Westinghouse 1.L. 41-945.61
INSTALLATION e OPERATION o MAINTENANCE

INSTRUCTIONS

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

CAUTION

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

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

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

APPLICATION

The TCF-10 Receiver described is for use with either the
SPCU or SKBU Dual Phase Comparison relaying systems or
similar systems utilizing frequency-shift keying (FSK). The
TCF-10 frequency shift receiver responds to carrier-
frequency signals transmitted from the distant end of a power
line, and carried on the power line conductors. The space
frequency (sometimes referred to as trip negative) is 100 hertz
above the center frequency of the channel (which can be
selected within the range of 30 kHz to 300 kHz). The mark
frequency (sometimes referred to as trip positive) is 100 hertz
below the channel center frequency. Generally, phase com-
parison information is conveyed over the channel during load
current flow or fault conditions. The transmitter at each end
of the channel is switched at a 60-hertz rate between space (or
trip negative) and mark (or trip positive) so as to produce at
the receiving end, the desired operation of the relaying

system.

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

All of the circuitry that is suitable for mounting on printed
circuit boards is contained on printed circuit modules that
plug into the chassis from the front and are readily accessible
by removing the transparent cover on the front of the chassis.
The power supply components and external connectors are
located at the rear of the chassis as shown in Figure 9.
Reference to the internal schematic connections of Figure 1
will show the location of these components in the circuit.

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

A module extender (Style No. 1447C86GO01) is available
for facilitating circuit measurements or major adjustments.
After withdrawing any one of the circuit modules, the ex-
tender is inserted in that position. The module is then inserted
into the terminal block on the front of the extender. This
restores all circuit connections and renders all components
and test points on the module readily accessible. A carrier
level indicator instrument, Style No. 606B592A26, with a
linear dB scale is also available.

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

s which may arise during in

' ations of thi ' do not purpor
letails and variations of this equipnient ‘ ! . . ‘
! ding his particular installation, ope

estinghouse Electric Corporatior

stallation, operation, or maintenance. and all
{ 10 be covered by these instructions. If further
ration or maintenance of
1 representative should be contacted.

EFFECTIVE MARCH 1979




TYPE TCF-10 RECEIVER

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
became 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
{rom 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.

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
IC11A and the logarithmic amplifier IC12.

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 [C21A, and if the signal level is greater than the low
levet 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 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 transistor Q71
to conduct supplying plus 20 volts out of terminal 13 to the
protective relays. Transistor Q61 conducting will prevent
both transistors Q62 and Q65 from conducting, and thus pre-
vent either a mark or space signal from appearing at their
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 +12 volt dc ~—12 volt de
’ » and the +45 volt dc
voltages for the receiver are derived from the supply
module. power supply

The +12 volt dc supply and the —12 volt dc supply are
both derived from the DC to DC converter and are regulated
for input voltages to the regulator of from 42 volts to 56 volts.
For nominal 48 volt input units, the DC to DC converter has
sufficient range so that the preregulator consisting of R3, R7,
and Z1 is not necessary and is omitted. In this case, then, the
+45 volt supply is derived directly from the input supply
voltage and is not regulated.

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

The LED DI indicate when the power supply is energized
with either 48V or 125V. A 125V supply unit can be converted
to a 48V supply unit by removing Z1, and bypassing R3 and
R7. 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 in the 20kHz range that
may appear on the dc supply and which could affect the
receiver. See Fig.’s 23 and 24.

CHARACTERISTICS

Center Frequencies Available 30kHzto 300kHz in 0.5kHz
increments

Sensitivity (Noise free 0.016 volts normal sensitivity

channel) (0.005 volts for limiting)

Input Impedance 5000 ohms minimum

Bandwidth (Input L C Filter) Down 3dB at 4800 hertz
Down 30dB at +5000 hertz

Overall receiver selectivity Down 3dB at +225 hertz

Down 35dB at +1000 hertz
Operating Time 4 milliseconds channel (Trans-
mitter and receiver back to
back)
Signal-to-noise ratio clamp ~ 10dB SNR (as shipped)

setting

Ambient Temperature Range  —20°C to +55°C
Battery Voltage Variations

Nominal 48V d¢
Nominal 124V dc

42V dc - 56V dc
105V de — 140V dc

Battery Drain 0.25 amperes

Dimensions

Panel Height = 51 inches

(3RU)

Pane] Width = 19 incheg
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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
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 R5 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 necessary at the
time of initial installation is the adjustment of the CL1 instru-
ment to correspond to proper variation of signal level from
normal. This may be necessary if the instrument was not
supplied with the receiver and was not adjusted by the factory.
If this instrument was supplied and adjusted by the factory,
then it could be used in adjusting R5. In this case, it would be
necessary only to adjust R5 with a normal signal being receiv-
ed so that the instrument indicates 0dB.

