Westinghouse 1. L. 41-941
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIOHRNS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted

For Voice Adaptor (Front
and Rear Mounting) ¢« e e e c e e e s eveseeecesmse..qd70D021 GO2

KR Sleet DetecCtor.e e e o e v sessecssossoseesdithe. . »470D167 GO1
258-Volt Resistor Unit e « o « o o o e o000 oo ofalipe e efheose..330C191 HOL

Test Harness (Complete Set)e o o o o o e 0o e oo oo s oo« o0 7T56D346 GO1
Coaxial Lead. « v e o e o eeeeeeoeosloge s, o..0.756D346 GO2
Output Lead « o e o s e o s oo evoe slifde e WoessseesssT56D346 GO3
Main HArneSS ¢ ¢ o c o s s o s s oo o éfie s slpedn s oo+ s 0000 106D346 GO4

Voice Adapter Extensions
G-fte s evevoooeosceonnoodoofsaloneeeesccessess157D650 GO2
6-fte o o vovevoooeodWPeoeeloedeeeesosnnnasssssT5TD650 GO3

TABLE OF CONTENTS Adjustments
Transmitter ..ocoovvveviiiiiiiiiiiiiinnnn, Page 17
)3T D7) Page 17
INtrodUCEION vevvvnieniiniereenenneenneeneesdoni s Page 2 Sleet Detector........... PP P RIS Page 8
258-Volt Resistor Unit................. Page g
SPeCIfiCatioNS «..vvvrrvviiireiniinennenndioes o timandss Page 2 Frequency Change.......ovevseersennn. Page 8
MaintenancCe....oiiiiiiiiiieiiiieiieieeecennnnnnnnnnns Page 9
Description
General.ennnn 2. N Page 3 P:¥s) o) ST e2:17 o) o D Page 13
Mechanical ....... Y SRR YRR Page 3 Electrical Parts List............. Veessracseractanas Page 14
Electrical.......... .q5mp. . 0%
Transmitterh. oo fheeiiiiiiinnnnne. Page 4 LIST OF TABLES
) 3A=TeT=3074) S N Page 4 Table
TranSmitter Control Circuits ........ Page 5 1 D-C Pin Jack Measurements with
Sleet Detector..ccovvviiviiiiininnniannns Page 5
Comminications......ccceveveveinrnnnnn. Page 5 R.eference 00 B S Page 10
RelayingiControl Circuits Page 5 2 Transistor DC Measurements with
Reference to B-....cceevevvvinnnnnnn. Page 11
3 D-C Bleeder Measurements with
Installation Reference to Be.uuviveerrneennennnn. Page 12
(€71 17] £ O Page 6 4  Typical RF Signal Measurements
Connections fOr RECEIVET vvvuverinnnernrennnnenns Page 12
) IPTA=1 3o F:) DN Page 6 5  Typical RF Signal Measurements
§17:3 31T SO Page 7 for Transmitter...........cceeeuennes Page 13

SUPERSEDES 1.B. 84-300-1F
Complete Revision EFFECTIVE JUNE 1961



TYPE KR CARRIER SET

Figure

W o =

LIST OF ILLUSTRATIONS

References
Outline (Flexitest Case).....cveuvennns 470D033
Schematic Diagram ........... ceeveeenees 470D593
Modified KR Transmitter-Receiver

(Case Mounting) for Rear

18 Transmitter Output and Receiver

Sensitivity Variations with

Frequency ...cooovvevviiiennnennnnn. C€378000
19 Test Harness .....covvvviveeiiieennnnnnnns 756D346
20 Voice Adapter Extensions............. 757D650

