5%#%2 W. Composition 184 AT63H43
R158 4. 1K $5%i Y% W. Composition 184A763H43
R 159 15K% 5%; Y% W- Composition 184AT63H55
R160 560 ohms +5%; % W. Composition 184A763H21
R161 1.2Kr*5%; % W. Composition 184A763H29
R162 180 ohms *5%; % W. Composition 184 AT63H09
R163 180 0hms +5%; Y. W. Composition 184 AT63H09
R164 470 ohms +5%; Y% W. Composition 184AT63H19
R165 1000 ohms *5%; Y. W. Composition 184AT63H27
R166 3K Thermistor Type ID201 (G.E. Co.) 185A211H08
R167 18K +5%; % W. Composition 184A763H57
R168 10K +5%; Y% W. Composition 184 A7T63H51
R211 10K # 5%, Composition 184AT63H51
R212 1K +5%, Composition 184AT63H27
R213 10K * 5%, Composition 184A763H51
R214 2.7K *5%; Composition 184AT63H3T
R215 10K +5%; Composition 184AT63H51
Ri216 8.2K +5%, Composition 184 AT63HT3
R217 2K *5%,; Composition 184AT63H34
R218 150 ohms *5%; Composition 184AT763H07
R219 330 ohms *5%; Composition 184 AT63H15
R220 47K +5%; Composition 184AT63H67
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TYPE TCF POWER LINE CARRIER

ELECTRICAL PARTS LIST (Cont’d.)

TRANSFORMERS
T11 Toroidal type, 10000/400 ohms 205C043G03
T12 Toroidal type, 25000/300 ohms 205C043G03
T81 Pot. Core type
Tg2 Pot. Core type
T211 10K:10K
T212 25K:300
TRANSISTORS
Qll 2N652A 84A638H16
Q12 2N1396 848A892H01
Q13 2N1396 848A892H01
Q31 2N274 187A270HO01
Q32 2N274 187A270H01
Qb1 2N396 T62A575H03
Q52 2N396 T62A575H03
Q53 2N396 T62A575H03
Q54 2N396 T62A585H03
Q81 2N652A 184A638H16
Q82 2N652A 184A638H16
Q101 2N652A 184 A638H16
Q102 2N696 T62A585H01
Q103 2N697 184A638H18
Q104 2N699 184A638H19
Q105 2N699 184A638H19
Q106 2N696 762A585H01
Q107 2N698 T62A585H02
Q108 2N699 184A638H19
Q109 2N699 ¢ 184 A638H19
Qll10 2N696 T62A585H01
Q111 2N696 T62A585H01
Q151 2N396 T62A585E03
Q152 2N396 T62A585H03
Q153 2N396 T62A585H03
Q154 184A638H19
Q211 184A638H16
MISCELLANEOUS
Y11 rystal (Frequency 20 kHzabove Channel Frequency) |762A800H01 +(Req.Freq.)
FL1 put Filter 401C466 + (Req. Freq.)
FL2 LF. Filter 762A613G01
PL Pilot Light Bulb — For 48 V. Supply 187A133H02
Pilot Light Bulb — For 125 or 250 V. Supply 183A955H01
F1, Fuse, 1.5 A. 11D9195H26
Alarm Relay 408CO062H07
Trip Relay 408C845G03
Choke 292B096G02
01 Fairchild UA 710C (Int. Ckt.) 201C826H04
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TYPE TCF POWER LINE CARRIER

1.L. 4194551 M
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Fig. 26 Component locations on the oscillator and mixe:
printed circuit board - germanium version.

Fig. 27 Component locations on the I.F. amplifier printed

circuit board - germanium version.
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Fig. 28 Component locations on the amplifier and limiter
printed circuit board - germanium version.

Fig. 29 Component locations on the discriminator printed

circuit board - germanium version.
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Westinghouse I.L. 41-945.15A
INSTALLATION ¢ OPERATION e MAINTENANCE

INSTRUCTIOMNS

TYPE TCF POWER LINE CARRIER FREQUENCY:SHIFT
TRANSMITTER EQUIPMENT - 10 WATT/10 WATT

FOR ALL RELAYING APPLICATIONS

CAUTION: It 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 secured
before swinging out the equipment rack to prevent
its tipping over.

APPLICATION

The type TCF carrier transmitter equipment
provides for the transmission of either of two closely
controlled discrete frequencies, both within agmar-
row-band channel, over high-voltage transmission
lines. The center frequency of the channel, canpvary
from 30 to 300 KHz in 0.5 KHz steps. The two fre-
quencies transmitted are separated by 4200 “Hz,
one being at center frequency (fc) plus £100y Hz
and the others at center frequency mimus(100 Hz.
The higher frequency, termed the Guard ffequency,
is transmitted continuously when, conditions are
normal. It indicates at the receiving end of the line
that the channel is operative,@andyit also serves to
prevent false operation of “the, receiver by line
noise. The lower frequen€y, termed the Trip fre-
quency, is transmitted as apsignal that an operation
(such as tripping a cifcuit breaker) should be per-
formed at the receiving,end of the line.

When elegfro-mechanical relays are used for
keying fromé guard to, trip frequency, the contact
used is conne€ted 0 the high voltage input of a
buffering keying“@board. This board buffers the
input so that random noise does not key the circuits.
When solid state relays are used, the 20-V. D.C.
voltage, used for keying is connected to the low
voltage input of the buffering keying board.

CONSTRUCTION

The 10-watt/10~-watt TCF transmitter unit is
mounted on a standard 19-inch wide panel 12%

SUPERSEDES I.L. 41-945.15, dated May 1973

© Denotes change from superseded issue.

inches (7 rack units) high with edge slots for mount-
ing on a standard relayfrack. All components are
mounted on the rear ‘of, the panel. Fuses, a pilot
light, a power switch and a jack for metering the
amplifier colleétor current are accessible from the
front of the Panel when supplied. See Fig. 7. All
of the cirewitry that is suitable for printed circuit
board, mountifig| s on three such boards, as shown
in Fig.43. Thefcomponents mounted on each printed
board or other sub-assembly are shown enclosed by
dottédylines on the internal schematic. Fig. 1 or 2.
Phe“location of components on the two printed cir-
cuit boards are shown on separate illustrations, Fig.
4, 5,7and 6.

External connections to the assembly are made
through a 18-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 frequency, a mixer and buffer
amplifier, a driver stage and a power amplifier. One
filter is located between the driver and the power
amplifier and the 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 oscil-
late 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 Yl and Y2 of Fig. 1. The
frequency of Y2 is 2.00 MHz when operated with

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
further 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 NOVEMBER 1977




TYPE TCF POWER LINE CARRIER 10W/10W

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
Q51, which operates in the emitter follower mode.
The emitter is coupled to the base through C57, and
with Y2 removed the base of Q51 would be held at
approximately the midpoint of the supply voltage by
R51 and R52. The crystal serves as 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 oscillations and reducing
C55 will raise the frequency.

Crystal Y1 is connected in a circuit that is
similar except for the addition of C53 and diodes
D51 and D52. By adjustment of C52 this circuit
is made to oscillate at 100 Hz above its marked
frequency. Capacitor C53 1is not effective until
D51 is biased in the forward direction and becomes
conductive. It is biased in the reverse direction
until the relay control contact is closed, which
places 45 V.D.C. at terminal 3 of the printed circuit
board. With D51 conducting, C53 is effectively Jdn
parallel with C52, and adjustment of C53 will redtice
the frequency by 200 Hz. The crystals taken ins-
dividually have a greater variation of frequency
with temperature than would be acceptableg®How=
ever, by proper matching of the two crystalsi the
variation in their difference frequency canv be kept
within limits that permit holding, the frequency
stability of the overall transmitter to4tl0“Hzfover a
temperature range of -20 to +55°C.

The frequencies produced by the,two oscillators
are coupled to the base offmixer transistor Q53
through C62 and C63. The sum‘ef the two frequencies
is so high that a negligible ;@amount appears on the
secondary of transfermer\d's1, but the difference
frequency is accepted and,amplified by Q53 and Q54.

When the relaydcontfol, or keying, contact is
closed, it changes therequency from Guard to Trip.

As is shown on the Internal Schematic, Fig. 1.
the voltage for the keying circuit is obtained from
the 45-yoltiregulated supply in the transmitter, and
opening\théysingle power switch de-energizes both
the ¢ransmitter and the keying circuit.

The driver stage consists of transistors Q56
and Q57 connected in a conventional pushspull
circuit with input supplied from the colléctor @f
Q54 through transformer T52. Thermistor R%3, and
resistors R74 and R75 are connected to provide a
variable bias that reduces the effect of varying
ambient temperatures on the input level.

The driver filter, FL101{&consiSts Jof a series-
resonant inductor and capacitorvgonnected between
the driver and power amplifier stages by appropriate
transformers T1 and T2. This filter greatly improves
the waveform of the signal ‘@pplied to the power
amplifier.

The power amplifierquses two series-connected
power transistors, Q101 and Q102, operating as a
class B pushépull Vamplifier with single-ended out-
put. Diodes, D101 ,and D103 provide protection for
the base-emitter junctions of the power transistors.
Zener "diodes, D105 and D106 protect the collector-
emitterGunctions 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 (L.102, Cg and L103,
Co which are factory tuned to the second and third
harmonics of the transmitter frequency. Capacitor
Cp approximately cancels the inductive reactance
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 through
the line turner 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 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 reverse 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.
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The Zener diode Z1 holds a constant base-to-nega-
tive voltage on the series-connected power transistor
Q1. Depending on the load current, the d-c wvoltage
drop through transistor Q1 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 voltages. Capacitor Cl1
provides a low carrier-frequency impedance across
the d-c output voltage. Capacitors C2 and C3 bypass
r.f. or transient voltages to ground, thus preventing
damage to the transistor circuits.

CHARACTERISTICS

Frequency
Range 30-300 kHz

Output 10 watt guard - 10 watts trip -

(into 50 to 70 ohm resistive load)

Frequency
Stability + 10 Hz from -20°C to +55°C.
Frequency A. When used with narrow band
receiver.
1. One-way channel, two of
more signals-500 Hzdmin.
2. Two-way channel,4,000/Hz
min, between jransmitter
and adjecent receiver fre-
quencies.

B. When used with) wide “band
receiver.
1. One-way c¢hannel, two or
more signals-1000 Hz min.
2. Two-way channel, 2000 Hz
min,,, between transmitter
and adjeeent receiver fre-
guencies.

Spacing

Harmonics Down 55 db (min.) from output

level.
Input Voltagé 48%r 125 v.d.c.

Supply Voltage 4?2-56v. for nom. 48v. supply.

variation 105-140v, for nom. 125v. supply.
Battery Drain 0.5 a guz.er % 48 v.d.c.
1.15a. trip
0.5 a. guard%
1 .d.c.
0.9 a. trip 25 v.d.c
Keying Circuit
Current 4 ma.

Temperature
Range -20 to +55°C around gh@ssiss
Dimensions Panel height - 12%’’ en2.4.u.
Panel width - 19"
Weight 12 Ibs.

INSTALDAT ION

The TCF transmitter/is \génerally supplied in a
cabinet or on a relay raek’ as part of a complete
carrier assemblyq . 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

®he TCF 10W/10W transmitter is shipped with
the power output control R64 set for output of
10 watts into a 60 ohm load. If it is desired to check
the adjustments, or ifrepairs 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
a-c vacuum tube voltmeter (VTVM) across the load
resistor. Turn power output control R64 to minimum
(full counter-clockwise). Turn on the power switch
on the panel and note the d-c voltage across ter-
minals 5 and 7 of J3. If this is in the range of 42 to
46 volts, rotate R64 clockwise to obtain 4 or 5
volts across the load resistor used. At this point
check the adjustment of the series output tuning
coil L105 by loosening the knurled shaft-locking
nut and moving the adjustable core in and out a
small amount from its initial position. Leave it at
the point of maximum voltage across the load re-
sistor used. Then rotate R64 farther clockwise to
obtain the correct voltage for 10 watts in the load
resistor, as shown in the following table.

Then change to Trip frequency by connecting
together terminals 2 and 3 of the transmitter printed
circuit board (which is approximately equivalent to
connecting together terminals 7 and 8 of J3), and
rotate R64 until the voltage across the load resistor
is as shown in the following table for a 10 watt out-
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put. Recheck the adjustment of L105 for maximum
output voltage and readjust R64 for a 10 watt output
if necessary. Tighten the locking nut on L105. Open
the power switch and remove the jumper used to key
the transmitterto the 10 watt level.

T106 Voltage for
Tap 10 Watts Output
50 22.4
60 24.5
70 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 L105. This may be necessary
with some types of line coupling equipment. The ad-
justable cores of L.102 and LL103 have been set{ for
maximum harmonic rejection and no change sShould
be made in these settings unless suitable instrias
ments are available for measuring the second)and
third harmonic present in the transmitter output.

The operating frequencies of @rystals Y1 and
Y2 have been carefully adjusted’at theyfactory and
good stability can be expected. Ifgiit is“@esired to
check the frequencies of the“individual crystals
this can be done by turning the matehed pair 180°
and inserting a crystal in its(propen socket with the
other crystal unconnected. AWsensitive frequency
counter with a range of atfleast 2.3 MHz can be
connected from TPl tel TP54. (Connection to
TP54 rather thandto TPS83 provides a better signal
to the counter and ayoids,some error from the effect
of the counter Input capacitance on the oscillator
circuit.) While measurement of the oscillator crystals.
individually is necessary for the initial adjustment
of the oscillatorsy generally any subsequent checks
may be made with a lower range counter connected
at the ¢ranSmitter 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.

Q56-Q57 Bias Adjustment

The push-pull output stages of the transmitter
board are normally shipped correctly biased. If any
components involved in these Stages, have been
changed, then it may be necessary to/recheck the
biasing of this stage.

Unsolder the lead from tefminal 2 of transformer
T1 (just above FL101) and temporarily connect a
low-range d-c milliammeter (0-1.0 ma) between the
removed lead (+) amdyT ! “terminal 2 (-). Turn the
slotted control ofii\the Small potentiometer to full
counterclockwis@®, Now, apply power to the TCF
carrier set, but/dojmot transmit carrier. This can
be done “b¥.removing the crystals. Advance the
potentiometer ““elockwise until the milliammeter
reads 0 2gpma. Turn off the power, remove the
milli@mmeper, and solder the lead back on terminal
2 ©f “Bl., Replace the crystals and again apply
d*e), power to reenergize the transmitter. Check
outputy etc. of transmitter as previously described.

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 indef-
inite 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 +20%.
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TABLE |
TRANSMITTER D-C MEASUREMENTS

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

d-c VTVM.
Test Voltage at
Point 10 Watts
Output
TP52 20
TP53 5.4
TP54 3.4
TP55 18.5
TP56 18.5
TP57 *<1.0
TP58 44.1
TP59 *<1.0
TP101 0
TP103 21 £ 2
TP105 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, dependifig upon fre-
quency and transistor gharacteristics. T51-3=
Terminal 3 of tramsformer T51. Other trans-
former terminals identified similarly. All
read with a-c VIVM

Voltage at
TestgRoint 10 watts
Output
TP54yto TP51 0.015-0.03
TR57/to TP51 0.3 -1.2
TE59 to TP51 0.3 -1.2
T1-1 to TP51 5.6
T1-3 to TP51 4.9
T1-4 to Gnd. 2.0
T2-1 to Gnd. 1.85
TP101 to TP103 17.0
TP103 to TP105 17.0
T3-4 to Gnd. 112
T4-2 to Gnd. 110
TP109 to Gnd. 31
J102 to Gnd. 24.5

CONVERSION OF TRANSMITTER FOR
CHANGED CHANNELSEREQUENCY

The parts required for converting a 10W/10W
TCF transmitter for operation on a different channel
frequency consist, of \adpair of matched crystals for
the new channgl frequeney, new capacitors C103 and
C104 on thedpowelr amplifier circuit board if the old
and new frequeficiesdare not in the same frequency
group (see tablejenfinternal 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
forty-two combinations of capacitors and inductors
areyrequired to cover the frequency range of 30
to"800\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

range, but

assembly can be adjusted over a somewhat wider
range than the width of its assigned 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- 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- 72.0 127.5-135.0 222.1-230.0
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- 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
417.5-50.0 89.5- 94.5 170.0-180.0 284.1-287.0
50.5-53.5 94.0-100.0 180.5-191.5 287.1-300.0
54.0-57.0 100.5-106.0  192.0-200.0

57.5-60.5 106.5-112.5  200.1-207.0



TYPE TCF POWER LINE CARRIER 10W/10W

If the new frequency lies within the same fre-
quency group as the original frequency, the filters
can be readjusted. If the frequencies are indifferent
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 frequency counter and a
vacuum tube voltmeter are required for readjustment
of FL101. The signal generator and the counter
should be connected across terminal 4 and 5 of
transformer T1 and the voltmeter 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 VITVM. 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
then when near the center and consequently the
effect of core screw rotation on the VTVM 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 somewh@at
similar. A signal generator and a counter should, be
connected to terminals 3 and 4 of transformer T3y
and a 500 ohm resistor and a VTVM to the terminals
of protective gap G1. The ground or shield lead
of all instruments should be connectedto “the
ground terminal of the transformer. Set the signal
generator at exactly twice the channelycenter fre-
quency and at 5 to 10 volts output, Turn<he core
screw of the large inductor L102# toWhe position
that gives a definite minimum readingyon,the VTVM.
Similarly, with the signal gengratorqset at exactly
three times the channel centerifrequency and 5 to
10 volts output, set the gore’ screw of the small
inductor, L103, to thedposition that gives a definite
minimum reading om? the@TVM. Then remove the
instruments and the 5000ohm resistor.

After the new pairdof matched crystals have
been adjusted, as described 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_ itsyoutput, and inductor L105 can beread-
justed for, maximum output at the changed channel
frequéncymby the procedure described in the same
segtiom

If a frequency-sensitive voltmeter is available,
the 2nd and 3rd harmonic traps may be adjusted
without using an oscillator as a source of doublé
and triple the channel frequency. Connect theafre*
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 th€ tuming dial and
db range switch, obtain a maximum-“éen-scale reading
of the 2nd harmonic. Then vary thejcore position of
L102 until a minimum voltmeter reading is obtained.
Similarily, tune the voltmeter to the third harmonic
and adjust L103 for minimum™ voltmeter reading.
Although the transmitteryfrequency will differ from
the channel -centerfrequency by 100 Hz, the
effect of this différence “on the adjustment of the
harmonic traps gwill ‘Be negligible. It should be
noted that the true¢ magnitude of the harmonics can-
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-
moniesy requires use of a filter between TP109 and
the gvoltmeter that provides high rejection of the
fundamental. The insertion losses of this filter for
fhep 2ndr 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 (VTVM). Voltage
range 0.003 to 30 volts, frequency range 60
hz to 330 kHz; impedance 7.5 megohms.

c. D-C Vacuum Tube Voltmeter (VTVM).

1.5 to 300 volts.
Input Impedance: 7.5 megohms.

Voltage Range:

II. Desirable Test Equipment for Apparatus Main-
tance.

a. All items listed in I.

b. Signal Generator
Output Voltage: up to 8 volts.
Frequency Range: 20-kHz to 900 kHz

c. Oscilloscope

d. Frequency counter
e. Ohmmeter

f. Capacitor checker.
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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 stan-
dard 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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ELECTRICAL PARTS LIST

WESTINGHO Q
DESIGNATION

g:{RMCBUc;I DESCRIPTION
CAPACITORS
C1 Oil-filled; 0.45 mfd.; 330 V.A.C. 1723408
C2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962 @
c3 Oil-filled; 0.5 mfd.; 1500 V.D.C. |
Cc1l1 Metallized Paper, 0.47 mfd.;
C21 Metallized Paper, .047 mfd.;
C51 Dur-Mica, 1500 pf., 500 V.D.C. 2A757THO3
C52 Variable, 5.5-18 pf. 879A834H01
C53 Variable, 5.5-18 pf. 879A834H01
C54 Metallized paper, .1 mfd.; 200 V.D.C. 879A834H01
C55 Variable, 5.5-18 pf. 762A736H01
C56 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C51 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C58 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C59 Dur-Mica, 100 pf., 500 V.D.C. 762A757HO1
C60 Dur-Mica, 100 pf., 500 V.D.C. 762A757THO1
C61 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C62 Dur-Mica, 4700 pf., 500 V.D.C. 762A757HO04
Cc63 Dur-Mica, 1000 pf., 500 V.D.C. T62A757TH02
C64 Metallized paper, 0.25 mfd.; 200 V. @A 187A624H02
C65 Metallized paper, 0.25 mfd.; 20 187A624H02
C66 Metallized paper, 0.25 mfd.; 187A624H02
C67 Metallized paper, 0.25 mf 187A624H02
C68 Metallized paper, 0.5 mfd.; ) . 187A624H03
C69 Metallized paper, 0.25 .D.C. 187A624H02
C170 Dur-Mica, 300 pf, 500 187A584H09
Cc11 3 pf, 861A846H03
cr2 3 pf, 861A846H03
C13 3 pf, 861A846H03
C74 Metallized &l mf, 200 V.D.C. 187A624H04
C175 Metallize peryg0.5 mf, 200 V.D.C. 187A624H03
16 Metauize@, 0.01 mf, 200 V.D.C. 764A278H10
Cc11 mfd, 188A669H01
C101 paper, 0.25 mfd,; 200 V.D.C. 187A624H02
C102 d paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C103 & C104 C) — Extended foil, C.47 mfd.; 400 V.D.C. 188A293H01
C103 & C104 -75 KC) — Extended foil, 0.22 mfd.; 400 V.D.C. 188A293H02
C103 & C104 .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. 188A293H04
C103 & C104 ¥ (150.5 - 300 KC) — Extended foil, 0.047 mfd.; 400 V.D.C. 188A293H05
DIODES — GENERAL PURPOSE
1 1IN645A 837A692H03
1N645A 837A692H03
1N4822 188A342H11
14 1N4822 188A342H11
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ELECTRICAL PARTS LIST

DIODES - GENERAL PURPOSE
D15 1N4822 188A342H11
D16 1N4822 188 AB42H11
D21 1N645A 837A692H03
D22 1N4822 V 188A342H11
. p2s | a2 188A342H11
p24 | ines22 , - 188A342H11
D25 1N4822 188A342H11
D51 1N628; 125V.;30MA. 184A885H12
D52 ~ IN628; 125 V., 30 MA. ) 184A885H12
D55 IN457A; 60 V., 200 MA. 184A885H07
D58 ~ IN628; 125 V., 30 MA. | 184A885HI12
D101 1N538; 200 V., 750 MA. 407C703HO3
D'IEZD104 ) 7171\591_197(7)7\1 159 MA.W(Germiainium \ﬁersion used with 2N1908) 182A881H04
D103 | IN538;200V. 750 MA. B 407CT03H03
D102,D104 1N4818 (Silicon Version used with 2N3%92) 188A342H06
_ DIODES -4 ZENER
z1 IN2828B; 45V. £5%.50W. 7 184A854H06
72 IN3009A; 130 V. +10%: 104 184A61THI2
- zun | inestB 186A797HO6
- zi2 | in3essa 0 L &N 862A288HO01
713 CIN3essA N & 862A288H01
. zia | insessB AN 185A212H06
- za  IN9TB 7 186ATOTHOS |
7,22 ~ IN3688A 862A288H01
223 | 1n36ssA 862A288H01
724 1N3688B 185A212H06
754 | 1N3686B:@Q v ¥:5%; 750 MW. ] 185A212H06
 z105 | 1n29g8A. 56 V. +10%; 10 W - 184A617H13
7106 IN2999A; 56 V. £107%; 10 W, 184A617H13
RESISTORS
. Rl . WN26'8wotims +5%; 40 W. (For 125 V Supply) 04D1299H44
 R2_ 4| & 26% ohms +5%: 40 W. (For 125 V Supply) 04D1299H44
R3 _2@&_9_}115_#5%;7{10 W. (For 48 V Supply) i 04D1299H44
R3 | N500 ohms +5%; 40 W. (For 125 V Supply) 1268047 |
4'7777R4 i 100 ohms th?o 1 W. Composition 187TA644H03
o F7{57 e 7iK 7;0%; Lo, Composition 187TA641H27
| Re, | 3K 5% 5 W. Wirc Wound 7 188A317HO1
R7 15K +10%; 2 W. Composition 187A642H55
N R | 47K +2% 12 W. Metal Glaze 629A531H43
RIZ 7 _/127K £2%; '2W. Metal Glaze 629A531H58
R13 10K +2%; 'Y W. Metal Glaze 629A531H56
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ELECTRICAL PARTS LIST

circur T chou
RESISTORS (Continued)
R14 6.2K +2%; Y2 W. Metal Glaze 629A531H51
R15 1.5K +2%; !> W. Metal Glaze 629A531H36
R16,R26 51K +2%; %2 W, Metal Glaze 629A531H73
R17 1.8K +2%:; 2 W. Metal Glaze 629A531H38
R21 4:.7K *2%; Y2 W. Metal Glaze 629A531H48
R22 12K +2%; 2 W. Metal Glaze 629A531H58
R23 10K +2%; Y2 W. Metal Glaze 629A531H56
R24 6.2K +2%,; Y2 W. Metal Glaze 629A531H51
R25 1.8K +2%; '2 W. Metal Glaze 629A531H38
R18, R28 18K +2%: 2 W. Metal Glaze 629A531H62
R27 1.5K *+2%; Y2 W. Metal Glaze 629A531H36
R51 10K +5%; Y2 W. Composition 184AT763H51
R52 10K +5%; '2 W. Composition 184A763H51
R53 10K *5%; Y2 W. Composition 184 A763H51
R54 10K +5%; %2 W. Composition 184AT63H51
R55 100 ohms +5%; Y2 W. Composition 184AT763H03
R56 3.6K *5%; “2W. Composition 184AT763 H40
R57 3.6K *5%; %2 W. Composition 184A763H40
R58 100 ohms *5%; '2 W. Composigion 184AT763HO03
R59 10K +5%; % W. CompoSihion 184AT63H51
R60 5.6K *5%; 2 W. Composition 184AT63H45
R61 15K +5%; Y2 W. Composition 184A763H55
R62 10K #5%; Y2 W. Compgsition 184AT63H51
R63 1K +5%; Y2 W.4AComposition 184A763H27
R64 Potentiometer, 'K, 4 M. 629A430H02
R65 1.8K *5%; ¥ W.S€omposition 184 AT63H02
R66 8.2K +B%; 2W. Composition 184A763H49
R67 12K £6%, % W. Composition 184AT763H53
R68 330 ohms | #5%;\%2 W. Composition 184A763H15
R69 800 ohmsy,+5% 2 W. Composition 184A859H06
R70 Rotentiometer, 1K; !4 W. 629A430H02
R71 4, 7K™ +5%, Y2 W. Composition 184A763 H43
R72 39K *5%; Y2 W. Composition 184A763H65
RT3 Thefmistor, 30 ohms, Type 3D202 (G.E.C.) 185A211HO06
R74 62 Ohms +5%; Y2 W. Composition 629A531H03
R75 68 Ohms +5%; Y2 W. Composition 187A290H01
R76 2K +5%; Y% W. Composition 184A763H34
R77 10 ohms +5%; ' W. Composition 187A290H01
R48 10 ohms  +5%; % W. Composition 187A290H01
R49 20K *2%; %2 W. Metal Glaze 629A531H63
R80 25K Potentiometer *20%; % W. 629A430H09
R81 1K *1%; % W. Metal Film 848A819H48

10
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ELECTRICAL PARTS LIST

SYMBOL DESCRIPTION " DES IGNATION.
RESISTORS (Cont'd.)
R82 5K Pot. +20%; > W. 629A430H07
R83 102K £1%, 2 W. Metal Film _ 843A820H46
| R84 |  2ohms  +5%, '2W. Composition 187A290H11
R85 _ Thermistor 3D402 10 ohms 185A211H03
;~/I§_§67f__‘ff 750 ohms 1%, 12 W. Metal Film ] 848A819H36
R101 | 10 ohms  +5%; }2 W. Composition 187A280H01
i RLO} - ;’ZEK LlﬁQ@l._Composi—t&lii o 187A644H35
R103 2.7 ohms  *10%; 2 W. Wire Wound 184A636H14
R104 0.27 ohms  +10%; 1 W. Wire Wound 154A636H18
| RIS | 10ohms  +5% e W. Composiion 187A290H01
R106 47K +10%; 1 W. Composition 187A644H43
R107 2.70ohms  *+10%; '2 W. Wire Wound 184A636H14
R108 0.27 ohme +10%; 17W. Wire Wound 184A636H18
TRANSFORMERS
4_’1;177 ] 77_p7riivﬂQutput Transformer N 606B410G01
T2 |  Power Amp. Input Transformer | 292B526G0l
T3 | Power Amp. Output Transformer &, % _292B526G02
T4 Load-Matching Auto-Transformef 292B526G03
T51 Buffer Amplifier Transformer 606B537G01
T52 Driver Input Transformer 606B537G02
TRANSISTORS
Ql 2N1015C 187A342H02
Qll 2N4356 849A441HO02
Q12 2N699 184A638H19
Q1 | 2N4356  « 849A441H02
Q2 |  2N699 - 184A638H19
Q51 *27N697 IN 184A638H18
Q2 2N69T) - 184A638H18
Q53 T onggT W 184A638H18
Q54 2N699 184A638H19
Q55 2N697 184A638H18
Q56 2N2726 T62A672H07
Q57 2N2726 B T62A672HO7
QI_OI'.Q_LOZ‘L_ 2NlQOé (Use in Matched Pairs) (Germanium Version) 187A673H02
Q101,Q102 2N3792 (Use in Matched Pairs) (Silicon Version) 187A673H16
MISCELLANEOUS
EL101 Driver Filter 408C261 + (Red.Freq.)
FI,102 Output Filter 5415214 +(Req. Freq.)
PL Pilot Light Bulb - For 48 V. Supply (When supplied) 187A133H02
Pilot Light Bulb - For 125 or 259 V. Supply (When supplied) 183A955H01
F1, F2 Fuse, 1.5A (When supplied) 11D9195H26

1







TYPE TCF POWER LINE CARRIER 10W/10W

OSCILLATORS NIXER AND BUFFER :vP. DRI YER DATVCR FILTEK
A _A A A

A= -0101 & Q102- FOR GERMANIUM VERSION USE 2NI908 S¥ 187A673H02, wiTH DIODES D102 & DI04,
IN91 S+ 1824881HOY ON 8D, STYLES 6068530601 TO GOS.
FOR SILICON YERSION USE 2N3792 S¥ 187A673Hi6, WITH DIODES 0102 & 0iOu,
INURIR S4 1RRA3M2HO6 ON 8D. STYLES 6068530608 TO Gl2.

]
i

DOTTEONEINES EMCLOSE  COMPONENTS

OK/PRINTED CtRCUIT BOARDS OR d FREQ. €103 & C10M
OTHER Sy8-ASSEMOLIES (EXCEPT 20-50 KKZ 0.47 MFD.
AS|NOTED) 50.5-75 KHZ 0.22 WFD, 1,2 3
75.5-100 KHZ 0,15 MFD. A
ALL CAPACITORS ARE IN MFD. EXCEPT AS NOTED. 100.5-150 KHZ 0.10 HFD
150.5-300 KNZ 0.047 WFD, 7 89
<O = HOUNTED ON LARGE HEAT SINKS ‘? 1]“ '
MATCHED PAIR i9 22
P=<vi - 2.03 70 2.3 wnz
Y2 - 2.00 WAZ
(As viEwe

Fig. 2 — Internal Schematic of Type TCF Transmitter
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I.L. 41-945,15A
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.
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(Dwg. 6659D32)

Assembly ="Without Switch, Pilot Light, and Fuses.
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TYPE TCF POWER LINE CARRIER 10W/10W I.L. 41-945.184

oriod orios
BUFFERED INPUT
- . £ =
] POWER AMPLIFIER
> PRINTED CIRCUIT 101
VRI QL Qio2 BOARDS Q10
c2
pe o T3
BUFFERED INPUT—, = T2
WHEN USED TN : Ti : FLto!
r FL02
TRANSMITTER PRINTED @
CIRCUIT BOARD
- q

REAR VIEW
(Dwg. 204C867)

Fig. 3 — Component Locations,of Type TCF Transmitter Assembly
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(Dwg. 719B470)

Fig. 4 — Component Locations of TCF Transmitter Circuit Board
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TYPE TCF POWER LINE CARRIER 10W/10W

clo4
2 |
= clo3 -E.
TPIO4 LiO| 50685306

[ ' j clo2 clol

1
TPIOl TPIO3Q (rRI04|[ O

(po3 RIO7 [RTO&|T PIO2

" [R105 RIO6 pioi]) :

(Dwg. 763A056)

Fig. 5 — Component Locatiéns Power Amplifier Board
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(Dwg. 717B510)
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Fig. 6 — Component Locations Buffer Keying Board
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Fig. 7 — Outline of Type TCF Transmitter Assembly
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4
Attached is a copy of '"Addendum To IL 41-945. \

for the TCF transmitter. This addendum sheet sho e

attached to your existing copy of I 41-945.Qted

January 1976. (Q
To keep our Instruction Leaflets u , we will now

issue an addendum to an existing ILWan ail it using the

i @) cover the following

<, Addendums only will be
conditions: \Q
L. An existing err% n IL should be corrected at once.

2. The IL is got entirely clear, added words will make

it moreu&rQ ndable.

regular means.

®® Relay-Instrument Division






ADDENDUM TO Westinghouse I.L. 41-945.16
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIO NS

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

This sheet notes changes which should be made in instruction leaflet 1.L. 41-945.16 dated January 1976.

1. On Page I, at bottom of page:
delete reference to “Supersedes [.L. 41-945.12 dated July 1971.”

2. On Page | at end of APPLICATION section,
“Figure 7 should read *‘Figure 9.

3. On Page 1, right hand column, eleventh line
“This logic is shown in Figure 127
should read -

“This logic is shown in Figures 12 and 13

4. On page 17: .
“Fig. 10. Receivers Logic Diagrams -3 Freéguency Operation for Direct Transfer Trip and Unblock Relaying™
should read -

“Fig. 12. Receivers Logic Diagram &3 Frequency Operation for Direct Transfer Trip (Solid-State Output) and
Unblock Relaying™

5. On Page 18: )
“Fig. 13. Receivers Logic Diagram - 3 Frequency Operation for Direct Transfer Trip and Unblock Relaying”

should read -

“Fig. 13. Receiver Logic Diagram - 3 Frequency Operation for Direct Transfer Trip (Contact Qutput) and Un-
block Relaying”

6. Add to page 19
“Fig. 0. Schematic Buffer Keying Circuit Board “A™
“Fig. I'%Schematic Buffer Keying Circuit Board “B” ”

NOTE: Fig. 10 and 1! are shown on other side of this sheet.