If the instrument was not previously adjusted by the fac-
tory, then the following procedure should be used in adjusting
the instrument.

1. Set incoming level into receiver (measured at red and
black test jacks on Input module) at +10dB above normal
level (288 mv for 16 mv clipping level).

2. Adjust span adjustment, R147 on front panel of Detection
module, so that the voltage at TP72 with respect to TP62
(common) is +3.000 volts (on the Detection module.)

3. Reduce incoming signal into receiver by 30dB (9 mv).

4. Adjust full scale adjustment, R153 on front panel so that
instrument now reads —20dB. (This is approximately 0
microamperes).

5. Increase signal to +10dB level (288 mv.)

6. Adjust slope adjustment R155 (on the circuit board) to
read +10dB on CLI instrument.

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.

FACTORY ADJUSTMENTS

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

Potentiometer R12 in the oscillator and mixer should be
set for 0.3 volts, measured with an ac VTVM connected be-
tween TP11 and terminal 33 on the circuit board (ground
terminal of voltmeter). A frequency counter can be connected
to the same points for a check on the frequency which should be
20kHz above the channel center frequency. The frequency is
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fixed by the crystal used, except that it may be changed a few
hertz by the value of capacitor of C12. Reducing C12 increases
the frequency, but the capacity should never be less than a
value that assures reliable starting of oscillation. The frequen-
cy at room temperature is usually several hertz above the
crystal nominal frequency as this reduces the frequency devia-
tion at the temperature extremes.

The adjustment of the amplifier and limiter is made by
potentiometer R52. An oscilloscope should be connected
from TPS6 at the base of Q54 to termina! 33 of the limiter.
With 16 millivolts of space frequency on the receiver input (RS
set at zero), R52 should be adjusted to the point where the
peaks of the oscilloscope trace begin to flatten. This should
appear on the upper and lower peaks at approximately the
same setting. (For greater sensitivity when required, the
receiver can be set to 5 millivolts for beginning of limiting.
However this makes the receiver more susceptible to locally
generated noise within the cabinet and should not be used un-
less absolutely necessary and chassis is located in a noise free
area.)

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

1. Set the incoming signal into receiver at nominal level (90
mv. for 16 mv normal clipping level; 28mv. for 5§ mv max-
imum sensitivity 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 +6 volts dc at TP75 to
TP62. This will also appear as +12 volts at TP91 of the
output board with respect to board terminal 3, and the red
S/N level indicator will light.

5. Go back and readjust RF input with R94 so that signal
level at TP63 is now 74.4 mv dc. (with respect to TP62).

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

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

15dB set TP63 to 114mv.

20dB set TP63 to 97mv.

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

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

The low signal level clamp is set to operate at the signal
level where the receiver just drops out of limiting. This is 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 R5 to the
point where the peaks of the oscilloscope trace just begin
to flatten. (An alternate adjustment would be to set in-
coming signal level into receiver at 16mv with RS set at
zero which is the point at which limiting should begin).

2. Adjust the low-level (LL) adjustment R178 on the output
module panel so that the low level clamp just picks up.
This will be indicated by the red low level light on the out-
put module coming on. There also will be +12 volts at
TP86 on the output module.

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

MAINTENANCE

Periodic checks of the received carrier signal level and the
receiver sentitivity will detect gradual deterioration and per-
mit its correction before failure can result. The carrier level
indicator, when provided, permits ready observation of the
received signal level. With or without a carrier level indicator,
an overall check can be made with the attenuation control,
R5. A change in operating margin from the original setting
can be detected by observing the change in the dial setting
required to cause a low signal level clamp to operate as 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 adjustabie components for normal field adjustments
on the printed circuit modules are accessible when the front
cover on the chassis is removed. All other adjustable com-
ponents on the printed circuit modules may be made entirely
accessible while permitting electrical operation by using
module extender style number 1447C86GO01. This permits at-
taching instrument leads to the various test points of ter-
minals where making voltage, oscilloscope or frequency
checks.