CAUTION The voltages encountered in thiS” equip-
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4 Component Location......ccccveeenenn.. 470D214 . .
. . when servicing the equipment.
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K-DAR or GCY Operation........ 223B497
7 Connections-Output Filter ............ 149A420 INTRODUC FION
8 Transmitter Output Filter The Type KR Relaying Jransmitter-Receiver is
SeleCtivVity veveeeerenrnneenenneennnns C377996 designed for Distance, Relaying, Telemetering,
9 Sleet Detector Outline .......ceceveu.... 329C703 Supervisory Control“and Sleet Detection. Facilities
10 Transmitter Output and Receiver are provided for awplug-in type voice adapter. The
Sensitivity Variations with basic design is for operation from 129-volt station
AZ0) 17:¥-{ SR C377999 batteries. Howeverfthe apparatus may also be oper-
11 Receiver SelectiVity .ococvevivererennne. C377993 ated from 51volt or 258-volt station batteries by
12 Receiver Filter LimitS.....ccccuvuueens C317995 means ofyvariels internal connections. These various
13 Minimum Channel Spacing............. C377998 conneétionshas well as most of the adjustments are
14  Wiring Diagram ....c.coceveevinvnnnnennnn. 470D596 made” at theyfactory, although they can be changed in
15 Relaying Control Circuits the field.
(@3 VAR VA | S 1-329C1704 Although designed primarily for operation with
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17 Relaying Control Circuits distance relays and with most other contact keyed
(K-DAR).oiitiiiiieiiiiiiienieiaenans 3-329€704 devices.
SPECIFICATIONS
Frequency RanNge ....cvveeeveerenneeeeceennsbneeaaot D Lt iiiiesaseeteneenatanieieettaniatinnannnn 30-kc to 200-kc
Channel Attenuation Rating ........iiieeee s eeeeieiiieiiiiiiiiiiiiiiiiiieieeninenaan. 40-db
Transmitter POwer OutpUb ..coiui i i ii it eeettennesieertanecastonniesssnseasoesssasnsssanans 1.0 watt at standard condi-
tions (see Figs. 10 and 18).
0.5 watt with a 51-volt d-c
supply.
Transmitter HarmondC OUtDUli...eeeeeueneeeeerereieianenneeeseseeesssessssansesssssssnosans At least 46-db below funda-
mental.
Transmitter Output IMPEAANCE . -vueiiiiitriiiiitreiaeirerereaeesieariiiertrioteesseraenenes Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)
TransmitteROutput Filter Selectivity..cviieiiiiiiiiiiiiiiiiiiiiiiiieiieireniereaieeneneenas See Fig. 8.
Transmitterand Receiver Oscillator and Frequency Stability................ooiiii From-20°C to +50°C with si-

multaneous voltage variations
from 100 to 140 VDC, the fre-
quency remains with 0.01%.
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Permissible Battery Voltage Ripple ....ccccvvvevveiniiiieennnn.

Ambient Temperature RANge ..c.ceeuiierierenneeereennnnnnneennns

Non-Operating Temperature Range .......cveeveveveneeeerennns

Receiver Sensitivity cuveviiiiiiiiiiiiiireiiniereienionerneenenns

Receiver Selectivity ..vveviiiiieiiiiiieiiiiiiiinienireieriennnannss
Receiver Signal-to-Noise Ratio Requirements ..............
Minimum Channel SpacCing ....cuvveiiieiiiiiieieereieiieieerennnns

) SZ0RL= 0 64 010

Carrier On-Off KeYiNg ..vvvrviiiiiiteiiieeiiiiieiiiieieernenenenns

............................. —20°C to +50°C.

—40°C to +70°C

eeeeetteeteetenteeereaeane 0.04 volts at standard

conditions (see Figs. 10 and
18).

............................. SeenFlig.WLl1.

............................. 12-db

............................. See, Fig. 13.

.............................. 115-ma at 51 VDC, 200-ma
at 129 VDC, 1.28 amperes
at 258 vDC.

.......... be...t.eee.nn..... Requires one pair of con-

tacts capable of keying 8-ma
DC at an open circuit voltage
of 129 VDC.

Weight (With Flexitest Case) . .cciviviieiiiiiiiiiiinieniiienenns 7 Y /P Approximately 16-lbs.

CAUTION Refer application to Westinghouse when
other transmitters are to be connected to the Ssame
coax cable as certain conditions may resultdn damage
to the output transistors.

NOTE Standard conditions are taken as129-volts,
120-kc and 25°C.

DESCRIPTION

General

This completely transistorized carrier-apparatus
is a result of extensive field, and laboratory tests.
From these tests, it was“proven that transistors pro-
vide superior reliability over tubes. In addition, the
latest printed circuiti@and/ filter techniques have im-
proved performancefand greatly decreased the size.
The expected long life of transistors as compared
with vacuumpdubesdwill reduce maintenance costs,
and the low power requirements will produce impor-
tant savings in battery and charger requirements.

Transistors perform the same functions as vacuum
tubes' ) However, tubes operate by the flow of elec-
trons in’ a vacuum between elements, while transis-
torsmdepend upon the movement of electrons in a
solid. This leads to a more rugged type of construc-
tion. Most transistors are made from either germanium

or silicon semi-conductor materials. The junction
transistor consists of a thin slice of germanium or
silicon with three different regions produced by in-
troducing specific amounts of impurities. A thin wire
is connected to each region. One outer region is
called the emitter, the other the collector, and in-
serted between them is the base. These correspond
roughly to the cathode, plate, and grid of a vacuum
tube.