ADDENDUM TO I.L. 41-945.16 EFFECTIVE JUNE 1976



LDGIC BUFFER BD" A" (1444€73501)

COIPUNENT SIYLE 1<E0), REF.
TRANSISTCRS
HAPEXS RS 18106231119 4 iRt
€2,93,Q7 §490441H02 3 (21350}
FREQ. SHIFT DOWN{(TRANSFER TRIP) .
——— — e — - ——— —— — s s . —— RESISTORS
8 RY - K2 EEIEREN 2 [1500 Onms ta#l « 250 |
+45y: Rl - R18 6271 L51138, 2 [iZ09CAms AW + 2%
I o RS _ R2Z 6293 1HET 2 |5200 Crims W+ 2%
x R&-R16-RI7T-R2Y 6297531 HYE 4 W08 w7
[ Q2 R7.Re-R11.RI3-RISR7+R2e CZAR3IHISS RN 2%
| RI-R20 29NEETHe2 B TRV I%
@ R TSR
RIO-RI2 2 BIK 12 +2%
r ’ R2 - R19 J 2 |7t 5
48y ] P9-RI4-R25 629A831R43 B LW 22%
TRANSFER z5
TRIP 125V Q!
INPUT
| LIODES
#1.22,93,04,95.06,07.08.09, il THE45A
D10, D11
DIO ZENER
24-79 185A212H06 2 IN36868
12 z5 - 210 186A797H0E 2 IN9S78
IOWATT 21-22.23.26:27-28 £25A359HOL 6 1R200
r 48v BOOST
JNBLOCK
INPUT
I
COMMON
l__ e VAL \i4 1444 ¢ 73601
FREQ.SHIFT UP TO BOARD 8"
{unBLOCK)
o
80ARD 4 775B312
i 3 J ; MAnN
Fig. 10 Buffer Keying Cifeuit Board "A
LOGIC BUFFIR BD,"B" (1444C75G01)
COMPONENT STYLE REQ) REF.
TRANSISTORS
) Q1.Q2-Q3-Q4-Q5 1844638H19 5 2N699
BOARD A Q6 849A441H02 1 2N4356
RESISTORS
| R3.RI12 629A531H36 2 1500 Ohms YW +2%
8 I R4-.RI3 629AE31HS 1 2 6200 Ohms %W +2%
a8y (R1} R5-R14-R16-R21 629AE3LHS7 4 [1IK %W+ 2%
szb 125V > {R2} | R6 R8 R10-R15-R12-R20 629R531H58 6 12K W +2%
l Rl —RIl 629A531HG2 2 1EK VW 4 2%
, R2 £29A5 31413 1 SIK %W + 2%
I R7-R9-R17 625A531H66 3 | okmwens |
l R19 629A551H48 1 47K aW + 27
, l CAPACITORS
E s _C1-C2 84A457H0A 2 AT op
’ VAT T
I 05 BoosT{ O
D1.D2-D3-D4-D5 877A592H03 5 IN6IEA
VOICE ADAPTER Q4
0=tdsv DIO ZENER
1= ov 21.22.23-24 1852121106 T TEHE6E

L N

1444C75G0!

775B314

Fig.

11

Buffer Keying Circuit Board '"B"

WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION

NEWARK, N. J.

Printed in U.S.A.
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INSTALLATION

Westinghouse 1.L. 41-945.16
OPERATION e MAINTENANCE

INSTRUCTIOMNS

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

CAUTION: It is recommended that the user of this
equipment become thoroughly familiar with the information
in this instruction leaflet before energizing 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 a transfer-trip channel for
breaker failure protection. Normally these systems of relaying
require two frequency-shift channels, wideband for unblock-
ing and narrowband for transfer trip. A saving /n channel
spectrum can be effected by using a three “frequtency
transmitter for the two relaying functions and“two separate
receivers, one for each function, as shown in Eigure,7.

SYSTEM OPERATION

The three frequency TCF carrier transmitter provides for
the transmission of any of three Closelyjeontrolled discrete
frequencies, all within the equivaléntdspacing of a single
wideband channel. The center,_fréquency of the channel can
vary from 30 kHz to 300 kHz in“0.5 kHz steps. The
transmitter normally operates™at a fréquency that is 100 Hz
above the channel center frequency (fc). This frequency serves
as the “guard” frequencysfer thestransfer-trip receiver and as
the “block” frequency for ghefunblock receiver. Note that the
discriminator charagteristicgin the unblock receiver in this
case is reverséd from the normal unblock receiver used with
the standard twofrequency transmitter. This “guard” “block”
frequency is transmitted continuously when conditions are
normal. It indicate§ at the receiving end of the line that the
channel is operative and serves to prevent false operation of
the receiver by, line noise. The lowest frequency, which is 100
Hz less than fc is the “transfer trip” frequency and is
transmitted as a signal that an operation (such as tripping a
circuit breaker) should be performed at the receiving end of
theYline. The highest frequency, which is 300 Hz above fc, is
the “unblock” frequency and is transmitted as an unblock
signal for directional comparison relaying. If a subsequent

Supersedes |.L. 41-945.12, dated July 1971
New Information

transfer-trip operation 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 whenythe transmitter shifts to “unblock,” the
frequency is completely outside the passband of the narrow
band tran§ferstrip receiver. Normally, this would causea low-
signal alarm output from that receiver. In order to prevent a
similarjalarmfoutput in this case, the checkback output of
the unblockyreceiver is cross-connected to the guard or block
inputefthe transfertripreceiver (throughan OR logiccircuit).
Thigylogic is shown in Figure 12. The checkback output is a
receiyer 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 incorrect output indications.

The transmitter normally operates at an output level of
one watt at the “guard” “blocking” frequency, 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
transmitter is shifted to the “unblock™ frequency, if the
transfer-trip keying circuit is energized, the transmitter will
shift to the “trip” frequency without delay.

The transmitter can also be amplitude modulated at 3.25
watts to provide a voice channel.

CONSTRUCTION

The 10 watt/1-3.25 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
accessible from the front of the panel. See Fig. 8. All of the
circuitry that is suitable for printed circuit board mounting is
on three 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 four printed circuit
boards are shown on separate illustrations, Fig. 3, 4, 5, & 6.

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

EFFECTIVE January 1976



TYPE TCF POWER LINE CARRIER

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 frequen-
cy, a mixer and buffer amplifier, a driver stage and a power
amplifier, a driver stage and a power amplifier. The interstage
filter is located between the driver and the power amplifier.
The output 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. 1. 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 center frequency, or 2.03 MHz for 30
kHz center frequency. Capacitor C55 and crystal Y2 in series
are connected between the positive side of the supply voltage
and the base of transistor Q51, which operates in the emitter
following mode. The emitter is coupled to the base through
C57. With Y2 removed the base of QS1 would be held at
approximately the midpoint of the supply voltage by R51 and
RS52. The crystal serves as 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, C5S. Increasing C55 will
lower the frequency of oscillations and reducing C55 will
raise the frequency.

Capacitor C79 (in parallel with C78) is not effective until
D59 is biased in the forward direction and ecomes
conductive. It is biased in the reverse direction{ until ‘the
keying control for unblock is closed which placés,45VamdC at
terminal 12 of the printed circuit board. With'D57°¢enduct-
ing, C79 and C78 are placed in parallelqwith “GS5 and C73.
The adjustment of C79 will reduce the frequency of the Y2
circuit by 200 hz. Since Y2 is the lowerfof thegwo frequencies
derived from Y1 and Y2, the difference, freguency, which is

1e frequency transmitted, is nowfincreased by 200 hz. Thus
the frequency transmitted 4s, now,200 /hz above the guard
frequency or 300 hz aboye the‘eenter frequency.

Crystal Y1 is conneeéted in a gircuit that is similar except
for the addition of C53%and diodes DSl and DS52. By
adjustment of C52 this circuit is made to oscillate at 100 hz
above its marked frequency. Capacitors C53 and C71 are not
effective until ;DSI is biased in the forward direction and
becomes conductive. It is biased in the reverse direction until
the keying contfol is closed, which places 45 V. dc at terminal
1 of the grintedicircuit board. With D51 conducting, C53 and
C71 are“effectively in parallel with C52 and C72. 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 acceptable:
However, by proper matching of the two crystalsg'the
variation in their difference frequency can be kept within
limits that permit holding the frequency stability of the overall
transmitter to* 10 Hz over a temperature range of — 20to +
55°C.

The frequencies produced by the two eScillators are
coupled to the base of mixer transistor Q53 through C62 and
C63. The sum of the two frequeneies 1s9so high that a
negligible amount appears on the secondary of transformer
TSI, but the difference frequency is accepted and amplified by
Q53 and Q54.

When the keying contfol isjclosed, it increases the output
power from 1 watt to“10Q watts as well as changing the
frequency from Guard®e Transfer or Unblock Trip. This is
effected by reducingthé emitter resistance of buffer-amplifier
transistor Q54., When'the ' keying control is open, transistor
QS5 receives no ‘baseleurrent and is non-conducting. Emitter
resistor R70 therefore is effectively open-circuited. The level
of outputgpower is adjusted to 1 watt by means of R64. When
Q55 isamade,conductive by closing the keying control circuit,
R70 isiplaced in parallel with R68 and the amount of emitter
resiStancefunbypassed by C66 can be adjusted as required to
obtain aut0-watt output level.

Note in the keying board logic there is that interlocking
logic 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 “unlock” keying and then get “transfer trip” keying, th
“transfer trip” will take immediate preference over the
“unblock” keying. This is accomplished by the “transfer trip”
keying causing transistor Q! to conduct which in turn shunts
out the keying voltage input to transistor Q3 through diode
D9. Thus while QI becomes conducting and consequently
Q2, effecting “transfer trip” keying, this conduction of QI
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 T52.
Thermistor R73 and resistors R74 and R7S5 are connected to
provide a variable bias that reduces the effect of varying
ambient temperatures on the input level. In addition, network
R67, R79, and potentiometer R80 are used in the bias circuit
and are adjusted by means of R80 to limit the quiscent
current in the driver stage common to 0.2 ma. This
adjustment is made by unsoldering the lead going from pin 2



TYPE TCF POWER LINE CARRIER

1.L.[41-945:16

of the transmitter to terminal 2 of transformer T1 and
inserting a d-c milliam#neter (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, after this, the milliameter is removed and the
lead replaced.

The driver filter, FL101, 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 improves the waveform of this signal
applied to the power amplifier.

The power amplifier uses two series-connected power
transistors, Q101 and Q102, operating as a class B push-pull
amplifier with single-ended output. Diodes D101 and D103
provide protection for the base-emitter junctions of the power
transistors. Zener diodes Z 105 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 reactanee
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 seaching the
carrier set through the line turner and coaxial cablé. Auto-
transformer T4 matches the filter impedance to‘ceaxialjeable
of 50, 60, or 70 ohms.

The series resonant circuit composgd of L1085, and CE 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 FLIO2 and is used for
measuring the r.f. output current ofithe transmitter into the
coaxial cable. It should besnetedythat the filter contains no
shunt reactive elements, thus providing a reserve impedance
that is free of possible “across-the-line” resonances.

The powerQsupply is/a series-type transistorized d-c
voltage regulator which has a very low stand-by current drain
when theré€'is ngfoutput’current demand. The Zener diode Z1
hols a constant base-to-negative voltage on the series-
connected powerf transistor Ql. Depending on the load
current, the d-c voltage drop through transistor QI and
resistors RL and R2 varies to maintain a constant output
valtage. The Zener diode Z2 serves to protect the collector-
base) junction of QI from surge voltages. Capacitor Cl
provides a low carrier-frequency impedance across the d-c
output voltage. Capacitors C2and C3 by pass r.f. or transient
voltages to ground, thus preventing damage to the transistor
circuit.

When keyed for voice by the voice adapter, transistor Q55
is keyed into class A operation sothatits conductién can be
modulated by the voice input from the voice adapter.
Potentiometer R82 is adjusted so that the nomifal 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 amplifade following the voice
frequency components. Since with{'QS5 completely non-
conducting, R64 has been setito produce a 1 watt output,
maximum modulation fon gheyside to shut off Q55 will not
result in an output level'ofless than | watt carrier at any time.
Also since the output lexel has been set at 10 watts with Q55
completely condueting /by the adjustment of R70, the
maximum mo@ulation on the side of turn on of Q55 will not
result in a carrier output level of greater than 10 watts at any
time. Thusythe “modulation for voice will not result in the
output (carrier level dropping below | watt and endangering
the guard frequency for relaying purposes.

The, buffer keying board in addition to providing 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 opera-
tion.

It should be remembered that protective relaying opera-
tion has first priorty. If the protective relay operates and puts
a voltage input into any of the three input points labeled
carrier auxiliary keying, 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 I watt guard — 10 watts trip —
(both transfer and unblock) —
3.2 watts voice (into 50 to 70
ohm resistive load)
Frequency
Stability +10 Hz from -20°C to +55C.
Frequency Two-way channel, — See Voice
spacing Adapter Instruction Leaflet.
Harmonics Down 55 db (min.) from output
level.
Input voltage 48 or 125 v.d.c.
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Supply voltage 42-56v. for nom. 48v. supply.

variation 105-140v. for nom. 125v. supply.
Battery drain 0.5 a. guard 48 v.d.c.
1.15 a. trip
0.5 a. guard 125 v.d.c
0.9 a. trip
Keying circuit
current 4 ma.
Temperature
range -20 to +60°C. around chassis.
Dimensions Panel height — 12%4” or 7 r.u.
Panel width — 19”
Weight 12 1bs.
INSTALLATION

The TCF transmitter is generally supplied in a cabinet or
on a relay rack as part of a complete car ier 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 60°C.

ADJUSTMENTS

The TCF 10W/1-3.2W/10W 3 Frequency transmitter is
shipped with the power output controls R64, R82 and R70,
set for outputs of 1 watt, 3.2 watts and 10 watts into a 60 ohni
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 fassume 60
ohms. Connect the T4 output lead to the correspondingstap.
Connect an a-c vacuum tube voltmeter (VT¥M)dacross the
load resistor. Turn power output contgol ,R64 to minimum
(full counter-clockwise). Turn on the power switch on the
panel and note the d-c voltage across términalsi3’and 7 of J3.
If this is in the range 0f 42 to 46 volts, fotate R64 clockwise to
obtain 4 or 5 volts across the loadgresistorised. At this point
check the adjustment of the series odtput tuning coil L105 by
loosening the knurled shaftslockinggnut and moving the
adjustable core in andfout a small amount from its initial
position. Leave it at the point of maximum voltage across the
load resistor used. Thenjrotate R64 farther clockwise to
obtain the correct voltage for 1 watt in the load resistor, as
shown in the following table.

Then change to Trip frequency by connecting together
terminals 7 and\l2 of the transmitter connector J3, and rotate
R70 until the Veitage across the load resistor is as shown in
the followingitable for a 10 watt output. Recheck the
adjustment of LI105 for maximum output voltage and
readjust “‘R70 for a 10 watt output if necessary. Tighten the

locking nut on L10S. Open the power switch and remove the
jumper used to key the transmitter to the 10 watt levelf 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 ohms). Open the
power switch, reconnect connection to terminal 10 gf J3,
remove the load resistor, and reconnect the coaxial cable
circuit to the transmitter.

VOLTAGE FOR

T106 1 WATT 32 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 preceduse outlined in the line tuner instruc-
tions for its ad)ustment.

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
res@nancej¢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 L105. This may be
necessary with some types of line coupling equipment. 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
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 the
other crystal unconnected. A sensitive frequency counter with
a range of at least 2.3 MHz can be connected from TPS5I to
TP54. (Connection to TP54 rather than to TP53 provides a
better signal to the counter and avoids some error from the
effect of the counter input capacitance on the oscillator
circuit.) While measurement of the oscillator crystals individ-
ually 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, the Transfer Trip Adjustment with C53, and
the unblock frequency with C79.
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Q56-Q57 Blas Adjustment

The push-pull output stages of the transmitter board are
normally shipped correctly biased. If any components
involved in these stages have been changed, then it may be
necessary to recheck the biasing of this stage.

Unsolder the lead from terminal 2 of transformer T (just
above FL101) and temporarily connect a low-range d-c
milliammeter (0-1.0 ma) between the removed lead (+) and T1
terminal 2 (-). Turn the slotted control on the small
potentiometer to full counterclockwise. Now, apply power to
the TCF carrier set, but do nor transmit carrier. This can be
done by removing the crystals. Advance the potentiometer
clockwise until the milliammeter reads 0.2 ma. Turn off the
power, remove the milliammeter, and solder the lead back on
terminal 2 of TI. Replace the crystals and again apply d-c
power to reenergize the transmitter. Check output, etc. of
transmitter as previously described.

MAINTENANCE

Periodic checks of the transmitter Guard and Trip power
outputs willdetectimpending failure so that the equipmentcan
be taken out of service for correction. At regular maintenance
intervals, any accumulated dust should be removed, particux
larly from the heat sinks. It is also desirable to check the
transmitter power output at such times, making apy*fieces-
sary readjustments to return the equipment tofits initial
settings.

Voltage values should be recorded after adjustment in
order to establish reference values which willlbe/useful when
checking the apparatus. The readings will remain fairly
constant over an indefinite period unlgss a failure occurs.
However, if transistors are changed,¢hereymay be consider-
able difference in these readings withoutythe overall perfor-
mance being affected.

Typical voltage values afe given'in the following tables.
Voltages should be measured with'la VTVM. Readings may
vary as much as +20%;

TABLE |
TRANSMITFERWD-C MEASUREMENTS

Note: All voltages Are positive with respect to Neg. 45 V.
(TPS51). All'voltages read with d-c VTVM.

Voltage at  Voltage at  Voltage at

Test 1 Watt 10 Watts 3.2 Watts
Roint Output Output Output
(For Voice)
TP52 20 20 20
TPS3 5.4 5.4 5.4
TP54 34 34 3.4

TPS5S 21 18.5 —
TP56 21 18.5 —
TP57 *< 1.0 *<1.0 —
TP58 443 44.1 —
TP59 *<1.0 *<1.0 —
TP10I 0 0 —
TP103 21 £ 21+ 2 —
TP105 443 44.0 —
TABLE 1l

TRANSMITTER RE/MEASUREMENTS

Note: Voltages taken,withitransmitter set to indicated output
across 60 6hms. These voltages subject to variations,
depending upon frequency and transistor characteris-
tics®iL51-3y= Terminal 3 of transformer T51. Other
transformer terminals identified similarly. All read
witha-¢ VTVM.

Voltage at  Voltage at  Voltage at

I watt 10 watts 3.2 watts
Iest Point Output Output Output
(For Voice)
TP54 to TPS1 0.015-0.03  0.015-0.03 —

TP57 to TPSI
TP59 to TP51

0.05 -009 03 -1.2 —
0.05 -009 03 -1.2 —

T1-1 to TPSI 1.65 5.6 —
TI1-3 to TPSI 1.45 4.9 —
T1-4 to Gnd. .6 2.0 —
T2-1 to Gnd. .57 1.85 —
TP101-TP103 5.2 17.0 —
TP103 to TP105 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 24.5 14

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 Cl104 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 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
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range than the width of its assigned group since some overlay
is necessary to allow for component tolerances. 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  222.1-230.0
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- 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  287.1-300.0
54.0-57.0 100.5-106.0 192.0-220.0

57.5-60.5 106.5-112.5  200.1-207.0

If the new frequency lies within the same frequency 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
adjusted at the factory for the specified frequency.

A signal generator, a frequency counter and a vacuum
tube voltmeter are required for readjustment of FL101. The
signal generator and the counter should be connected across
terminals 4 and § of transformer T1 and the voltmeter acros$
terminals 1 and 2 of transformer T2. The signal generator
should be set at the channel center frequency and at 2 t0'3
volts output. The core screw of the small inductor shouldabe
turned to the position that gives a true maximum reading on
the VTVM. Turning the screw to either side of thisspesition
should definitely reduce the reading. The changefin induct-
ance with core position is less at either end of the trayelthan
when near the center and consequently the effeet, of core
screw rotation on the VTVM reading will,bedless when the
resonant inductance occurs near the end ofycore“travel.

The procedure for readjustmentiof the 2nd and 3rd
harmonic traps of filter FL102 iss@mewhat similar. A signal
generator and a counter should (be€onnected to terminals 3
and 4 of transformer T3, and a%00°chm resistorand a VTVM
to the terminals of protective gapiG 1. The ground or shield
lead of all instrumentsyshottld befconnected to the grounded
terminal of the transformen, Sefthe signal 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 defiite minimum reading on the VTVM.
Similarly, withithe signal generator set at exactly three times
the channeliceénten frequency and 5 to 10 volts output, set the
core scréwyofithe small inductor, L103, to the position that
gives a\definite minimum reading on the VITVM. Then
removettheyinstruments and the 500 ohm resistor.

After the new pair of matched crystals have been adjusted,
as described under “ADJUSTMENTS?”, the transmittér can
be operated with a 50 to 70 ohm load (depending on Which
tap of T4 is used) connected to its output, and inductor L10S
can be readjusted for maximum output at the changed
channel frequency by the procedure described in thépsame
section.

If a frequency-sensitive voltmeter is'dyailablefthe 2nd and
3rd harmonic traps may be adjusted Without using an
oscillator as a source of doublél andStriple the channel
frequency. Connect the frequeacy-sénsitive voltmeter from
TP109 to ground and adjust the transmitter for rated output
into the selected load resistor-4Se the voltmeter at twice the
channel frequency and, Arsingythe tuning dial and db range
switch, obtain a maximum on-scale reading of the 2nd
harmonic. Then vafyijthe core position of L102 until a
minimum voltmeter réading is obtained. Similarly, tune the
voltmeter to \the, third” harmonic and adjust L103 for
minimum_ voltmetery reading. Although the transmitter
frequencyiwill'differ from the channel center frequency by 100
Hz, theyetfectyof this difference on the adjustment of the
harmenic traps, will be negligible. It should be noted that the
true ‘magnitude of the harmonics cannot be measured in this
manner because of the preponderance of the fundamental
frequeney at the voltmeter terminals. Accurate measurement
of thefharmonics requires use of a filter between TP109 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. Mimimum Test Equipment for Installation.

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

b. A-C vacuum Tube Voltmeter (VTVM). Voltage range
0.003 to 30 volts, frequency range 60 hz to 330-kHz;
input impedance 7.5 megohms.

c. D-C Vacuum Tube Voltmeter (VTVM).

Voltage Range: 1.5 to 300 volts
Input Impedance: 7.5 megohms.

II. Desirable Test Equipment for Apparatus Maintenance.
a. All items listed in I.
b. Signal Generator
Output Voltage:
Frequency Range:
Oscilloscope
Frequency counter
Ohmmeter
Capacitor checker.

up to 8 volts.
20-kHz to 330-kHz.

—™ e a0

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

removed and used as g portable unit.

RENEWAL PARTS

Repair work can be done most satisfactorily at the

factory. However, replacement parts can begfurnished, in
most cases, to customers who are equipped for doifig repair
work. When ordering parts, always give ‘thegComplete
nameplate data and identify the part by its designation on the
Internal Schematic drawing.

ELECTRICAL PARTS LIST

TRANSMITTER—(6275D85G09)

Component
TRANSISTORS
Q51-Q52-Q53-Q55
Q54
Q56-Q57

RESISTORS
R51 to
R54-R59-R62-R87
R56-R57
R60-R72
R6l

R63

R65

R66

R67

R68

R69

R71

R74

R75

R76
R77-R78
R79

R81

R83

R84

R86
R55-R58

CAPACITORS
C51-C80

Cs54

C56-C57
C58-C61-C64-
C65-C66-C67-C69
C59-C60

C62

C63

C68-C7>

€4

€70
C€7-C72-C73-C78
C76

c77

Style

184A638H 18
184A638H19
762A672H07

184A763H51
184A763H40
184A763H45
184A763H55
184A763H27
184A763H33
184A763H49
629A531HS8
184A763H15
184A859H06
848A820H27
629A531HO3
187A290H21
184A763H34
187A290H01
629A531H63
848A819H48
848A820H45
187A290H0IL
848A819H 36
184A763H03

762A757THO3
187A624H01
187A584H01

187A624H02
762A757THO1
762A757THO4
762A757TH02
187A624H03
187A624H04
187A584H09
861 A8B46HO3
764A278H 10
188A669HO01

Regq.

4
1
2

N o= A e LT D N = = o e e e e e = R KD ]

Ref.

2N697
2N699
2N2726/2N3712

10K '/, W +5%
36K '/;W +5%
5.6K '/, W £5%

15K '/, W £5%

1K '/2W 5%

1.8K '/, W £5%
8.2K '/, W +504

12K '/, W29

330 Olims '/, W 5%
800.0hms3W +5%
6.49KWL, W19
62,.@hms YW +2%
68+ KW t5%

2K LW 5%
108/, W 5%
20K '/, W £2%

1K '/,W *£1%

10K '/,W %1%

271 '/2W £5%

750 Ohms '/, W +19%
100 Ohms '/, W +5%

(1500 MMF)
(.1 MFD)
2000 MMF

.25 MFD
100 M MF
4700 MMF
1000 MMF
.5 MFD

1 MFD
300 MMF
3 MMF
.01 MFD
47 MFD

DIODES
DS51-D52-
D56-D57-D58
D55

DIO ZENER
Z54

TRANSEORMER
T51
T52

THERMISTOR

R73

R85
POTENTIOMETER
R64-R70

R80

R82

TRIMMER
C52-C53-C55-C79

184A855H 12
184A855H07

185A212H06

606B537G01
606B537G02

185A211HO06
185A211HO3

619A430H02
629A430H09
629A430H07

879A834H01

(IN628)
IN457A

IN3686B

(3D202)
3D402

1K '/«W £20%
25K '/4W £20%
5K '/4W £20%

5.5 18PF

LOGIC BUFFER BD. “B” (1444C75GO01)

Component
TRANSISTORS
Q1-Q2-Q3-Q4-Q5
Q6

RESISTORS
R3-R12

R4-R13
R5-R14-R16-R21
R6-R8-R10-
R15-R18-R20
RI-R11

R2

R7-R9-R17

R19

CAPACITORS
Cl-C2

DIODES
D1-D2-D3-D4-D5

DIO ZENER
Z21-72-73-74

Style

184A638H19
849A441HO02

629A531H36
629A531HS51
629A531H57

629A531H58
629A531H62
629A531H73

629A531H66
629A531H48

849A437H04

837A692H03

185A212H06

Req.

5
1

ES )

—_ W = NN

Ref.

2N699
2N4356

1500 Ohms '/, W £2%
6200 Ohms '/, W 29
11K '/,W 229

12K '/, W £2%
18K '/;W +2%
SIK '/,W £2%

27K '/, W 22%
4.7K '/, W £2%

047 UF

IN645A

IN3686B
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ELECTRICAL PARTS LIST (Cont'd.)

POWER AMP (606B530)

Components
RESISTORS
R101-R105
R102
R103-R107
R104-R108
R106

CAPACITORS
C101-C102
C103-C104

DIODES
D102-D104
D101-D103

Style

187A290H01
187A644H35
184A636H 14
184A636H18
187A644H43

187A624H02
S. No.
PER S.O.

188A342H06

Req.

_—N N = N

Ref.

10 Ohms '/, W £5%
2.2K 1W +10%
2.70 ', W£10%
0.2702 1W £10%
4.7K 1W £10%

.25 MFD, 200V DC

See Note A
IN4818

LOGIC BUFFER BD. “A” (1444C73GO01)

Component
TRANSISTORS
QI1-Q3-Q5-Q6
Q2-Q4-Q7

RESISTORS
R4-R21

R1-R18

R5-R22
R6-R16-R17-R23
R7-R8-R11-R13-
R15-R24-R26
R3-R20

R10-R12

R2-R19
R9-R14-R25

CAPACITORS
Cl-C2

DIODES
D1-D2-D3-D4-
D5-D6-D7-D8-D9
D10-Dl11

DIO ZENER
74-729

Z5-Z10
Z21-22-73-76=Z7-28

Style

184A638H 19
849A441 HO02

629A531H36
629A531H38
629A531HS51
629A531H56

629A531HS8
629A531H62
629A531H66
629A531H73
629A531H48

849A437H04

837A692H03

185A212H06
186A797H06
629A369HO0I

Req.

w

NI S B S )

WIRAMONND

N

Ref.

(2N699)
(2N4356)

1500 Ohms '/YW*2%
1800 Ohnfs '/, W*2%
620000hms, '/, W/ £2%
10K 4 /5 W, 2%

"RW +29%
LBW £29
27K '/, W F2%
SIK '/, W 2%
4.7K '/;W 2%

12K
18K

.047 UF

IN645A

IN3686B
IN957B
IR200

Component
FL-102

FL-102

Component
RESISTORS
R1-R2
R3
R3
R4
RS
R6

CAPACITORS
Cl
C2-a3

DIODE
Dl

DIODE-ZENER
Z3
VAl
Z2

TRANSISTOR
Ql

TRANSFORMERS
Tl
T2
T3

FILTER
FL-101

FL-101

TELEPHONE
JACK

OUTPUT FILTER
Style

S. No.
PER S.O.

S. No.
PER S.O.

OTHER
Style

04Dil299H44
04D1299H44
1268047

187A644H03
187A641H27
188A317HOI

1723408
1877962

188A342H06

584C434H08
184A854H06
184A617HI12

3503A41HO1

606B410GOl
292B526GO0l
292B526G02

S. No.
PER S.O.
S. No.
PER S.O.

187A606HOI

Regq.

1

Req.

- et e = KD

Ref.

541D214 200KHz

5481FD10 200 to 300KHz

Ref.

26.5 OHMS

26.5 Ohms 48V DC
500 Ohms 125V DC
100 Ohms

1K 10% '/, W

3000 Ohms 5W £5%

(0.45 MFD)
(0.5 MFD)

(IN4818)

(IN1789)
(IN2828B)
(IN3009A)

(2N6259)

408C261 30-200KC

202C074 200 to 300K C

J1
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OSCILLATORS

MIXER AND BUFFER AMP

DRIVER

ORIVER FILTER"

DOTTED LINES ENCLOSE COMPONENTS
ON PRINTED CIRCUIT BOARDS OR OTHER
SUB—ASSEMBLIES(EXCEPT AS NOTED)

13414 15 16017 18
1 1o 11

9 20 20 22 23 24

(AS VIEWED FROM REAR SIDE OF PANEL)

CBTPSG

T52

TPS55 2 3

TP57

ce7

777777 A ™7
| |
| |
14 {
> i

Q57 T2 ‘ .

<
!
|
|

o

5

~

R

7

——————
I

4~ Frea clo3a Cclo4
30-50KHZ 0.47MFD
50.5-75KHZ 0.22MFD
75.5-100KHZ 0.ISMFD
100.5-150KHZ 0.10MFD
150.5- 300KHZ 0.047MFD

O—Moumsn ON LARGE HEAT SINKS

(MATCHED PAIR
- ¥1-2.03 T02.30MHZ
Y2-2.00MHZ

¥ -C78 SUPPLIED |F REQUIRED IN TEST

A-FOR SILICON VERSION USE 2N3792 S# I87A673HI6, WITH DIODES DIO2 & DI04,

ING8I8 S$188A342H06 ON BD. STYLES 606B530G08 TOGI2.

ALL CAPACITORS ARE IN MFD. EXCEPT AS NOTED

1444C75601 ~

Fig. 1. Internal Schematic of the Type TCF 3-Frequer
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POWER AMP

OUTPUT FILTER T4 TAP LOAD

BOARD "A'

J3

r
—§p19 |20vDC
2t [125vDC UNBLOCK

l;zo‘llzsvnc

CONTACT

—{ps [125vDC) s2p
P11 | 48VDC

D
P17 | AUDIO RETURN

P14 20vDC
™ TRANSFER
—f%lapzsvoc TRIP

L lgpiz]asvoe

+45VDC

[
[

»——*—L’7 REGULATED 45 VDC POS

23

|
!
|
|
|
|
!
|

]rps NEG. D C. INPUT

CONNECTED AS SHOWN DOTTED: %25 5 OHM 48 VDC

FOR 48V SUPPLY 500 OHM 125VDC
(RIBR2 OMITTED)

—p 4 | POS.D.C.INPUT
t ;lol 45VDC—— VOICE ADAPTER(NORMAL "
i IGROUND JUMPER TOPIN7 IF V. A.

1S NOT USED
L_J

WIRING DWG.= 6705D83— 48V

POWER SUPPLY

6705084125V

6705N82

ey, 10 Wattil Watt/10 Watt Transmitter.

10
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Fig. 5. Component Location of Buffer Keying Circuit Board A
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2 B 0 s

3512A21
Fig. 6. Component Location of Buffer"Keying Circuit Board B
TRUTH TABLE-3FREQ WITH VOICE
LOGIC FOR 3 FREQ WITH VOICE INPUT IKEYING OUTPUTS
TT UN
osc il IR Bl IRl | 3 2
125V 5 5
UNBLOCK P FREQSHIFT
{ggy —-w D B
TRANSFER[ 125V -
43V o GUARD @
TRIP [28v< w n -1 70 BOARD"B" o o 0 0 0 ° 0 ° ;
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TCF 3—FREQUENCY OPERATION

RECEIVER CHARACTERISTICS
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Fig. 9. Three Frequency Operation — Receiver Characteristics
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Fig. 10. Receivers Logic Diagram — 3 Frequency Operation for Direct Transfer Trip and Unblock Relaying
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INSTALLATION

Westinghouse 1.L. 41-94545€C
OPERATION e MAINTENANCE

INSTRUCTIOMS

TYPE TCF POWER LINE CARRIER FREQUENCY, SHIFT
RECEIVER EQUIPMENT FOR DUAL

PHASE-COMPARISON CARRIER RELAYING

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
tripping over.

APPLICATION

The TCF Receiver described is for use with the
SKBU Dual Phase Comparison relay. The TCF
frequency-shift receiver equipment asgadapted for
dual phase comparison applications {reSponds to
carrier-frequency signals transmittgd“fromefthe dis-
tant end of a power line andgcarried on the power
line conductors. The space frequency®™s 100 hertz
above the center frequency of the “@hannel (which
can be selected within thelrangepof 30 kHz to 300
kHz), and it is transmitted cenpinuously when no
information is to be conveyedhover the channel. Its
reception indicates that “thedchannel is operative.
The Mark frequencyfis4100 hertz below the channel
center frequencys Phase/comparison information is
conveyed oveér the ‘@hannel during load current flow
or fault conditions. The transmitter at each end of
.the channelWis switched at a 60-Hz rate between
space and mark®So as to produce at the receiving
end the desired operation of the SKBU relay.

CONSTRUCTION

The*TCF receiver unit for Dual-Phase-Comparison
applications is mounted on a standard 19-inch wide
panel 10% inches high (6 rack units) with edge slots

SUPERSEDES I.L. 41-945.558, dated May 1972

*Denotes change from superseded issue.

for mounting on a standard ‘relay rack. All com-
penents are mountedgat;the Tear of the panel. An
input attenuator and®af’jack for metering the dis-
criminator output current;” are accessible from the
front of the panely See Fig. No. 14.

All of the eircuitrypthat is suitable for mounting on
printed ciseult@boards is contained in an enclosure
that projectsmfrom the rear of the panel and is
ac@essiblé by opening a hinged door on the front of
the panel Other components on the rear of the panel
areylocated as shown on Fig. No. 6. Reference to the
internal”schematic connections on Fig. 1 will show
the [ocation of these components in the circuit. 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
board 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 dual phase-
comparison relaying utilize all compartments if a
carrier level indicator is provided. If this is omitted,
the compartment on the extreme right, front view, is
left vacant.

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
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
circuit.

A board extender (Style No. 644B315G01) is avail-
able for facilitating circuit voltage measurements
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
EFFECTIVE APRIL 1976




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 regulated
20 VDC supply, and the remainder from a regulated
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 posi-
tive 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 12 terminal 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 receiver responds are
received through a coaxial cable connected to jack
J2 of Fig. No. 1. Resistor R4 and 20-volt Zener
diodes CR1 and CR2 protect the receiver from ab-
normally high voltages received through the coaxial
cable. Input attenuator R5 reduces the signal tos&
level suitable for best operation of the receiven
The attenuator is adjustable from the front of@he
panel and can be clamped at the desired setting. A
scale on the panel is graduated in db. While this
scale is typical rather than individually calibrdted,
it is accurate within one or two db. and i$ useful in
setting approximate levels. Settings Shouldybe imade
by observation of the db. scale of @ suitable a-c
voltmeter when possible.