TABLE |
RECEIVER D-C MEASUREMENTS

NOTE: All voltage readings taken with ground of dc
VTVM on terminal 17 (negative dc). Receiver ad-
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justed for 15dB operating margin with Space and TP84 — 12 (Higher Freq. or No
Mark signals down 40dB from 1 watt or 50dB down Signal)
from 10 watts. Unless indicated otherwise, voltage TP85 +0.3
will not vary appreciably whether signal is mark, TP86 + 12 (Low level clamp)
space or zero. TP86 0 (Noclamp)
TP87 + 6 (Low SNR clamp)
TP87 — 6 (No SNR clamp)
TP88 +12
Collector of Translstor Voltage TP89 -12
or Test Point (Positive) TP90 + 12 (Good Signal Level)
TP90 — 12 (Low Signal Level clamp)
Qll 15
QI2(TP12) 17 (Mark or Space) TABLE 1l
7
s (Tpe 17 (Mark o Space) RECEIVER RF MEASUREMENTS
QIS5 (TPI1S) 3
TPil 2 NOTE: Voltmeter readings taken at any point from receiver
TP52 19 input to stage involving transistor Q15 are neither
Q51 (TPS1) 14 meaningful or feasible because of either waveform
Q52 (TP53) 14.5 variations or the effect of instrument loading on the
Q53 (TP54) 18 readings. Receiver adjusted as Table I.
Q54 (TPSS 3
TP56 19 Collector of Transistor Volts with Signal At
Q55 | (Lower Freq. or No Signal) or Test Polnt +10dB Above Normal Level
Q55 23 (Higher Freq.) QIS (TPIS) 0.8
Q56 23 (Lower Freq.) Q51 (TPSD) 0.9
Q56 1 (Higher Freq. or No Signal) Q52(TP53) 0.65
Q53 (TP54) 2.2
NOTE: The following readings are taken with the negative Q54 (TP55) 4.5
of dc VTVM on terminal 3 (common of dc power supply) TP6i 013
of either the S/N detection module or the output module. TP67 275
TP6l +4 FILTER RESPONSE MEASUREMENTS
igg; + ((;.4 The LC input filter (FL201) and the IF Filter (FL2) are in
TP64 +6 sealed containers, and repairs can only be made by the fac-
TP65 -12 tory. The stability of the original response characteristics is
TP66 0 such that in normal usage, no appreciable change in response
TP67 +05 will occur. However, the test circuits of Figure 16 can be used
TP68 +05 in case there is reason to suspect that either of the filters is not
TP70 -6 performing correctly.
TP71 +6 Figure 15 shows the —3dB and —35dB checkpoints for the
TP72 + 15 IF filter, and the —3dB checkpoints for the input filter. The
TP73 +038 response curve of the [F filter shows the combined effect of
TP74 +03 . the two sections, and was obtained by adding the attenuation
?I::i i :;EE;%:;T;‘:?U::S(: of each section for identical fr'equencie& The sc.ale of Figure
Signal) ) 15 was chosen to sfho;v the IF f;llter response, v:)hlc};]permlf;;d
only a portion of the input filter curve to be shown. The
igg; t ii E;?:}f:rl:::que::l)go checkpoints for the passband of each se.ction of each section
Signal) ’ of the IF ﬁ:itefr a;e dowrll) 328 mdax1mulr;1d;t .19:75 and
. 20.25kHz, and for the stop band are down minimum at
;ggg t :;Ef;iiir;:z?u:rngg 19.00 and 21.00kHz for each section. The signal generator
Signal) voltage (Figure 16) must be held c.onsttc\nt throughout 1he en-
TP84 + 12 (Lower Frequency) tire check. A value of 7.8 volts is suitable. The reading of

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

In testing the LC filter, a value of approximately 2.45V is
suitable for the constant voltage at which to hold 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 18dB below the
reading of VMI. (The filter insertion loss is approximately
6dB less than the difference in readings).