The transistors in this equipment are of the
junction type, and both NPN and PNP configurations
are used. In the NPN transistor, the majority of the
current is carried by electrons. In the PNP transistor
there is a deficiency of electrons. These deficien-
cies are known as ‘‘holes’’. For practical purposes
holes may be considered as positively charged
‘“‘electrons’’, and these provide most of the current
flow in PNP units. In order to obtain maximum effi-
ciency and reliability, both types are used in this
equipment.

Silicon transistors are used in the transmitter
and receiver output circuit in order to stabilize
critical circuit performance at elevated temperatures.

Mechanical

This apparatus is supplied in a Flexitest case
and may be either flush or projection mounted in
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order to match other switchboard equipment. The out-
line dimensions and also the drilling plan for flush
and projection mounting are shown by Fig. 1. The
majority of the parts are mounted on a printed circuit
board. This board may be readily removed as follows:

1. Remove the two output plugs from the red and
black jacks.

2. Disconnect the receiver input coaxial cable
connector.

3. Loosen the two screws at the top of the board.

4. Loosen the two screws at the bottom of the
board and pull them out as far as they will extend.

5. Pull board down to disengage the terminals
and lift out.

The transmitter output filter may be removed by
removing four mounting screws from the bottom of the
case and discomnecting the coaxial cable.

Fig. 4 shows the location of major components
such as potentiometers, jacks, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The
numbered terminals shown as squares apply to the
external terminals.

Provisions are made for plugging the Vaice
Adapter Unit in the front or the rear of the relaying
equipment. When front mounting is utilized, it wild*be
necessary to remove the cover of the KR case before
plugging in the Adapter Unit. In the caseg®f rear
mounting, the Adapter Unit may be plugged .into the
relaying equipment directly without remowal“efthe
cover. Octal sockets marked X-3 and X-4 (the, latter
for rear mounting) on the relaying ‘equipment accom-
modate the adapter plug. A buckle type“strap on each
side of the adapter holds the unit in plage after it has
been plugged in. The normal projeetion for a front or
rear mounted Voice Adapter As 3-inches beyond that
of the relaying equipmentyWhen the KR Relaying Unit
is supplied for rear mountingyof the adapter, a patch
cord is available on separate order. This patch cord
plugs into the telephoné jacks on the adapter and pro-
vides an extension to a cefveniently located terminal
board. The Wiring Diagram for rear mounting of the
adapter is shown in Fig. 3.

The panel, cutout information necessary for
mounting theySleet Detector is shown by Fig. 9. This
unit consists) of a potentiometer and pushbutton
switéhymounted on a small panel, itself suitable for
switchboard mounting.

For 258-volt operation, separate auxiliary resis-
tors are required.

Electrical
Transmitter

The transmitter is made of four main stages in-
cluding an oscillator, driver, power amplifier, and an
output filter. In the oscillator, thelerystalgs operated
as a resonant circuit between ghe collector of one
transistor and the base of the (other.)The feedback is
supplied through a capacitorgfrom the collector of the
second transistor to the baseof the first transistor.
The frequency is independent of voltage or tempera-
ture changes of the tfansistors. Thus the frequency
stability is the stability, of the crystal.

The input to the driver stage Q-10 is controlled
by potentiometer;,, R-42 which also controls the trans-
mitter power outputyIn HZM relaying CARRIER STOP
provides“abottn+40 volts for blocking. This is ap-
plied tohQ-10"through T-6. Diode CR-5 prevents damage
to thePtransistor when this positive voltage is ap-
plied“te, the collector. For CARRIER START (when
infthe, blocked position) a small positive voltage is
applied to the collector of Q-10 by means of bleeder
resistors R-67 and R-68.

The power amplifier consists of two transistors
Q-12 and Q-15, which are operated as class B ampli-
fiers in push-pull. Resistors R-52 and R-55 are for
stabilization.

The output transformer, T-7, matches coaxial
cables of 50 to 70 ohms.

Resistor R-66 tends to keep the source impedance
constant to permit proper tuning of the output filter.

The output filter consists of coils L-1 and L-2,
capacitors C-19 through C-22. The filter is tunable,
and is provided to attenuate harmonics and other
spurious outputs. It should be noted that the filter
contains no shunt elements, resulting in a reverse

impedance free of ‘‘across the line’’ resonances.

Receiver

The receiver is a superheterodyne in order to
obtain constant selectivity regardless of the channel
frequency. (See Fig. 11.) The major stages include
an input filter, attenuator, oscillator, mixer, IF filters,
IF amplifiers, detector and a D-C power output stage.
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The input filter prevents undesired signals from
producing the IF frequency.

The receiver sensitivity is adjusted by means of
the continuously variable input control R-1 and by
connecting or disconnecting resistors R-73 and R-74
in the IF stages.