L-C Filter (Wide Band)

From the attenuator, the signalpasses through an
L-C filter, FL201. This filter#has a relatively wide
pass band, and frequencies several kHz above or
below the center ffequency(fc) of the channel are
greatly attenuated. Fig. 4 shows a typical curve for
the L-C filter, as well asfa characteristic curve for
the immediate frequen€y filter, FL2 and for the
discriminator output. This apparently wide band-
width is necessarypto achieve high speed relaying
by minimizing channel delay.

Oscillatortand*Mixer

Frem the input filter, the signal enters the oscil-
latonyand’ mixer stage of the receiver. Crystal Y11,

TYPE TCF POWER LINE CARRIER FREQUENCY SHIFT RECEIVER EQUIPMENT

transistors Q12 and Q13, or IC201 (Fig. 16) and
their associated resistors and capacitors, coms=
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 transformer T11 to potentiometer R12, and
the later is adjusted to feed a suitable input ‘to the
base of mixer transistor Ql11. The ofitput of FL1 is
impressed on the emitter-colleetor“eircuit of Q11.
As a result of mixing these twoWfrequencies, the
primary of transformer T12 will coentain frequencies
of 20kHz, 2fc + 20kHz, fc + 20kHz)and fc.

If Amplifier

The output from the fseca@ndary of T12 is amplified
by Q31, in the intermediate frequency amplifier
stage, and is impressed’ on filter FL2. This is a
two-sectiongfilter,fwith both filters contained in a
common case.ts ‘pass band is centered at 20kHz.
Since its paSsband is narrower than that of the
input filter, “its eliminates the frequencies present

at its“input that are substantially higher than 20 kHz.

Amplifier and Limiter

Thé output from the second section of the IF ampli-
fier.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
(15 mv.) at J2 and with R5 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 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 fc
hertz. The adjustment for zero output at fc hertz is
made by capacitor C88. C83 also is adjusted to
maximum voltage reading across R84 when the
current output is zero. Maximum current output, of
opposite polarities, will be obtained when the fre-
quency 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.)

It should be observed that although the space fre-
quency is fc + 100 hertz, after leaving the mixer
stage and as seen by the discriminator the space
frequency is 20 kHz-100 hertz. Similarly, the mark

A
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frequency is 20 kHz + 100 hertz. The intermediate
frequency at which the discriminator has zero output
then is 20 kHz. 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 Q81 and Q82 in such manner that Q82
is made conductive when current flows out of ter-
minal 4 (which occurs with mark output) and Q81 is
made conductive when current flows into terminal 4.
Consequently, terminal 15 is at a potential of ap-
proximately + 20 volts at space frequency and ter-
minal 11 is at + 20 volts at mark {requency.

Output Circuits

The output circuit consists of two printed circuit
boards: the output hoard and the noise board.

The output board consists of two output transistors
(Q102,Q104) and two driver (Q101, Q103) transistors
for the space and mark outputs which are driven by
the discriminator space output (Figure 3). The mark
and space outputs are mutually exclusive exc

when there is a loss of channel (C.L.I1.) or an oufpu

from the noise circuit, at which time bot tpu
appear. Q
The mark and space outputs appear t h 'hen
transistors Q101 and Q103 are turned % cur-
rent through resistors R106 and RI111 noise
output current flows from Q187 11 through

R116 and D105 into R106.an R11 the carrier

level indicator output is loa gh R118 and
fed through R117 into RIOSﬂ 1.

The inversion of the N space outputs is
accomplished through fthe function from Q101
to Q103, through Rl 09, R110, D-102 and

D103. Diodes D1 3 are provided tosupply
the base of Q102.

isolation fro e
The noi (;\etects an unsatisfactory noise

e
u

he géceiver signal when shifted at a

is is done by detecting the error in

discriminator output of the receiver. The noise out-

put should appear at approximately a 3-db signal-to-

ngise ratio measured in a 1000-Hz bandwidth in the

he TCF receiver shifted between + 100 Hz of
enter frequency, there is a 0.5 millisecond period
when neither output of the discriminator appears.

This gencrates a pulse from the negate
A. The information from these pulse
formed through a pulse integrator to
which will trigger a Schmitt trigger w

voltage
exceeds
a predetermined value which indicates an intolerable
noise condition. P

With reference to Figure iscriminator outputs

are fed through R182 3 into transistor Q181.
A lack of discriminat ut will permit a flow of
current into capaci 31 through resistors R184,

R185 and CR181..D 181 will blockthe charge
on capacitor C181 owing into transistor Q181;
capacitor C18 y y discharge through R186 and
R187. Whe tage across resistor RI87 is
enough t ver e the potential needed to turn
transis Q on, then transistor Q183 is turned
off, and oltage across R189 will drop propor-
el the ratio of R188 and R190 causing a
e voltage requirement to turn on transistor
Transistor Q184 will be turned off as a result

transistor Q183 turning off, and transistor Q185
ill¥ be turned on as a result of transistor Q184

turning off. Transistors Q186 and Q187 will turn
on together with Q185 giving a noise output. The
Schmitt trigger is composed of transistors Q182
and Q183.

Carrier Level Indicator

The noise logic takes care of the situation when the
channel fails suddenly and completely. However, a
measurement of signal strength is desired for provid-
ing an indication when the signal has weakened
seriously but has not reached the point of complete
failure.

The carrier level indicator is housed in the right-
hand compartment of the enclosure that contains the
circuit boards. Figure 1 shows the connections of
this circuit board and also the external connections
of the board.

The r-f input to the carrier level indicator is taken
from the collector of Q151, the first transistor in
the amplifier and limiter stage. The input, which
varies approximately as the signal at the receiver in-
put, is amplified by Q151 and Q152. Diodes D151 and
D152 together with capacitors C157 and C158 establish
a dc voltage across C158 that controls the conductiv-
ity of Q153. The base current of Q153 together with
the current through R164 may be measured (see
Figure 5) by a milliammeter (supplied separately )
located at a point convenient for observation. This
current may also be metered at the receiver by means
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of jack J151 on the printed-circuit board. Thermistor
R166 with its associated resistors, and sensistor
R152 provide compensation to minimize the variation
of the metered current with ambient temperature.
When Q153 becomes conductive, it supplies base
input to Q154 to turn it on and energizes an alarm
relay AL (when supplied) or its equivalent resist-
ance R118 (2.2K). When the signal at the input of
the receiver drops sufficiently, the AL or low-
signal indication will drop out. This signal level
is determined by the setting of R156 in the emitter
of Q151.

The input to the carrier level indicator is not greatly
affected by frequency variations within the pass-
band of the input filter and the I.F. filter, but
mainly by the level of receiver input signal.

Fig. 5 is typical of the variation of the carrier level
indicator current with the receiver input level. With
space signal being received, the signal level just
below which the discriminator space output drops to
zero is the minimum operating level of the receiver.
The CLI alarm should clamp the output of the re-
ceiver into both a mark and space output 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 CLI (by means of R156) to drep
out at a signal 5 db. above the minimum operating
level. Fig. 5 shows that with such settings g#he
carrier level indicator current would be approxi-
mately 2.5 ma. with the normal input signali¥ The
CLI alarm would be energized when the indicator
current dropped to slightly less then 0.75_ ma.

Power Supply

The regulated 20 V.D.C. and 45 &/.D.C. “circuits of
the receiver are supplied from Zener diodes mounted
on a common heat sink on gherear of the panel.
Resistors (R2, R3) of suitabledvalue are connected
between the station batterypsupply and the 45 volt
Zener to adapt the greceider for use on 48, 125 or
250 V.D.C. batteryeircuitsd The receiver is con-
nected to the external ‘Supply through a switch and
fuses, and a pilot light indicates whether the D.C.
circuits are energized. Capacitors C1 and C2 bypass
r.f. or transient voltages to ground. Chokes L1 and
L2 isolate ,thedreceiver from transient voltages that
may appeareon‘the D.C. supply.

CHARACTERISTICS

Frequency range

Sensitivity (noise-
free channel)

Input Impedance

Bandwidth (L-C
filter

Operating time

Frequency spacing
For two-way channel

Ambient temperature
range

30-300 kHz

0.015 volt (55 db below™ @
watt for limiting)

5000 ohms minimum

down < 34db at, #£800 hertz
down > 30dbyat 6000 hertz

4 ms. ¢hannel, (transm. and
receiwer)

3000 hértz minimum between
transSmitter and adjacent re-
ceiver frequencies.

—20°C to 4+55°C temperature
around chassis.

Battery voltage
variations
Ratéd voltage Allowable variation
48 Vab.C. 42 — 56 V.D.C.
125 W%.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 Panel height-10%2’’ or 6 r.u.
Panel width — 19"’
Weight 13 lbs.
INSTALLATION

The TCF receiver is generally supplied 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, 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 malfunctioning. Such
adjustments are: frequency and output level of the
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oscillator and mixer, input to the amplifier and
limiter; frequency spacing and magnitude of dis-
criminator output peaks. The adjustment that must
be made at time of installation is the setting of
input attenuator R5. The input attenuator adjust-
ment is made by a knob on the front of the panel.

The receiver should not be set with a greater margin
of sensitivity than is needed to assure correct opera-
tion with the maximum expected variation in attenu-
ation of the transmitter signal. In the absence of
the transmitter signal. In the absence of data on
this, the receiver may be set to operate on a signal
that is 25 db below the expected maximum signal.
After installation of the receiver and the correspond-
ing transmitter, and with a normal space signal
being received, input attenuator R5 should be adjust-
ed to the position at which the receiver clamps into
both mark and space outputs. R5 then should be
readjusted to increase the voltage supplied to the
receiver by 20 db.The scale markings for R5 permit
approximate setting to be made 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. With this setting, a 20 db drop in
signal will drop out the carrier level indicator logic
to lock the output in both mark and space whilepthe
receiver is still 5 db above its dropout.

FACTORY ADJUSTMENTS

In case the factory adjustments have/beenpaltered
or there is evidence of damage or malfuncgtioning,
then the following procedures canbg usegd.

Potentiometer R12, where applicable, In the oscil-
lator and mixer should be ,set“for 0.3*Volt, measured
with an a-c VTVM conneeted between TP11 and
terminal 18 on the circuit™soarde(ground terminal of
voltmeter). A frequency €ounter can be connected to
the same points for ageheckw®on the frequency, which
should be 20 kHz aboye the channel frequency. The
frequency is fixed, byath€ crystal used, except that
it may be ghanged@a few cycles by the value of
capacitor{ C126" Reducing C12 increases the fre-
quency, but“the cdpacity should never be less than
a value that inSures reliable starting of oscillation.
The frequency at room temperature is usually sev-
eral cycles§pabove the crystal nominal frequency
as “bhis reduces the frequency deviation at the
temperature extremes.

The "adjustment of the amplifier and limiter is made
by potentiometer R52. An oscilloscope should be

1.L. 41-945.565C

connected from the base of transistor Q%4 to“ter-
minal 18 of the limiter. With 10 mv. of.spacedfre-
quency on the receiver input (R5 at zer®), 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.

The Carrier Level Indécatorgadjustment is set by
the control R156 on the Clyl m@dule. The procedure
is as follows:

1. Set input attenuator RS fo 0.
Remove noise deteetor board.
With 18 mv. ofgyspace frequency applied, adjust
R156 until the, receiver just clamps into both
space and, mark outputs. This indicates that
the CLI'has Jjust dropped out.

Adjustment®®f the discriminator is made by cap-
acitors, C83 and C88. Apply to the receiver input a
10, mwmy )signal taken from an oscillator set at fc
Hertz,(R5 at zero.) Connect a 1.5-0-1.5 milliammeter
Inythe circuit at J1 and a VIT'VM across R84. Adjust
C88 for zero current in the milliammeter and C83 for
maximum voltage across R84, rechecking the adjust-
ments alternately until no further change is ob-
served. Remove the VTVM from across R84 and ob-
serve the milliammeter reading as the oscillator
frequency is varied. Positive and negative peaks
should occur at fc + 100 Hertz and fc- 100 Hertz,

An alternate method of adjusting the carrier level
Indicator and the input attenuator R5 in the field
is described below. However this should be done
only if there is doubt that the carrier level in-
dicator is set wrong. Normally the only field
adjustment necessary is that of R5 described under
previous section ‘‘adjustments’’.

1. With a normal guard signal being received,
connect an oscilliscope from the base of Q54
(probe) to terminal 18 (shield lead) of the am-
plifier-limiter board.

2. Set input attenuator R5 for the start of clipping
(flattening of 20KHz signal peaks).

3. Note the R5 dial reading in dB, then reduce the
attenuation by 5dB.

4. Set R156 on the carrier level indicator (CLI)
board just to dropout. This is accomplished by
first turning the screw-driver control of R156
clockwise until at least 2 ma. current is in-

dicated on the associated milliammeter, then
backing off until the receiver clamps into both
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space and mark outputs. This indicates that the
CLI has dropped out which occurs at approxi-
mately 0.75 ma.

5. Reduce the R5 dial reading by another 10 dB and
tighten the locking screw. With this setting,
the CLI current will be between 2.5 ma and
2.75 ma.

With the foregoing receiver setting, a 10 db drop in
receiver signal will drop out the CLI for low signal
indication while the receiver limiter still has a
margin of 5dB before it drops out of saturation
(clipping).

In case a check is desired of any of the delay
times of the receiver (such as channel time), 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 deteriora-
tion and permit 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 R5. A change in operating margin from the
original setting can be detected by obsepwing\the
change in the dial setting required to drap outjthe
alarm relay. If there is a substantial @eduetien in
margin, the signal voltage at the ,receiver input
should be checked to see whethentheWreduction is
due to loss of signal or loss of recelver sensitivity.

All adjustable components on“the gprinted circuit
board are accessible whengthe’door on the front of
the panel is opened. €An offset/ screwdriver would
be required for adj@stingghR12.) However, as des-
cribed under ‘‘CONSTRUCTION’’, any board may
be made entirely ‘dQecessible while permitting elec-
trical operation by using board extender Style No.
644B315G01. This permits attaching instrument
leads to the various test points of terminals when
making volpage, oscilloscope or frequency checks.

It is advisable to record voltage values after ad-
justmént™=in) order to establish reference values
whieh will be useful when checking the apparatus.
TheWreadings will remain fairly constant over an

indefinite period unless a failure occurs. However,
if transistors are changed, there may be consider=
able difference in these readings without the overallk
performance being affected.

Typical voltage values are given in Table I and II.
Voltages should be measured with a VTVM."Some
readings may vary as much as * 20%j4

TABLE#
RECEIVER D-C MEASUREMENTS

Note: All voltage readings, taken with ground of d-c
VTVM on terminal 94(neg. d.c.). Receiver adjusted
for 15 db operating@margin?with Guard signal down
50 db. from 1 wattyand®Erip signal down 40 db. Un-
less otherwisel indicated, voltage will not vary
appreciably. whethersignal is Guard, Trip or zero.

Collector ‘of Volts
Transistor (+)

Q11 <13

Q12 15 (Mark or Space)

Q13 15 (Markor space)
@31 2.5

Q32 2.5

Q51 11.5

Q52 12

Q53 15.5

Q54 2.5

Q81 < 1 (No Sig. or Mark)
Q81 19.5 (Space)

Q82 < 1 (No sig. or Space)
Q82 19.5 (Mark)

Q101 < 1 (No Sig. or Space)
Q101 20 (Mark)

Q102 20 (No Sig. or Space)
Q102 < 1 (Mark)

Q103 20 (No. Sig. or Space)
Q103 < 1 (Mark)

Q104 < 1 (No Sig. or Space)
Q104 20 (Mark)

Q181 34 (No Signal)

Q181 < 1 (Space or Mark)
Q182 < 1 (No Signal)

Q182 20 (Space or Mark)
Q184 45 (No Signal)

Q134 20 (Space or Mark)
Q185 < 1 (No signal)

Q185 45 (Space or Mark)
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Collector of V olts
Transistor +)
Q186 20 (No Signal)
Q186 < 1 (Space or Mark)
Q187 < 1 (No Signal)
Q187 20 (Space or Mark)
Q151 6 (No Signal)
Q151 6 (Space)
Q152 9.8 (No Signal)
Q152 10  (Space)
Q153 < 1 (No Signal)
Q153 19  (Space)
Q154 45 (No Signal)
Ql54 < 1 (Space)
TABLE |l

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.

Collector of Volts at
Transistor 10 watts'
Q32
Q51 .
Q52 .65
Q53 242
Q54 475

FILTER RESPONSE4MEASUREMENTS

The L-C input filter ((FFL-201) and the IF filter
(FL-2) are in sealed containersyand repairs can be
made only by the faetory.“®™The stability of the
original response characteristics is such that in
normal usuage, nog@appreéiable change in response
will occur. HowevVerd the test circuits of Figure 15
can be used InfecaSeytliere is reason to suspect that
either of the filtersyhas been damaged.

Figure 43shows thie -3 dB and -35 dB checkpoints
for the IF filters, and the -3 dB 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
se€tion for identical frequencies. The scale of

1.L. 41-945.55C

Figure 4 was chosen to show the IF filtepresponse,
which permitted only a portion of the input filter
curve to be shown. The checkpointsgfor the pass-
band of each section of the IF filter ‘are down 3 dB
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 for each section. The signal generator voltage
(Figure 15) must be held q@enstant throughout the
entire check. A value,of T.84V0lbs is suitable. The
reading of the VM2 atWQthe fs€quency of minimum
attenuation should netmbe “more than 22 dB below
the reading of VMIL.(It sgshowld be noted that a limit
measured in thisqmanner’ is for convenience only
and does not indicateyactual insertion loss of the
filter. The insertion loss would be approximately 16
db less then theWmeasured difference because of the
input resistomand the difference in input and output
impedancCeshof the filter.

In testing the L-C filter, a value of approximately
25,V is suitable for the constant voltage at which
toGhold VM1 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 13 dB below the reading
of VM1. (The filter insertion loss is approximately
6 dB 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 L-C input filter (FL201), a new local
oscillator crystal (Y11) and probably a different
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 can-
not be made. After the crystals have been procured
and the filter has been completed, it is recommend-
ed that the receiver be returned to the factory for
the conversion and for complete test and adjustment.
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. A-C vacuum Tube Voltmeter (VTVM). Volt-
age range 0.003 to 30 volts, frequency range
60 Hz to 330 kHz, input impedance 7.5
megohms.

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

1.5 to 300 volts
7.5 megohms

Voltage Range:
Input Impedance:

c. Milliammeter, 0-3 range (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:
Frequency Range:

up to 8 volts
20-kHz to 330-kHz.

c. Oscilloscope
d Frequency counter
¢. Ohmmeter

f. Capacitor checker

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

were replaced with silicon transistors’

due to the nature of silicon transistors, esistor
values in the circuits had to be c in order to
correctly bias these transistors. T orevthe tran-

1 pin basis

transistor on
check the sche-
see if the location
has additional com-

older sets using germani
matics on the followi

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

L 4

RENEWAL

Repair work can be done most satisfactorily at the
factory. However, replacement can be furnish-
ed, in most cases, to cust ho are equipped
for doing repair work. ring parts, always
give the complete n data, the electrical
value, style numbemyand “identify the part by its
designation on the e Schematic drawing.

N
XN
R

1

N UM

ment can only be made by the same designation tran-
sistor or the additional component changes must
also be made. It should be pointed out that the
modules containing the silicon transistors are com-
pletely interchangeable with the modules containing
germanium  transistors. Therefore, there is no prob-
lem 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 ger-
manium transistor modules. The new modules have
the same style numbers as the old germanium tran-
sistor modules they replace.
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RECEIVER
INPUT

OSCILLATOR AND MIXER
—_

_ _l3ncieisol

DISCRIMINATOR OUTPUT

R85

D82
>
.

cB2

R82

NOTES:

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

V¥-Ci2 RANGE 4 TO 390 PF AS REQUIRED BY
FREQUENCY AND CRYSTAL CHARACTERISTICS.

®-Cl6 RANGE 22 TO 100 PF AS REQUIRED BY
FREQUENCY AND CRYSTAL CHARACTERISTICS.

O=YIl RANGE 30 TO 200 KHZ.

D=ONE OR TWO CAPACITORS AS DETERMINED
IN TEST.

#=MOUNTED ON LARGE HEAT SINKS
@=COMMON TERMINAL

*Fig. 1 Internal schematic of the type TCF receiver under 2|
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Fig. 3 Logic Diagram of Output Circuit
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Fig. 4 Filter and discriminator characteristics
of the type TCF receiver
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* Fig. 5 Typical curve of the carrier level indicator
current vs. receiver margin above minimum
operating level.

Fig. 6 Component locations on the type
TCF receiver panel
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% Fig. 7 Component locations on the oscillator

and mixer printed circuit board.

* Figi 84Component locations on the I.F.
amplifier printed circuit board.
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* Fig.49. ‘Component locations on the amplifier

14

and limiter printed circuit board.

* Fig. 10 Component locations on the discriminator

printed circuit board.
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* Fig. 17. Component Location 200.5 to 300 kHz oscillator mixer board.
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ANPLIFIER 6 LIMITER-410CI63GOI

ELECTRICAL PARTS LIST FOR FIGURES 1 AND 2 (Cont'd)

NOISE DETECTOR-202C500G02

] CO.'PONENT STYLE REQ REF COPONENT STYRE REMN REF
TRANSISTOR TRANSISTOR
Q51-Q52-Q53-Q54 849A441HO3 4 2N4249 9181-9182-0183 1h841638H19 3 2M699
3184-Q185-5187 8191441HO1 3 2N3645
Q186 8481851H02 1 2N3417
RESISTOR
R66 187A290H21 1 ]680 12W 5%
R55 187A290H11 1 ]270 12W 5%
R70 184A763H11 1 2200 12W *5% RESWS TOR
R72 184A763H15 1 3300 12W 5% ?181-81912R196-R196-R199 184A763HS1 S 110K, -1/2W.$5%
R65 184A763H23 1 | 6800 12W *5% R182=R183 1844763467 2 lazx . 1/2u 5%
R59 184A763H31 1 ] 15K 12w +5% R184 -1342763H58 1 120K, 1/24.+5%
R54-R62 184A763H35 2 22K 12W +5% R18S 134A763H47 1 |68 K-1/2W.%5%
'R64—R68 184A763H37 2 127K 12W 5% RA'BbL 62925314728 1 182k, 1/20.22%
R51-R57—-R61-R67 184A763H43 4 47K 12W *5% R187-R1931 _£29A531H60 2 sk, =1720,52%
R56 184A763H51 1 | 10K 12W 5% 148 184A763H53 1 2k, 1/2u,+5%
R69 184A763H57 1 | 18K 12W 5% R189 134A763H17 11390 1/2W,#5%
R53-R58. 184A763H61 2 | 27K 12W +5% =190 134A763H69 1 |S6K, 1/24,+5%
R63 184A763H63 1 ] 33k 12w &5% 7192 138A763H59 1. [22K, 1/2W,+5%
R71 §29AS81H04 1 ] 6sA 172w 2% R195-R198 184A763H47 2 16.8K 1/2ul, 5%
R60 184A763H09 1 ]1800 12Wp+5% R197 134A763H69 17]56K, 1/2UW,+5%
R73 629A53IH02 | 1 ]560 12w 22% 7200 7624679401 1 [1s0 3
CAPACITOR
C54 187A584H 15 1 1300MMEF. 500V. CAPACITOR
C51-€52-C56-C58-C59 187A624H02 5 4N.25MED. 200V. 18l-C182 1872624H04 2_|14FD 200 v OC
C53-C55-C57 "187A624H0 1 3 | 0\IMFD. 200V.
C60 187A624H04 19}, 1.0MFD. 200V.
ZENER DIQCE
DIODE 7182 862A288H01 1 [iIN3688A
D51-D52-D53 184A855HQ7 3 IN457A
D 10DE
POTENTIOMETER D181-06183 8374692H03 IN64SA
RS2 629A645H04 1 1K
OUTPUT-202C4938GOI IF ALPLIFIER-410CIG2GOI
CCPONENT STYLE REQ REF COPONENT STYLE REQ REF
Q101-g103 8481851H02 2 | amy TRANSISTOR
0102-Q104 849A441HO1 2 2N3645 Q31-Q32 849A441H03 2 2N4249
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RESISTOR RESISTOR
101 -R104-R109-R113 184A763HS1 4 |10k, 1/24, S% R34-R41 187A290H21 2 680 12W 5%
R102-R105-R114 629A531H78 3 | 82K, 1/2W, 2% R36 184A73H 15 1 3300 12W *5%
| R103-R112 1344763H47 2 6.8k, 1/2W, 5% R33-R40 184A763H23 2 |6800 12W 25%
R106-R111 184A763HAS |2 §.bK, 1724, 5% R38 184A763H27 1 1K 12W *5%
R107-R115 7620A679H01 2 150 3W R31-R37 184A763H39 2 3.3K 12W +5%
| Rr108 1840763H67 1 | 47K, 1/2W,+5% R35-R42 184A763H51 2 10K 12W *5%
R110 1840763H63 1 33K, 1/2W.*5% R32-R39 184A763H59 2 22K 12W *5%
R116-R117 134A763HS9 2 | 22k, 1/2W, 5% '
R118 7630127011 1 2.2K, 34, 5%
CAPACITOR
C31-C32-C33-C35 187A624H02 4 25MFD. 200V
C34 187A624H04 1 1IMFD. 200v.
C36 762A757H01 1 100 Pf.
010Dt
5101-0102-C103-D104-C105 8370692H03 S 16450
FILTER )
FL2 762A613G01 1
ZEMER DICGCE
p106-0107 862A288H01 2 1136884
OTHER-THIS DWG. SEE SHEET |I.
COMPONENT STYLE REQ FF.
RESISTOR
Rl 1202587 | ]1400,25\/,25%
R2 04DI299H%4 | 26.5,40\1, 5%
R2 1202499 | 150, 4CX L, 5%
R3 1202499 | 150, 40\, £ 5%
R4 187AG431103 | 100, I\/, 2 5%
R6 1I84AT6E3HSI | 10K, I/2\VL,+ 5%
R8 1202537 | §400,25\V/,2 5%
POTENTIOMETER
RS 1865A086HI10 | 0-10K,2\Y,2 10%
CAPACITOR
Cl-c2 1877962 2 | O.5MFD,IS00V
Z ENER,DIODE
Z (IN2828B) 164 AB54H05 | | 45V,50%,35%
Z2-23 (IN2934B) 7G2A631HOI 2 | 20V,10V, £ 5%
Z4-25 (IN3027A) 188A302H0O7 2 ] 20V, IVW,*10%
TELEPHONE JACK
Ji 187A606HOI |
CONNECTOR
J3 187A336 HO3 | 12 TERS.
CRYTAL FILTER 3% |
%= PER S.0.

j g



Westinghouse 1.L. 41-945.56B
INSTALLATION o OPERATION e MAINTENANCE

INSTRUCTIOMNS

TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT
RECEIVER EQUIPMENT - STU-UNBLOCK

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
before swinging out the equipment rack to prevent
its tipping over.

APPLICATION

The TCF frequency-shift receiver equipmentmpas
adapted for STU-Unblock applications respénds /to
carrier-frequency signals transmitted from the 4dis-
tant end of a power line and carried on the power
line conductors. The block signal is tsansmitted
continuously when conditions are normal. Its‘tecep-
tion indicates that the channel is operative’ and
that there is no fault in the protected €quipment.
The block frequency is 100 hertz, abovedthe center
frequency of the channel. When @ fault, occurs at the
distant end of the powel,diney protective relays
switch the transmitter locatedythere to an unblock
frequency, 100 hertz below the“center frequency,
and also increases the pewer/ output of the trans-
mitter (from 1 watt tod0 watts).

CONSTRUCTION

The TCF regéiver, unifyfor STU Unblock applications
is mounted on & stamdard 19-inch wide panel 10%
inches high (6. rdack units) with edge slots for
mounting on a standard relay rack. All components
are mounted at the rear of the panel. An input
attenuator an@ a jack for metering the discriminator
output) current, are accessible from the front of the
panély,See Fig. No. 22.

All of the circuitry that “is, suitdble for mounting
on printed circuit boardsy is“Weontained in an en-
closure that projects from/theprear of the panel and
is accessible by openingla hinged door on the front
of the panel. Other components on the rear of the
panel are located asishown on Fig. No. 6. Reference
to the internalf{schématic connections on Fig. 1 will
show the location of these components in the cir-
cuit. Thegdotted lines enclosing separate areas of
Fig. 4l indicate that the components thus enclosed
are allonthe®Same printed circuit board.

Thémenclosure that contains the printed circuit
beard, is "divided into seven compartments. The
partitions between compartments together with the
outer™ walls of the enclosure provide complete
shielding between adjacent boards and from external
fields.

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 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 circuit.

A board extender (Style No. 644B315G01) is avail-
able for facilitating circuit voltage measurements
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
components and test points on the board are readily
accessible.

A portion of the receiveroperates from a regulated
20 VDC supply, and the remainder from a regulated
45 V.D.C. supply. These voltages are taken from
two Zener diodes mounted on a common heat sink.

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 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.

SUPERSEDES |I.L. 41-945.56A, dated Oct. 1974

Denotes change from superseded issue.

EFFECTIVE NOVEMBER 1977




TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

CHARACTERISTICS
Frequency Range 30kHz — 300kHz

Sensitivity For crystal filter (narrow band)
(noise-free 0.005 volt = 65dB
channel) below 1 watt for limiting

For L-C filter (wide band)
0.015 volt =55dB
below 1 watt for limiting

Input Impedance 5000 ohms minimum

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

L-C filter (wide band)

Down < 3dBat 600 Hz B.W.

Down > 40dB at 2000 Hz B.W.

Discriminator 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 afnd
Receiver)

Operating Time

Frequency spacing
A. Fortwo or
more signals

Narrow Band

500 Hertz minimum
Wide Band

1000 Hertz minimum

over a one-
way channel

Narrow Band
1000 Hertz,minimum
Wide Band
2000 Hertz Ménimum
Ambient temperature -20°C__ton+556°C temperature
range arodndhassis.

B. For two-way
channel

Battery voltage variations

Rated voltage Allowable variation

48 V.D.C. 427 56 V.D.C.
125 V.D.C. 105-140 V.D.C.
250 vV.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 Panel height - 10%’’ or 6 r.u.
Panel width - 19"’
Weight 13 lbs.

INSTALLATION

The TCF receiver is generally supplied 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, 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 evidéneée of damage or malfunction-
ing. Such adjustments are: frequency and output
level of the osgillatoryand mixer; input to the am-
plifier and, limiter; discriminator offset from center
frequency, . frequeney spacing and magnitude of
discriminator) output peaks. Adjustments that must
be made atatime of installation are: setting of input
attenuatorfyR5; adjustment of R156 on the carrier
leved indicator (if supplied) io operate the alarm
at “the desired input level. The input attenuator
iSymade by the knob on the front of the panel. A
sgreww driver adjustment of a potentiometer at the
frent’ and top of the printed circuit board sets the
point at which the level indicator alarm operates.

The receiver should not be set with a greater margin
of sensitivity than is needed to assure correct
operation with the maximum expected variation in
attenuation of the transmitter signal. In the absence
of data on this, the receiver may be set to operate
on a signal that is 15 db below the expected maxi-
mum signal. After installation of the receiver and
the corresponding transmitter, and with a normal
block signal being received, input attenuator R5
should be adjusted to the position at which the
low signal alarm drops out. R5 then should be read-
justed to increase the voltage supplied to the
receiver by 15 db. The scale markings for R5 permit
an approximate setting to be made but it is prefer-
able 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 output
and diode D84 in the discriminator is not bypassed
(see discussion under OPERATION-Discriminator),
the transmitter should bekeyed to unblock,transistor
Q103 should be kept non-conducting by connecting
a short clip lead across R128, and R5 should be
adjusted to the position at which the trip (unblock)



TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

output just picks up. R5 then should be readjusted
for a 15 db increase in receiver input, and the jump-
er across R128 should be removed. If D84 is by-
passed the input levels at which the Low signal
and trip (unblock) output voltages just appear will
be approximately the same, and the low signal
minimum operating point can be used as reference
for arriving at the R5 setting, as described in the
preceeding paragraph.

If the receiver has a carrier level indicator, the
procedure for setting R5 is somewhat different. Turn
R156 to maximum clockwise position and adjust R5
to the position at which the low signal just drops
out. At this point the signal has been attenuated to
the point that the discriminator no longer has block
output although it still would be sufficient to pro-
duce output from the carrier level indicator, and the
base input to Q154 on the carrier level indicator
is diverted to negative through Q103 on the logic
circuit board. (Note that a milliammeter reading at
J151 has no significance at this abnormal setting
of R156). Then readjust R5 to increase the input
signal by 5 db and adjust R156 to the position at
which the low signal again drops out. Again read¢é
just R5 to increase the signal by an additional 10
db and clamp the knob in this position.

Potentiometer R12, where applicable, ifpthe“oscil-
lator and mixer should be set for 0.3 volt, measured
with an a-c VTVM connected betwegn TR11" and
terminal 18 on the circuit board (ground germinal of
voltmeter). A frequency counter ¢an bg“eonnected
to the same points for a chéck on the frequency,
which should be 20kHz above the“@hannel frequency.
The frequency is fixed by th€ \crystal used, except
that it may be changed a few, cycles by the value of
capacitor Cl12. ReducingwCIl2yfincreases the fre-
quency, but the capacity should never be less than
a value that insures_geliablefstarting of oscillation.
The frequency ati| room) temperature 1is usually
several cycles ‘above,the crystal nominal frequency
as this reduces ‘the frequency deviation at the
temperature extremes.

The adjustment@f the amplifier and limiter is made
by potentiometer R52. An oscilloscope should be
connected from the base of transistor Q54 to ter-
minal 18 of the limiter. With 3 mv. of block frequency
@ngthe, receiver input (R5 at zero), for narrow band
receivers or 10 mv for wide band receivers, 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 atapproximate-
ly the same setting.

I.L. 41-945.56B

Adjustment of the discriminator is made“by .ap-
acitors C83 and C88. In order to offset the dis-
criminator by 25 Hertz in the Trip direetion, apply
to the receiver input a 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 £88 for zero current in
the milliammeter andC834for | maximum voltage
across R84, rechecking the, adjustments alternately
until no further change“is observed. Remove the
VTVM from across R84 amnd jobserve the milliammeter
reading as the oscillatoraffequency is varied. Posi-
tive and negative peaks should occur at fc + 75
Hertz and fc-125 Hertz, with the latter peak being
20% or 25%,owerdthan the former because of diode
D84 in the _Tripyoutput path.

In ¢ase a ¢heck is desired of any of the delay times
of the receiver (such as channel time), this can be
dene most” conveniently by means of an oscillo-
Seepe With a calibrated triggered sweep. A two-pole
toggley 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 deteriora-
and permit 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 R5.A
change 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. If there
is a substantail reduction in margin, the signal
voltage at the receiver input should be checked to
see whether the reduction is due to loss of signal
or loss of receiver sensitivity.

All adjustable 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, as des-
cribed under ‘‘CONSTRUCTION’’, any board may
be made entirely accessible while permitting elec-
trical operation by using board extender Style No.
644B315G01. This permits attaching instrument
leads to the various test points of terminals when
making voltage, oscilloscope or frequency checks.

It is advisable to record voltage values after ad-
justment in order to establish reference values
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which will be useful when checking the apparatus.
The readings will remain fairly constant over an
indefinite period unless a failure occurs. However,
if transistors are changed, there may be consider-
able difference in these readings without the overall
performance being affected.

Typical voltage values are given in Table I and II.
Voltages should be measured with a VTVM. Some
readings may vary as much as + 20%.