CONVERSION OF RECEIVER FOR CHANGED
CHANNEL FREQUENCY.

The parts required for converting a TCF receiver for
operating at a different channel frequency consist of a new
LC input filter (FL201), a new local oscillator crystal (Y11)
and probably a different feedback capacitor (C12). There are
two ways of effecting this change. The easiest and preferred
method is to order a new input filter module and a new os-
cillator mixer module for the new frequencies from the fac-
tory. The new modules would then just have to be plugged in
as replacements for the original modules. The second method
would involve ordering just replacement filter, FL201, and
new local oscillator crystal for the new frequencies and mak-
ing the substitution on the modules. These 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
tocal 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

1. Minimum Test Equipment for Instaliation

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

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

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

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

Il. DESIRABLE TEST EQUIPMENT FOR APPARATUS
MAINTENANCE

a. All items listed in I.

b. Signal Generator
Output Voltage:
Frequency Range:

up to 8 volts
20kHz to 330kHz

c. Oscilloscope

d. Frequency counter
€. Ohmmeter

f. Capacitor checker

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

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

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, replacement parts can be furnished, in
most cases, to customers who are equipped for doing repair
work. When ordering parts, always give the complete
nameplate data, the electrical value, style number, and iden-
tify the part by its designation on the Internal Schematic
drawing.
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TCF-10
INPUT osc. LIMITER DISCRI-
FILTER a {F AMP IMIT
L MIXER MINATOR
IF j AND —39» S/N
v/
RF S/N S/N %"RED:LOW S/N
DETEC- :
TIoN LOW LEVEL
AND ¢ *Low LEVEL=GOOD SIGNAL
] vEu.ow:sooo SIGNAL
MARK RED = LOW SIGNAL
———— AND ’ ——P» MARK
—3
L R D = MARK
SPACE ED=M
L —d AND SPACE
— RED SPACE
Sub. 1 775B408

Fig. 2. Receiver Logic for Dual Phase Comparison.
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Fig. 3. Outiine TCF-10 Receiver.
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COMPONENT DESCRIPTION STYLE NO.
R4 RESISTOR 1000 SOW 5%  184AT63HO3
_R6 RESISTOR 10.0K SOW 5%  I84A763H5I
- T T T R5 POTENTIOMETER 100K 2w 185A086H10
FL201 FILTER
| TJI TIP JACK BLACK 187A332H02
- TP6 T2 TIP JACK RED 187A332HOI
.-
'31 p
|
INPUT I TP8
|'9 P2
l TPQ [J =70 BE DETERMINED.
l TP3
T
(BLACK)
,__ — V5
SUB. 1
775B394
Fig. 4. Internal Schematic Input Filter Module (Below 200 kHz)
Ill TPIO TJ2 —I
R4 . RED l
21 -
WHEN 5 TP? ™ FL2oi COMPONENT DESCRIPTI@N  STYLE N@.
USED 1 o RE 0 I R4 RESISTER  100.0 .50W 5T 184A763H03
I *IZZ ] Ré6 RESISTOR 10.0K .5S0W 5% 184A763H51
P!
9 TP2 P8 40 I
L 2 ~o 1 ZENER IN30278 20.0V 18BA302HO7
2 s o I z2 ZENER IN30278 20.0V 188A302H07
L FL20)  FILTER D.SPEC
I 3 I RS POT oK 2w 183A086HI0
n ? Tl TRANSF 7148677601
I BLK. |
TP9
l T TPe |
2 4
| ol
TP PG PR
| O
[ ||4sec7ssm
—  — — —— — —— ——— o—— ——— — v—
Sub 2
775B920