The receiver oscillator (Q-2 and Q-3) is basic-
ally the same as the transmitter oscillator. The
frequency is 20-kc above the incoming signal
frequency.

The receiver channel frequency is determined by
the input filter and the oscillator crystal. The fre-
quency may be changed readily since both the filter
and the crystal are plug-in components.

Mixing is accomplished by feeding the incoming
signal to the emitter and the receiver oscillator signal
to the base of the mixer Q-1. Mixer oscillator re-
quirements are met through adjustment of potentio-
meter R-4. Injection into two separate elements, base
and emitter, provides a circuit capable of handling
greater signal level variations than one in which in-
jection is made into only a single element Such as
the base.

This receiver uses an IF frequency of 20-kc.%The
overall seléctivity is determined primarilyaby the IF
filter FL-2. Typical characteristics of(this filter are
shown by Fig. 12,

The IF amplifier consists ofitransistors Q-4, Q-5
and Q-6,

The detector is a full wave, bridge rectifier. This
rectifier in conjunction/ with¢the IF amplifier Q-6,
provides the necessary powersto drive the D-C power
output stage Q-T.

The final” output stage Q-7 will supply approxi-
mately 18 gnillidmperes to a standard 1700 ohm dis-
tance relaypRRH coil and its associated 500 ohm
alarm coil. It ‘may also be used to drive other relay
coils such as is shown by Fig. 5, Supervisory Control
Connections.

Transmitter Control Circuits

In the standby condition, although the oscillator
is running, the transmitter driver has no emitter bias
which results in no output.

Positive voltage applied to terminalg,l5ysupplies
this bias through a voltage dividing network, and
transmitter output results. The actual configuration of
the network is a function of supply voltage and ap-
plication (Relaying, Telemetering, etc.) and is
discussed in the Adjustments section.

Output may be stoppedsin /several ways. The
method used with K-DARWrelays is to remove the
positive voltage applied te, terminal 15. In the case
of distance relaying’ with Westinghouse HZ/HZM
relays, application ‘of, a“positive voltage to terminal
18 will stop the@transmitter output. Output may also
be stopped bya.removal of negative battery from
terminal 18.

The Sleét Detector is shown by Fig. 9. Effec-
tively'R-19s a remote transmitter output control. This
controlyis obtained through varying the driver stage
(Q-10), emitter bias, and is effective over a 40-db
range of transmitter output. The Sleet Detector is
switched into service by S-1. By adjusting R-1 for a
given receiver relay current at the far end of the
channel, a relative measure of the channel attenua-
tion may be obtained. This is discussed further in the
section on Adjustments.

Communications

The transmitter output is reduced approximately
6-db when the Type KR voice adapter attachment is

used. Relaying takes preference, and full output is
obtained since full voltage is supplied to terminal 15.

Relaying Control Circuits

Figs. 15, 16 and 17 show simplified diagrams of
the relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 16 and 17)

The control of the carrier set is obtained through
the CARRIER START and CARRIER STOP contacts.
These contacts are shown in their normal standby
condition.

The K-DAR or GCY relays operating from the
voltage and current on the transmission line, detect
and determine the direction of a line fault and there-
by control the carrier transmitter and receiver.

The control of the carrier set is such as to start
the transmission of carrier when fault power on the
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transmission line is flowing out of the line section
being protected. Conversely, when fault power is
flowing into this line section, the control is such as
to block the transmitter and keep it from being turned
on by secondary functions such as sleet detection
and communication, should these functions be in use
at the same time. Should carrier be received from the
remote station, the hold coil and alarm coil will
energize through transistor Q-7 in the receiver.

When carrier start operation occurs, the CARRIER
START contact opens applying a positive voltage
(see Figs. 16 and 17) to terminal 15 of the carrier set.
This puts a potential on the driver stage in the trans-
mitter and also applies proper bias for the power
amplifier.

When a carrier stop operation occurs, the
CARRIER STOP contact closes, which removes B+
(terminal 15) from the driver and the power amplifier
stages in the transmitter. CARRIER STOP, terminal
18, on the carrier set is permanently connected to
terminal 14, for K-DAR and GCY relaying.

2. HZM Relaying (Fig. 15)

The control of the carrier set is effected by the
CARRIER START and the CARRIER STOP contacts.

These contacts are shown in their normal standby
condition.

The HZ-HZM relays operating from thegvoltage
and current on the transmission line, detect®and
determine the direction of a line faultgqandythereby
control the carrier transmitter and receiver.