TABLE |
RECEIVER D-C MEASUREMENTS

Note: All voltage readings taken with ground of d<
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 (+)
Ql1 <13
Q12 15 (Block or Unblock)
Q13 15 (Block or Unblock)
Q31 2.5
Q32 2.5
Q51 11.5
Q52 12
Q53 15.5
Q54 2.5
Q81 < 1 (No sig. onTrip)
Q81 19.5 (Block)
Q82 < 1 (No sigworBlock)
Q82 19.5 (Unblock)
Q101 < 1 (No,sigmer Unblock)
Q101 7 (Bleck)
Q102 21, (No_signal)
Q102 < 1 “@Block or keyed unblock)
Q103 < A1 (No signal)
Q103 10 4(Block or keyed unblock)
Q105 400 (No signal)
Q105 < 1 (Block or unblock)
Q106 15 (No Sig. or Block)
Q106 < 1 (Unblock)
Q107 < 1 (No sig. or Block)
Q107 15 (Unblock)
Q108 45 (No sig. or Block)
Q1038 < 1 (Keyed Unblock)
Q111 15 (No. sig. or Unblock)

Q111 < 1 (Block)

Q151 6 (No signal)

Q151 6 (Block)

Q152 9.8 (No Signal)

Q152 10 (Block)

Q153 < 1 (No Signal)

Q153 i9 (Block)

Q154 45 (No signal)

Q154 < 1 (Block)

Q181 through Q184-:See trutinptable, in Fig. 3.

# — ““Keyed Trip’’ signifiesiminimum transition time

from Block to UnbloCk.

TABLE Il
RECEIVER), RF MEASUREMENTS

Note: Voltmeter“readings taken between receiver
input ,and Q82“are not meaningful or feasible be-
cause“of Wayeform or effect of instrument loading.
Receiver adjusted as in Table I.

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

RELAY MAINTENANCE AND
ADJUSTMENTS

When the AL relay is supplied its contacts should
be cleaned periodically. A contact burnisher
S#182A838HO01 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 readjust-
ment. If, however, the adjustments are disturbed in
error, or if it becomes necessary to replace some
part, the following adjustment procedure should be
used.
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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 contacts.
The relay should pick up at approximately 35 volts.

FILTER RESPONSE
MEASUREMENTS

The input filter (FL1) or FL201 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 Figure 23
can be used in case there is reason to suspect that
either of the filters hasbcen damaged.

Fig. 4 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 sectionsf
and was obtained by adding the attenuation ofg&ach
section for identical frequencies. The scalefof Fig.
4+ was chosen to show the crystal filter , respomnse,
which permitted only a portion of the “IE filter
curve to be shown. The check points forgthe“pass
band of each section of the latter arel‘‘downy, 3db
maximum at 19.75 and 20.25 kHz, and, for, the stop
band are ‘‘“down 18 db minimum at (19.00hand 21.00
kHz. The signal generator voltageWmust be held
constant throughout the entirel cheek. A value of
20 db (7.8 volts)is suitable.sTheyreading of VM2 at
the frequency of minimum“attenuation should not
be more than 22db beloWw the reading of VML. It
should be noted that a limit measured in this manner
is for convenciencefonly and does not indicate
actual insertiomy, lossfof the filter. The insertion
loss would be approximately 16db less than the
measured differemce because of the input resistor
and the difference i input and output impedances
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
clesemyvernier control. The oscillators used for
faetory testing have special modifications for this
use. A value of approximately 10db (2.45 volts) is
suitable for the constant voltage at which to hold
VM1 throughout the check. The reading of VM2 at

1.L. 41-945.568

the frequency of minimum attenuation will vary
somewhat with the channel frequencygbut sheuld
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 forgconverting a TCF receiver
for operating on a different|\éhannel frequency con-
sist of a new filter‘GF'L.201), a new local oscillator
crystal (Y11) and probably a different feedback
capacitor (C12), Because the wide range of channel
frequencies precludes maintaining a factory stock
of the variousWerystals, immediate shipment of the
filter and the, oscillator crystal cannot be made.
Aftefathe’ctystals have been procured and the filter
has ‘been, completed, it is recommended that the
preceiven bereturned to the factory for the conversion
and, form complete test and adjustment. However ,
if thejtime that the receiver can be out of service
must®be kept to a minimum, the conversion may
be made by customers who are eqguipped for this
work.

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 Hz to 330 kHz, input impedance
7.5 megohms.

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

Input 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
20-kHz to 330-kHz

Oscilloscope
Frequency counter
Ohmmeter
Capacitor checker

Milliammeter, 0-1.5 or preferably 1.5-0-1.5
range, for checking discriminator.

@ ™o a0
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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 electri
value, style number, and identify the part by
designation on the Internal Schematic drawi
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Fig. 1. a) Internal Schematic of the Type TCF Receiver for ST
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OSCILLATOR AND MIXER

L L1-L2

COMPONENT L STYLE | REQ. | REF.

TRANSISTOR

Q11-Q12-Q13 | 8494441H03 | 3 | 2N4249
RESISTOR

R15-R22 184A763H15 2 330() YW 45%

R14-R18-R19 184A763H39 3 3.3K YW "¥5%

R13 184A763H45 1 5.6K YW 15%

R11-R16-R20-R23 | 184A763H51 4 10K %W 15%

R17-R21 184 A763H63 2 33K YW 5%

R24 v 184A763H83 1 220K YW 5%

R25 184A763H43 1 4.TK YW 15%
CAPACITOR

Cl1-C13-C17 187A624H02 3 .25 MFD 200V

C14-C15 187A624H04 2 1 MFD 200V

C12 See Note v

Cl6 See Note ¢
POTENTIOMETER .

R12 629A430H02 v 1 | 1000 )
TRANSFORMER

T11 205C043G02 1 10,000/400

T12 205C043G03 1 25,000/300
CRYSTAL

Y11 Sedwfote ® | | -
Y C12 Range 4 to 390pf as required by frequencysand ctystal characteristics.

C16 Range 22 to 100 pf. As required by frequeney'\and crystal characteristics.
® Y11 Range -50 to 220 KHZ.

OTHER
COMPONENT | STYLE | REQ. | REF.

RESISTORS

R1 1202587 2 400 ) 25W 5%

R2 04D1299H44 A 1 26.50 40W 5%

R2 1202499 ¢ 1 150() 40W 15%

R2 763A963H01 O 1 300() 50W 5%

R2 X @ 1 3000 S50W 5%

R3 1202499 ¢ 1 150 40W 5%

R3 629A843H03 DO 1 500 100W 5%

R3 M @ 1 500() 100W 5%

R4 187A643H03 1 100 {:; 1w +5%

RS 185A086H10 1 10K 2W 5%

R6 184AT63H51 1 10K 2W 5%

R8 1202587 1 400 I 25W  15%
CAPACITORS

Cl 1877962 0.5 MFD 1500V

C2 1877962 0.5 MFD 1500V
ZENER DIODES

VR1 (IN2828B) 184A854H06 1 45V 50W 15%

VR2 - VR3 (IN2984B) T62A631HO01 2 20V 10W 5%
DIODES

CR2-CRl _ (IN3027A) ©| 188A307HO7 I 20V 1W 5%
CHOKE /

| 2028096602 | 2 ]

|
© 1.5t02.0mH “[

x See Sheet 1

4 For 48V Supply

¢ For 125V Supply

0 For 250V Supply

® For 125/250V Supply
15



IF AMPLIFIER

COMPONENT

J

| Req. ]

STYLE REF.

TRANSISTOR

Q31 - Q32 | 849A441H03 | 2 | 2N4249
RESISTOR

R34 - R4l 187A290H21 2 68 VoW 5%

R36 184A763H15 1 330 (0 YW +5%

R33 - R40 184A763H23 2 68000 YaW 5%

R38 184AT63H27 1 1K YW 5%

R31-R37 184AT63H39 2 3.3K oW 4#5%

R35 - R42 184A763H51 2 10K 4w (457,

R32-R39 184A763H59 2 22K YoWan:3%
CAPACITOR

C31-C32-C33-C35 187A624 HO2 4 .25 MFD 200V

C34 187A624H04 1 1 MFB, 200V

C36 762AT5THO1 1 fo0pt
FILTER

FL-2 | 7624757H01 [ 1|

CARRIER LEVEL INDICATOR
COMPONENT | STYLE | rEQ, | REF.

TRANSISTOR

Q151 - Q152 - Q153 | 849A441H03 3 2N4249

Q154 | 184a638H19 1 2N699
RESISTOR -

R151-R168 184AT63H51 2 10K

SENSISTOR - R152 187A685HOL 1 2.2K %W :10%

R153 187AT63H1 1 1 220 ()

R154 184 AT63H39 1 3.3K

R155 - R159 184A763H55 2 15K

R157 - R158 184AT63 H43 2 4.7K

R160 184A763H21 1 560 ()

R161 184AT63H29 1 1.2K

R162 - R163 184A763H09 2 1800

R164 184A763HI19 1 4700

R165 184A763H27 1 1K

R167 184AT63H57 1 18K

R171 184AT63HO7 1 150 ()

R170 184A763H23 1 680 0)

R169 184A763H03 | 1 100 Q)
POTENTIOMETER

R156 | 6294645H07 | 1 | 2.5K
THERMISTOR

R166 ] 185A211H08 | 1 | 1D201
CAPACITOR

C151 - C152 - C154 To C158 187A624H02 7 -25 MFD 200V

C153 187A624H04 1 IMFD 200V

C159 184A661H16 1 22MFD 35V
Dmgfm ToT56 - D158 184 A855H07 7 IN457A

182A881H07 IN10vA

D197
TELEPHONE JACK 187A606H0L | 1

J151 16

NOTE: Al Resistors Are VoW

+5% Except as noted.

,ﬂi’i@%‘%»



OUTPUT

COMPONENT | STYLE | REQ. | REF.
TRANSISTORS
Q181-Q182-Q183-Q184 | 849A441HO1 | 4 | 2N3645
RESISTORS '
R180-R183-R186-R189-R192 184AT63H51 5 10K YW 5
R182 184A763H59 1 22K Y2
R185 184AT63H57 1 18K YW
R191 184AT63H47 1 6.8K YaW
R188 184AT63H49 1 2K YW
R184-R187-R190-R193 629A53 1HT8 4 VoW
R194-R195-R196-R197 762A679HO01 4 G 3w
R181 184A859H15 1 2K 3W
DIO ZENER
Z181-Z182-Z183-Z184 | 862A288HO1 | IN3688A
DIODE
D181-D182-D183-D185-D186-D187-D188-D189 | 837TA692H03 IN645A
COMPONENT REF.
TRANSISTORS
Q101 (2N4249)
Q102-Q111 (2N696)
Q103 (2N697)
Q105-Q106-Q107-Q108 (2N699)
RESISTORS
R110 : 1 10K 1W 5%
R111 184A763H39 1 470 VW +5%
R123 184AT63H57 1 18K YoW 5%
R136 184AT63H39 1 3.3K %W 5%
R131 184AT63H53 1 12K %W +5%
R105-R126-R116-R118-R127-R12 184AT763H51 8 10K YW 5%
R107 184AT63H57 1 18K YaW 5%
R104 ’_g 184A763H61 1 27K YW 5%
R102-R130-R132 184AT63H63 3 33K %W 5%
R101-R106 184A763H65 2 39K YoW 5%
R108 . 184AT63H69 1 56K VoW 5%
R115 184AT63HT3 1 82K %W +5%
R119 < ’ 184A763H75 1 100K YW 5% ,
R113 184A763H91 1 470K oW +5%
184AT63HT1 3 68K YW +5%
184AT763H55 1 15K %W +5%
184A7T63H59 1 22K %W +5%
184A661H12 1 4.7K 10%
184A661H25 1 6.8 MFD
187A624H11 1 5 MFD _ +10%
184A663H02 1 .05 MFD 50V
)
D114 182A881HO7 1 IN100A
D101-D102-D106-D107-D109-D110-D115-D116 184A855H07 8 IN457A
DIO ZENER
| Z105 | 1854212006 | 1 | IN3686B
[ zlos | 186a797HO6 | 1 | IN95TE

19




AMPLIFIER AND LIMITER

COMPONENT l STYLE | REQ. [ REF.

TRANSISTOR

Q51-Q52-Q53-Q54 | 849A441H03 | 4 | 2N4249
RESISTOR

R66 187A290H21 1 68 ) oW 5%

R55 187A290H11 1 210 YW 5%

R70 184A763H11 1 220 Q) %W 5%

R72 184A763HI15 1 3300 YW 15%

R65 184A763H23 1 680 (1 oW 45%

R59 184 AT63H31 1 1.5K oW (5%

R54-R62 184 A763H35 2 2.2K VoW +5%

R64-R68 184AT63H37 2 2.TK S8, 15%

R51-R57-R61-R67 184 AT63H43 4 47K W) %5% }

R56 184A763H51 1 10K, 2W 5%

R69 184A763H57 1 18K VW +5%

R53-R58 184A763H61 2 2TRY oW 5%

R63 184A763H63 1 33K KW 5%

R71 09D8326G20 1 100 ) %W +2%

R60 184AT63H09 1 180 Q) YaW 5%

R73 629A531H02 1 56 0 YW 2%
CAPACITOR

C54 187A584H15 1 1300 MMF 500V

C51-C52-C56-C58-C59 187A624H02 5 .25 MFD 200V

C53-C55-C517 187A624H0I 3 0.1 MFD 200V

C60 187A624H04 1 1.0 MFD 200V
DIODE

D51-D52-D53 |/189A855H07 | 3 | IN457A
POTENTIOMETER

R52 | 629A645H04 | 1 | 1K

DISCRIMINATOR
COMPONENT [ STYLE | RreaQ. | REF.

TRANSISTOR

Q81-Q82 | 849a4d1m0l | 2 | 2N3645
RESISTOR -

R81-R82 184AT63H38 2 3K W 15%

R83-R84 184 AT63H35 2 22K YW 5%

R85 184A763H11 1 2200 YW 5%

R8T 184A763H53 1 12K %W 5%
SENSISTOR

R86 187A685H03 | 1 | 1.2K %W +10%
CAPACITOR .

C81-C82-C90-C9d 762AT03HO1 4 22 MFD 50V

“'C83-C88 762A736H02 2 4.5 To 100PF

C84-C89 187A624H16 2 .0091 MFD 200V.

C86 187A684H08 1 100PF

C85-C87 See Note O
DIODE

D81-D82:D84 184A855H07 | 3 | IN457A

R W 184A855H12 | 2| IN628

TRANSFORMER

T82
Ba0One or TWO capacitors Use

606B533G01
606B533G02

L

d. Values Determined in Test.

20



TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

OSCILLATOR AMp Hixtk (3

RECEIVER
INPYT

AS
FL-20 BELOW

f DISCRIMINATOR

f

Y
4

=
{
\
|

‘ 9
| =
| )
~] 1
I '
| |
| |
le
I v
‘ 1
Viy
| k]
]
|
|
|
|
!
|
[
|
t
{
[
|
IRV phes 1
Jiv 2 1
A _ . i e
—0 [
2 NOTES: CARRIER LEVEL INDICATOR
| - DOTTED LINES ENCLOSE COMPONENTS OK TR T T e s e s :
PRINTED CIRCUIT BOARDS OR OTHER SUB-ASSY. ; 1 7
@ - MOUNTED ON LARGE HEAT SINXS I ¢
@ - COMMON TERMINAL 1
(- Y11 RANGE - 50 TO 320 KhZ At
E
=)

(S VIEWED FROM REAR OF PANEL) - C12 RANGE ¥ TO 330PF AS REQ'D. BY FREQUENCY =

£ - ONE OR TWO CAPACITORS AS DETERMINED IN TEST i | Lo
120 - FACTORY CONNECTIONS ARE FOR 250V0C IE oo '
CUSTOMER TO 8Y-PASS R3 & RE FOR 125¥DC | B | ThiEl A el :
’ O

v
AND CRYSTAL CKARACTERISTICS
VOLTS DC R2 R3 @ - CI6 RANGE 22 TO 100PF AS REQ'0. BY FREQUENCY
s
L]
A

2650 - AND CRYSTAL CHARACTERISTICS.

125 1500 | 1500 - 200.1 70 300KAZ INT. SCK. 7153682 APPLIES

|
}
!
- APPLIES FOR UNDER 200KHZ ;
I
{
t
!

3113 o ¢
250 x000 | so0n L o153
125/250 {3008 5000
Y= Tal g
i b a9
& cm] = 1=
e L]
— —

© Fig. 2. Internal Schematic of the Type TCF Receiver for STU Unf
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l.L. 41-945.56B

P

WPLIFIER AMPLIFIER 210 LIMITER

PSS S
|

;

FoTTT T

=] cweck Back
' INPUT FROM TRANSFER
0| TRIP RECEIVER

h%ﬂms} ) - Y SN

qios i

AL}RM
RELAY FOR LOW
SIGNAL INDICATION

0ios

TRIP

LOW SIGNAI.

NOISE

CHECKBACK

REGLILATED 9v0e POS

POS 0.C INPUT

|
|
|
|
|
|
[—‘L" i 1'cxuum>'
|
|
|
|
|
!
|
|

cuassis |
GROUND l

T ?71}4
SEE TABLE

< af Y

| t2 Icz e

S — l‘a

POWER  SYPPLY 41_’»

[t

S i

0-3 MA
C.l.te METER

(JUMPER J18 TO 419 1F
METER 1S NOT USED)

490850,

. T T ' . 1350F52

lock -3 Frequency Operation — Silicon Transistor Version
24



OSCILLATOR AND MIXER

COMPONENT | STYLE | RreQ. | REF.
__TRANSISTOR — N
__Quae@s | sa0a4qinos [ 3 | 2N4249 h
RESISTOR
RI5-R22 184AT63H15 2 330 0 %W +5%
R14-R18-R19 184AT63H39 3 33K VoW w57, |
| R13 ] 184AT63H45 1 5.6K %W 15%
R11-R16-R20-R23 ] 184AT63H5 1 4 10K YW +5%
R17-R21 184 AT63HE3 2 83K %W 15%
R24 184 AT63H83 1 J20K oW 5%
R25 o | 184A763 143 1 8K oW 45%
| CAPACITOR B -
C11-C13-C17 187A624H02 .25 MFD 200V
C14-C15 187A624 HO4 2 1 MFD 200V
C12 See Note Y
C16 See Note ¢
POTENTIOMETER
R12 | 629A430H02 a1V | 1000 §2
TRANSFORMER
Ti11 205C043G0) 1 10,000/400
T12 205€043G03 1 25,000/300
CRYSTAL
Y11 L See,Note O | |
v C12 Range 4 to 390pf as required by frequency andjcrystal characteristics.
¢ C16 Range 22 to 100pf. as required by frequen€y and ‘erystal characteristics.
0 Y11 Range -50 to 220 KHZ
OTHER
COMPONENT l STYLE | REQ. | REF.
| RESISTORS -
R1 1202587 2 400§ 25W #5%
R2 04D1299H444 1 26.5( 40W 5%
i R2 1202499 ¢ 1 1500 40W +5%
R2 763A963H01 O 1 300() 50W #5%
R2 S 1 30000 50W 5%
R3 1202499 ¢ 1 1500 40W 15%
R3 629A843H03 O 1 500() 100W 5%
R3 X @ 1 500§ 100W 5%
R4 187A643H03 1 1000 1W 5%
RS 185A086H10 1 10K 2W 5%
~ R6 184A763H51 1 10K %W 5%
RS 1202587 1 400§) 25W 5%
~ _CAPACITORS
Ay 4 1877962 0.5 MFD 1500V
2 ’ 1877962 0.5 MFD 1500V
| ZENER DIODES
VRl @N2828B) 184A854H06 1 45V 50W 5%
i VR2 - VR3 (IN2984B) 762A631H01 2 20V 10W  15%
| @DIODES
CR2 - CR1 (IN3027A) O] 1ssasotHor | 2 | 20V IW  45%
CHOKE
. L1-L2 | 292B096G02 | 2 | @ 1.5t02.0mH
t_D!QQEé_ 7
D! 8374692003 | | ] IN645A
X See Sheet 1 A For 48V Supply 7

¢ For 125V Supply 0 For 250V Supply

® For 125/250v Supply



IF AMPLIFIER

DIODE

187A606H01

182A881H07

COMPONENT 1 stvee | rea. | REF.
TRANSISTOR
Q31-Q32 | 849A441HO3 | 2 | 2N4249
RESISTOR
R34-R41 187A290H21 2 68 () YW 5%
R36 184A763H15 | 1 3300 %W 45%
R33-R40 184A763H23 2 680 (1 %W 5%
R38 184 AT63H27 1 1K %W 159 B
R31-R37 184A763H39 2 3.3K oW %59
R35-R42 184 AT63H51 2 10K 44 Wiy6%
R32-R39 184A763H59 : | 22K VoW, +5%
CAPACITOR
C31-C32-C33-C35 187A624HO2 4 .25 MED 200V
C34 187A624 HO4 1 1 MED 200V
C36 762A757THOL 1 200pf
FILTER
FL-2 | 762a757H01 | 1 |
CARRIER LEVEL INDICATOR
COMPONENT | sty | Crea. (| REF.
TRANSISTOR
Q151-Q152-Q153 849A441H03 3 2N4249
Q154 184A638H19 1 2N699
RESISTOR
R151-R168 184AT63HS1 2 10K
SENSISTOR - R152 187A685H01 1 2.2K %W £10%
R153 184A 763 H11 1 220 Q)
R154 184AT63H39 1 3.3K
R155-R159 184 A763H55 2 15K
R157-R158 184K 763H43 2 4.7K
R160 184A763H21 1 5602
~ RI6l 184 AT63H29 1 1.2K
R162-R163 184AT63H09 2 180 ()
R164 184 AT63H19 1 470 ()
R165 184 AT63H27 1 1K
R167 184 AT63H57 1 18K
R171 184 A763HOT 1 150 §)
R170 184AT63H23 1 680 ()
R169 184A763H03 | 1 100 ()
POTENTIOMETER
R156 [ 620a645m07 | 1 | 2.5K
THERMISTOR
R166 | 185A211H08 | 1 | 1D201
CAPACITOR
C151-C152-C15 To C158 187A624H02 7 .25 MFD 200V
Cl53 187A624H04 1 IMFD 200V
C159 184A661H16 1 22MFD 35V
184A855H07 IN457A

IN100A

- .

NOTE: Al
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COMPONENT, STYLE REQ REF
TRANSISTOR
Q11-Q12-Q13 849A441H03 3 2N4249
RESISTOR
R15:R22 184A763H15 2 [3300 V2W 5%
R14-R18=R19 184A763H39 3 |33K 12W 5%
R13 184A763H43 1 47K 12W 5%
R11-R16—-R20-R23 184A763H51 4 10K 1.2W =5%
R17-R21 184A763H63 2 33K 12W 5%
R24 184A763H83 1 220K 12W +5%
R25 184A763H43 1 [4.7K 12W 5%
CAPACITOR
C11-C13-C17 187A624H02 3 .25MFD. 200V.
C14-C15 187A624H04 2 1MFD.  200V.
Cl12 SEE NOTE v
Clée SEE NOTE =
POTENTIOMETER
R12 629A430H02 1 10000
TRANSFORMER
T11 205C043G01 1 10,000/400
T12 205C043G03 1 25,000/300
CRYSTAL
Y11 SEE NOTE o

v =C12 RANGE 4 TO 390Pf. AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.

AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS

© =Y11l RANGE-50 TO 220 KHZ.

® =C16 RANGE 22 TO 100PFf.

264C855

LE

Fig. 7.

Internal Schematic 30-200 kHz Oscillator

and Mixer Silicon Transistor Version

YIAIFOTY LAIHS-AODNINDIYS YIIYYVDI INIT ¥IM0d 401 3dAL
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—_—A ———————————————— —— —— —— — — —— — — — A——-.— ——————
r 2 TP215 9 1|
} ~ o TP216 :
| B B R220— E |
. — (- ,

Ovil TP217
! ez (P |
| A 4 !
‘ =216 1212 4!)
| & A
| :
=
| 1 3
| &
' |
| c218 - €217 =3
|
[ TP213 Tczxz |
| O —s R218}—¢ :
{ |
| |
— 18 |, _]202€907G601]
—— e &L _ & _ __ _ ____ 13 202690700

COMPONENT STYLE REQ REF
TRANSISTOR
Q214 849A441H03 1 2N4249
|
|
RESISTOR |
R21L-R2137R215 184A763H51 | 3 | 10K 1PW 5%
R212 184A763H27 1 1K 12W 5% |
R214 184A763H37 1 12,7k 120 +5%]
R216 184A763H49 1 182K 12W +5%]
R217 184A763H34 | 1 | 2K 1/2W +5% |
R218 184A763H07 1_|1500 12W +5%}
R219 184A763HI5S 1 {3300 12W 5%l
R220 184A763H67 1 lark 12w +5% |
R221 184A763H83 1 [220k 12W +5%|
R222 184A763H43 1 |47K _1PW +5%
CAPACITOR
c211 SEE NOTE A
C212-C213-C215 184A663H04 | 3 | .1MFD. 50v.
c214 SEE_NOTE O
C216-C217 187A624H04 | 2 | 1. MFD. 200V
c218 187A624H02. | 1 |25 MFD. 200v.
ZENER_DIODE
2201 862A606H01 1 IN753A
INTERNAL CIRCUIT
1C201 201C826H04 | 1 UA710C
TRANSFORMER
T211 7148677G01 | 1
T212 205043603 | 1
CRYSTAL
Y11 SEE_NOTE O 1
A=C211 RANGES FROM 100Pf. TO 1,000Pf.

©0=C214 MAY VARY UP TO IOOPf.
O=Y11 FREQUENCY EQUALS RECEIVER (CHANNEL) FREQUENCY

PLUS 20 KHZ.

187A695H0I THROUGH H23

264C844

Fig. 8. Internal Schematic 200.5 — 300 kHz Oscillator

and Mixer Silicon Transistor Version
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R32

P
P32

'——;——_4

[14
f' FL2 A
o o >>
49 2 l
103 12
0 O —>.)
|
|
|
|
~C36 |
|
|
|
c33 T _edh |
= |
]j |
! ¢ |
1

_ 410C IGZGOIJ

COMPONENT, STYLE REQ “REF -
TRANSISTOR B R
Q314@32 849A441H03 2 . 284249
RESISTOR- .
R34 -RAL 187a290H21 | 2 | 680 19W +5%
R36 ° 184A763H15 1 |3300 1RW 5%
R33-R40. 184A763H23 2- {6800 ‘12W +5%
R38 184A763H27 i1 1K 12W 5%
R31-R37 184A763H39 2 ]33K 12w 5%
R35-R42 184A763H51 [ .2 |10K 1/2W +5%
R32-R39 184A763H59 2 ] 22K VoW +5%
CAPACITOR )
£3' "°7-C33-C35 187A624H02 4 | 25MFD. 200V
- Cod 187A624H04 i 1MFD.  200V.
c36 762A757H01 1 100 Pf.
FILTER .
FL2 1

762A613G01 |

= 6OMMON TERMINAL

264C856

Fig. 9 Internal Schematic I.F. Amplifier — Silicon Transistor Version

d3AI13D3Y LdIHS-ADNINDI YL y31AVYD IANIT d3IM0d 401 3dAL
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Ve

COMPONENT STYLE REQ REF
TRANSISTOR
Q51-Q52-Q53-Q54 849A441H03 | 4 2N4249
RESISTOR
R66 187A290H21 | 1 | 680 12W =5%
R55 187A290H11 | 1 | 270 12W =5%
R70 184A763H11 | 1 |2200 12W =5%
R72 184A763H15 | 1 |33000 12W =5%
R65 184A763H23 | 1 | 6800 12W 5%
R59 184A763A31 | 1 | L5K 1/2W =5%
R54-R62 184A763H35 | 2 | 2.2K 12W =5%
R64-R68 184A763H37 | 2 | 2.7K 12W =5%
R51-R57-R61-R67 184A763H43 | 4 | 47K 12W =5%
R56 183A763H51 | 1 | 10K 12W 5%
R69 184A763H57 | 1 | 18K 1/2W =5%
R53-R58 183A763H61 | 2 | 27K 1/2W =5%
R63 183A763H63 | 1 | 33K L2W.=5%
e N M~ R71 0908326620 | 1 1000 =2%
Y - A ! R60 184A763H09 | 1 |180n 1/2W. =5%
I R73 629A531H02 | 1| 560 12W =2%
3 3 S
o o o |
51 7! CAPACITOR
O > C54 187A584H15 | L | 1300MME. 500V.
1 Ce0 = II C51-C52-C56-C58-C59 187A62aH02_| § | 25MFD_200V.
C53-C55-C57 187A624H01_| 3 | O.IMFD. 200V
P52 €53 5! C60 187A624H04 | 1 | 1.OMFD.. 200V.
—i—s >
)
" Q51 : DIODE -
I | D51-D52-D53 184A855H07 | 3 INA57A
i |
! I POTENTIOMETER
I I R52 629A645H04 | 1 1K
I |
| |
I = |
cs4 = |
i |
I ‘ ! ‘ ¢ |
I wl [FocTeseor |
b——_-v ——————————————————————————————— — — — —

264C841

Fig. 10. Internal Schematic Amplifier and Limiter — Silicon Transistor Version
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COMPONENT STYLE REQ REF
TRANS(STIOR
Q81-Q82 8497441101 | 2 23645
RESISTOR
R8I-RB2 184A763H38 | 2 | 3K 12W 5%
R83-R84 184A763H35 | 2 | 2.2K 12W =5%
R85 184A763H11 | 1 2200 12W =5%
R87 184A763H53 | 1 | 12K 12W 5%
SENSISTOR ]
R86 187A685H03 | 1 | 12K 1AW _=10%
CAPACITOR
R PN C81-C82-C90-C91 762A703H01 | 4 | 22MFD_ 50V
T ) 13 1 Cc83-cs8 762A736H02 | 2 | 45 TO 100Pf.
| 1555 c84-C89 187A624H16_| 2 | 009 IMFD. 200V.
| 1 — @81 | C86 187A684H08 | 1 100PY,
: D8l ¥ ca1 : C85-C87 SEE_NOTE O _
B ,
18
I {RE7 } ‘ R85 } - s DIODE ]
(74 D81-D82-D84 184A855H07 | 3 IN457A
| 082 & ‘-[csz - DR% R - P D85-D86 184A855712 | 2 IN628
| 2 '_>.> ‘ 1
|
| Dyee: ¥ .| ~
S TRANSFORMER .
| | 181 6068533601 | 1
| I 182 6068533602 | 1_
| | i
! 781 o _I_ i _[ o | -
7 ju] -0
, F
< f c85 ca7 I
T I L
£ cs3 caa £ cos ca9 I
S T cs6 T s |
J€ |
v v LAY v . I
410C164G01 |
SEE_NOTE P ~
______________________________ R L S,

¥IAITDIY LAIHS-ADNINOI YA ¥31¥YVD INIT ¥3IM0d 401 IdAlL

O =0ONE OR TWO CAPACITORS USED; VALUES
DETERMINED IN TEST.

A=FOR STYLE 410C164G03 REVERSE START AND FINISH. LEADS OF T82.

264C842

113

Fig. 11. Internal Schematic Discriminator — Silicon Transistor Version
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COMPONENT. STYLE REQ REF
TRANSISTOR
Q151-Q152-Q 158 849A441H03 3 2N4249
Q154 184A638H19 1 2N699
RESISTOR
RISI-RI68 184A763H51 2 10K 12W #5%
SENSISTOR-R152 187A685H01 1 [2.2K, 1/74W $10%
R153 184A763H11 1 12200 1RW_ *5%
R154 184A763H39 1 | 33K 1RW #5%
R155-R159 184A763H55 2 15K 12W +5%
R157-R158 184A763H43 2 |47K 1RW 5%
R160 184A763H21 1 |5600 .12W *5%)
R161 184A763H29 1 12K 1R2W #5%
R162-R163 184A763H09 2 11800 1RW #5%
R164 184A763H19 1 4700 1RW #5%
R165 184A763H27 1 1K 12W 5%
R167 184A763H57 1 18K 12W #5%
RI7I 184A763H07 |_[150Q 12w +5%
R170 184A763H23 1 16800 1RW +5%
R169 184A763HO3 I (100 1/12W £5%)
POTENTIOMETER
R156 629A645H07 1 2.5K
THERMISTOR
R166 185A211H08 1 10201
CAPACITOR
C151-C152-C154 TO C158 187A624H02 7 25MFD. 200V.
C153 187A624H04 1 1IMFD.  200Vv.
CI159 184A66IHI6 | 22 MFD. 35V.
DIODE
D151 TO D156-D158 184A855H07 7 IN457A
DIST 182A881HO7 1 INIOOA
TELEPHONE JACK
J151 187A606H01 1

264C854

Fig. 120 Internal Schematic Carrier Level Indicator — Silicon Transistor Version
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LE

C O ONEND STY. & REF
TRANSISTORS
Q101 849A44 1HO3 1 | 2na249)
Q102-111 762A585H0: | 2 | (2n696 )
Q103 184A638H 18 1 | (2Ne97 s
Q105=106-107-108 184A638H19 | 4 | ( 2N699)
- X A RESISTORS ]
! . : RII0 187A643H51 T |10k W 5%
! _
| TPIO2 ! R111 184A763H19 1 |1 470 12w 25%)
X DIOI Y 1
s 2104 ¢ : R136 184A763H39 v |33k 1owes%
RIOB -126-116-118-127-
Qi03 oil4 | RI05-126-116-118-127"| g apz63ms1 | 8 |10k 1v2wsw)
| oI5 128- 134 135
-
| Q101 = } R131 184A763H53 1 (12K 12w 5%
L3 i oioe I
1 o R107-R723 184A763H57 2 118K 12W *5%)
| ] S —| c101 ] IR 4 @ ! R104 184A763H61 1 f(27k 12w 25%)
| & [ 3 c105 b 2} R102- 30 184A763H63__ | 2 |(33K_12W =5%)
9 = R101-106 184A763H65 | 3 (39K 12w =5%)
=
) TPI08 ELE o R108 184A763H69 | 1 |(56K 12w =5%)
Al i s120 1844763153 | 1 |(zex P +5%)
| - Woios \ R115 184A763H73 1 |(82K 12w =5%)
1 @ I R119 184A763H75 1 (100K 1/2W =5%)
! o 12 ! R113 184A763H91 1 |a70K /2w =5%)
! Diloy e RI32 1844763163 | | [(33K 1/2WE5%]
: ) R132 184A763H71 | | [(68K 172w 5%
' Qe !
= - 1 RI22—129-133 184A763H71 | 3 [(68K 12w 5%)
| = ) 1
1 4 3 [}
R138 184A763H55 1 |(15K 1/2W 5%
' N CAPACITORS
! 3 cl02 184A66IHI6 | | |(22 MFD)
: ‘| c101 184A661H 12 1 |14.7mFD. 10%)
\ L 1108 | C105 182A663H02_ | 1 |(.05MFD_ 50v)
S g | C102 184A66 1H25 1 |i6.8vFD)
! = ? GUARD 51 c103 187A624H11 || C.sMFD. =10%)
1 9 2 DIODES
: N FoR 6R.3 | D114 1824881107 | 1 | (iN100A )
1 ONLY I
1
' E e ! P101-102-106-107= | g 0g56H07 | 8 |(iNas7a)
: ! | 109-110-116-115 5
DIO-ZENER
202485601, 602,603,
0 £ o 20203 7105 185A212H06 | 1 | ( IN3686B )
2104 186A797H06 I | inos78 )

%= FOR GROUP | Cl02=(6.8 MFD.) S4184A66IH25
FOR GROUP 2 CI02= (22 MFD. )§- 184A66IHI6
©=FOR GROUP |82 RI32 =(33K) S-(B4A763H63
FOR GROUP 3 RI32 =(68K) SEI84A763HT7I
LOGIC-876A058 REF.
TYPICAL OVERALL SCHEMATIC-548908I

264C850

Fig. 13. Internal Schematic Logic Board — Silicon Transistor Version
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TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

[RTi
Qn
OTPII
Cla -
Yil [R22]
[R2N [R20]
S Oms

(R14] RIT) TPI3/pm[g

cil Cc |$
—— [cle] (ci2]
[R24] [R23)
|

BinnmrGn

Fig. 14. Component Locations 30-200kHz Osgillater and Mixer Silicon Transistor Version

763A292

| , i ____; e "“‘ﬁ] '
TP2M leogs |
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R214 O [R739) Tp3o TPW"_@U Iocaz+ |
- 2 |"'_ 38
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Figy 15. Component Locations 200.5 — 300kHz Fig. 16. Component Locations I.F. Amplifier ~ .