Fig. 5. Internal Schematic In

12

put Filter Module (Above 200 kHz)
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POS.
OWER SUPPLY|
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COMPONENT OESCRIPTIEN  STYLEZ NO.
cit CAPACITOR <250UF 200V 197A624H02
ciz CAPACITOR SEE NOTE W

c1a CAPACI TOR +230UF 200V  1B7A624HOR
ci4 CAPACITOR 00OUF 200V  1BTAS24HO4
c1s CAPACITOR 1.000UF 200V 1BTA§24HO4
cie. SEENOTER
ci? CAPACIT@R +250UF 200V  18TA624K02
cis CAPACITAR ~250UF 200V  187A624HOR
cie CAPACITBR -250UF 200V 1BIAG24HOR
czo CAPACITAR  100.000PF SO0V 742ATSTHO1
ce1 CAPACI TR <250UF 200V 187A6Z4H0R
cz2 CAPACITOR 1.000UF 200V 1B57A624H04
c23 CAPACITOR +250UF 200V  187ASZANOR
11 RESISTOR 10.0K S0W ST 184ATEIHSL
R13 RESIST@R 4700.0 .50W ST 184A763HAY
Ria RESISTOR 3300.0 .SOW 5% 1B4AT63H3Y
RIS RESISTAR  330.0 .50W 5T 184AT63MIS
R1& RESISTOR 10.0K .50% ST 1BAATEINST
RV RESISTOR 33.0X .50W ST 184ATEINGI
R1B RESISTOR 3300.0 +SOW ST  184AT63HIY
RI9 RESISTER 3300.0 -50W 3% 184A763H3Y
R20 RESISTER 10.0K +50¥ ST 184AT63HS|
21 RESISTAR  33.0K .50W 51 184A76IHEI
R22 RESISTOR  330.0 .50% 5T 1B4ATE3HIS
R23 RESISTOR 10.0X .50% ST 184AT4IHS)
R24 RESISTOR  220.0K «SOW ST J84ATAIHED
R2S RESISTAR 4700.0 .50W 3T 1B4A76IN4I
R26 RESISTGR 33000 .50% ST 184AT63HIY
R2? RESISTER  22.0K .30V 3% 184AT6IHSY
R28 RESISTBR  680.0 +30W 51 184AT63HEY
R2Y RESISTOR 48.0 .30W ST 187A290H2}
R30 RESISTOR 10.0% -509 5% 1BaATEINSY
R31 RESISTER  330.0 .30W 5% 184A763HIY
R32 RESIST@R 3300.0 -50¥ SI 184AT&IHIY
R33 RESISTOR 1000.0 - -50¥ ST 184AT&3H27
R34 RESISTOR  22.0K .50M 3% 184ATEINSY
R3S RESISTOR  680.0 -30W 33 184A783He3
R36 RESIST@R  68.0 .50W 3% 1B7A290H21
R3T RESISTOR 10.0K +50W 3% IB4AT63HS)
Ri2 PoT [T 629A430H02
Jul JMPER 0 @HM RESISTBR 862A478HO1
ot TRANSISTOR  2Na249 B49AL41H0D
ate TRANSISTOR  2Na249 849A441HO
Q13 TRANSISTOR  2N4249 843A441H03
Q14 TRANSISTOR  2N4249 849A441HDY
@s TRANSISTOR  2NA249 8494441H03
Tt TRANSFORMER 205C043601
Ti2 TRANSFORMER 205C043G03
il CRYSTAL SEENOTEQ

FL2 FILTER 7624613601

Ww-CI2 RANGE 4 TO 390Pf ASREQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS.

B-CI6 RANGE 22 TO JOOPf.AS REQUIRED BY FREQUENCY
AND CRYSTAL CHARACTERISTICS

O=YIl RANGE—50 TO 220 KHZ
B-COMMON TERMINAL

Sub 4
1444C52

Fig. 6. Internal Schematic Oscillator-Mixer-IF Amplifier Module (Below 200 kHz)
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C213  CAPACITER
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C2l6  CAPACITOR
c217  CAPACITEK
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© C214  CAPACITOR
16201 INT CT
a7 JuMPER
r2e HESLSTOR
k21 HESI STOR
w2s HEST STk
ney kESLSTON
K30 RESISTOR
#31 RESESToR
H HESISTOR
[ RESISTOR
3 RESISTOR
#35 KESLSTOR
"6 KESISTER
®17 RESLSTOR
R2I1  RESISTOR
K212 WESISTOR
Kel3  WEbISTON
Reta  mESISTew
K215 NESISTOR
K216 RESISTaM
K217 HESISTOX
M218  RESISTER
®219  HESISTON
%220 HESISTeR
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era TAANS(STR!
ers TRANS1 ST
G211 TRANSISTO
2201 cEnER
Yn CRYSTAL
T2u TRANSE
T202 TRANSE

a can

o]