The control of the carrier set iS“such ‘as to start
the transmission of catrier when' fault power on the
transmission line is flowing oufjof the line section
being protected. Conversely, Wwhen fault power is
flowing into this line section,/the control is such as
to block the transmittér and,keep it from being turned
on by secondary fiunctigns such as sleet detection
and communication;jshould these functions be in use
at the same time. Should, carrier now be received from
the remote station, the hold coil and alarm coil will
energize through transistor Q-7 in the receiver.

When carrier start operation occurs, the CARRIER
START contact closes applying the full battery
supplysvoltage to terminal 15 of the carrier set. This
puts,a petential on the driver stage in the transmitter
and also%applies proper bias for the power amplifier.

When a carrier stop operation occurs, the
CARRIER STOP contact opens. This applies a
positive voltage (see Fig. 15) to terminal 18 Which
blocks the driver stage and the power amplifier stage.

It is possible under certain conditions that the
signals from two transmitters, attempting to block a
third receiver, would be of such amplitudeyphase and
frequency as to cause the RRH, coildcurrent to
‘‘pulsate’’. It would then be possibleito have a false
trip.

In the case of the KR set,forirelaying 3-terminal
lines, the transmitter frequencies (to avoid this pos-
sibility of false trip)gsshould®be separated by 100
cycles. All receivers' and “one transmitter would be
for the desired center%frequency. One of the other
transmitters would benl00 cycles above, the other
100 cycles below this center frequency.

INSTALLATION

General

Upon receipt of a unit, whether shipped separately
or in ampassembly, an immediate inspection should be
made.yCarefully check for damage or shortages.

For necessary clearances and mounting dimen-
sions, see the following illustrations:

Flexitest Case Mounting.............. Fig. 1
Sleet Detector....vvvvvvnneniiieeeeennnns Fig. 9

Connections
External

The external connections will vary slightly de-
pending on the application, but in general will be
along the lines described as follows: (Refer to the
Schematic Diagram, Fig. 2.)

Terminals 11 ..iiiiiiiiininiiieiiinnnnnnieinenenss Ground
12 i Coaxial Cable
13 and 19....... Supervisory Preference
Contacts
14......... B- ‘““CARRIER STOP"’ return
15, iiiiiinnns Battery positive through

carrier start contacts

16..ccnenenne. Battery positive for alarm
cutoff (used with com-
munication)

1T it e e e e eas B-

18....... Carrier Stop for HZM Relaying

D B+

] Relay Coil
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CAUTION If the transmitter output load is removed
while the transmitter is energized, the transistors in
the power amplifier will be permanently damaged. A
dummy load should be connected to the transmitter
output if the coax is disconnected and the transmitter
is to be energized.

When tuning line coupling equipment, short the
coax cable to ground before changing taps on the Line

Tuner or matching transformer.
Internal

Necessary internal connections are generally
made at the factory, to customer order, before appara-
tus shipment. For reference purposes, these are
outlined in the following tabulation. Check the proper
bleeder resistors before ‘applying voltage to the
equipment.

OPERATION

BLEEDER'RESISTORS IN THE CIRCUIT

51-Volt K-DAR, HZM, and GCY Relaying,
Telemetering, and Supervisory

129-Volt K-DAR and GCY Relaying

129-Volt HZM Relaying, Telemetering,
and Supervisory

258-Volt K-DAR and GCY Relaying

258-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the indugtors)) and
capacitors of the transmitter output filter are re-
quired depending on the channel frequency. These are
tabulated in Fig. 7.

Adjustments

This apparatus is generally tuned fo and tested
at the specified channel frequéncy“before shipment.
Final adjustments must be made inWthe field and are
described in the followingyparagraphs. Fig. 4 shows
the locations of the various comtrols.

Transmitter

1. Disconnect thefcoaxial cable and replace with
a 50, 60, or, 70 “@hm“nen*inductive resistor depending
on the characteristieéyimpedance of the cable used.

2. Fig.U,shows typical output filter connections
for various frequency ranges. In some cases it may be
necessary to use either a higher or lower range to
tune the filter to resonance.

3iaInsert fuses FL-1 and FL-2 to apply power to
theyapparatus.

4. Connect an A-C Vacuum Tube Voltmeter
(VTVM) across the non-inductive load.

R=47 and R-48

R-45, R-47 and R-48
R-41, R-45, R-47 and R-48

R-39, R-40, R-45, R-47 and R-48

R-39, R-40, R-41, R-45, R-47 and
R-48

5. Unblock the transmitter by closing the
CARRIER TEST SWITCH. An alternative is to jumper
battery positive to terminal 15.

6. Beginning with the output control R-42 at the
maximum counterclockwise position, advance it clock-
wise until a reading appears on the VTVM.  -Tune
capacitor C-19 for a maximum voltmeter reading.