Oscillator and Mixer — Silicon Transistor Version Silicon Transistor Version
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TYPE TCF POWER LINE

CARRIER FREQUENCY-SHIFT RECEIVER__

l.L. 41-945.568
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DSI - €59 ) g ‘
, R5I - =
Fese | “Fest |
bl — R53 -
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R55 €56 . !
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2™ e — 1y R f
RE3 TPe2y R56 RS8 27 Rsg
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— TP5IC P53 = Q52 _ R60
Ites b RE . ;?:
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¢S5 R69 ol —
R6S5 Q53 .
—_— >~ R63 TP55~
_R66 - e P R7I
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Fig. 17. Component Locations Amplifier end Limiter ~

Silicon Transistor Version

Fig. 18. Component Locations Discriminator —

Silicon Transistor Version
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Fig. 19. Component Locations Carrier Level Indica‘for -

Silicon Transistor Version
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TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

—
[Fs1] RI97
‘ Ccl03 l RI9O
R Ji Ensd [ris2] 183 |
|RHO} RT3]] Q84 DI88
oo o | 0)
Cioz or——, z184
[Z105] PiO8 RI27] Ri32; RI93
- o 2
s © e (8 =
Sz D), Frs ]
(R133] 9%\ li04 Ri2z o RIg3 RI87 D
© :. 2182
[R197] ! [pe7]
o T wm T o -
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m " N Rz20 18] CI
[ziod) ‘St & [Ri84] RI186
o
TPIO3 [Rios Em|
 — 191817161514 1312 810987654321 __J RIBOI
ﬂ - - ' A _
876A494 202C489

Fig. 20. Component Locations Logic Board ~
Silicon Transistor Version

Fig. 21. Component Locations Output Printed Circuit

Board — Silicon Transistor Version
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Fig. 22. Outline and Drilling Plan for the Type TCF Receiver Assembly.
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TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

l.L. 414945.56B

o
x
S}

- XFR. NOT
COMMECTED T
FL!OI TEMNIS 4

S FOR 200 §-

INPUT FILTEF TEST CIRCUIT CONMECTIONS ;oo.mz

877A794
A - WIDE BAND RECEIVER

=T

{10k }—

&

i 3 s
o]

I.F. FILTER
{FL2)

T

2 i‘ €

(oK 45—

L sec™

ol N’

0F, FILTER E @
(EL2)

~

3 ?4 %

S sec¥®2

.. F. FILTER_TESTUCIRCUIT CONNECTIONS

&

INPUT FILTER
(FL1)
O
2 a

(1%
Q

bt | B

]

INPUT FILTER TEST CIRCUIT CONNECTIONS

849A109
B-NARROW BAND RECEIVER

Fig. 23. Test Curtentsfor TCF Frequency Shift Receiver Filters
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Fig. 24. Component Location — Buffered Keying Board — for 3 Frequency Operation
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TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

ADDENDUM

With shipments of sets starting in early 1973, the
germanium transistors used in the various modules
were replaced with silicon transistors. In addition,
due to the nature of silicon transistors, some re-
sistor values in the circuits had to be changed in
order to correctly bias these transistors. Therefore
the transistors are not replaceable on a pin for pin
basis throughout the receiver. Before attempting to
replace a germanium transistor with a silicon
transistor on older sets using germanium, please
check the schematics on the following pages which
pertain to the older germanium transistor versions
to see if the location where the replacement is de-
sired has additional component changes. If that is

4

Q
o
¥

L 4

N
S

O

the case, then the replacement can only be made by
the same designation transistor or the additional

component changes must also be t should be
pointed out that the modules t g/the silicon
transistors are completely interc le with the

ansistors. There-
xing the silicon
manium transistor
Thus complete new
sistors can be ordered
ents“in older receivers having
dules. The new modules

modules containing germani
fore, there is no problem wit
transistor modules with

modules in the same r
modules containing si
and used as repla
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TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

RECEIVER
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l.L. 41-945.568B

LF AMPLIFIER

AMPLIFIER AND LIMITER

)
e e e e - —— e e e
" |
K : '
I 2 5
b x
FL2 fl2 : . Prosy T
il
g 2 ag 6 |
©
- = (. B | ——
- . 3 o3 e |y 7 liz
to o ol
[
i Q%7 I
274 2n274 ) CR32
| INd5TA
- !
v
7 : |
|
|
o3 caof dcw FE Lo 9 35 i L csa.
25 28 "25 Tro «a 25 | 1300
PF
!
: . | |
’ 1
——— e 810016260 - - —_
NEG.DC.
S e ]
& >
P02 = ! 7]
N 2 ! “3a
I ol2]2
05 —ie- 1 .2
[ CRIIG | S
03 INIOOA
2697 CRI06 |
Ewas7a ofy | <
2 ! 5
I
4[<|3RH2A ) j - I
N4ST, 2 o DIBs Dia7 visa - 3
| NG Neasa NE4BA
roros wse [ i l' ) , ™
[+11
| L3 <l ol S - x © EI :‘~ |
| SN o ol &[0 o
i r44E] x| ® g HES 2 F4E] 19 1t
t "3 N 2 N B - TRw
pomon — 2 £ 537 s
Fn«su_ E;‘,’,[; | 150 4 98l Lowsienac
= cAio g &(2, 7 o
303 « IN48723 : I fiss ;,:2 s ‘;_isll haue
; e l 150 -+ 2
/“ RIST  BACK |
6 108 | [ _ﬁ_‘._zoasmmoz__.__.r 1
gnew' = 4 <57 | mpeuLATEd 5 van O
i .
3 ! 4 | 208 oa syt
& . L}
! O, R ' !
| SO oussia ) . |
| ci \/v/ b (a0 R0 “"’"'”I 1 ! enoumo
0.8 . hver |
i see Tasce @ . Finzezne ; [ i
1
i
b vR3 $ , |
iN29ea8 X |
' !
)
ipy |
vid lut 0.c. meuT
roweRSuprLi :;lo p===—1n
——————————— Jen 1t -J
'

0-Yha.
k",‘ G Lk NETER
(JuMeg'R JIO 70 JIi
weTER ) NOT uSEBI

5489008

pe TCF\Receiver for STU Unblock — Narrow Band
s ~Prior]1973

46

-

s

P

~—~



TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

FROM INPUT FILTER
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Fig. 28. Internal Schematic 20
Germanium Transisto
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I.L. 41-945.568B
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TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER I.L. 41-945/568

ELECTRICAL PARTS LIST — GERMANIUM TRANSISTOR VERSIONS — PRIOR 1973

S¥mBoL DESCRIPTION DesonaRan.
CAPACITORS
c1 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
c2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 0 1877962
c11 Memmzed paper; 0. .25 mfd.; 200 V.D.C. 187A634H02
Cl12-Cl16 Ml( a, capac1ty as requ1r(;d RF{IB_C? - -
C13 | Metallized paper; 0.25 mfd.; 200 V.D. c. (/% 187A624H02
cl4 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
Cl5 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C31 Metallized paper; 0.25 mfd.; 200 V.D.C.. 187A624H02
C32 Metallized paper; 0.25 mfd.; 200 V.D.C. ' 187A624H02
C33 Metallized paper; 0. 23 mfd.; 200 V.D.C. 187A624H02
C34 Metallized paper; 1 0 fd.; “200 V. DV__’ 187A624H04
C35 Metallized paper; 0.27, mfd.; 200 V.D.C. . 187A624H02
C51 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C52 Metallized paper; 0.25 mfd.; 200 V.D.C; 187A624H02
C53 Metallized DL,)(;rii()iT;nfd 200 V.D.G, - 187A624H01
C54 Dur-Mica, 1300 of.; 500 V.D.C. . 187A584H15
Cs5 Metallized papc:; 0.1 mfd.; 200,V D/C. 187A624H01
C56 Metallized paper; 0 25 mfd.; 200'V.D.C. 187A624H02
C57 Metallized paper; 0.1 mfd.; 200 V.D.C. 187A624H01
C58 Metallized paper; C. 25 mfd’; 200 V.D.C. 187A624H02
| C59 Metallized paper; 0.28 mfd%n200 V.D.C. - 187A624H02
C60 Metallized paper; k@ mfd.;/200 V.D.C. 187A624H04
Cs81 Mylar; 0.22 mfd.; 60 V.D.C. T62AT03HO01
C82 Mylar; 0.22 mfd. 0 V.D.C. ) 762A703H01
c83 Variablejds5 @100 pf. - 762AT36H02
C84 Polystyreneng100 pf.; 200 V.D.C. T 187A624H16
L C85 Temp. (comp@nsating; 150 V.D.C.; pf. as required B
C86 100gpfs, Z€ro temp. coef. B 187A684H08
Cc817 Temp. compensating; 150 V.D.C.; pf. as required
C88 Variable; 4.5 - 100 pf. 162AT36H02
C89 Polystyrene; 9100 pf.; 200 V.D.C. 187A624H16
C90 Mylar; 0.22 mfd.; 50 V.D.C. T 762A703HO1
c91 Mylar; 0.22 mfd.; 50 V.D.C. 762A703H01
C101 Tantalum, 4.7 mfd., 35 V.D.C. 184A661H12
€102 Tantalum, 6.8 mfd.; 35 V.D.C. . 184A661H25
€103 Metallized paper; 0.5 mfd.; 200 V.D.C. 187A624H11
C104 Metallized paper; 0.5 mfd.; 200 V.D.C. 187A624H11
N C105 Ceramic, 0.05 mfd.; 50 V.D.C. ] 184A663H02
Cl151 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C152 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02




TYPE TCF POWER LINE CARRIER FREQUENCY-SHtFT RECEIVER

ELECTRICAL PARTS LIST (Cont’d.)

CIRCUIT WESTINGHOUSE ‘
SYMBOL DESCRIPTION DESIGNATION 1
CAPACITORS (Cont'd.) \
C153 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C154 Metallized paper; 0.25 mfd.; 200 V.D.C. 817 AG24H02
C155 Metallized paper; 0.25 mfd.; 200 V.D.C. 1L87TAG624H02
C156 Metallized paper; 0.25 mfd.; 200 V.C.C. 18TA624H02
C157 Metallized paper; 0.25 mfd.; 200 V.D.C. 18MA624HO2 |
C158 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02 !
C211 Durmica; 100 mmf to 1000 mmf 187A695H ;
Cc212 Ceramic; .1 mf, 50 v.d.c. 184A663H04 |
c213 Ceramic; .1 mf, 50 v.d.c. 184A663 HO4 |
c214 Durmica; .56 mmf 187A695H17 !
C215 Ceramic; .1 mf, 50 v.d.c. 184A663 HO4 |
C216 Metallized paper; 1 mf 187A624H04 !
C217 Metallized Paper; 1 mf 187A624H04 J’
DIODES — GENERAL PURPOSE \
CR51 IN457A; 60 V.; 200 MA. 184A855H07 |
CR52 IN475A; 60 V.; 200 MA. 184A855H07 \
CR53 IN457A; 60 V.; 200 MA. 184A855H07 ;
CR81 IN91; 100 V.; 150 MA. 182A881H04 \
CR82 IN91; 100 V.; 150 MA. 182A881H04 |
CR83 IN91; 100 V.; 150 MA¢ 182A881H04
CR84 IN475A; 60 V.; 200 MA. 184A885H07
CR85 IN628; 125 V.; 30 @MA. 184 A855H12 "
CR86 IN628; 125 V.; 30 MAy 184A855H12
CRI01 IN457A; 60 V.; 200 MA. 184A885H07
CR102 IN457A; 60 V.; 200/MA. 184A885H07
CR103 IN457A; 60 V& 200, MA. 184A885H07
CR106 IN457A;960 V5 200 MA. 184 A885H07
CR107 IN457A; 60 W; 200 MA. 184A885H07
CR108 IN457A860 V-; 200 MA. 184A885H07
CR109 IN457A; 60°%W.; 200 MA. 184A885H07
CR110 IN4STA; 60°V.; 200 MA. ~ 184A885H07
CR1l1 IN457A; 60 V.; 200 MA. 184A885H0T
CR112 IN457A; 60 V.; 200 MA. - B 184A885H07 |
CR151 IN457A; 60 V.; 200 MA. 184A885H07
CR152 IN457A; 60 V.; 200 MA. 184 A885HO07
CR153 IN457A; 60 V.; 200 MA. B 184A885H07
CR154 IN457A.; 60 V.; 200 MA. 184A885H0T
CR155 IN457A: 60 V.: 200 MA. 184A885H07
CR156 IN457A; 60 V.; 200 MA. 184A855H07
DIODES — ZENER
CRI IN3027A; 20 V. +10%; 1W. 188A302H10
CR2 IN3027A; 20 V. *10%; 1W. 188A302H10
CR104 IN957B; 6.8 V. + 5%; 400 MW. 186A797HO6
erios IN3686B;20 V. * 5%; 750 MW. 185A212H06
CRI113 IN957B; 6.8 V. * 5%; 400 MW. 186A797HO6
VRI IN2828B; 45 V. + 5%; 50 W. 184A854H06
VR2 IN2984B; 20 V. + 5%; 10 W. 762A631H01
Z201 INT53A; 6.2 V. v_5% 400 MW. 862A606H01
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TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

1.L. 41-945.56B

ELECTRICAL PARTS LIST (Cont’'d.)

CRCuIT DESCRIPTION AP S
POTENTIOMETERS
R5 10K; 2 W. 185A086H10
R7 250K; 2 W. 185A086H11
| RI2 1K; 14 W. S 629A430H02
R52 1K, 4 W. 629A645H04
R156 2.5K; % W. B ’ 629A645H0T
RESISTORS
R1 400 ohms *5%; 25 W. 1202587
R2 26.5 ohms + 5% 40 W. (For 48 V. Supoly) 04D1299H44
R2 150 ohms *5%; 40 W. (For 125 V. Supply) 1202499
R2 300 ohms +5%; 50 W For 250 V. Supply) P, 763A963H01
R3 150 ohms +5%; 40 W. For 125 V. Suppl:) 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 184A763H51
R8 100K +5%: 1 W. Composition 187A643H75
R11 10K +5%; 1% W. Composition 184A763H51 T
R13 '5.6K *5%; ‘2 W. Composition 184A763H45
R14 3.3K +5%; ¥5 W. Composition 184AT63H39
R15 330 ohms *5%; % W. Camposition 184AT63H15
R16 10K +5%; ¥% W. CompoSition 184A763H51
R17 33K *5%; Y% W. Composition 184A763H63
R18 3.3K +5%; Y% WMCompdsition 184A763H39
R19 3.3K +5%; %'W. Composition 184AT63H39
R20 10K + 5%g#%> W, Composition 184A763H51
R21 33K\t 5% W. Composition 184 A763H63
R22 330 ohmspt 5%;.4. W. Composition 184A763H15
R23 10K +5% % W. Composition 184A763H51
R31 823K 5%, 1% W. Composition 184 A763H39
o R32 22Kl + 5%; Y2 W. Composition 184AT63H59
R33 680, ohms *5%; % W. Composition 184AT63H23
R34 6840hms *5%; % W. Composition N - 187A290H21
R35 10K +5%; % W. Composition - - 184A763H51
R36 330 ohms +5%; Y% W.;C—omposition 184A763H15
R37 3.3K *5%; % W. Composition 184A763H39
R38 1000 ohms +5%; Y% W. Composition 184A763H27
R39 22K +5%: Y% W. Composition 184A763H59
R40 680 ohms *5%; Y% W. Composition | 184 AT63H23
R41 68 ohms +5%: %, W. Composition a 187A200H21
R42 10K *5%; Y% W. Composition o 184 A763H51
R51 4.TK +5%; % W. Composition 184A763H43
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TYPE TCF POWER

LINE CARRIER FREQUENCY-SHIFT RECEIVER

ELECTRICAL PARTS LIST (Cont'd.)

RESISTORS (Cont'd.)
R53 27K +5%: ¥ W. Composition 184A763H61
§54 ) | 2727}; +o% 1/2 W, Composltlon B o - i 184A763H35 L
777777 R55 27 ohms * +a/c; 1/) “-’ Co?pg)mtwn
B WRSGH ) 10K + 5% ComDObltlon i
ffffff R57T |  4.7K £5% 7_'1/_w Composition -
| Rs8 | 27K +5% Y% W. Composition )
| RS9 | 15K £5%; % W. Composition
~ R60 T 180 ohms + 5% Y, W. Composition - 184AT63H09
~ R61 | 4K 5% 1/2 W. Composition 184 AT63H43
| Re2 | 1.5K +5%; % W. Composition ) 184A763H31
. R63 | 3.3K +5?}[ , W. Composition ) 184AT63H63
"~ R64+ |  2.7K +5% ' W. Composition 184A7T63H37
" Rés | _Géo_oﬂm+ 5%: % W. Composition 184A763H23
68 ohms +a/g';' 1/2 Ww. Composnlonﬁiﬁ - ak 187A290H21
© 4.7K +5%; % W. Composition 184A763H43
27K +5%: ' W. Composition T 184AT63H37
I 18K +5%; ‘/;WiéomposTUTn‘¥ﬁ 184AT63H57
220 ohms +5%: % W. Compositiofitg 184A763H11
B 07071@5 + 29 - 2% Nickel Iron W 09D8326G 19
330 ohms £5%; Yo W. CompORition, 184A763H15 N
47K £5%; % W. Comp 184A763H43
 1IK15%; 1/2 W. Comfo 184A763H43
29K +5%; 1 W. GBffpo 184AT63H35
o 722+5f7z l/m %ﬁon -  184AT63H35
\mosmon 184A763H47
wComposition |7 184A7163H65
omposition N 184AT63H63 i
t. Composition 184A763H51
. Composition 7 7 7 - A 184A'763T{6—1
4 W. Composition | 184A763H51
. Composition 1 184A763H65 N
V. Composition | 184A763H5T |
6K +5%; % W. Composition | 184A763Hs69
]0K +5C 1 W. COn]DOblthﬂ . ) I 7771787A643H7517ﬁA)
& 68K +5% 1 W. Composition | 187Ae43HaT
470 ohms +5 e /z \\ Composltlon 184A763H19
1000 ohms + 5% 15 W. Composition | 184AT63H2T |
170K +5¢ 14 W. Composition -  184ATG3HOI
1000 ohms +5%; Y5 W, Composition 185AT63H27 o
82K +50%: 5 W. Composition 184A763HT3 |
]




TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

1.L. 41-945.56B

ELECTRICAL PARTS LIST (Cont'd.)

CS l$ Sg(l)[ DESCRIPTION v{)EESsT| :;NNGAHToIgas
RESISTORS

R116 10K +5%; Y% W. Composition 184AT63H51

R117 10K *5%; % W. Composition ] 184A763H51

R118 10K *5%; Y% W. Composition 184 AT63H51

R119 100K +5%; % W. Composition 184 AT63HTS

R120 39K *5%; % W. Composition 184AT63H65

R121 68K *+5%; Y% W. Comp ositiots 184 AT63HT1 .

R122 68K *5%; Y% W. Compositicn 184 A763H71 -

R123 1000 ohms *5%; % W. Composition 184AT63H27 ]

R124 33K + 5% '» W. Composit.on 184AT63H63

R125 33K = 5%; ¥ W. Composi.ion 184A763H63

R126 10K £5% Y5 W. Composition 184 A763H51

R127 10K -5 % W. Compositio! ) 184AT63H51 |

R128 10K 5% Y% W. Compositior, 184 AT63H51

R129 68K +5%; 14 W. Compositicn, 184A763H71

R130 68K *5%; 2 W. Composition™ -y . 1B4AT63HTI |

R131 12K +5%; Y% W. Composition? W T 184AT63H53

R132 23K £5%; ' W. Compositifn 184AT63H63 |

R133 23K £5%; % W. Composition | 184AT63H63 }

R134 19K +£5%; Y5 W. Compé@sition 184A763H51

R135 16« +5%; Y% W. Composition 184A763H51

R136 3.3K *5%; Y2 W& Comp osition 184A763H39

R137 800 ohms -5%; 3 W, Camposition 184A859H06 B

R138 10K + 5%; Y5W. Cemposition 184A763H51

R151 2.7K + 5%; Y% WAComposition 184A763H37 |

R152 2.2K Sengistofyype TM% (Tex. Inst. Co.) 187A685H01 ‘J

R153 220 ohms * 5% Y4 W. Composition 184A763HI1

R154 2.2K £5%; X.'W. Composition 184A763H35

R155 15K ¥5%; Y2 W. Composition 184 AT63H55

R157 447K 5%, Yo W. Composition 184AT63H43 _4

R158 49K £5%; Y% W. Composition 184A763H43

R 159 15KW%+ 5%; Y% W- Composition 184AT63H55

R160 560 ohms +5%; 2 W. Composition 184A763H21

R161 1.2K +5%; %5 W. Composition 184AT63H29

R162 180"chms + 5%; % W. Composition 184 A763H09 B

R163 180 ohms +5%; % W. Composition 184AT63H09

R164 470 ohms +5%; % W. Composition 184AT63H19

R16E 1000 ohms *+5%; % W. Composition 184A763H27

R166 3K Thermistor Type ID201 (G.E. Co.) 185A211H08 ]

R167 18K *+5%; % W. Composition 184A763H57

R168 10K +5%; Y% W. Composition 184A763H51

R211 10K +5%; Composition 184A763H51 1

R212 1K +5%; Composition 184AT63H27

R213 10K +5%; Composition 184A763H51

R214 2.7TK +5%; Composition 184AT63H37

R215 10K +5%; Composition 184A763H51

R216 8.2K +5%; Composition 184AT63HT3

R217 2K *5%; Composition 184A763H34

R218 150 ohms + 5%, Composition 184A763H07

R219 330 ohms * 5%; Composition. 184A763H15

R220 47K +5%,; Composition 184AT63H67
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TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

ELECTRICAL PARTS LIST (Cont'd.)

creu oEscRIPTION il
TRANSFORMERS
T11 Toroidal type, 10000/400 ohms 1962797
T12 Toroidal type, 25000/300 ohms 1962697
T81 Pot. Core type 606B533G01
T82 Pot. Core type 606B533G02
T211 10K: 10K - . T14B677GO1
T212 25K:300 196297
TRANSISTORS
Qll 2N652A 184A638H16
Q12 2N1396 848A892H01
Q13 2N1396 848A892HO1
Q31 2N274 187A270H01
Q32 2N274 N 187A270HO01
Q51 2N396 762A575H03
Q52 2N396 762A575H03
Q53 2N396 162A575H03
Q54 2N396 162A585H03
Q81 2N652A 184A638H16
Q82 ING52A AL § 184A638H16
Q101 2N652A 184A638H16
Q102 2N696 162A585H01
Q103 2N697 184A638H18
Q104 2N699 184A638H19
Q105 2N699 184A638H19
Q106 2N696 162A585H01
Q107 2N698 762A585H02
Q108 2N699 184A638H19
Q109 2N699 184A638H19
Q110 2N696 762A585H01
Qll1 2N696 762A585H03
Q151 2N396 762A585H03
Q152 2N396 762A585H03
Q153 2N396 162A585H03
Q154 2N699 184A638H19
Q211 2N6524 184A638H16
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TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT RECEIVER

l.L. 41-945.56B

ELECTRICAL PARTS LIST (Cont'd.)

R DESCRIPTION s
MISCELLANEQUS
Y11 Oscillator Crystal (Frequency 20kHz above Channel Frequency) 762A800H01 +(Req. Freq.)
FL1 Crystal input Filter 491C466 + (Reg. Freq.)
FL2 L.F. Filter 762A613G01
PL Pilot Light Bulb — For 48 V. Supply 187A133H02
Pilot Light Bulb — F‘orvl;:') or 250 V. Sup iy 183A955H01
F1,F2 Fuse, 1.5 A. 11D9195H26
AL Alarm Relay 408C062H07
AR Trip Relay 408A845G03
L1-L2 Choke 292B096G02
I1C201 Fairchild UA 710C (Int. Ckt.) 201C826H04
FL201 LC Wide Band Inpf Filter Specify Frequency
BUFFEREDKEYING'‘BOARD 202C516G03
Q11 Transistor 2N4356 849A441H02
Q12 Transistor 2N699 184A638H19
Z11 Zener Diode 1N957B 186AT9THO6
712 Zener Diode 1N3688A 862A288H01
Z13 Zener Diode 1N3683A 862A288H01
Z14 Zener DiodeLN3686B 185A212H06
Z15 Zener DiodeplN3688A : 862A288H01
Cl11 Capacitor.047 p f, 849A437HO04
R11 4.7K, ¥2%, 2 W Metal Glaze 629A531H48
R12 12K, £+ 2%, Y2 W Metal Glaze 629A531H58
R13 10K, + 2%, X2 W Metal Glaze 629A531HS6
R14 6.2K, * 2%, %2 W Metal Glaze 629A531H51
Rl 1.5K, * 2%, Y2 W Metal Glaze 629A531H36
R16 18K, * 2%, % W Metal Glaze 629A531H62
R17 1.8K, * 2%, Y2 W Metal Glaze 629A531H38
R18 51K, + 2%, ¥2 W Metal Glaze 629A531HT3
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Westinghouse 1.L. 41-945.53D
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE TCF POWER LINE CARRIER FREQUENCY-SHIFT
RECEIVER EQUIPMENT - WITH RELAY OUTPUT FOR
SUPERVISORY CONTROL AND TELEMETERING

CAUTION: It is recommended that the user of this
equipment become thoroughly acquainted 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 TCF frequency-shift receiver equipment as
adapted for supervisory control and certain tele-
metering applications responds to carrier-frequency
signals transmitted from the distant end of a power,
line and carried on the power line conductors.gThe
Guard frequency is 100 hertz above thegcenter
frequency of the channel (which can be ‘selected
within the range of 30KHz to 300KHz), and ithis tramns-
mitted continuously when conditions are normal and
no information is to be conveyed over the/channel.
Its reception indicates that the channel is Operative.
The Trip frequency (so called becau§e in{frequency-
shift relaying applications the reception of this fre-
quency causes closure of relayeontacts in the trip
circuit of a circuit breaker), is ‘100 hertz below the
channel center frequency. When, supervisory control
or telemetering informatioft is to®be conveyed over
the channel, the transmitter at one end of the chan-
nel is switched alterpately between Guard and Trip
so as to produge at the jreceiving end a desired
number of operations “ofsfa relay activated by the
trip frequencyg. Controlyof the durations of the inter-
vals that tHeyrel@y contacts are open and closed also
can be utilizedto eonvey information over the chan-
nel.

CONSTRUCTION

The), TCF receiver unit for supervisory control
and \telemetering applications is mounted on a
standard 19-inch wide panel 10% inches high (6 rack
units) with edge slots for mounting on a standard
relay rack. All components are mounted at the rear

SUPERSEDES I.L. 41-945.53C

*Denotes change from superseded issue.

of the panel. Fuses, a pilot“light;”a power switch, an
input attenuator, and @ jaek for metering the dis-
criminator output current are accessible from the
front of the panel. Refer tonFig. 3.

All of the cimcuitrythat is suitable for mounting
on printed cigcuit beards is contained in an enclo-
sure that projects from the rear of the panel and is
accessible by“epening a hinged door on the front of
the {panel. [Other components on the rear of the
panel ‘arejlocated as shown on Fig. 4. Reference to
thepinternal’ 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.

TCF receivers for transfer trip relaying require
a logic circuit board and may require a carrier level
indicator circuit board, which are contained in the
third-from-right and right hand compartments respec-
tively. These are not required for the TCF receiver
for supervisory control and telemetering and the
compartments are vacant.

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 terminal block is keyed so that if a board is
placed in the wrong compartment, it cannot be in-
serted into the terminal block. A handle on the front
of each board is labeled to identify its function in
the circuit.

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
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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 V.D.C. supply, and the remainder from a
regulated 45 V.D.C. supply. These voltages are
taken from two zener diodes mounted on a common
heat sink. Variation of the resistance value be-
tween the positive side of the unregulated D.C. sup-
ply 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 on 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 receiver responds
are received through a coaxial cable connected to
jack J2 of Fig. 1. Resistor R4 and 20-volt zener
diodes CR1 and CR2 protect the receiver from ab-
normally high voltages received through the coaxial
cable. Input attenuator R5 reduces the signal to @
level suitable for best operation of the receiver.
The attenuator is adjustable from the front of the
panel and can be clamped at the desired setting. A
scale on the panel is graduated in db. While’this
scale is typical rather than individually caflibrated,
it is accurate within one or two db. an@ is useful in
setting approximate levels. Settings sheuld,be made
by observation of the db. scale of 4 \suitable a-c
voltmeter when possible.

Crystal Filter

From the attenuator, the Signal, passes through a
crystal filter, FL1. THhis, filtér has a narrow pass
band, and frequencie§ several hundred hertz above
or below the centér fréquency (fc) of the channel
are greatly attenuated. Figure 2 shows a typical
curve for the crystal filtér, as well as a character-
istic 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 may
result from@arcing disconnects or corona discharge.

Oscillator and Mixer

From the crystal 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-con-
trolled oscillator that operates at a frequency 20KHz
above the channel frequency, fc. The _output from
this local oscillator is fed thréugh “trfansformer T11
to potentiometer R12, and the latter i's adjusted to
feed a suitable input to the base 6f mixer transistor
Q11. The output of FL.1 is impressed on the emitter-
collector circuit of Q11. As, thé result of mixing
these two frequencies, “the primary of transformer
T12 will contain frequeneciestof 20KHz, 2fc + 20KHz,
fc and fc + 20KHz.

IF Amplifier

The output“from“the secondary of T12 is ampli-
fied byaQ31, 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 cas€. 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 input that 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
hertz. The adjustment for zero output at fc hertz
is made by capacitor C88. X83 also is adjusted to
obtain a maximum voltage reading across R84 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 C86 (the actual value of which may be changed
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slightly from its typical value in factory calibration
if required). It should be observed that although the
higher signal frequency is fc + 100 hertz, after
leaving the mixer stage and as seen by the discrim-
inator the corresponding frequency is 20KHz-100
hertz. Similarly, the lower signal frequency is
converted to 20KHz + 100 hertz.

The discriminator output is connected to the
bases of transistors Q81 and Q82 in such manner
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 is at a poten-
tial of approximately +20 volts at Guard frequency
and terminal 11 is at +20 volts at Trip frequency.

Output Circuits

The output circuit board of the receiver contains
output relay HG. The contacts of this relay are the
mercury-wetted type, which assures bounceless
operation. It also contains telephone-type relay AL,
the contacts of which can be used to energize an
alarm.

When Trip signal is received, terminal 8 of
Output printed circuit board is at approximately
+20 volts potential and transistor Q101 bécames
conductive, which energizes relay HG. When Guard
signal is present, terminal 1 of the Output board is
at approximately +20 volts potential. Thejbasepof
transistor Q102 is connected to termimaly, 1 “amnd 8
through resistors R103 and R104. (Consequently
when either Guard or Trip signalgis present this
transistor is conductive.

When neither Guard nor Trip “signal is present,
indicating a loss of channel® G102"is not conduc-
tive and capacitor C101 beginsWo charge through
resistors R106 and R 107Whengthe capacitor volt-
age reaches the breakidown Ylevel of zener diode
CR102 (in approximately ‘W90 milliseconds) transis-
tor Q103 receives basé ifiput and becomes conduc-
tive. This remowes “baseg input from Q104 and the
alarm relay/AlL, drops out and energizes an alarm
through itg normally.closed contacts. A copper slug
on the coreWf thé alarm relay adds an additional
delay of approximately 40 milliseconds before the
alarm contacts close. When Guard signal reappears
and Q102 becomes conductive, capacitor C101 dis-
charges rapidly through the low resistance of R107.
This ‘quick-reset feature of the RC time-delay re-
duces the possibility of operation of the loss-of-
channel alarm by noise signal, which may override
and cancel the Guard signal briefly but repetitively
or may appear as a false Trip signal.

It should be noted that relay HG has Form D
contacts, and only the normally-open or the nermally-
closed contacts should be used unless thete is no
objection to having both contacts “momentarily
closed simultaneously when the relay is energized
or deenergized. Also, for protection of the HG relay
contacts, the external device controlled should
contain series resistance an@l capacitance (of values
suitable for the load “woltage and current) across
the terminals that are externally connected to the
HG relay terminals. 4Withy su¢h protection the HG
contacts have maximum ratings of 2 amperes, 500
volts, and 100 volt-amperes. The HG relay will pick
up at approximat@ly 20volts.

The ALy relay@®contacts are rated at 4 amps.,
150 wattsgforvan a-c non-inductive load. The relay
will pick at/ 35yto 40 volts.

Power, Supply

The regulated 20 V.D.C. and 45 V.D.C. circuits
of “the receiver are supplied from zener diodes
moufited on a common heat sink on the rear of the
panel. Resistors (R2, R3) of suitable value are
connected between the station battery supply and
the 45 volt zener to adapt the receiver for use on
48, 125 or 250 V.D.C. battery circuits. The receiver
is connected to the external supply through a switch
and fuses, and a pilot light indicates whether the
D.C. circuits are energized. Capacitors C1 and
C2 bypass r.f. or transient voltages to ground.

CHARACTERISTICS
Frequency range 30-300KHz

Sensitivity (noise-
free channel)

0.005 volt (65 db below 1 watt
for limiting)
Input Impedance 5000 ohms minimum

down < 3 db at 220 Hz.
down > 60db at 1000 Hz.

Bandwidth
(crystal filter)

Set for zero output at channel
center frequency and for max.
outputs at 100 hertz above
and below center frequency.

Discriminator

Operating Time 9 ms. channel (transm. and

recvr.)

2 ms. HG relay operate and re-
lease times



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

500 hertz minimum

B. For two-way 1000 hertz minimum between
channel transmitter and adjacent re-
ceiver frequencies.

Ambient tempera-
ture 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.

Battery drain 0.20 a. at 48 V.D.C.

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

Dimensions P anel height — 10%’’ or 6 r.u.
Panel width — 19"’
Weight 13 1b.

INSTALLATION

The TCF receiver is generally supplied ingja
cabinet or on a relay rack as a part of a complete
carrier assembly. The location must be freeffrom
dust, excessive humidity, vibration, corrosive fumgs,
or heat. The maximum ambient temperature arqund
the chassis must not exceed 55°C.

ADJUSTMENTS

All factory adjustments ofthe/TCE.receiver have
been carefully made and should net be /altered unless
there is evidence of damagegdr malfunctioning. Such
adjustments are: frequency'and output level of the
oscillator and mixer; dnputito th€ amplifier and limit-
er; frequency spacing and magnitude of discriminator
output peaks.