DESCHIPTIEN  STTLE NO.
+250UF 200V 187A624HO02
+230UF 200V  187A424H02

100,000¥F 5009 1624757nu1

-250JF 200v 187A624H02

1.000UF 200V  1¥7A824H04

-250UF 200V 1u7AMZ4NOZ
SEE NOTE A

J100UF 30V 18aAs63HO

~1OOUF 30V  I§4A863NO0A

1.000UF 200V  187A&24M04

1.000UF 200V  37A624M04

12500 200V 187A824M02
SEE NOTC O

natio 201824503

0 @M RESISTIR 8624478401

3200.0 504 ST I184RTEIMIT

22.06 .504 ST 184A76IM5Y

4BD.G .30. 3T IBAATEIN2

st 187AzZONZT

ST 184ATEINST

ST 18aATe3IMIS

51 1B4AT8IN3Y

ST 18aAT63A2T

ST Inan7eInsy

58 144A763123

51 1476290421

5T 144AT634S1

ST $3aaTE3HSY

51 18aATe3M2T

51 jeaaTeamst

51 14aaT83H37

51 14aR76INST

ST 1dan7ednar

ST 1HaATEINIA

51 14aA763HO7

5% 154A780HIS

53 18wAT6INET

51 18476783

2700-0 .50W ST 134A76IHAI

R 2vazay
R 2ea24v
B 2vazar

38 6.

seenoTe D

2v

BarAsaIn03
darRaa1H03
8498441003

B624608M01

7148677601
2030043603

RANGES FROM 100PF TO 1000 PF
C214 MAY VARY UP TO 100P¢ {8TA635HO) THROUGH H23

O Yit FREQ. EQUALS RCVR (CHANNEL) FREQUENCY
PLUS 20KNZ

Sub 1
1458C60

Fig. 7. Internal Schematic Oscillator-Mixer-IF Amplifier Module (Above 200kHz)
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TYPE TCF-10 RECEIVER

COMPONENT DESCRIPTION STYLE N3.