7. While increasing R-42, tune the output filter
for maximum output until the output across the re-
sistor is approximately 8 volts. (See Figs. 10 and
18.) (Approximately 5.5-volts when operating from
51-volt station battery.)

8. Open the test switch and reconnect the coaxial
cable.

Receiver
1. The oscillator output control R-4 is pre-set at
the factory. However, should any of the oscillator
components be changed (including the transistors and
the crystal) R-4 will require adjustment.
a. Connect an A-C VTVM to jacks J-3 and J-4.
b. Adjust R-4 for a 0.3 volt reading on the meter.

2. The unit is shipped to have a gain of approxi-
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mately 250 millivolts (to produce 10 ma relay current)
with input control R-1 in maximum clockwise posi-
tion. About 10-db additional gain or 80 millivolt
sensitivity can be obtained by clipping out resistor
R-T74, which is connected to the base of Q-4 and the
B+ supply for the IF. Approximately 10-db gain or
25 millivolt sensitivity can be obtained by clipping
out resistor R-73, which is connected to the base of
Q-5 and the B+ supply for the IF. Resistor R-71 has
been selected at the factory to provide an overall
gain of approximately 25 millivolts.

a. Sensitivity Adjustment for Noise

If the maximum on-frequency noise level is known
or can be measured, the receiver can be adjusted for
this level. Disconnect the coaxial cable and connect
a 60-ohm non-inductive resistor and a VTVM (HP
400C or equivalent) across terminals 11 and 12.
Energize the transmitter and adjust the transmitter
output control R-42 for the same output as the max-
imum noise. Then adjust the receiver input control
R-1 to obtain 1-ma output current. If it is impossible
to obtain 1-ma output current with control R-1 in the
maximum clockwise position, then clip out resistor
R-74, which is connected to the base of Q-4. If the
gain is still insufficient, clip out resistor R-73,
which is connected to the base of Q-5. After com-
pleting the adjustment of R-1, restore the transmitter
to full output.

b. Sensitivity Adjustment for Remote Signai

When the maximum on-frequency noiseds unknewn
and cannot be conveniently measured, (the “teceiver
may be adjusted for the remote signal.“Eirst deter-
mine the channel attenuation using a“Sierra voltmeter
or some other convenient method. Disconnect the
coaxial cable and connect a 60-ehm /non-inductive
resistor and a VTVM (HP 400€ orrequivalent) across
terminals 11 and 12. Addy,15-dbdto the channel atten-
uation. This compensates foraverage variations such
as channel and voltage yariatioens. For example, if
the channel attenuationds 5-db, add this to the 15-db
making a total of 20-dby Making this from 8 volts
output of the transmitter, the receiver should then be
set for a sensitivity of 0.8 volts. To do this, adjust
the transmitter output control R-42 for 0.8 volts and
then adjust _thejreceiver input control so as to obtain
10-ma output “eéurrent. If it is impossible to obtain
10-ma outputycurrent with control R-1 in the maximum
clockwiseyposition, clip out resistor R-74, which is
connected*to the base of Q-4. If the gain is still in-
sufficient, clip out resistor R-73, which is connected

to the base of Q-5. After completing the adjustment
of R-1, restore the transmitter to full output.

It must be kept in mind that the two preceding
adjustment procedures are to be used as a guide and
will cover the majority of cases; however, cases may
arise where conditions change. For eXample, if the
adjustment is made per part a.g the moise may in-
crease due to various reasons such as bad‘insulators,
which would require adjusting thie“receiver to be less
sensitive. In the adjustment of part|b., the attenua-
tion may increase due to ‘Sleetof line switching,
which would necessitate increasing the sensitivity of
the receiver.

SleetyDetector

Due to different types of operation and supply
voltages, it is'not practical to have a calibrated dial
for this unit. Howeyver, calibration may be made at
installation “bygrecording transmitter output (either in
db or “wolts)pat various knob settings of the sleet
detector unit.. Then, by adjusting the sleet detector
so aS'to obtain 10 milliamperes relay current at a re-
motehreceiver, any increase or decrease in line at-
tenuatiom may be noted as the difference between the
original setting, and the setting required to obtain the
given 10 milliamperes.

258-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
258-volt resistor unit so as to obtain 129-volt at
terminals 17 (B-) and 19 (B+) on the relaying set.

Frequency Change

If the frequency is changed in the field, it is
necessary to change the input filter FL-1 to the de-
sired channel frequency. This filter is of the plug-in
type and may be removed by unsnapping the clamp
and pulling the filter out. The transmitter oscillator
crystal Y-2 must be changed to the desired channel

frequency. The receiver oscillator crystal Y-1 must
be changed to the desired channel frequency +20 kc.
Figure 7 shows the connections for the transmitter
output filter. It is necessary to unsolder the existing
connections and make the new connections per the
chart, After completing the preceding, the tuning pro-
cedure as described under Adjustments for trans-
mitter and receiver should then be followed.