After the receiver has been installed, the input
attenuator R5 must be set for the desired operating
margin. Thegreceiver should not be set with a great-
er margin_ofWsensitivity than is needed to assure
correct operation with the maximum expected varia-
tion im, attenuation of the transmitter signal. In the
absencejof data on this, the receiver may be set to
operateom a signal that is 15 db below the expected

maximum signal. After installation of the receiver
and the corresponding transmitter, and with a norcmal
signal being received, input attenuator R5 should be
adjusted to the position at which the alarm relay.
drops out. R5 then should be readjusted to increase
the voltage supplied to the receiver by 15 db. The
scale markings for R5 permit an approximate setting
to be made but it is preferable to make_this setting
bymeans of the db scales of an4a-c VT'VM/connected
from ground to the sliding contact ofyR 5"

In case factory adjustments fravie been accident-
ally disturbed or componentsyhave®been replaced, it
may be necessary to readjust®the oscillator and
mixer, the limiter, opmthe“diScriminator, and pro-
cedures for these adjustments are described in the
following paragraphs.

PotentiOmeter (R12 in the oscillator and mixer
should be set“for 0.3 volt, measured with an a-c
VTVM onnected between TP11 and terminal 18 on
the gcircuityboard (ground terminal of voltmeter). A
frequene@y. counter can be connected to the same
points for“@ check on the frequency, which should
bes20KHz above the channel frequency. The frequen-
cy Asfixed by the crystal used, except that it may
bel changed a few hertz by the value of capacitor
C12. Reducing C12 increases -the frequency, but the
capacity should never be less than a value that in-
sures reliable starting of oscillation. The frequency
at room temperature is usually several hertz 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 the base of transistor Q54 to ter-
minal 18 of the limiter. With 5 mv. of signal frequen-
cy on the receiver input (R5 at zero), R52 should be
adjusted to the point where the peaks of the oscil-
loscope trace begin to flatten. This should appear
on the upper and lower peaks at approximately the
same setting. The R52 adjusting screw then should
be tumed one turn farther in the direction to produce
limiting.

Adjustment of the discriminator is made by
capacitors C83 and C88. Apply to the receiver input
a 5 mv. signal taken from an oscillator set at the
center frequency of the channel. (R5 at zero.) Con-
nect a 1.5-0-1.5 milliammeter in the circuit at J1
and a VT'VM across R84. Adjust C88 for zero current
in the milliammeter and C83 for maximum voltage
across R84, rechecking the adjustments alternately
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until no further change is observed. Remove the
VTVM from across R84 and observe the milliammeter
reading as the oscillator frequency is varied. Posi-
tive and negative peaks should occur at 100 hertz
above and below center frequency.

MAINTENANCE

Periodic checks of the received carrier signal
and the receiver sensitivity will detect gradual
deterioration and permit its correction before failure
can result. An overall check can be made with the
attenuation control R5. A change in operating mar-
gin from the original setting can be detected by ob-
serving the change in the dial setting required to
drop out the alarm relay. If there is a substantial
reduction in margin, the signal voltage at the re-
ceiver input should be checked to see whether the
reduction is due to loss of signal or loss of receiver
sensitivity.

All adjustable 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, as des-
cribed under ‘““CONSTRUCTION’’, any board may be
made entirely accessible while permitting electrical
operation by wusing board extender Style “No.
644B315G01. This permits attaching instrument
leads to the various test points or terminal'sfwhen
making voltage, oscilloscope or frequency“ehecks.

It is advisable to record voltage values after ad-
justment in order to establish referenice valués which
will be useful when checking the, apparatus. The
readings will remain fairly constant“éWer an indef-
inite period unless a failure \occurs. However, if
transistors are changed, thére may be considerable
difference in these readings without the overall per-
formance being affected.

Typical voltagefvaldieg are given in the following
tables. Voltagesyshould be measured with a VTVM.
Some readings mayWwary as much as * 20%.

TABLE |
RECEIVER D-C MEASUREMENTS

Note: All voltage readings taken with ground of d-c
VTVM on terminal 18 (+20 v.). Receiver adjusted for
15%db eperating margin with input signal down 50 db
from 1 watt. Unless otherwise indicated, voltage will
not vary appreciably whether signal is high, low or
fe frequency.

Collector
of
Transistor Volts (4)
Q11 20
Ql2 14.5 (No signal)
Ql2 14.0 (High or low freq. signal)
Q13 17.0 (Nefsignal)
Q13 15.00¢Hi€®h or low freq. signal)
Q31 1849
Q32 18..9
Q51 8.4
Q52 13.5
Q53 4.4
Q54 18
Q81 20 (No signal or fc — 100 Hz.)
Q81 < 0.5 (fc +100 Hz.)

Q82 and Q101
Q82 and Q101

20 (No signal of fc + 100 Hz.)
< 0.5 (fc — 100 Hz.)

Q103 20.5 (No signal)

Q104 <0.5 (No signal)

Q105 45 (No signal)
TABLE Il

RECEIVER RF MEASUREMENTS

Collector of Transistor Volts (fc + cy.)

Q32 .25
Q51 .3
Q52 .4
Q53 2.1
Q54 4.8

FILTER RESPONSE MEASUREMENTS

The crystal input filter (FL 1) and the IF filter
(FL2) are in sealed containers and repairs can be
made only by the factory. The stability of the origin-
al response characteristics is such that in normal
usage no appreciable change in response will occur.
However the test circuits of Fig. 9 can be used in
case there is reason to suspect that either of the
filters has been damaged.

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 18 db minimum at 19.00 and
21.00 KHz’'. The signal generator voltage (Fig. 9)
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
VM1. 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 in-
sertion loss would be approximately 16db less than
the measured difference because of the input resis-
torand the difference in input and output impedances
of the filter.

Because of the extreme frequency sensitivity of
the crystal filter, the oscillator used inits test cir~
cuit 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 VMJ
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 11db below the reading of VM1. (The filter in-
sertion loss is approximately 6db less th@an the
difference in readings.)

CONVERSION OF RECEIVER FOR,CHANGED
CHANNEL FREQUENEY

The parts required for converting a TCF receiver
for operating on a different channel frequency con-
sist of a new crystal filter @5%), a new local os-
cillator crystal (Y11) and probably a different feed-
back capacitor (C12)4 Becausé®the wide range of
channel frequenciesdprechudesimaintaining a factory
stock of the varidus grystal's, immediate shipment
of the filter and the“@scillator crystal cannot be
made. After the crystals hhave been procured and the
filter has been completed, it is recommended that
the receiver be retumed to the factory for the con-
version and for complete test and adjustment. How-
ever, 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 equippedgfor
this work.

RECOMMENDED TEST EQUIPMENT

I. Minimum Test Equipment for Instdllation

4. A-C Vacuum Tube Voltmeteri(V T'W'M). Voltage
range 0.003 to 30 voltg, frequency range 60
hertz to 330 KHz, ‘9nput) impedance 7.5
megohms.

b. D-C Vacuum Tube Veltmeter (VT VM).
Voltage Rangef 1.5 to 300 volts
Input Impedance: 7.5 megohms

ll. Desirable Test/Equipment for Apparatus Main-
tenance.

a. ‘All%items)listed in I.

b. ZSignaliGenerator
Output Voltage:
Erequency 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
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 fur-
nished, 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 and Westinghouse Designation on the
Electrical Part List.
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ADDENDUM

With shipments of sets starting in early 1973, t%

germanium transistors used in the various modulées
were replaced with silicon transistors. In additi
due to the nature of silicon transistors, s r

sistor values in the circuits had to be n
order to correctly bias these transistor herefore
the transistors are not replaceable o indfor pin

basis throughout the receiver.
replace a germanium transis
transistor on older sets using
check the schematics on t g pages to see
if the location where the
additional component chang that is the case,
then the replacement ca ly be made by the same
additional component
71t should be pointed out
g g the silicon transistors
erchangeable with the modules
ium transistors. Therefore, there
is no problem termixing the silicon transistor
modules germanium transistor modules
in the s eiver. Thus complete new modules
lcon transistors can be ordered and
Wsed \as placements in older receivers having

N transistor modules. The new modules
ve same stvle numbers as the old germanium

containin

%stor modules they replace.

O
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ELECTRICAL PARTS LIST

ST sescripTION
CAPACITORS
Cl1 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
C2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962 v
Cl11 Metallized paper; 0.25 mfd.; 200 V.D.C.
Cl12-C16 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. TA624H04
C31 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C32 Metallized paper; 0.25 mfd.; 200 V.D.C. 187TA624H02
C33 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C34 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C35 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C51 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C52 Metallized paper; 0.25 mfd.; 200 V.D. 187A624H02
C53 Metallized paper; 0.1 mfd.; 200 V.D 187TA624H01
Cb54 Dur-Mica, 1300 pf.; 500 V.D, 187A584H15
C55 Metallized paper; 0.1 mfd. 187A624H01
C56 Metallized paper; 0.25 mfdg .C. 187A624H02
C57 187A624H01
C58 187A624H02
C59 187A624H02
C60 187TA624H04
csl1 T62AT03HO01
C82 762AT03HO1
C83 T62AT36H02
Ccs4 187A624H16
C85
C86 0¢pf., zero temp. coef. 187A684H08
c87 Temp. compensating; 150 V.D.C.; pf. as required
C88 Variable; 4.5 — 100 pf. T62AT36H02
C89 Polystyrene; 9100 pf.; 200 V.D.C. 187TA624H16
Cc9 Mylar; 0.22 mfd.; 50 V.D.C. T62AT03HO01
9 Mylar; 0.22 mfd.; 50 V.D.C. T62AT03HO01
1 Tantalum, 6.8 mfd.; 35 V.D.C. 184A661H25
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ELECTRICAL PARTS LIST (Cont'd.)

R19
R20

CIRCUIT WESTINGH

SYMBOL DESCRIPTION DESIGN N
DIODES — GENERAL PURPOSE
CR51 1N4574; 60 V.; 200 MA. 184A855H07
CR52 1N457A; 60 V.; 200 MA. 184A885H07
CR53 1N457A; 60 V.; 200 MA. 4A855H07
CR81 1N91; 100 V.; 150 MA. 182A881H04
CR82 1N91; 100 V.; 150 MA. 182A881H04
CR83 1N91; 100 V.; 150 MA. 182A881H04
CR85 1IN628; 125 V.; 20 MA. 184A844H12
CR86 1IN628; 125 V.; 30 MA. 184A855H12
CR101 1N457A; 60 V.; 200 MA. 184A885H07
CR103 1IN4574; 60 V.; 200 MA. 184 A885H07
DIODES - ZENER
CR1 1IN30274A; 20 V. +10%; 1 W. 188A307H10
CR2 IN3027A; 20 V. +10%; 1 W. 188A307H10
CR102 1IN3686B; 20 V. +5%; 750 MW. 185A212H06
VR1 1N2828B; 45 V. +5%; 50W. 184A854H06
VR2 1IN2984B; 20 V. +5%; 10W. T62A631HO01
R5 10K; 2W. 185A086H10
R7 250K; 2W. 185A086H11
R12 1K; %aw. 629A430H02
R52 1K; %AW. 629A645H04
RESISTORS

R1 400 ohms . 1202587
R2 26.540hm OW. (For 48 V. Supply) 04D 1299H44

R2 150 Nc; 40W. (For 125 V. Supply) 1202499
R2 0 +5%; S50W. (For 250 V. Supply) 763A963H01

R3 0 +5%; 40W. (For 125 V. Supply) 1202499
R3 500'0hms +5%; 100 W. (For 250 V. Supply) 629A843H03
R4 ohms +5%; 1W. Composition 187A643H03
R6 10K +5%. Y2W. Composition 184A763H51
R8 100K +5%; 1W. Composition 187A643HT75
R11 10K +5%; %W. Composition 184A763H51
R13 5.6K +5%; Y2W. Composition 184A763H45
R14 3.3K +5%; %:W. Composition 184A763H39
R15 ® 330 ohms *5%; %W. Composition 184A763H15
16 10K +5%; %W. Composition 184A763H51
33K +5%; Y2W. Composition 184A763H63
18 3.3K +5%; Y2W. Composition 184A763H39
3.3K +5%; 2W. Composition 184A763H39
10K +5%; Y%2W. Composition 184A763H51

D



ELECTRICAL PARTS LIST (Cont'd.)

A,
WESTINGHOUSE

CIRCUIT
SYMBOL DESCRIPTION DESIGNATION
RESISTORS (Cont’d.) e
R21 33K £5%; Y%.W. Composition 184A763H63
R22 330 ohms +5%; Y2W. Composition 184AT63H15 4
R23 10K £5%; Y% W. Composition j
R31 3.3K +5%; Y%W. Ccomposition
R32 22K +5%; Y%W. Composition
R33 680 ohms +5%; 4W. Composition
R34 68 ohms +5%; %.W. Composition
R35 10K +5%; Y%2W. Composition 84AT63H51
R36 330 ohms 5%, Y%2W. Composition 184AT63H15
R37 3.3K +5%; %W. Composition 184A763H39
R38 1000 ohms +5%; Y2W. Composition 184AT63H27
R39 22K +5%; YoW. Composition 184A763H59
R40 680 ohms +5%; Y%W. Composition 184A763H23
R41 68 ohms +5%; %.W. Composition 187A290H21
R42 10K +5%; %W. Composition 184A763H51
R51 4.7K +5%; %W . Compositio 184A763H43
R53 27K +5%; Y2W. CompositiOfip, 184AT63H61
R54 2.2K t5%; %2W. Compositi 184A763H35 s
R55 27 ohms +5%; %W. Gémpositio 187A290H11
R56 10K +5%; Y%Was Composition 184A763H51
R57 184A763H43
R58 184AT763H61
R59 184A763H31
R60 . Composition 184AT63H09
R61 . Composition 184A763H43
R62 . Composition 184A763H31
R63 +5 . Composition 184A763H63
R64 +5%; Y%.W. Composition 184A763H37
R65 s +5%; Y%W. Composition 184A763H23
R66 ohms +5%; %W. Composition 187A290H21
R67 4.7K +5%; %W. Composition 184A763H43
R68 2.7K +5%; %W. Composition 184A763H37
R69 18K +5%; Y%W. Composition 184A763H57
R70 220 ohms *5%; Y2W. Composition 184A763H11
R71 270 ohms +5%; “%W. Composition 184A763H13
R72 330 ohms *+5%; }4W. Composition 184A763H15
RS 4.7K 5%, Y%.W. Composition 184A763H43
4.7K +5%; %.W. Composition 184A763H43
2.2K 5% %W. Composition 184A763H35 h
2.2K +5%; Y%W. Composition 184 A763H35
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ELECTRICAL PARTS LIST (Cont'd.)

RESISTORS (Cont'd.)
R85 6.8K +5%; Y2W. Composition 184A763H
R101 18K +5%; %W. Composition 184A7E§H57
R102 10K +5%; .W. Composition 184AT763H51
R103 82K +5%; %2W. Composition AT63H73
R104 82K +5%; %W. Composition AT63HT3
R105 10K +5%; 1W. Composition 187A643H51
R106 39K +5%; Y%.W. Composition 184AT763H65
R107 1000 ohms *5%; Y2W. Composition 185A763H27
R108 10K +5%; Y2W. Composition 184A763H51
R109 22K +5%; Y.W. Composition 184AT63H23
R110 27K +5%; %W. Composition 184A763H61
R111 10K +5%; Y2W. Composition 184A763H51
TRANSFORME
T11 Toroidal type, 10000/400 ohms 1962797
T12 Toroidal type, 25000/300 ohms 1962697
T381 Pot. Core type 606B533G01
T82 Pot. Core type 606B533G02
T
Q11 2N652A 184A638H16
Q12 2N1396 848A892H01
Q13 2N1396 848A892H01
Q31 2N 274 187A270H01
Q32 2N274 187A270HO01
Q51 2N396 T62A575H03
Q52 2N396 762A575H03
Q53 2N396 762A575H03
Q54 2N396 762A585H03
Q81 2N652A 184A638H16
Q82 2N652 184A638H16
Q101 184A638H19
Q102 762A585H01
Q103 184A638H18
Q104 184A638H19
MISCELLANEOUS
scillator Crystal (Frequency 20 KC above Channel Frequency) 762A800H01 + (Reg. Freq..

FL1 Crystal Input Filter 410C466 + (Reg. Freq.,
FL2 I.F. Filter 762A613G01

Pilot Light Bulb — For 48 V. Supply 187A133H02

Pilot Light Bulb — For 125 or 250 V. Supply 183A955H01

1,F2 Fuse, 1.5A 11D919H26

AL Alarm Relay 408C062H07
HG Mercury Weted Contact Relay; 2 amp, 500 V., 100 V.A. 188A573H04

n
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COMPONENT. STYLE REQ REF.
TRANSISTOR
Q11-Q0124013 849A441H03 | 3 2N4249
RESISTOR
RIB-R22 184A763H15 | 2 | 3300 1PW =5%
R14-R 18=R 19 184A763H39 | 3 | 3.3K 12W 5%
R13 184A763H45 1 | 56K 12W =5%
R 11-R 16-R20-R23 184A763H51 | 4 | 10K 12W =5%
R17-R21 184A763H63 | 2 | 33K _1RPW 25%
R24 184A763H83 | 1 |220K 12W =5%
R25 184A763H43 1 [47K 12W 5%
CAPACITOR
Cl1-C13-C17 187A624H02 | 3 | 25MFD. 200V.
C14—Cl5 187A624H04 | 2 | IMFD. 200V.
C12 SEE_NOTE ¥
r__,\ _______________________________ ? _______ C16 SEE NOTE =
2 ]
|
| — - o POTENTIOMETER
| = [ m o R12 629A430H02 1 100002
I : )
| - ~ E 5 =Cla TRANSFORMER
| Qi1 B'_ b} T11 205C043G01 1 | 10.000/400
| O T12 205C043G03 1 25,000/300
| TP11 !
| }
| o CRYSTAL
| o Y11 ] SEE NOTE o
|
|
|
|
|
| =c17 |8
I [v4
|
|
|
1
v =C12 RANGE 4 TO 390Pf. AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.
= =C16 RANGE 22 TO 100Pf. AS REGUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.
0 =Y11 RANGE-50 TO 220 KHZ.
« Fig. 1d. Internal Schematic 30-200KHz Oscillator and Mixer Silicon Transistor Version
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COMPONENT STYLE REQ REF
TRANSISTOR
Q211 849A441H03 | 1 2N4249
RESISTOR |
R211-R213-R215 184A763H51 .| 3 | 10K 12W %5%
R212 184A763H27 | 1 | 1K _1/2W 5%
R214 184A763H37 | 1 |2.7K 1RW 5%
R216 184A763H49 | 1 | 82K 1RW +5%
R217 184A763H34 | 1 | 2K 12W +5%
R218 184A763H07 | 1 1500 12W =5%
R219 184A763HI5 | 1 13300 12W =5%
R220 184A763H67 | 1 | 47K 1/2W =5%
R221 184A763H83 | 1 220K 12W %5%
R222 184A763H43 | 1 |4.7K 12W 25%
CAPACITOR
_____________________________ A N c211 SEE_NOTE &
- 5] N C212-C213-C215 184A663H04 | 3 | .1IMFD. 50V.
| - | Cc214 SEE_NOTE ©
| L | c216-C217 187A624H04 | 2 | 1 MFD. 200V.
: b l c218 187A624H02 | 1 _|.25 MFD._200V.
[s4
| |
I | c215 I ZENER DIODE
I I 7201 862A606H01 | 1 IN753A
€216
| ¥.2201 N w2 4
4
| 9 | INTERNAL CIRCUIT
| ™ § | ic201 201C826H04 | 1 UA710C
| o = |
| 1 3 =
| | TRANSFORMER
| | T211 714B677G01 | 1
: F ] ca17 3z I T212 205C043G03 | 1
) d |
! lczlz |
| 213 I | CRYSTAL
: RZ18
: O [RZi8h— [ Y11 SEE NOTE O [ 1
i |
!_. 18 202C907G01
e e Y ______8 \, 1202090760 ]

A=C211 RANGES FROM 100Pf. TO 1.000Pf.
©=C214 STYLE NO. 187A695H17 .56Pf. BUT MAY VARY UP TO 100Pf.

O= Y11 FREQUENCY EQUALS RECEIVER (CHANNEL) FREQUENCY
PLUS 20 KHZ.

264C844

x Fig. 12. Infernal Schematic 200.5-300KHz. Oscillator and Mixer Silicon Transistor Version

) )
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COMPONENT STYLE ‘REQ REF.
TRANSISTOR o ]
Q31-Q32 849A441H03 | 2 2R14249 -
RESISTOR
R34-R41 187A290H21 | 2 f 680 1/2W +5%
R36 184A763H 15 1 {3300 12W *5%
R33=R40 184A763H23 | -2 |680n 1/2W 5%
R38 184A763H27 1 | 1K /2w *5%
R312R37 184A763H39 | 2 "1'3.3K 12W +5%
R85-R42 184A763H51 | 2 | 10K 1/2W 5%
R32-R39 184A763H59 | 2 | 22K 1/2W *5%
CAPACITOR
C31-C32-C33-C35 187A624H02 4 | “25MFD. 200V
C34 187A624H04 1 1MFD. 200V.
C36 762A757H01 1 100 P¥.
FILTER
LFL2 762A613601 1
# = COMMON TERMINAL 2 6 4C85 6

* Fig. 13.

Internal Schematic I.F. Amplifier — Silicon Transistor Version
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COMPONENT: STYLE REQ. REF.
TRANSISTOR
Q51-05220532Q54 849A441H03 | 4 2N4249
RESISTOR
R66 187A290H21 | 1 | 680 12W +5%
R55 187A290H11 | 1 | 270 12W 5%
R70 184A763H11 | 1 2200 12W 5%
R72 184A763H15 | 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 | 2.7K 12W =5%
R51-R57-R61-R67 184A763H43 | 4 | 4.7K 12W =5%
R56 184A763H51 | 1 | 10K 12W =5%
R69 184A763H57 | 1 | 18K 12W 5%
R53-R58 184A763H61 | 2 | 27K 12W 5%
R63 184A763H63 | 1 | 33K 12W +5%
R71 09D8326G20 | 1 1000 +2%
EN ! R60 184A763H09 1 [1800 12W +5%
I { R73 629A531H02 | 1 |560 12W 2%
: [
| '> CAPACITOR
I | C54 187A584H15 | 1 | 1300MMF. 500V.
14 I C51-C52-C56-C58-C59 187A624H02 | 5 | .25MFD. 200V.
< | C53-C55-C57 187A624H01 | 3 | 0.IMFD. 200V.
[ 3 €60 187A624H04 | 1 | 1.OMFD. 200V.
| & |
<l I :
2 I DIODE
! I D51-D52-D53 184AB55H07 | 3 IN457A
! |
| : POTENTIOMETER
| | R52 629A645H04 | 1 1K
' |
! | [
| o5l !
T |
} |
| 18 410C163G01 II
I————vv —————————————————— - — —— — — — — — — — — — — v ——
264C841

% Fig. 14. Internal Schematic Amplifier and Limiter — Silicon Transistor Version
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COPONENT STYLE REQ REF
TRANSISTOR
Q81-@82 849A441H01 2 2N3645
RESISTOR
R81-R82 184A763H38 2 3K 1RW 5%
R83-R84 184A763H35 2 22K 1°2W =*5%
R85 184A763H11 1 22000 1RW =5%)
R87 184A763H53 1 12K 1/2W +5%
CAPACITOR
C81-C82-C90-C91 762A703H01 4 .22MFD. 50V.
C83-C88 762A736H02 2 4.5 TO 100Pi.
C84-C89 187A624H16 2 0091MFD. 200V.
C86 187A684H08 1 100Pf.
C85-C87 SEE_NOTE O
DIODE
D81-D82 184A855H07 2 1N457A
D85-D86 184A855H12 2 1IN628
TRANSFORMER
181 606B533G01 1
182 606B533G02 1
O =0ONE OR TWO CAPACITORS USED; VALUES
DETERMINED IN TEST.
264C843

*

Fig. 15. Internal Schematic Discriminator — Silicon Transistor Version
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Fighl7. Component Locations 200.5-300KHz.

Osecillator and Mixer Silicon Transistor Version
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Westinghouse 1.L. 41-945.52B
INSTALLATION o OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE TCF POWER LINE CARRIER FREQUENCY SHIFT

RECEIVER EQUIPMENT -
WITH VOLTAGE OUTPUT FOR TELEMETERING

CAUTION

It is recommended that the user of this equipment
become thoroughly acquainted with the information
in this instruction leaflet before energiang 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 TCF frequency-shift receiver as adapted
for telemetering applications produces at its etitput
terminals an alternating voltage of approximately
square waveform, and of the same frequency ‘@sfthe
voltage which keys its associated TCF transmitter
to produce a signal which is alternately 400, cye€les
above and 100 cycles below the center frequeney of
the channel on which the transmitter®and\receiver
are designed to operate. This center frequency can
be selected within the range of 30pkH2zwt0 300 kHz,
and the high frequencies arej'carried, from trans-
mitter to receiver over a “power@line and through
coupling capacitors and line ‘tuners at each end.
The varying frequency keying,@or modulating, volt-
age for the TCF transmitter{is obtained from a
telemetering transmitter 4which converts a millivolt
signal to a prOportienal /frequency. The varying
output of the /'CF ‘receiver is converted by a tele-
metering regeivepfto a“millivolt signal identical to
that at the tramnsmitting end.

CONSTRUCTION

The, TCF receiver unit for voltage output tele-
metering rapplications is mounted on a standard 19-
inchawide panel 10% inches high (6 rack 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 at-

SUPERSEDES I.L. 41-945.52A
*Denotes change from superseded issue.

tenuator, and a jack for meterimgfthe discriminator
output current are accessible from the front of the
panel. Refer to Fig. 3.

All of the circauitry that is suitable for mounting
on printed circuit beards is contained in an en-
closure that projects, from the rear of the panel and
is accessible bypopening a hinged door on the front
of the papnel,/@©ther components on the rear of the
panelharevlgcated as shown on Fig. 4. Reference
to thetinternal schematic connections on Fig. 1 will
shew the)location of these components in the circuit.
Theydotted lines inclosing 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.

TCF receivers for transfer trip relaying require a
logic circuit board and may require a carrier level
indicator circuit board, which are contained in the
third-from-right and right hand compartments res-
pectively. These are not required for the TCF
receiver for telemetering and the compartments
are vacant.

The printed circuit boards slide into position
in slotted guides at the top and bottom of each
compartment, and the board terminals engage a
terminal block at the rear of the compartment. Each
board and terminal block is 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 func-
tion in the circuit.

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
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restores all circuit connections, and all components
and test points on the board are readily accessible.

A portion of the receiver operates from a regulat-
ed 20 V.D.C. supply, and the remainder from a
regulated 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 on 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 receiver responds
are received through a coaxial cable connected to
jack J2 of figure 1. Resistor R4 and 20-volt Zener
diodes CR1 and CR2 protect the receiver from ab-
normally high voltages received through the coaxial
cable. Input attenuator R5 reduces the signal toa
level suitable for best operation of the receiver. The
attenuator is adjustable from the front of the panel
and can be clamped at the desired setting. A seale
on the panel is graduated in db. While this scale/s
typical rather than individually calibrated,, "it is
accurate within one or two db. and is fuseful in
setting approximate levels. Settings shouldibe made
by observation of the db. scale of @ suitable a-c
voltmeter when possible.

Crystal Filter

From the attenuator, the signal passes""fhrough a
crystal filter, FL1. This filter qakas a narrow pass
band, and frequencies "Several hundred cycles above
or below the centerdrequeneéy (fc) of the channel are
greatly attenuated. Figure 2 shows a typical curve
for the crystal filter, asdwell as a characteristic
curve for the intermediate frequency filter, FL2,
and for the discriminator output. The narrow pass
band of FL1 permits close spacing of channel
frequencies®) and reduces the possibility of false
operationmeaused by spurious signals such as may
result fromyarcing disconnects or corona discharge.

Oscillator and Mixer

From the crystal filter, the signal enters the

oscillator and mixer stage of the receiver. Crystal
Y11, transistors Q12 and Q13, and their assocjated
resistors and capacitors, comprise a crystal-coné¢
trolled oscillator that operates at a frequency,20
KHz above the channel 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 tran-
sistor Ql11. The output of FLI%is impressed on the
emitter-collector circuit of Ql1."As“the result of
mixing these two frequencies{ they,primary of trans-
former T12 will contain frequeficies of 20 KHz and
2fc + 20 KHz.

IF Amplifier

The output from“the secondary of T12 is am-
plified by Q31/'in the “intermediate frequency am-
plifier stage, andfis /impressed on filter FL2. This
is a two-seetion filter, with both filters contained
in a comunon ‘ease. Its pass band is centered at 20
KHz, While its’» passband is much wider than that
of thegcrystal filter, it eliminates the frequencies
present atfits input that are substantially higher
than 20, KHz.

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 attenua-
tion, 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 mil-
liammeter inserted in the circuit at jack J1) at fc
hertz. The adjustment for zero output at fc hertz
is made by capacitor C88. C83 also is adjusted to
obtain a maximum voltage reading across R84 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 out-
put 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). It should be observed that although the
higher signal frequency is fc + 100 Hertz, after
leaving the mixer stage and as seen by the dis-
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criminator the corresponding frequency is 20 KHz -
100 Hz. Similarly, the lower signal frequency is
converted to 20 KHz + 100 Hz.

The discriminator output is connected to the
bases of transistors Q81 and Q82 in such manner
that Q82 is made conductive when terminal 4 is
positive with respect to terminal 13 (which occurs
with trip output) and Q81 is made conductive when
terminal 4 is negative with respect to 13. Con-
sequently, terminal 15 is at a potential of approxi-
mately +20 volts at Guard frequency and terminal
11 is at +20 volts at trip frequency.

Output Circuits

The output circuit board of the receiver contains
transistors Q101 and Q102 which receive and amplify
the discriminator output. Their collectors are con-
nected to the outer ends of the mid-tapped primary
winding of transformer T1, and the alternate con-
duction and cutoff of these transistors causes a-c
voltages of approximate square waveform to appear
on the secondary windings of the transformer. The
winding connected to terminals 18 and 19 of J3
supplies approximately 45 volts peak-to-peak to &
10K load, and the winding connected to termimals
23 and 24 supplies approximately 12 volts peak-to-
peak to a 600 ohm load.

The two discriminator outputs also are_connected
through resistors R103 and R104 to the base ‘of, tran-
sistor Q103. Either output from the_diseriminator
will keep Q103 fully conductive @nd eurrent fed
from the 45 volt d-c supply will flow t0 negative
through Q103. If the discriminatof has,neither output,
capacitor C103 charges to the breakdown voltage of
zener diode CRI103 in approximately 160 ms. Q104
then receives base current’and_ beeomes conductive,
thus removing base current from Q105 and causing
alarm relay AL to drepmeut:™An alarm is energized
through normally-closed” contacts of this relay. A
copper slug on, thépcoregof relay AL adds about 40
ms. to makegthe totalydelay about 200 ms. between
disappearance of disgriminator output and energiza-
tion of the "alarm./1f discriminator output should
reappear before the alarm becomes energized, C103
will be discharged very rapidly through the low
resistance of§R 109 and substantially the full delay
would) be effective on an immediately subsequent
lossSwef'discriminator output.

The telemetering transmitter has a lower fre-
guency output with a zero millivolt input signal and
a higher frequency output at maximum or full scale

input signal, a typical range being 15 to 35 hertz.
Consequently, the alarm will not be energized unl€ss
there is failure in equipment or interruption “of the
power line channel.

Power Supply

The regulated 20 V.D.C. and 45 V.D.C. circuits
of the receiver are suppliegd™ from zener diodes
mounted on a common héat Simk on the rear of the
panel. Resistors (R2, R3)Wof “Suitable value are
connected between thed'station” battery supply and
the 45 volt zener to adapt the receiver for use on
48, 125 or 250 V.D.Ciybattery circuits. The receiver
is connected to the,external supply through a switch
and fuses, andga. pilotflight indicates whether the
D.C. circuits,are energized. Capacitors C1 and C2
bypass r.f. or transient voltages to ground.

CHARACTERISTICS

Erequengy range 30-300 KHz

0.005 volt (65 db below 1 watt
for limiting)

Sensitivity (noise-
free channel)
Input Impedance 5000 ohms minimum

Bandwidth
(crystal filter)

down < 3 db at 220 cycles
down > 60 db at 1000 cycles
down > 85 db at 3000 cycles

Discriminator Set for zero output at channel
center frequency and for ‘max.
outputs at 100 cycles above

and below center frequency.

9 ms. channel (transm. and
recvr.)

Operating Time

Keying rate 10-50 Hz.

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

way channel. 500 Hertz minimum

1000 Hertz minimum between
transmitter and adjacent re-
ceiver frequencies.

B. For two-way
channel.

Receiver Output Output transformer supplies the

following squarewave voltages

(peak-to-peak):

A. Terminals 18-19: 45 volts
into 10,000 ohms.

B. Terminals 23-24: 12 volts

into 600 ohms.



Ambient tempera- -20°C to +55°C temperature
ture 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.
0.27 a. at 125 or 250 V.D.C.

Battery Drain

Dimensions Panel height — 10%’’ or 6 r.u.
Panel width — 19”
Weight 13 lbs.
INSTALLATION

The TCF receiver is generally supplied 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, corrosive fumes,
or heat. The maximum ambient temperature around
the chassis must not exceed 55°C.

ADJUSTMENTS

All factory adjustments of the TCF receiver fiave
been carefully made and should not be altered unless:
there is evidence of damage or mal-functioning.
Such adjustments are: frequency and output level of
the oscillator and mixer; input to the amplifier,“and
limiter; frequency and output level ofythe‘escillator
and mixer; input to the amplifier and limiter; fre-
quency spacing and magnitude of dis€riminator out-
put peaks.

After the receiver has been“imnstalled, the input
attenuator RS must be set/forsthe desired operating
margin. The receiver shoeuldinot be set with a greater
margin of sensitivity tham 1s needed to assure
correct operationgwiths#he maximum expected varia-
tion in attenuationWef thedtransmitter signal. In the
absence of data on thi§§ the receiver may be set to
operate on a signal that is 15 db below the expected
maximum signal. After installation of the receiver
and the cofresponding transmitter and with a normal
signal being teceived, input attenuator R5 should be
adjusted te the position at which the alarm relay
dropsWout.®R5 then should be readjusted to increase
thehwoltage supplied to the receiver by 15 db. The
scale, markings for R5 permit an approximate setting

to be made but it is preferable to make this setting
by means of the db scales of an a-¢c VTVM connéct-
ed from ground to the sliding contact of R5.

In case factory adjustments have been accidently
disturbed or components have been replaced, it may
be necessary to readjust the oscillator and mixer,
the limiter, or the discriminator,/ and®procedures
for these adjustments are described in_the following
paragraphs.

Potentiometer R12 in ghe @scillator and mixer
should be set for 0.3 volt,“measured with an a-c
VTVM connected betweeny TP1I and terminal 18 on
the circuit board (gréund, terminal of voltmeter). A
frequency counter ‘€éan be“connected to the same
points for a che€kpon“the frequency which should
be 20KHz ,above ghe channel frequency. The fre-
quency is fixed byuthe crystal used, except that it
may be changedWa few hertz by the value of cap-
acitor "Cl2MmReducing C12 increases the frequency,
but the#capacity should never be less than a value
that ginsures, reliable starting of oscillation. The
frequency at room temperature is usually several
Hertz 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 the base of transistor Q54 to
terminal 18 of the limiter. With 5 mv. of signal 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 approxi-
mately the same setting. The R52 adjusting screw
then should be turned one turn farther in the direc-
tion to produce limiting.