R81 RESISTGR 1000.0 .50¥ 12 B4aBA319HAB
R82 RESISTOR 2210.0 50¥ 12 Ba8AS19HAB]
R83 RESISTOR 10.24 +25% 1% 843AB20HA46
RB A RESISTOR 100K .25V 1% g 4B A820HAS
R8S RESISTAR 56.2K «25% 1% gagAB21H18
R86 RESISTOR 10.0K »50W 1% g 48AB20HAS
R87 RESISTAR 2210.0 50U 12 B848AB19HBI
R88 RESISTOR 10.2K -25% 1% ga%A320HA6
R89 RESISTOR 10+0K «25W 1% 843A320H4S
R90 RESISTOR 82.5K .S0% 17 g48AR21H34
R91 RESI STOR 10.0K «50V 17 g48A320H45
R92 RESISTGR 6190.0 »30¥ 17 848A320H25
R93 RESISTGR 4990.0 50 127 848AB20H16
R95S RESISTOR 4750.0 .25% 17 843A320H14
R96 RESISTOR 4750.0 «25% 17 B4aRAB20H14
R97 RESISTOR 4990.0 .50¥ 12 B43AB20H16
R98 RESISTSR 15.0K »50% 1% g4B3A320462
R99 RESISTGR 4990.0 -S50Y 12 848AB20H16
R100 RESISTOR 4990.0 SO0 12 843A320H16
R101 RESISTGR 4990.0 ‘.5ou 1% B848AB20H16
R102 RESISTOR 10.0K .50 1% g848A820H4S
R103 RESISTOR 10.04X +50% 1% g48A320H4S
R104 RESISTOR 10.0%X -50% 1% 848A320H45
R105 RESISTOR 10.0X .50 1% 8 48AB20HAS
R106 RESISTER 10.0K S0V 1% 8 48 AB20HAS
R107 RESI STGR 10.0K «50% 1% g43AB20HA4S
R108 RESISTOR 100.0K .50 1% g48AB21HA2
R109 RESISTOR 10.04 50U 1% 848AB20HAS
R110 RESISTOR 1000.0 .50% 12 B848AB19HA3
R112 RESISTCR 4750.0 .25W 12 BagA320H14
R113 RESISTOR 4750.0 .25 1% BABAR20HIA
R114 RESISTOR 15.0K .50V 1% 8ABAB20H62
R115 RESISTGR 4990.0 «50% 12 843A320H16
R116 RESISTOR 4990.0 .50W 12 BABAB20H16
R117 RESISTOR 4990.0 50V 12 848AB20HI6
R118 RESISTOR 4990.0 .50¥ 12 848AB20H16
R119 RESISTOR 10.0K «50%W 1% 848A820HAS
R120 RESISTOR 1000.0 +50% 12 843A819H48
R121 RESIST@R 15.04 «50% 1% 848A320H62
R122 RESISTOR 15.0K »509 1% ga8A820H62
R123 RESISTOR 10.0K .50% 12 g a8 AB20HAS
R124 RESISTOR 10.0K .50W 1% 8 aB8AB20HAS
R125 RESISTOR 10.0K .50W 1% BABAZ20HAS
R126 RESISTOR 10.0K +50% 17 848A820HAS
R127 RESISTOR 2.0K .50k 12 848AB19HTT
R128 RESISTOR 9530.0 <50 17 B843AB20HA3
R130 RESISTOR 9530.0 .s0v 1% 848A320HA3
R131 RESISTOR 10.0K --50% 1% 848AZ20HAS
R132 RESISTOR 10.0K .50V 1% 8 48AB20HAS
R133 RESISTOR 10.0K .50W 1% g a8AB20HAS
R134 RESISTOR 10.0K .50% 1% ]48A820H4S
R135 RESISTOR 10.0X .S0% 1% g 48A320HAS
R136 RESISTOR 15.0K +50% 12 848A820462
R137 RESISTOR 10.0K .50% 1% g 48A320H4S
R138 RESISTOR 10.0X «50¥ 1% B48AB20HAS
R139 RESISTOR 10.0K +50% 1% 848A820HAS
R140 RESISTGR  475.04 .25% 1% g48A822H08
R141 RESISTOR  200.0X .50¢ 12 g48AR2 |HTI
R142 RESISTOR 1500 o50W 1% 848A318HE8
R144 RESISTOR  150.0 .S0% 1% 848AB19H36
R145 RESISTOR 18.7K .50k 1% 848A820HTI
R146 RESISTOR 4990.0 .SOW 1% g4a8AB20H16
R148 RESISTOR 1000.0 »50% 1% 843A319H48
R149 RESISTOR 15.0X «50% 12 848A320H62
R1S0 RESISTOR 2.0K .504 1% 848AB19HT?
R151 RESISTOR 2,0 .S0% 172 84348319477
R152 RESISTOR 17.8K .25% 12 B84RA320H69
R154 RESISTOR 10K »50% 12 B8A3A%19H48
R155 RESISTOR 1.0k .25W 20% 629A430H02
R1556 RESTSTAR 150.0 .50W 1% B4BAB18HE8
RIS7 RESISTOR 20.0K .50W % 848AB20H74
Ri158 RESISTOR 20.0K .50W % B48AB20HT4

Component Parts
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COMPONENT DESCRIPTION STYLE NO.