Note also that capacitors C2 and C9 in the
transmitter and receiver crystal oscillator circuits,
respectively, may have to be changed. For fre-
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quencies below 110 kc, these capacitors are 270
mmf. each. For frequencies of 110 kc and above, the
capacitors are 140 mmf. each.

CAUTION Turn power OFF before removing filters
or transistors, as high transient currents may cause
permanent damage to the transistors.

MAINTENANCE

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 indefinite 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 and current values are given as
follows. Voltages should be measured with VTVM.
Readings may vary as much as +20%.

In the following paragraphs, the transmitter may
be unblocked (transmitting) by closing the CARRIER
START circuit in the case of HZM relaying,fand, by
opening the CARRIER START circuit in th€ case of
K-DAR and GCY relaying.

1. For D-C pin jack measurements withyreference
to B-, refer to Table 1.

2. For transistor D-C measurements with reference
to B-, refer to Table 2.

3. For D-C bleeder measurements with reference
to B-, refer to Table 3.

4. For typical RF signall measurements for re-
ceiver, refer to Table 4.

5. For typicalljy RF signal measurements for
transmitter,freferfto Table 5.

6. Removaly, of Printed Circuit Board from

Flexitest Case.

To remoye the printed circuit board, unplug J-15
and J-16 located near the output filter. Loosen the
twopscrews inside the case near the top. Loosen the
slotted thumb screws at the lower end of the board
and pull these screws out as far as they will extend.
Also remove the receiver coaxial cable plug.

Pull board down so as to disengage the terminals,
and lift out.

7. Removal of the Output Filter

After the printed board has been’removed, re-
move the screws on the outside of the case at the
bottom. Lift out filtergand disconnect the coaxial
cable.

8. Receiver Filters

Fig. 12 shows‘ypical receiver selectivity curves
both RF and AF.“If the filters are checked in a test
setup, it is neeessary to use an accurate signal gen-
erator or preferably a signal generator and a frequency

counter. VHewlett-Packard Type 400C or equivalent
should“be used.

9."Minimum Test Equipment for Installation

a. Milliammeter 0-25 ma DC.

b. 60-ohm 5-watt non-inductive resistor.

c. A-C Vacuum Tube Voltmeter (VTVM). Voltage
range 0.003 to 30 volts, frequency range 60 cycles/
sec to 230-kc, input impedance 7.5 megohms.

d. D-C Vacuum Tube Voltmeter (VTVM)

Volta_ge Range: 0.15 to 300 volts
Input Impedance: 7.5 megohms

10. Desirable Test Equipment for Apparatus
Maintenance

a. All items listed in Sections 8 and 9.
b. Signal Generator

Output Voltage: up to 8 volts
Frequency Range: 20-kc to 230-kc

c. Oscilloscope
d. Ohmmeter
e. Capacitor checker

f. Test harness (See Fig. 19)
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TABLE 1

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

CONDITION A CONDITION B CONDRITION C
Tx-Blocked t+t Tx-Blocked Tix-Unblock ed
Description Jack Rx-No Signal Rx-With Signal Rx-No Signal
129 VDC 51vDC 129 vDC 51vDC 129°VDC | 51 VvDC
RF Input J-2 0 0 0.3V 0.3V
DC Q-1 Base J-3 20V 20V 20V 20V
DC R, B+ J-4 20V 20V 20V 20,V
DCRXOSC J-5 v v ™ v
DC Q-5 Base J-6 20V 20V 20 V. 20V
B— J-7
DC-P1-E J-8 110 V 324V 110 V 32V 110 V 32V
DC-Q-7 Base J-9 69 V 0V 18V 2.3V 66 V 0.3V
DC Q-7 Emit J-10 70V 10 V 8V 1.4V 66 V LoV
DC T, Osc J-11 TV TV v TV v TV
B+ J-12 129"V, 51V 129 V 51V 129 V 51V
DC Q-10 Base J-13 18V 18V
DC Q-10 Emit J-14 18V 18 V
RF ma out J-15 130 ma 130 ma
DC ma RRH
and
ALARM 18 ma 13 mat