Adjustment of the discriminator is made by
capacitors C83 and C88. Apply to the receiver input
a 5 mv. signal taken from an oscillator set at the
center frequency of the channel. (R5 at zero.) Con-
nect 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 100 Hertz above and below center frequency.
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MAINTENANCE

Periodic checks of the received carrier signal
and the receiver sensitivity will detect gradual
deterioration and permit its correction before failure
can result. An overall check can be made with the
attenuation 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 reduction
is due to loss of signal or loss of receiver sensitivity.

All adjustable 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, as des-
cribed under ‘‘CONSTRUCTION,’ any board may
be made entirely accessible while permitting elec-
trical operation by using board extender Style No.
644B315G01. This permits attaching instrument
leads to the various test points or terminals when
making voltage, oscilloscope of frequency checks.

It is advisable to record values after adjuStment
in order to establish reference values which /will
be useful when checking the apparatuss Thefread-
ings will remain fairly constant over an“imdefinite
period unless a failure occurs. Howewer, ifitran-
sistors are changed, there may be c@nsiderable
difference in these readings without 'the’ overall
performance being affected.

Typical voltage values are given, in the follow-
ing tables. Voltages should bey, measured with a
VTVM. Some readings may_vary, as much as *209%.

TABLE |
RECEIVEER'D,C'MEASUREMENTS

Note: All€yoltage readings taken with ground of d-c
VTVM on,terminal 18 (+ 20v). Receiver adjust-
ed for 15 db operating margin with input signal
down 50 db from 1 watt. Unless otherwise
indicated, voltage will not vary appreciably
whether signal is high, low or fc frequency.

I.

Collector of

Transistor

Ql1

Q12

Q12

Q13

Q13

Q31

Q32

Qb1

Q52

Q53

Q54

Q81 andQ101
Q81 and, Q101
Q82 ([and Q102
Q82 and Q102
Q103

Q104

Q105

Volts
(=)

20
14.5 (No signal)
14.0 (High or low freq.signal)
17.0 (No,signal)
15,0 (Highgom low freq. signal)
18.5
1845
8.4
13.9
44
18
20 (No signal or fc-100 Hz.)
.25 (fc + 100 Hz.)
20 (No signal or fc + 100 Hz.)
.25 (fc —100 Hz.)
20.5 (No signal)
.25 (No signal)
45 (No signal)

TABLE 1l

RECEIVER RF MEASUREMENTS

Collector of

Volts (fc + 100 Hz.)

__Transistor

Q32
Q51
Q52
Q53
Q54

.25

.3

4
2.1
4.8

RECOMMENDED TEST EQUIPMENT

Minimum Test Equipment for Installation.

a. A-C Vacuum Tube Voltmeter (VTVM). Volt-
age range 0.03 to 30 volts, frequency range
60 Hertz to 330 KHz, input impedance 7.5

megohms.

b. D-C Vacuum Tube Voltmeter (VTVM)
Voltage Range: 0.15 to 300 volts
Input Impedance: 7.5 megohms



II. Desirable Test Equipment for Apparatus Main- ADDENDUM Y
tenance.

a. All items listed in I. With shi.pments of'sets starting.in early @
the germanium transistors used in the varl
b. Signal Generator modules were replaced with silicon transistors. In
Output Voltage: up to 8 volts addition, due to the nature of silicon transigors,
Frequency Range: 20KHz to 330KHZ some resistor values in the circuits had to be chang-
ed in order to correctly bias th nsistors.
c. Oscilloscope Therefore the transistors are n epl ble on a
d. Frequency counter pin for pin basis throughout iver. Before

attempting to replace a ger
a silicon transistor on old ing germanium,
f. Capacitor checker please check the schematics e following pages
to see if the location re/ the replacement is
desired has addition ponent changes. If that
is the case, then th placement can only be made
by the same desi i nsistors or the additional
component also be made. It should be
pointed out odules containing the silicon
transistors ar letely interchangeable with the
RENEWAL PARTS module ining germanium transistors. Therefore,

there ‘W roblem with intermixing the silicon
Repair work can be done most satisfactorily at trans: to ules with the germanium transistor

ansistor with
e. Ohmmeter

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

the factory. However, replacement parts can be fur- mod in the same receiver. Thus complete new
nished, in most cases, to customers who are equip- containing silicon transistors can be
ped for doing repair work. When ordering parts, & and used as replacements in older receivers o,
always give the complete nameplate data and iden- ha germanium transistor modules. The new mod-
tify the part by its designation on the Intern ules have the same style numbers as the old ger-

Schematic drawing. \ manium transistor modules they replace.

J
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ELECTRICAL PARTS LIST

O

cIRCT DESCRIPTION '{,EESJ{;"NG@
CAPACITORS
C1 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
C2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 77962
Cl1 Metallized paper; 0.25 mfd.; 200 V.D.C. TA624H02
C12-C16 Mica, capacity as required; 500 V.D.C.
C13 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
Cl4 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
Cl15 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C31 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C32 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C33 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
C34 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C35 Metallized paper; 0.25 mfd.; 200 V.D.C. 187A624H02
Cs51 Metallized paper; 0.25 mfd.; 200 V.D, ;ﬁ‘ 187A624H02
C52 Metallized paper; 0.25 mfd.; 200 V.D 187A624H02
C53 187A624HO01
C54 187A584H15
C55 187A624H01
C56 187A624H02
C57 187A624HO01
C58 187A624H02
C59 187A624H02
C60 mfd.; 200 V.D.C. 187A624H04
C81 T62A703HO01
C82 T62AT03HO1
C83 T62A736H02
C84 olystyrene, 9100 pf.; 200 V.D.C. 187A624H16
C85 'ﬁ compensating; 150 V.D.C.; pf. as required
C86 0 pf.; zero temp. coef. 187A684H08
Cc87 emp. compensating; 150 V.D.C.: pf. as required
C88 Variable; 4.5 - 100 pf. T62A736H02
C89 Polystyrene; 9100 pf.; 200 V.D.C. 187A624H16
C90 4 Mylar; 0.22 mfd.; 50 V.D.C. T62A703H01
1 Mylar; 0.22 mfd.; 50 V.D.C. 762A703H01
101 Metallized paper; 1.0 mfd.; 200 V.D.C. 187A624H04
C102 Ceramic 0.05 mfd.; 50 V.D.C. 184A663H02
C103 Tantalum 6.8 mfd.; 35 V.D.C. 184A661H25




ELECTRICAL PARTS LIST

SYMBOL DESCRIPTION "DESIGNATION.
DIODES - GENERAL PURPOSE
CR51 IN457A; 60V.; 200 MA. 184A855H07
CR52 IN475A; 60V.; 200 MA. 184A8556H07
CR53 IN457A; 60V.; 200 MA. 184A855H07
CR381 IN91, 100V.; 150 MA. 182A881H04
CR82 IN91; 100V.; 150 MA. 182A881H04
CR83 IN91, 100V; 150 MA. 182A881H04
CR84 IN475A; 60V.; 200 MA. 184A885H07
CR85 IN628; 125V.; 30 MA. 184A855H12
CR86 IN628; 125V.; 30 MA. 184A855H12
CR101 IN457A; 60V.; 200 MA. 184 A885H07
CR102 IN457A; 60V.; 200 MA. 184A885H07
CR104 IN457A; 60V.; 200 MA. 184A885H07
DIODES), - “ZENER
CRI1 IN3027A; 20V. +10%; 1W. 188A302H10
CR2 IN3027A; 20¥%. +10%; 1W. 188 A302H10
CR103 IN3686B; 20M. + 5%; 750MW. 185A212HO06
VRI1 IN2828B; 45V £ 5%; O50W. 184A854H06
VR2 IN29848B:9,20V. + 5%, 10W. 762A631HO01
7201 INTS3A; /6.2V. + 5%, 400 MW. 862A606H01
POTENTIOMETERS
R5 10K; 2W. 185A086H10
R7 250K; 2W. 185A086H11
R12 1K; AW, 629A430H02
R52 1K; 4W. 629A645H04
R196 2.5K; W. 629A645H07
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ELECTRICAL PARTS LIST (Cont'd.)

W vescrirTion
RESISTORS

R1 400 ohms +5%; 25 W. 1202587

R2 26.5 ohms +5%; 40 W. (For 48 V. Supply) 04D1299H44
R2 150 ohms *5%; 40 W. (For 125 V. Supply) 1202499

R2 300 ohms +5%; 50 W. (For 250 V. Supply) 763A963H01
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 187TA643H03
R6 10K +5%; Y W. Composition 184A763H51
R8 100K +5%,; 1 W. Composition 187A643HT5
R11 10K +5%; Y W. Composition 184A763H51
R13 5.6K +5%; Y W. Composition 184AT763H45
R14 3.3K +5%; Y2 W. Composition 184A763H39
R15 330 ohms +5%; Y W. Composition 184A763H15
R16 10K 5%; Y2 W. Composition 184AT763H51
R17 33K +5%; Y% W. Compésition 184A763H63
R18 3.3K +5%; Y2 WgCemposition 184A763H39
R19 3.3K +5%; Y{W. Composition 184AT63H39
R20 10K +5%; Y23W. Coemposition 184A763H51
R21 33K +5%; #Y2W. Coemposition 184A763H63
R22 330 ohms +5%; " ¥% W. Composition 184AT763H15
R23 10K +#5%; ¢ W. Composition 184AT763H51
R31 3.3K W5% ™ %2 W. Composition 184A763H39
R32 22K, +5%; Y2 W. Composition 184 A763H59
R33 680, 0hms 4+5%; Y W. Composition 184A763H23
R34 68 ohms +5%; Y2 W. Composition 187A290H21
R35 10K #5%; Y2 W. Composition 184AT763H51
R36 330 ohms #5%; Y2 W. Composition 184A763H15
R37 3.3K +5%; Y2 W. Composition 184AT63H39
R38 1000 ohms *5%; Y2 W. Composition 184 A763H27
R39 22K +5%; Y2 W. Composition 184A763H59
R40 680 ohms *5%; % W. Composition 184A763H23
R41 68 ohms +5%; Y2 W. Composition 187A290H21
R42 10K +5%; Y2 W. Composition 184A763H51
R51 4.7K %5%; Y W. Composition 184A763H43
R53 27K +5%; Y% W. Composition 184A763H61
R54 2.2K #5%; Y2 W. Composition 187AT763H35




ELECTRICAL PARTS LIST (Cont’d.)

e R
RESISTORS (Cont’d.)
R55 27 ohms +5%; Y% W. Composition 187A290H11
R56 10K +5%, % W. Composition 184A763H51 ¢
R57 4.7K +5%; Y2 W. Composition
R58 27K +5%; Y W. Composition
R59 1.5K #5%; Y% W. Composition
R60 180 ohms *5%; Y2 W. Composition
R61 4.7K *5%; Y W. Composition 184A763H43
R62 1.5K +5%; Y% W. Composition 184A763H31
R63 3.3K #5%; Y2 W. Composition 184A763H63
R64 2.7K +5%; Y2 W. Composition 184A763H37
R65 680 ohms +5%; Y2 W. Composition 184A763H23
R66 68 ohms +5%; Y W. Composition 187A290H21
R67 4.7K +5%; Y2 W. Composition 184A763H43
R68 2.7K +5%; Y2 W. Composition 184AT63H37
R69 18K *5%; Y2 W. Composition 184AT63H57
R70 220 ohms #5%; Y% W. Composi f 184A763H11
R71 270 ohms *2%,; Nickel Iron 09D8326G19
R72 330 ohms +5%; Y W. Co 184A763H15
R81 4.7K +5%; Y2 W. 184 A763H43
R82 4.7K +5%; Y2 W. ion 184A763H43
R83 2.2K +5%; Y% osition 184AT763H35
R84 2.2K 5% position 184A763H35
R85 6.8K omposition 184AT63H47
R101 22K . Composition 184A763H59
R102 22 . Composition 184A763H59
R103 . Composition 184 A763H73
R104 5%; Y2 W. Composition 184A763H73
R105 +5%; Y W. Composition 184A763H51
R106 9K +5%; Y2 W. Composition 184A763H65
R107 1K +5%; Y2 W. Composition 184AT63H27
R108 1K *5%; Y2 W. Composition 184A763H27
R109 IK +5%, 1 w. Composition 184AT63H27
R1 10K +5%; 1 W. Composition 184A763H51
1 22K +5%; Y2 W. Composition 184AT63H59
12 10K +5%; Y2 W. Composition 184A763H51
10K +5%; Y W. Composition 184A763H51




ELECTRICAL PARTS LIST (Cont’d.)

oy DESCRIPTION
TRANSFORMERS
T11 Toroidal type, 10000/400 ohms 1962‘97
T12 Toroidal type, 25000/300 ohms 1962697
T81 Pot. Core type 5%06B533G01
T82 Pot. Core Type % 606B533G02
TRANSISTORS
Q11 2N652A 184A638H16
Q12 2N1396 848A892H01
Q13 2N1396 848A892HO01
Q31 2N274 187A270H01
Q32 2N274 187A270HO01
Q51 2N396 762A575H03
Q52 2N396 762A575H03
Q53 2N396 763A575H03
Q54 2N396 762A585H03
Q81 2N652A 184A638H16
Q82 2N652A 184A638H16
Q101 2N699 184A638H19
Q102 2N699 & 184A638H19
Q103 2N696 T62A585H01
Q104 2N697 184A638H18
Q105 2N699 184A638H19
MISCELLANEOUS
Y11 @ator Crystal (Frequency 20kHz above Channel Frequency) |762A800H01 +(Redq. Freq.)
FL ystal Input Filter 401C466 +(Req. Freq.)
F12 L.F. Filter 762A613G01
PL Pilot Light Bulb — For 48 V. Supply 187A133H02
¢ Pilot Light Bulb — For 125 or 250 V. Supply 183A955H01

, F2 Fuse, 1.5 A. 11D9195H26
AL Alarm Relay 408C062H07
1C201 Fairchild UA 710C (Int. Ckt.) 201C826H04

n
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COMPONENT STYLE REQ REF.
TRANSISTOR
Q11-Q12-Q13 849a441H03 | 3 2N4249
RESISTOR
R15=R22 184A763H15 | 2 | 3300 12W 5%
R14-R18=R19 184A763H39 | 3 [ 33K 12W *5%
R13 184A763H45_ | 1 | 5.6K 12W 5%
R1I-R16-R20-R23 184A763H51 | 4 | 10K _12W +5%
R17-R21 184A763H63_ | 2 | 33K_12W *5%
R24 184A763HB3 | 1 |220K 1R2W #5%
R25 184A763H43__| 1 | 47K _12W 5%
CAPACITOR
C11-C13-C17 187A624H02__| 3| .25MFD. 200V
C1a-CI5 187A624H04__| 2 | IMFD._200V
c12 SEE_NOTE v
fmgAem———mm —— C16 SEE_NOTE =
2
|
| . POTENTIOMETER
| = - 1 R12 629A430H02_| 1 10000
: s
| - E TRANSFORMER
) Q11 i T11 205C043G01_| 1 | 10,000/400
| O T12 205C043G03_| 1 | 25,000/300
| P11 !
! R13
|
| CRYSTAL
| b—— [ VY11 SEE_NOTE o
|
|
|-
|
|
| wc17 |9 c11 )
l -4 L4
|
I .
|
L ___ I V).

v =C12 RANGE 4 TO 3%0Pf. AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.

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

0 =Y11 RANGE-50 TO 220 KHZ.

264C855

Fig. 10 Internal Schematic 30-200KHz Oscillator and Mixer
Silicon Transistor Version




COMPONENT STYLE REQ REF.
TRANSISTOR
Q211 849A441H03 | 1 2N4249
RESISTOR
R211-R213-R215 183A763H51 | 3 | 10K _1/2W 5%
R212 184A763H27 | 1 | 1K _12W +5%
R214 184A763H37 | 1 | 27K 12W 5%
R216 184A763H49 | 1 18.2K 12W 5%
R217 184A763H34_ | 1 | 2K 12W 5%
R218 184A763H07_ | 1 11500 LR2W 5%
R219 183A763HI5_| 1_[330n 1PW 5%
R220 184A763H67 | 1 | 47K _12W 5%
R221 184A763H83 | 1 _1220K_12W 5%
R222 184A763H43 | 1 147K 12W 5%
CAPACITOR
A c21l SEE NOTE 4
T ————— AN=m—————— ="
2 ) C212-C213-C215 184A663H04 | 3 | .IMFD. SOV._
| | c21a SEE_NOTE O
| | c216-C217 187A624H04 | 2 | 1 MFD. 200V.
| 216 O [R50+ | ca18 187A624H02 | 1 | .25 MFD. 200V,
! I
: avil TP217 l |
| oz . | SRR o) | c215 & | ZENER DIODE
A | 7201 862A606H0L | 1 IN753A
| c211 ol
I X 7200 .C216 . |
= !
o >
| . 9 1 INTERNAL CIRCUIT
: (g [Fz1a} S I ic201 201C826H04 | 1 UA710C
-
I TP212 3
| TRANSFORMER
| | T211 714B677G0L | 1
: C217 = | T212 205€043G03 | 1
|
l TP213 %0212 : CRYSTAL
R218}—4
I O {R218}+ | Y11 SEE NOTE O | 1
| |
I |
—_— e e e e o e o e e e o e e e G 1 ib _[202C307601]

A=C211 RANGES FROM '100Pf. TO 1,000Pf.
©0=C214 STYLE NO. 187A695H17 .56Pf. BUT MAY VARY UP TO 100Pf.

O= Y11 FREQUENCY EQUALS RECEIVER (CHANNEL) FREQUENCY
PLUS 20KHZ.

264C844

6L

Fig. 11 Internal Schematic 200.5-300KHz. Oscillator and

Mixer Silicon Transistor Version.
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COMPONENT STYLE ‘REQ. REF
TRANSISTOR )
Q31-Q32 849M441H03 | 2 2K4249
RESISTOR
R34-R41 187A290H21 | 2. | 680 12W +5%
R36 184A763H15 1 13300 12w +5%
R33-R40 184A763H23 2 |s80n 1/2W 5%
R38 184A763H27 1 1.1k 1W +5%
R31-R37 184A763H39 2 133K 12W +5%
R35=R42 184A763H51 | 2 ‘110K 19W #5%
R32-R39 184A763H59 | 2 | 22K 1PW *5%
CAPACITOR
€31£C32-C33-C35 187A624H02 4 | “25MFD. 200V
C34 187A624H04 1 1MFD. 200V.
C36 762A757HO1 1 100 Pf.
FILTER
LFL2 762A613G01 1
@ = COMMON TERMINAL
264C856

S’

Fig. 12 Internal Schematic I.F. Amplifier = Silicon

Transistor Version.




COMPONENT STYLE REQ. REF.
TRANSISTOR
Q51-Q522Q53-G54 849A441H03 | 4 2N4249
RESISTOR
R66 187A290H21 | 1 | 680 1/2W 5%
R55 187A290H11 | 1 | 270 12W =5%
R70 184A763H11 | 1 [220Q 1/2W 5%
R72 184A763H15 | 1 [3300 12W =5%
RE5 184A763H23 | 1 | 6800 12W +5%
R59 184A763R31 | 1 | 15K 12W =5%
R54-R62 184A763H35 | 2 | 2.2K 1/2W 5%
R64—R68 184A763H37 | 2 | 2.7K 12W 25%
R51-R57-R61-R67 184A763H43 | 4 | 4.7K 12W 5%
R56 184A763H51 | 1 | 10K 12W =5%
R69 184A763H57 | 1 | 18K 12W =5%
R53-R58 184A763H61 | 2 | 27K 12W =5%
R63 184A763H63 | 1 | 33K 12W =5%
R N __ R71 09D8326G20 | 1 1000 +2%
i 16 | R60 184A763H09 | 1 |1800 12W +5%
| I R73 629A531H02 | 1 |560 1RwW 22%
| | r— fol o
I 7 & & 3 H & |
| P51 P53 T 7] CAPACITOR
| O |> C54 187A584H15 | 1 | 1300MMF. 500V.
114 C6o = I C51-C52-C56—C58-C59 187A624H02 | 5 | .25MFD. 200V.
I P52 o5 oss I C53-C55-C57 187A624H01 | 3 | 0.IMFD. 200V.
5
™ 5. C60 187A624H04 | 1 | 1.OMFD. 200V.
[ —ic—s —— ,|>
|
! (v |
= ) os2 ! Qs2 ' DIODE
1051 I D51-D52-D53 184AB55H07 | 3 IN457A
|
o |
@ I POTENTIOMETER
| R52 629A645H04 | 1 K
L \ |
|
o > Z |
Tcs1 4 csz'[ 054]‘ o cse | |
¢ ! d ! |
18 210C 163G0
h—-——-v ——————— — —— ——— — ——— ——— — — ——— — ——— ——— —— e ——
264C3841

1z

Fig. 13 Interna! Schematic Amplifier and Limiter — Silicon
Transistor Version
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COMPONENT: STYLE REQ REF
TRANSISTOR
Q81-@82 849A441H01 2 2N3645
RESISTOR
R8I=R82 184A763H38 2 3K 12W +5%
R83-R84 184A763H35 2 22K _1RW =5%
R85 184A763H11 1 2200 1/2W *5%
R87 184A763H53 1 12K 12W_ *5%
CAPACITOR
C81-C82-C90-C91 762A703H01 4 -22MFD. 50v.
C83-C88 762A736H02 2 4.5 TO 100Pf.
C84-C89 187A624H16 2 .0091MFD. 200V.
C86 187A684H08 1 100 Pf.
Cc85-c87 SEE_NOTE O
DIODE
D81-D82 184A855H07 2 1N457A
D85-D86 184A855H12 2 1N628
TRANSFORMER
T81 606B8533G01 1
182 606B533G02 1
O =0ONE OR TWO CAPACITORS USED; VALUES
DETERMINED IN TEST.
264C843

Fig. 14 Internal Schematic Discriminator — Silicon Tran-

sistor Version.
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Fig. 15 Component Locations 30-200KHz. Oscillator and

Mixer Silicon Transistor Version.

Fig. 16 Component Locations 200.5-300KHz. Oscillator

and Mixer Silicon Transistor Version.
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Fig. 17 Component Locations I.F. Amplifier — Silicon
Transistor Version.

Fig. 18 Component Locations Amplifier and Limiter —
Silicon Transistor Version
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Westinghouse 1.L. 41-945.41
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTI O NS

TYPE TCF POWER LINE CARRIER TRANSMITTER
EQUIPMENT -10 WATT OUTPUT -

FOR MULTI-STATION SUPERVISCRY CONTROL

CAUTION: It is recommended that the user of this
equipment become thoroughly familiar with the
information in this instruction leaflet before energiz-
ing 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 be-
fore swinging out the equipment rack to prevent its
tipping over.

APPLICATION

The TCF power line carrier transmitter equip-
ment for multi-station supervisory control applica-
tions is similiar in appearance to the TCF 1 watt/10
watt transmitter for transfer-trip relaying agplica-
tions. However, because a Guard frequencg,canfot
be used in multi-station supervisory contrélyapplica-
tions, the transmitter is connected so that it ‘has no
output until the keying contact is cloged. it then
provides 10 watts output at a frequency 400" hertz
below the channel center frequency @which “Would be
called the Trip frequency in transfer-trip applica-
tions). The center frequency (fc)pofgthe channel can
have any value between 30kHz and 300kWHz in 0.5kHz
steps. This high frequency isy,superposed on a high
voltage power line throughg@rlineytiner and coupling
equipment, and through similar coupling equipment
at remote stations it aetivates receiving equipment
that is tuned to the sameffréquency.

The transmitter i1Spdesigned to hold its frequency
within closé limits since it is used with receiving
equipment that has’ a high degree of frequency
selectivity. This@minimizes the possibility of false
operation of a receiver resulting from random tran-
sient frequengies produced by line disturbances or
by other causes.

CONSTRUCTION

The 10 watt TCF transmitter unit is mounted on
a standard 19-inch panel 12}4 inches (7 rack units)

NEW INFORMATION

high with edge slots fem mounting on a standard
relay rack. All component$ ‘ame mounted on the rear
of the panel. Fusesg.a Bilot light, a power switch
and a jack for ,melering the amplifier collector
current are accessible from the front of the panel.See
Fig. 5. The g¢ompepnents mounted on each printed
board or other<sub-assembly are shown enclosed by
dotted lings™onm the internal schematic, Fig. 1. The
location ©of fcomponents on the two printed circuit
boards,“are shown on separate illustrations, Fig. 3
& 4.

External connections to the assembly are made
thrQugh a 12-circuit receptacle, J3. The r.f. output
connection to the assembly is made through a
coaxial 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 frequency, a mixer and buffer
amplifier, a driver stage and a power amplifier. One
filter is located between the driver and the power
amplifier and the final filter removes harmonics that
may be generated by distortion in the power am-
plifier.

A single crystal designed for oscillation in the
30kHz to 300kHz range cannot be forced to oscillate
away from its natural frequency by as much as =100
hertz. In order to obtain this desired frequency shift,
it is necessary to use crystals in the 2MHz range.
The crystals are Y1 and Y2 of Fig. 1. 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 to 2.30 MHz. Capacitor C55 and crystal Y2 in
series are connected between the positive side of
the supply voltage and the base of transistor Q51,
which operates in the emitter follower mode. The
emitter is coupled to the base through C57, and with
Y2 removed the base of Q51 would be held at ap-
proximately the midpoint of the supply voltage by R51

EFFECTIVE MAY 1973




TYPE TCF 10 WATT FOR SUPERVISORY CONTROL

and R52. The crystal serves as a series-resonant
circuit 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 C55 will lower
the frequency of oscillations and reducing C55 will
raise the frequency.

Crystal Y1 is connected in a circuit that is
similar except for the addition of C53 and diodes
D51 and D52. By adjustment of C52 this circuit can
be made to oscillate at 100 hertz above its marked
frequency. This adjustment is required when the
transmitter must have a Guard frequency output.
Capacitor C53 is not effective until D51 is biased
in the forward direction and becomes conductive.
It is biased in the reverse direction until a voltage
of sufficient magnitude is applied at terminal 3
of the printed circuit board. In two-frequency applica-
tions, 45 V.D.C. is so applied by closure of a
control or keying contact, but in the single-frequency
application terminal 3 is permanently connected to
the 45 volt supply. With D51 conducting, C53 is
effectively in parallel with C52, and adjustment
of C53 will reduce the frequency by 200 hertz.

The crystals taken individually have a gredter
variation of frequency with temperature than would
be acceptable. However, by proper matching of_the
two crystals, the variation in their differencé frex
quency can be kept within limits that permit holding
the frequency stability of the overall tragsmitter-to
*+10 hertz over a temperature range of <20 ta)+55°C.

The frequencies produced by,the“two oscillators
are coupled to the base of mixen, transistor Q53
through C62 and C63. The sum¥ of‘Wthe two fre-
quencies is so high that a negligiblejamount appears
on the secondary of transfermer @51, but the dif-
ference frequency is accepted anid amplified by Q53
and Q54.

In a 1 watt/d0 watt transmitter for transfer-trip
relaying, the outputiis in€reased from 1 to 10 watts
by closure of the same contact that changes the
frequency from Guard to Trip. This contact applies
45 V.D.C. at terminal 3 of the printed circuit board,
and thus ‘supplies base input to transistor Q55
through ‘diede) D53 and resistor R72. This in effect
placesyppotentiometer R70 in parallel with emitter
resistor R68, and by adjusting the amount of resist-
ancewin R70 that is not bypassed by C66 the output
ofybuffer-amplifier transistor Q54 can be increased
by the amount required to obtain 10 watts output

from the transmitter. In the transmitter for gmulti-
stations supervisory control D51 and Q55 are, con:
ductive at all times, and the transmitter will have
output at the desired level and frequency when
voltage is supplied to the collectors of Q§4 and
driver stage transistors Q56 and Q9% by closure of
a control contact connected bgtweengferminals J3-7
and J3-8. As is shown on the“internal schematic,
Fig. 1, the voltage for the keyihg cifeuit is obtained
from the 45-volt regulated supply inrthe transmitter,
and opening the single power, switch deenergizes
both the transmitter and,the k€ying circuit.

The driver stage consists of transistors Q56 and
Q57 connected in ajconventional push-pull circuit
with input suppliedifrom”the collector of Q54 through
transformemn, T52. /Thermistor R73 and resistors R74
and R75 areWeonnected to provide a variable bias
that reducesWtheWeffect of varying ambient tempera-
ture on‘the input level.

Thedriver filter, FL101, consists of a series
resonant inductor and capacitor connected between
thendriver and power amplifier stages by appropriate
transformers T1 and T2. This filter greatly improves
the® waveform of the signal applied to the power
amplifier.

The power amplifier uses two series-connected
power transistors, Q101 and Q102, operating as a
class B push-pull amplifier with single-ended output.
Diodes D101 and D103 provide protection for the
base-emitter junctions of the power transistors.
Zener diodes D105 and D106 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, Cg and L103,
C ) which are factory tuned to the second and third
harmonics of the transmitter frequency. Capacitor
Cp approximately cancels the inductive reactance
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 through the
line tuner 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

iy,
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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”’
resonances.

The power supply is a series-type transistorized
d-c voltage regulator which has a very low standby
current drain when there is no output current demand.
The zener diode Z1 holds a constant base-to-nega-
tive voltage on the series-connected power transistor
Ql. Depending on the load current, the d-c voltage
drop through transistor Q1 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 voltages. Capacitor C1
provides a low carrier-frequency impedance across
the d-c output voltage. Capacitors C2 and C3 bypass
r.f. or transient voltage to ground, thus preventing
damage to the transistor circuits.

CHARACTERISTICS

Frequency range 30-300 kHz

Output 10 watts (into 50 to /70 ohm
resistive load)

Frequency stability +10 hertz from -20°C to%55°C.

3 kHz min. between" trans-
mitter and adjaeent, réceiver
frequencies.

Frequency spacing

Down 55 db ¢min.) from output
level,

Harmonics

Input Voltage 48 orgl25%hv4d.c.

Supply voltage 42356 v./for nom. 48 v. supply

variation 105-140 v. for nom. 125 v.
supply.
Battery draiptnot
transmitting 0.25 a.

1.15 a. for 48 v. supply
0.9 a. for 125 v. supply

Battery drain-
transmitting

Keying circuit

current 0.02 a.

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 generally suppliéd 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, corrosive fumes,
or heat. The maximum ambiént semperature around
the chassis must not exceed 60°C.

ADJUSTMENTS

The TCF trafsmitter’is shipped with the power
output control¢®R64 “@djusted to the position that
would be used for 10 watts Trip output into a 60
ohm load.4Fhe“single 10 watt output required for
multi-station/ Supervisory control is obtained with
a single setting of R64. In case repairs have made
readjustment necessary the following procedure is
preferred. The coaxial cable should be disconnected
fromythe ‘assembly terminals and replaced with a 50
te, 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 a-c
vacuum tube voltmeter (VTVM) across the load
resistor. Turn power control R64 to minimum (full
counterclockwise). Turn on the power switch on the
panel and note the d-c 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 5 volts across
the load resistor used. At this point check the
adjustment of the series output tuning coil L105 by
loosening the knurled shaft-locking nut and moving
the adjustable core in and out a small amount from
its initial position. Leave it at the point of maximum
voltage across the load resistor used. Then rotate
R64 farther clockwise to obtain the correct voltage
for 10 watts in the load resistor, as shown in the
following table.

T106 Voltage for
Tap 10 Watts Output
50 22.4
60 24.5
70 26.5

Recheck the adjustment of L105 for maximum
output voltage and readjust R64 for a 10 watt output
if necessary. Tighten the locking nut on L105. Open
the power switch, remove the load resistor, and re-
connect the coaxial cable circuit to the transmitter.
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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 re-
jection, and for series resonance (maximum output
at the fundamental frequency) with a 60-ohm load.
A small amount of reactance in thetransmitter output
load circuit may be tuned out by readjustment of the
movable core of L105.This may be necessary with
some types of line coupling equipment. The adjust-
able cores of L102 and L103 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
the other crystal unconnected. A sensitive fre-
quency counter with a range of at least 2.3 mega-
hertz can be connected from TP51 to TP54. (Con#
nection to TP54 rather than to TP53 provideg a
better signal to the counter and avoids somegerror
from the effect of the counter input capacitance “on
the oscillator circuit). While measurement @f%the
oscillator crystals individually is necessary/ for
the initial adjustment of the oscillators ggeneraily
any subsequent checks may be made with a lower
range counter connected at the transmittermoutput.
If a minor adjustment of the output frequeney should
be needed, this can be made with capacitor C53.

Q56-Q57 Bias Adjustment

The push-pull output st@ges of the transmitter
board are normally shipped «orrectly biased. If any
components involved imy thésé stages have beem
changed, then itdmaygbe necessary to recheck the
biasing of this Stagef

Unsolder the lead from terminal 2 of transformer
T1 (just above FL101) and temporarily connect a
low-range ,d-c milliammeter (0-1.0 ma) between the
removed lead (+) and T1 terminal 2 (-). Turn the
slotted “eontrel on the small potentiometer to full
counterelockwise. Now apply power to the TCF
carriep, set, but do not transmit carrier. This can
bey,déne by removing the crystals. Advance the
potentiometer clockwise wuntil the milliammeter

reads 0.2 ma. Turn off the power, remove the mil-
liammeter, and solder the lead back on terminal
2 of T1. Replace the crystals and again apply d-¢
power to reenergize the transmitter. Check output,
etc. of transmitter as previously described.

MAINTENANCE

Periodic checks of the tramsmitter power output
will detect impending failuré sO that the equipment
can be taken out of service,foricorrection. At regular
maintenance intervals, ,any aecumulated dust should
be removed, particularly®from the heat sinks. It is
also desirable to chleck“the transmitter power output
at such times, making any necessary readjustments
to return the eg@iipment*to its initial settings.

Voltage, valuessfshould be recorded after adjust-
ment 4n order toy establish reference values which
will bepusefuly when checking the apparatus. The
readings will remain fairly constant over an in-
definiteWperiod 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 +20%.

TABLE |
TRANSMITTER D-C MEASUREMENTS

Note: All voltages are positive with respect to Neg.
45 V. (TP51). All voltages read with d-c VT VM.

Test Voltage at 10 watts
Point Output
TP52 20
TP53 5.4
TP54 3.4
TP55 18.5
TP56 18.5
TP57 - <1
TP58 45
TP59 <1
TP101 0
TP103 21 + 2
TP105 44.0

A
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Note:

I.

lL.L. 5.4

TABLE 11
TRANSMITTER RF MEASUREMENTS

Voltages taken with transmitter set to in-
dicated output across 60 ohms. These volt-
ages subject to variations, depending upon
frequency and transistor characteristics.
T51-3 = Terminal 3 of transformer T51. Other
transformer terminals identified similarly.
All voltages read with a-c VTVM.
Test Voltage at 10 Watts
Point Output
TP54 to TP51 0.015-0.03
TP57 to TP51 0.3 -1.2
TP59 to TP51 0.3 -1.2
T1-1 to TP51 5.6
T1-3 to TP51 4.9
T1-4 to Gnd. 2.0
T2-1 to Gnd. 1.85

TP101 to TP103 17.0

T3-4 to Gnd. 112

b. A-C vacuum Tube Voltmeter ( Qlt—
age range 0.003 to 30 volts, fr@ range
60 hertz to 330-kHz input im ce 1.5
megohms.

c. D-C Vacuum Tube Voltmeter (VT'VM).
Voltage Range: .5.to 300 volts
Input Impedanc\%egohms
II. Desirable Test E% for Apparatus Main-
tance.
a. All items li

b. Signal Ge t
Outp ge: Up to 8 volts
Frequ Range: 20-kHz to 330-kHz

C. C cope
T ncy counter
h

mmeter

Some of the functions of the recommended test

\\ Capacitor Checker

equipment are combined in the type TCT carrier

rack but also can be removed and
used as a portable unit.

ol 010 7.0 @test meter unit, which is designed to mount on a
TP103 to TP105 : standard 19”’

T4-2 to Gnd. 110

TP109 to Gnd. 31
J102 to Gnd.