R9 4 POT 20.0K .S0W 629A645HNS
R111 POT 50.0K 50U 629AK45H (2
R129 POT 2.5k .25u 629A645H0 7
R147 POT 250.0K «75W 880AS26H10
R1S53 POT 2.5K .25W 629A645H) 7
cg1 CAPACITOR 2000.000PF S00v 187AS%4H0D |
cs2 CAPACITOR 1000.000PF 200v 8B0A397HOT
c83 CAPACITGR 220.000PF 200V B79A989H)17
C84 CAPACITOR «010UF S0V  184A663H01
C85 CAPACITGR 1.000UF SQv 3512408491
c86 CAPACITOR «010UF 50V 182A663H01
c87 CAPACITOR 2000.000PF SO0V 187A584H0
.c88 CAPACIT@R 1000.000PF 200V 830A397HO7
c89 CAPACITOR 33.000PF 200V 879A989H07
C90 CAPACI TOR *010UF 50V  184A6463H0}
Cc91 CAPACITOR «C10UF 50V 1824A663H0 )
co2 CAPACITER 1.000UF SOV  3512A03H0%
c93 CAPACITOR «010UF 50V 184A663H0]
C94 CAPACITOR 33.000PF 200V 879A989H07
c9s CAPACITCR «010UF 50V  184A663H0)
C96 CAPACI TOR «010UF 50V 184A663HN0]
c97 CAPACITOR «470UF SOV  762A680H04
c98 CAPACITOR 33.000PF 200V B79A9894N7T
c99 CAPACITOR «Ol0UF 50V 184A663401
Cto0 CAPACITOR «010UF S0V 184A563H01
Ci101 CAPACITOR 33.000PF 200V B794989H07
c102 CAPACITCR «010UF Sov 184A663H01
C103 CAPACITCR 33.000PF 200V 879A989HO7
C104 CAPACITOR «010UF 50V  184A663H0)
C105 CAPACI TOR «010UF 5SQV 184A663H0}
C106 CAPACITOR «04A7UF S0V 848A646H07
ci07 CAPACITOR 33.000PF 200V B879A989HQO7
Cc108 CAPACITOR «010UF Sov 1842663H0)
c109 CAPACITOR 010UF SOV 1B4A663H0)
Cli10 CAPACITOR «22.UF ooV 3512A08H02
ICt INT CKT SES3IT 3512A10H01
ICc2 INT CKT SESAIT 3512A10H01
IC3 INT CKT SES31T 3512A410H0)
IC4 INT CKT SES3T 3512A10H0)
ICS INT CKT SES3IT 3512A10H01
ICé INT CKT 747D 1443C52H0 ]
I1C7 INT CKT SES3IT 3512A10H01
IC8 INT CKT SES31T 3512A10H01
IC9 INT CKT SN56502 3512409H01
Ic10 INT CKT T747DM 1443CS2H01
IC11} INT CKT 747D¥ 1443C52H01
Ic12 INT CKT SNS6S02 3512A09H0 }
IC13 INT CKT 747DM 1443CS2H01
D61 DIODE 1N4]48 8364928405
D62 DIGDE INA148 836A928H0 4%
D63 DIODE 1NA148 836A928H06
D64 DIGDE IN4]148 836A928H04
D6S DIOGDE INa]ag 836A928H04
1 ZENER IN825A 6.2V B62A288H06
zZ12 ZENER INB825A 6.2 v B62A288H06
Z113 ZENER IN325A 6.2V B6248238H06
J111 JUMPER 0 OHM RESISTOR B62AATBHO )
J1i2 JUMPER 0 OHM RESISTOR 862A478H0)
JI3 JUMPER 0 OHM RESISTCR 862A473HO}
Jil1a JUMPER 0 OHM RESISTOR 862A478HO
T3I TRANSFORMER 7148677601

T32 TRANSFORMER 714B67760I

Sub 1
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List - SNR Detection Module
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Fig. 14. Component Location Oscillator Mixer IF Amplitier Module (Below 200kHz)
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Fig. 15. Component Location Oscillator-Mixer-IF Amplifier Module (Above 200kHz)
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Fig. 16. Component Location Amplifier Limiter-Discriminator Module.
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Fig. 17. Component Location SNR Detection Module.
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Fig. 18. Component Location Output Module.
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Fig. 19. Filter and Discriminator Characteristics of the Type TCF-10 Receiver
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Fig. 20. Test Circuits for TCF-10 Receiver Filters.

27



TYPE TCF-10 RECEIVER

fc
INPUT FILTER

BANDWIDTH '\ ,‘—'60;_“250(!) ~ _’, —> _~IF BANDWIDTH

0 v\' /
LN
9

S
T3 \»«»«
’0‘0‘
\»:m
0%
ORI
- SRS
12050 %%
%%
:.‘ % \
(XX

RS
939
S

&
S8
9308
KA

= SIGNAL + NARROW BAND NOISE

| = SIGNAL + WIDE BAND NOISE —(SIGNAL + NARROW BAND NOISE)
= NOISE IN SURROUNDING BAND
OR

S

AREAS USED FOR SNR ARE

Sub 2
3513A90

Fig. 21. Signal to Noise Ratio ‘Characteristics.
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Fig. 24. Component Location - Power Supply Module
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