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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ELECTRICAL PARTS LIST

C103 &"€104
€103 & C104
C103,& C104

(75.5-100 KC) — Extended foil, 0.15 mfd.; 400 V.D.C.

____(100.5-150 KC) — Extended foil, 0.10 mfd.; 400 V.D.C.

(150.5-300 KC) — gxtended foil, 0.047 mfd.; 400 V.D.C.

Shaar oescriPTion
CAPACITORS

C1 Oil-filled; 0.45 mfd.; 330 V.A.C. 1723408
Cc2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1817962
C3 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
C11 Metallized Paper, 0.47 mfd.; 849A437HO4
c21 Metallized Paper, 0.47 mfd.; 849A437THO04
C51 Dur-Mica, 1500 pf., 500 V.D.C. T62A757THO3
C52 Variable, 5.5-18 pf. 879A834HO01
C53 Variable, 5.5-18 pf. 879A834HO01
C54 Metallized paper, .1 mfd.; 200 V.D.C. 187A624H01
C55 Variable, 5.5-18 pf. T62A736HO01
C56 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C57 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C58 Metallized paper, 0.25 mfd.; 200 V.D.Cy 187A624H02
C59 Dur-Mica, 100 pf., 500 V.D.C. 762A757HO1
C60 Dur-Mica, 100 pf., 500 V.D:C. T62A757THO1
C61 Metallized paper, 0.25 mfd 200 V.D.C. 187A624H02
C62 Dur-Mica, 4700 pf., 500 ViB.C. T62A757THO04
C63 Dur-Mica, 1000 pf., 500 &/D.C. T62A757THO2
C64 Metallized paper,40-25 mfd.; 200 V.D.C. 187A624H02
C65 Metallized paper, 0.25/mfd.; 200 V.D.C. 187A624H02
Cc67 Metallized paper,“0y25 mfd., 200 V.D.C. 187A624H02
C68 Metallizedypapery 0.5 mfd.; 200 V.D.C. 187A624H03
C69 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C170 Duz=Micam800 pf, 500 V.D.C. 187A584H09
C71 30pf, 861A846H03
C72 3°pf, 861A846H03
c13 3pf, 861A846H03
C101 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02
C102 Metallized paper, 0.25 mfd.; 200 V.D.C. 187A624H02

C103 & @104 (30-50 KC) — Extended foil, 0.47 mfd.; 400 V.D.C. 188A293H01

C103 & Cif4 (50.5-75 KC) — Extended foil, 0.22 mfd.; 400 V.D.C. 188A293H02

188A293H03

188A293H04

188A293H05

i,
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ELECTRICAL PARTS LIST

(S:|YRMCBUO|E DESCRIPTION wDEESS-';g:IGAI?T?gPSIE
DIODES — GENERAL PURPOSE
Dll IN645A 837A692H03
D12 L ‘_}%A,__, - 837A692H03
D13 ﬁ# 1N4822 188A342H11
Dl4‘7‘ﬁF 1N4822 188A342H11
D15 1N4822 188A342H11
D16 1N4822 188A342H11
D21 IN645A 837A692H03
D22 1N4822 188A342H11
D23 1N4822 188A342H11
D24 1N4822 188A342H11
D25 1N4822 188A342H11
D51 IN628; 125 V.; 30 MA. 184A885H12
D52 1IN628; 125 V., 30 MA. 184A885H12
D58 L 1IN628; 125 V., 30 MAx 184A885H12
D101 1N538; 200 V. 750 MA. 407C703HO03
D102 IN91; 100 V., 160 MA: 182A881H04
D103 IN538; 200 V4750, MA. 407C703H03
D104 1IN91; 100 Ve, 180 MA. 182A881H04
DIODES - ZENER
Z1 IN2828B;"45V. +5%; 50 W. 184A854H06
z2 1IN3009A» 130 V. +10%; 10 W. 184A617TH12
Z11 1IN9§7B 186AT9THO6
Z12 IN3688A 862A288H01
Z13 IN3688A 862A288HO01
Z14 IN3686B 185A212H06
z21 1IN957B 186A7T9THO6
Z22 1IN3688A 862A288H01
z23 1IN3688A 862A288H01
Z24 1N 3686B 185A212H06
Z54 IN3686B; 20 V. +5%. 750 MW. 185A212H06
Z105 IN2999A; 56V. +10%; 10 W. 184A617HI3
Z106 IN2999A; 56V. +10%, 10 W. 184A617H13
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O o
WESTINGHOUQ
DESIGNATION

ELECTRICAL PARTS LIST

SVoBoL DESCRIPTION
RESISTORS
R1 26.5 ohms 15%; 40 W. (For 125 V Supply) 04D1299H44
R2 26.5 ohms 15%; 40 W. (For 125 V Supply)
R3 26.5 ohms #5%, 40 W. (For 48 V Supply)
R3 500 ohms +5%; 40 W. (For 125 V Supply)
R4 100 ohms *10%; 1 W. Composition
R5 1K +10%; Y% W. Composition 187A641H27
R6 3K +5%; 5 W. Wire Wound 188A317HO1
R7 15K *10%; 2 W. Composition 187A642H55
R11 4.7K +2%; Y2 W. Metal Glaze 629A531H43
R12 12K +2%; Y2 W. Metal Glaze 629A531H58
R13 10K #2%; Y2 W. Metal Glaze 629A531H56
R14 6.2K *2%; Y2 W. Metal Glaze 629A531H51
R15 1.5K +2%; Y2 W. Metal Glaz 629A531H36
R16,R26 51K *2%; Y% W. Metal Gl 629A531H73
R17 1.8K +2%; ¥ W. Metal Gla 629A531H38
R21 47K *2%; ‘Y2 W. Metal G 629A531H48
R22 629A531H58
R23 629A531H56
R24 629A531H51
R25 629A531H38
R18,R28 629A531H62
R27 629A531H36
R51 10K omposition 184AT63HS51
R52 10K . Composition 184A763H51
R53 10K . Composition 184A763H51
R54 Y2 W. Composition 184A763H51
R55 10 Y2 W. Composition 184A763H03
R56 Y2 W. Composition 184A763H40
R57 Y2 W. Composition 184A763H40
R58 +5%; Y% W. Composition 184A763H03
R59 10K *5%; Y W. Composition 184AT763H51
R60 5.6K *5%; Y2 W. Composition 184A763H45
R61 15K +5%; Y2 W. Composition 184A763H55
R62 10K %5%; Y2 W. Composition 184 AT63H51
R63 1K #5%; Y2 W. Composition 184AT63H27
R64 Potentiometer, 1K; %4 W. 629A430H02
R65 d 1.8K *5%; Y W. Composition 184AT63H02
R 8.2K +5%; Y2 W. Composition 184AT63H49
12K #5%; Y2 W. Composition 184A763H53
330 ohms *5%; Y2 W. Composition 184A763H15
R69 800 ohms *5%; Y2 W. Composition 184A859H06
R72 39K +5%; Y2 W. Composition 184AT63H65
R73 Thermistor, 30 ohms, Type 3D202 (G.E.C.) 185A211H06
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ELECTRICAL PARTS LIST

(.)O

SRCaT DESCRIPTION v
RESISTORS (Continued)
R74 62 ohms +5%; Y W. Composition 629A533103
R75 68 ohms #5%; ¥ W. Composition 87A290HO01
R76 2K +5%; Y W. Composition
R77 10 ohms +5%; Y. W. Composition
R78 10 ohms #5%; Y% W. Composition 87A290H01
RT79 20K 2%, ‘2 W. Metal Glaze 629A531H63
R80 25K Potentiometer +20%; % W. 629A430H09
R101 10 ohms #5%; Y% W. Composition 187A280H01
R102 2.2K *10%; 1 W. Composition 187TA644H35
R103 2.7 ohms +10%; Y2 W. Wire Wound 184A636H14
R104 0.27 ohms *10%; 1 W. Wire Wound 184A636H18
R105 10 ohms +5%; Y% W. Composition 187A290H01
R106 4.7K +10%; 1 W. Composition 187A644H43
R107 2.7 ohms *10%; %2 W. Wire Wound 184A636H14
R108 0.27 ohms *10%, 1 W. Wire Wound 184A636H18
TRANSFOEF
T1 Driver Output Transformer 606B410G01
T2 Power Amp. Input Transformerd™ /3 292B526G01
T3 Power Amp. Output Transfe 292B526G02
T4 Load-Matching Auto-Tiénsfg 292B526G03
T51 Buffer Amplifier Transfotmfer 606B537G01
T52 Driver Input Transfor 606B537G02
RANSISTORS
Q1 2N1015C 187A342H02
Qll 2N4356 849A441H02
Q12 2N699 184A638H19
Q21 2N4356 849A441H02
Q22 2N69 184A638H19
Q51 2N6 184A638H18
Q52 2N697 184A638H18
Q53 184A638H18
Q54 184A638H19
Q56 26/2N3712 T62A672H07
Q57 2726/2N3712 T62A672H07
Q101 2N1908 (Use in Matched Pairs) 187A673HO02
Q102 2N1908 (Use in Matched Pairs) 187A673H02
MISCELLANEOUS
o o] Sammlcd on Deted Chamel Flomercy in i
1 Driver Filter 408C261 + (Req. Freq.)
102 Output Filter 5415214 +.(Req. Freq.)
P Pilot Light Bulb - For 48 V. Supply (When supplied) 187A133H02
Pilot Light Bulb - For 125 or 259 V. Supply(When supplied) 183A955H01
F1, F2 Fuse, 1.5A (When supplied) 11D9195H26
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INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TCF POWER LINE CARRIER
FREQUENCY-SHIFT TRANSMITTER EQUIPMENT-
1 WATT/1 WATT-VOLTAGE KEYED FOR TELEMETERING

CAUTION

It is recommended that the user of this equipment
become thoroughly familiar with the information in
this instruction leaflet before energizing 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 carrier transmitter equipment
provides for the transmission of either of two closely
controlled discrete frequencies, both within a
narrow-band channel, over high-voltage transmisSion
lines. The center frequency of the channel can vary
from 30 to 300 kHz in 0.5 kHz steps. Theytwolfre-
quencies transmitted are separated by 200%hertz)
one being at center frequency (fc) plus 100¢hertz ‘and
the other at center frequency minus 100 hertz.

When the TCF transmitter is used in,veltage-
keyed telemetering applicationsy the) transmission
of the high or the low frequencypinithe channel is
controlled by the positive and _negative” half cycles
of an a-c voltage obtained fromya telemetering trans-
mitter. This transmitter géfvertsf’a d-c millivolt
signal to an a-c voltage of proportional frequency,
which typically may hawe, awrange from 15 Hz at
zero millivolts to 35 HZ at af{selected maximum value
of millivolts. The high“freguency output of the TCF
transmitter isdearried topa TCF receiver over a power
line and through£oupling capacitors and line tuners
at each end. The receiver converts the high fre-
quency signal to an a-c voltage of frequency which
varies identically with that which keys the trans-
mitter, and aftelemetering receiver converts this
varying, frequency to a proportional d-c millivolt
outputs

CONSTRUGTIION

The 1 watt/1 watt (TCF transmitter unit is
mounted on a standardWl9-inch wide panel 8-3/4
inches (5 rack units)high with edge slots for mount-
ing on a standard“pelay rack. All components are
mounted on thejrear ‘of the panel. Fuses, a pilot
light, and @ pewer’switch are accessible from the
front of the/panel. See Figure No. 5. All of the
circuiteyWthatwis suitable for printed circuit board
meunting) isWeontained on two such boards, located
asSishownyon Figure No. 2. The locations of the com-
ponents, on the voltage-keyed input board are shown
on Rigure No. 4 and the locations of the components
on the board containing the oscillators, mixer and
buffer amplifier, and final amplifier are shown on
Figure No. 3. The components included on each
board are indicated also by areas enclosed by dotted
lines on the internal schematic. Figure No. 1. A
Zener diode mounted on a heat sink provides a
regulated 45-volt d-c power supply and an output
filter removes harmonics that may be generated by
distortion in the amplifier. The locations of all cir-
cuit elements on the panel are shown on Figure No.
2 and their electrical connections are shown on
Figure No. 1.

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
coaxial cable jack, J2 (Figure No. 1).

OPERATION

The transmitter is made up of four main stages
and an output filter. The input stage receives the
a-c voltage from a telemetering transmitter and
amplifies it to a level sufficient for properly shifting
the frequencies of the two crystal oscillators in the
next stage. The two oscillator frequencies enter the
mixer and buffer amplifier stage,where the difference
frequency is amplified to drive the final amplifier
stage. The output of this fourth stage enters the out-

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 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 MAY 1973
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put filter, which is tuned to the difference (fun-
damental) frequency and contains second and third
harmonic traps for further reduction of harmonics.

The a-c output voltage from the telemetering
transmitter is applied to terminals 9-10 of input
jack J3, and is connected through resistors R101
and R103 to the bases of transistors Q101 and Q102.
These transistors are biased by resistors R102 and
R106 so that a small value of a-c voltage at ter-
minals 9-10 will make them alternately conductive.
When terminal 9 is positive with respect to terminal
10, transistor Q102 conducts and when 9 is negative
with respect to 10, Q101 conducts. Consequently,
current flows from terminal 2 to terminal 1 of trans-
former T1 when 9 is positive and from 2 to 3 when
9 is negative. Zener diode Z103 has a 15-volt
rating and Zener diode Z54 (on the larger circuit
board) has a 20-volt rating. Thus there is a nominal
5 volt drop across resistor R110, and for a static
condition (no a-c input voltage and crystals removed
from sockets) the anode of diode D52 is held at
+15 volts, thereby causing both D51 and D52 to
be reverse biased. It will be seen that D55 and
D56 are similarly reverse biased under this con-
dition.

When Q101 and Q103 are turned on and, off
alternately by a-c voltage from the telemetering
transmitter, voltage of approximately square wawe-
form is induced in the secondary of transformer I'1,
and when secondary terminals 4 and 6 alternately
become sufficiently positive with respect to terminal
5 diodes D51 and D52, or D55 and D56, beecomeyforw ard
biased. The effect of this in shifting the frégquencies
of the oscillators will be explained in%a later para-
graph.

A single crystal designed for oseillation in the
30 kHz to 300 kHz range c@nnot,be forced to oscil-
late away from its nateral frequency by as much as
+100 hertz. In orderfto obbain“this desired frequency
shift, it is neces$ary 4o use?crystals in the 2 MHz
range. The crystals@are Y4 and Y2 of Figure No.l.
The frequency of Y2)hi& 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,gor 2.03 MHz to 2.20 MHz. Capacitor C55
and crystal®¥2 in series are connected between the
positive ‘sidelof the supply voltage and the base of
transistomy, Q51, which operates in the emitter-
follower mode. The emitter is coupled to the base
through® €57, and with Y2 removed the base of Q51
wotld)be held at approximately the midpoint of the

supply voltage by R51 and R52. The crystal serves
as a series-resonant circuit with very high iné
ductance and low capacitance. The circuit canm,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 oscilla-
tions and reducing C55 will raise th@ frequency.

Capacitor C70 is ineffectime while diode D55
is reverse biased and therefore/non-conductive, but
when the diode is forward ‘biased by sufficient
positive voltage at terminal™12, it becomes conduc-
tive and C70 is effectively placed in parallel with
Cb55. This reduces (theWfrequency of oscillation by
an amount determined by the setting of C70. The
frequency of thé @scillator circuit in which crystal
Y1l is used will pe reduced in similar manner when
terminal 18 \becomes sufficiently positive to forward
bias diode D&1.

With ‘diode D51 and D55 both reverse biased
and®with, €52 and C55 adjusted so that their as-
soclated crystals operate at their nominal fre-
quencies, the sum of the two frequencies impressed
on thé base of mixer transistor Q53 through cap-
acifors C62 and C63 is MHz + fc and the difference
frequency is fc. The sum frequency is so high that
a negligible amount appears on the secondary of
transformer T51 but the difference frequency is
accepted and amplified by Q53 and 54. However,
with an a-c voltage at input terminals 9 and 10 of
J3 diodes D51 and D55 are each alternately forward
biased for substantially a full half-cycle, and by
adjustment of capacitors C53 and C70 difference
frequencies of fc + 100 hertz and fc-100 hertz
can be obtained on alternate half cycles.

The crystals taken individually have a greater
variation 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 holding
the frequency stability of the overall transmitter to
+10 hertz over a temperature range of -20 to +55°C.

The amplifier stage consists of transistors Q56
and Q57 connected in a conventional push-pull
circuit with input supplied from the collector of
Q54 through transformer T52. Thermistor R73 and
resistors R74 and R75 are connected to provide a
variable bias that reduces the effect of varying
ambient temperatures on the output level. The output
power is adjusted to 1 watt by means of R64.
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The output transformer T2 couples the amplifier
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 Cpy 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 T3 matches the filter impedance to
coaxial cables 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 reverse im-
pedance that is free of possible ‘‘across-the-line”’
resonances.

The regulated 45 volt power supply is obfained
from a 50-watt Zener diode mounted on a Meat sink
and connected to the station battery supply thrfough
suitable series resistors, as shown on Figure, NoJl.
Capacitor C68 provides a low carrier-freGuencyyim-
pedance across the d-c output voltage, and ‘eapac-
itors Cl1 and C2 bypass r.f. or transient veltages to
ground, thus preventing damage to thé)transistor
circuits.

CHARACTERISTICS

Frequency Range 30-300 kHz

Output 1¢watt (into 50 to 70 ohm

resistive load)

Frequency sStability +10 hertz from-20°C to +55°C

Frequency Spacing 1. One-way channel, two or
more signals — 500 hertz
min.

2. Two-way channel — 1000
hertz min. between trans-
mitter and adjacent re-
ceiver frequencies.

down 55 db (min.) from out-
put level.

Harmonics

Input Impedance of

Keying Circuit 50,000 ohms

10 to 50 volts p.-p¥ sine or
square wave

Keying Voltage

Keying Frequency 10 to 50 hertz

48, 12546r9250 V.D.C.
(Separatequnits)

Supply Voltage

42256 V. for nom. 48 V. sup-
ply, 105-140 V. for nom. 125
V@ supply, 210-280 V. for
nom. 250 V. supply

Supply Voltage

0.12 a. at 48 V. d-c.
0.27 a. at 125 or 250 V. d-c.

Battery Drain

Temperature/ Range -20 to +55°C around chassis

Dimensions Panel height — 8-3/4" or 5
r.u.
Panel width —19”
Weight 10 lbs.

INSTALLATION

The TCF transmitter is generally supplied 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, corrosive fumes,
or heat. The maximum ambient temperature around
the chassis must not exceed 55°C.

ADJUSTMENT

The TCF 1W/1W transmitter is shipped with the
power output control R64 set for an output of 1 watt
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 1
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 T3
output lead to the corresponding tap. Connect an
a-c vacuum tube voltmeter (VITVM) across the load
resistor. Turn power output control R64 to minimum
(full counterclockwise). Turn on the power switch
on the panel and note the d-c voltage across ter-
minals 5 and 7 of J3. If this is in the range of 42
to 46 volts, rotate R64 clockwise to obtain 3 or 4
volts across the load resistor. At this point check
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the adjustment of the series output tuning coil L.105
by loosening the knurled shaft-locking nut and mov-
ing the adjustable core in and out a small amount
from its initial position. Leave it at the point of
maximum voltage across the load resistor.

Continue to advance R64 until the output voltage
shown in the following table is obtained across the
load resistor. Recheck the setting of L105 to be
sure it is at its optimum point for 1 watt output.
Tighten the locking nut.

T3 * VOLTAGE FOR
TAP 1 WATT OUTPUT
50 7.1

60 7.8

70 8.4

With no a-c voltage impressed on terminals 9 and
10, the output frequency of the transmitter is fc.
When the output filter is adjusted for maximum
output at this frequency, the output voltage at the
operating frequencies of fc + 100 hertz will not be
appreciably lower.

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

Normally the output filter (FL102) will red@iize
no readjustment except as noted above. It is factory
tuned for maximum second and third harmenictre*
jection, and for series resonance (maximum output
at the fundamental frequency) with a 60-ohmgload.
A small amount of reactance in jthe tramsmitter
output load circuit may be tuned out’by teadjustment
of the movable core of LL105. This, may, be necessary
with some types of line coupling equipment. The ad-
justable cores of LL102 and L1083, haye been set for
maximum harmonic rejectiogn and no change should
be made in these seftingsydinless suitable instru-
ments are available for ‘measuring the second and
third harmonic preSent dn 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 thedfrequencies of the individual crystals,
this cangbe“done by turning the matched pair 180°
and inserbing Y1 crystal in its proper socket with
the other%erystal unconnected. Because of proximity
togeapagitor C70, the crystal pair cannot be reversed
to permit checking Y2 alone, but this can be done
by “partially withdrawing Y2 from its socket and

tilting it sufficiently to open-circuit the Y1 crystal
A sensitive frequency counter with a range fof af
least 2.3 megahertz can be connected from TP§l to
TP54. (Connection to TP54 rather than to TP53
provides a better signal to the counter and avoids
some error from the effect of the countervinput
capacitance on the oscillator circuits)

If for any reason, it should beyne@éssary to re-
place a matched crystal pairgthe, following adjust-
ments should be made.

With rated d-c voltage onithe transmitter, with
R64 fully clockwise te, inéredase input to frequency
counter, and with germinals 9-10 of J3 open, the
frequency of Y1 _alone should be its marked fre-
quency (%3 hertz). Iftadjustment is necessary, adjust
capacitor @82 for ¢orrect frequency. Next, apply 45v.
d-c from terminal 7°of J3 (or terminal 2 of transmitter
circuitfbeard)to TP104 (on input circuit board). The
frequencyashould drop to the marked frequency minus
85 HZ (3 H2), And should be adjusted to this value
by £53 if‘n€cessary. If capacitor settings are chang-
ed, both steps should be rechecked until the oscil-
latorpoperates at the marked frequency of Y1 (3
hertz) before applying 45 volts to TP104, and at 85
hertz (#3 hertz) less than the marked frequency
after applying 45 volts.

Similarly, check the oscillator frequency with
Y2 alone in circuit, and if necessary adjust C55 for
2 MHz (*3 hertz). Then apply 45 volts from terminal
7 to TP101. The frequency should be 2 MHz minus
85 hertz(+3 hertz). If capacitor settings are changed,
recheck both steps as before. Turn R64 full counter-
clockwise, and after inserting both crystals in their
sockets, readjust R64 for 1 watt output.

With adjustments made as described, the dif-
ference frequency of the two oscillators will be
fc + 100 hertz on one half-cycle of an a-c voltage
on terminals 9-10, and will be fc —100 hertz on the
next half-cycle. The frequency cannot be measured
when it is being continually shifted by an a-c keying
voltage, and adjustments must be made by using
d-c voltage for biasing diodes D51, D52, D55 and
D56. However, when an a-c keying voltage is
present,the connections to the mid-tapped secondary
of T1 cause the reverse bias voltage that is present
alternately on each set of diodes to be much greater
than when a d-c voltage is applied on TP101 or
TP104. The oscillator frequency with this high
reverse bias voltage shifts upward approximately 15
hertz when the other oscillator with forward bias

LN
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voltage shifts downward 85 hertz. The resultant
difference frequencies therefore are fc + 100 hertz
and fc — 100 hertz for alternate half cycles at
terminals 9— 10.

For routine maintenance the frequencies of the
individual oscillators need not be checked. The
difference frequencies can be measured directly at
the transmitter output, using the proper load re-
sistor to match the T3 tap used. With terminals 9-10
open, C52 should be adjusted for a frequency of
fc +3 hertz. Then with +45V. d-c applied to TP104,
C53 should be adjusted for fc minus 85 (+3) hertz,
With 45 volts applied to TP101 instead of TP104,
C70 should be adjusted for fc plus 85 (*3) hertz.
A similar final adjustment should be made after
making the individual adjustments required when a
matched pair of crystals is replaced.

Q56-Q57 Bias Adjustment

The push-pull output stages of the transmitter
board are normally shipped correctly biased. If any
components involved in these stages have been
changed, then it may be necessary to recheck the
biasing of this stage.

Unsolder the lead from terminal 2 of transformer
T1 (just above FL101) and temporarily cénnect a
low-range d-c milliammeter (0-1.0 ma) bétween the
removed lead (+) and T1 terminal 2 (-). Tum the
slotted control on the small potentiométeryto full
counterclockwise. Now, apply power to/the TCF
carrier set, but do not transmit carrier,.“Fhis can
be done by removing the cr$istals., Advance the
potentiometer clockwise untilg “the milliammeter
reads 0.2 ma. Turn off the power, remove the mil -
liammeter, and solder the lead bagk on terminal 2
of T1. Replace the crystals and» again apply d-c
power to reenergize theltransmitter. Check output,
etc. of transmitter as previously described.

MAMNTENANCE

Periodic“¢hecksiof the transmitter power output
will detect impending failure so that the equipment
can be taken out of service for correction. At regular
maintenance dntervals, any accumulated dust should
be removed, particularly from the heat sink. It is
alée,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 valies“which
will be useful when checking the apparatus. The
readings will remain fairly constant ovérm®an in-
definite 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€ygiven in the following
tables. Voltages should be“measured with a VTVM.
Readings may vary as much as +20%.

TABLE |
TRANSMIETTER D-C MEASUREMENTS

Note:WAlh voltages are positive with respect to Neg.
45 V. (TP51). All voltages read with d-c
VTVM.

VOLTAGE AT

TEST POINTS 1 WATT OUTPUT

TP 52 20
TP 53 5.4
TP 54 3.4
TP 55 21
TP 56 21
TP 57 .65
TP 58 44.3
TP 59 .65
TP 102 20
TP 103 20
TP 105 15
TABLE 1l

TRANSMITTER RF MEASUREMENTS

Note: Voltages taken with transmitter set to in-
dicated output across 60 ohms. These volt-
ages are subject to variations, depending
upon frequency and transistor characteristics.
T51-3 = Terminal 3 of transformer T51. Other
transformer terminals identified similarly. All
voltages read with a-v VTVM.



TYPE TCF VOLTAGE KEYED FOR TELEMETERING

TEST POINTS VOLTAGE AT RENEWAL PARTS O -
1 WATT OUTPUT :
Repair work can be done most satisfactorily af
TP 54 to TP51 0.12 the factory. However, replacement parts ca
TP 57 to TP51 0.8 furnished, in most cases, to customers who are
TP 59 to TP51 0.8 equipped for doing repair work. When ordering.parts,
always give the complete nameplate data and
T2-1to TP 51 26 identify the part by its designatioft o e Internal

T2-3 to TP 51 26 Schematic Drawing. \
T2-4 to Gnd. 36

T3-2 to Gnd. 30 @
TP109 to Gnd. 9.8 Q

J102 to Gnd. 7.8

RECOMMENDED TEST EQUIPMENT

I. Minimum Test Equipment for Installation
a. 60-ohm 10-watt non-inductive resistor.
b. A-C vacuum tube voltmeter (VTVM). Voltage \\

range 0.003 to 30 volts, frequency range 60
hertz to 330-kHz. input impedance 7.5
megohms. oy

c. D-C vacuum tube voltmeter (VTVM).
Voltage Range; 0.15 to 300 volts
Input Impedance: 7.5 megohms. \

II. Desirable Test Equipment for Apparatus@
tenance.
L 4
a. All items listed in I. \

b. Signal Generator K
Output Voltage: up toN
Frequency Range: 20-@9 0 kHz

c. Oscilloscope

d. Frequency c u\

e. Ohmmeter

f. Capacitor ¢

Some of the fdnctions of the recommended test
equipment Yare combined in the type TCT carrier
test m it, which is designed to mount on a
rack t')ut also can be removed and o,
rtable unit.
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ELECTRICAL PARTS LIST

o)

CIRCUIT SYMBOL DESCRIPTION VEEES;I;ENN@
CAPACITORS
C1 Oil-filled; 0.5 mfd.; 1500 V.D.C. 187796g
Cc2 Oil-filled; 0.5 mfd.; 1500 V.D.C. 1877962
C51 Dur-Mica, 1500 pf., 500 V.D.C.
C52 Variable, 5.5-18 pf.
C53 Variable, 5.5-18 pf. 879A834H01
C54 Metallized paper, .1 mfd.; 200 V.D.C. 187A624H01
C55 Variable, 5.5-18 pf. T62AT36H01
C56 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C517 Dur-Mica, 2000 pf.; 500 V.D.C. 187A584H01
C58 Metallized paper, 0.25 mfd.; 200 V.D.C 187A624H02
C59 Dur-Mica, 100 pf., 500 V.D.C. T62A757THO1
C60 Dur-Mica, 100 pf., 500 V.D.C. T62AT757THO1
C61 Metallized paper, 0.25 mfd.; 200 187A624H02
C62 Dur-Mica, 4700 pf., 500 V.D.C. 762AT5THO04
C63 Dur-Mica, 1000 pf., 500 V.D .C T62AT757THO2
C64 Metallized paper, 0.25 mfd ! D.C 187A624H02
C65 Metallized paper, 0.2 V.D.C 187A624H02
C617 Metallized paper .V d.; 200 V.D.C. 187TA624H02
C68 Metallized paper, 0. 200 V.D.C. 187A624H03
C69 Metallized papef, 0:2§,mfd.; 200 V.D.C 187A624H02
C10 Dur-Mica, 30 187TA584H09
C11 3pf, & 861A846H03
C172 3 pf, 861A846H03
C13 3 861A846H03
C101 paper, 1.0 mfd.; 200 V.D.C. 187A624H04
C102 mf;10 V.D.C. 187A508H11
DIODES - GENERAL PURPOSE
628; 125 V.; 30 MA. 184A885H12
1IN628; 125 V.; 30 MA. 184A885H12
D56 IN628; 125V., 30 MA. 184A885H12
D517 1N628; 125 V., 30 MA. 184A885H12
D101 1N457A; 60 V, 200 MA. 184A885H07
102 1N457A; 60 V, 200 MA. 184A885H07
DIODES - ZENER
1 1N2828B; 45V. +5%, 50W. 184A854H06
Z54 IN3686B; 20V. *5%; 750 MW. 185A212H06
Z103. 1N3683B 185A212H07
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ELECTRICAL PARTS LIST

gl;%%lg DESCRIPTION wDEé;llgSr%%SNE
RESISTORS
R1 150 ohms +5%; 40 W. (For 125 V Supply) 1202499
R2 150 ohms +5%; 40 W. (For 125 V Supply) 1202499
R1 22.5 ohms +5%; 40 W. (For 48 V Supply) 04D4299H4 1
R4 100 ohms +10%; 1 W. Composition 18 TA644H03
R5 1K +10%; Y W. Composition 18'_7A641H27
R6 3K  +5%. 5 W. Wire Wound 188A317THO1
R7 15K £10%; 2 W. Composition 187A642H55
R11 4.TK +2%; Y W. Metal Glaze 629A531H43
R12 12K +2%; Y2 W. Metal Glaze 629A531H58
R13 10K +2%; Y2 W. Metal Glaze 629A531H56
R51 10K +5%; Y% W. Composition 184AT63H51
R52 10K +5%; Y2 W. Composition 184 A763H51
R53 10K +5%; Ya W. Composition 184AT63H51
| R54 | 10K *5%; ‘2 W. Composition 184A763H51
RS5 | 100 ohms 5% Y% W. Compositioh 184A763H03
R56 3.6K +5%;, Y W. Composition 184A763H40
R57 3.6K +5%; Y2 W. Cemposition 184AT763H40
R58 100 ohms *5%; Y2 W{Compesition 184A763H03
R59 10K +5%; Y2 W, Composition 184AT763H51
R60 5.6K  *+5%; Y MW Composition 184AT63H45
R61 15K  +5%, Y2 W. Cemposition 184 AT63H55
R62 10K *5%:4 Y2 WFComposition 184A763H51
R63 1K *¥5%; Y2 W. Composition 184A763H27
R64 Potentiometgr, 1Ky, 'a W. 629A430H02
R65 1.8K( +5%;, ‘2 W. Composition 184A763H02
R66 82K 5%, Y2 W. Composition 184 A763H49
R67 % 12K /#5%; Y% W. Composition 184AT63H53
R68 330 ohms +5%; Y W. Composition 184AT763H15
R69 800pelims *5%; Y2 W. Composition 184 A859HO06
R72 39K +5%, Y2 W. Composition 184AT63H65
R73 Thermistor, 30 ohms, Type 3D202 (G.E.C.) 185A211H06
R74 62 ohms +5%; Y2 W. Composition 629A531H03
R75 68 ohms +5%; Y% W. Composition 187A290H21
R176 2K *5%; Y% W. Composition 184A763H34
R% 10 ohms *5%; Y2 W. Composition 187A290H01
RA8 10 ohms +5%; Y% W. Composition 187A290H01
R79 20K  *+2%; Y2 W. Metal Glaze 629A531H63
R80 25K Potentiometer +20%; % W. 629A430H09
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ELECTRICAL PARTS LIST O
SYmBoL DESCRIPTION WDEESST,L%
RESISTORS (Cont’d.)
R101 22K +5%, ‘2 W. Composition 184A763H59
R102 680 ohms *+5%; Y% W. Composition 184A763H23
R103 22K +5%; Y W. Composition 4AT63H59
R104 22K +5%; Y% W. Composition 184A763H59
R105 3.3K  +5%; 'Y W. Composition 184AT63H39
R106 18K  +5%; Y% -W. Composition 184 AT63H57
R107 3.3K +5% Y W. Composition 184A763H39
R108 22K +£5%; Y% W. Composition 184A763H59
R109 56K +5%; Y% W.Composition 184 AT63H69
R110 4.7K  *+5%; ‘. W. Composition 184A763H43
R111 56K *5%; Y W.Composition 184AT63H69
TRANSFOR
T1 Input Transformer 670B248G01
T2 Output Transformer 606B410G02
T3 Load-Matching Auto-Transformer 292B526G03
T51 Buffer Amplifier Transfor 606B537G01
T52 Driver Input Transfo 606B537G02
% TRANSISTORS
Q1 2N1015C 187A342H02
Q11 2N4356 849A441H02
Q12 2N699 184A638H19
Q21 2N435 849A441H02
Q22 2N699 184A638H19
Q51 2 184A638H18
Q52 2 184A638H18
Q53 N69 184A638H18
Q54 184A638H19
2N2726/2N3712 762A672H07
N2726/2N3712 T62A672H07
2N699 184A638H19
2N699 184A638H19
MISCELLANEOUS
v1-Y2 Supplied for Desired Channel Frequency in Pair 408C743
Matched Per Specifications on Drawing.
102 Output Filter 5415214 + (Req. Freq.)
L Pilot Light Bulb-For 48 V. Supply (When supplied) 187A133H02
Pilot Light Bulb - For 125 or 259 V. Supply (When supplied) 183A995H01
F1,F2 Fuse, 1.5A (When supplied) 11D9195H26
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YVOLTAGE KEYED INPUT CIRCUIT BOARD
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Fig. 2. Component Locations of Type TCF Transmitter Assembly.
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Fig. 3. Component Locations of Transmitter Printed Circuit Board.
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Fig. 4. Component Locations of Voltage Keyed Input Board.
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Fig. 5. Outline of Type TCF Transmitter Assembly.
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