t With 2000 ohm resistor and Sigma relay.
t1 Tx = transmitter, Rx = receiver

10
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TABLE 2
TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-
Condition A Condition B Condition C
Tx-Blocked Tx-Blocked Txsbdnblocked
Rx-No Signal Rx-With Signal Rx-No Signal
Transistor (Volts) (Volts) (Volts)
Et Bt Ct Et Bt Ct Et Bt Ct
Q-1 20.0 20.0 0.38 20.0 20.0 0.4
Q-2 1 7.2 1.8 7 7.2 1.8
Q-3 6.2 8.0 2 6.2 8 2.0
Q-4 20.0 20.0 2.6 20.0 20.0 2.8
Q-5 20.0 20.0 2.6 20:0 20.0 2.8
Q-6
129 VDC 110 110 129 bl5 114 129
51 VDC 32 32 51 32 32 51
Q-7
129 VDC 70 68 129 78 80 86
51 VDC 1.0 0 51 1.4 2.2 7.0
Q-8 6.2 8 2 6.2 8 2 6.2 8 2
Q-9 T 7.2 1.8 i 7.2 1.8 7 7.2 1.8
Q-10tt 18 18 0.4
Q-12tt 0.27 0.20 50
Q-15tt 0.27 0.20 50

t E-Emitter; 4B-Base; C-Collector.
tt with re§péct tofterm F on printed board.

n
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TABLE 3

D-C BLEEDER MEASUREMENTS WITH REFERENCE TO B-

129 VDC 51VvDC
Measurement

At Bt Ct At BY: Ct
Junction R-61 and R-62 (J-8) 110V 110V 110V 32V 32V 32v
Junction R-61 and R-27 (J-10) 0V 8V 66V 1.0V 1.4V 1.0V
Junction R-27 and R-60 (P 1-P) 69V v 65V 0 0 0
Junction CR-8 and R-64 (P 1-K) 58V 58V 58V 51V, 51V 51V
Junction R-48 and R-47 (J-14) - - 18V — - 18V
Junction R-45 and R-47 (TP-9) - - 45V — - 51V
Junction R-45 and R-41 (TP-8) — - 98V - - 51V

tConditions: A — Tx-Blocked, Rx-No Signal; B — Tx-Blocked, R&-With Signal; C — Tx-Unblocked,

Rx-No Signal.

TABLE/4

TYPICAL RF SIGNAL MEASUREMENTS FOR RECEIVER
(Made with 0.1 Volt at'Terminal 5 of FL1)

25 MV 80 MV 250 MV
Check Point Sensitivity Sensitivity Sensitivity
(Volts) (Volts) (Volts)
With Receiver Crystal Out
FL1-5 to Gnd. 0.1 0.1 0.1
T1-1 to Gnd. 0.1 0.1 0.1
Q1-E to Gnd. 0.05 0.05 0.05
Q1-C to Gnd. 007 0.07 0.07
T3-1 to Gnd. 007 0.07 0.07
Q4-C to Gnd. 0.07 0.07 0.07
With Receiver Crystal In
Q4-C to Gnd. 0.5 0.5 0.25
J6 to Gnd. 0.15 0.1 0.08
Q5-C to Gnd. 7.0 1.7 0.8
Q6-B to Gnd. 2.0 0.5 0.4
Q6-C toiGnd. 13.0 10.0 8.0
T4-1%to ‘Gnd. 13.0 10.0 8.0
T4-3%0)T4-4 4.5 3.5 2.5
J9to J10 (DC) 0.74 0.75 0.65

12
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TABLE 5

TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER

CHECK POINT
T5-1 to Gnd.
T5-3 to Gnd.
J13 to Gnd.
Q10-C to Gnd.
T6-2 to Gnd.
Q12-B to Gnd.
Q15-B to Gnd.
Q12-C to Gnd.
Q15-C to Gnd.
T7-5 to Gnd.

Output to Gnd.

VOLTS

5.5

1.0

0.085

6.0

6.0

0.8

0.8

38.0

38.0

9.8

8.0

APPLICATION

1. Receiver Selectivity (Fig. 11)

This shows a typical gurve of the overall
selectivity of the receiveri,under steady state
conditions.

2. Transmitter Output Selectivity (Fig. 8)

Typical curves afe Shown so that approximate
bandwidths for keyingypufposes can be determined for
any carrier frequencyybetween 30-kc and 200-kc.

3. Minimum Channel Spacing (Fig. 13)

This is a graph from which minimum channel
spacing cangbe obtained provided the signal strength
of the interfering transmitter and the sensitivity set-
ting,ofithe receiver are known. These can be obtained
from calculations or by measurements.

For example, if the interfering transmitter volt-
age is measured (at the receiver) and found to be 2.5

volts, this would be 10-db down from 8 volts. This
point can be located on the right hand column of the
graph. Then, if the receiver sensitivity were set to
operate on 0.8 volts or 20-db, this point would be
located on the left hand column. A line could then be
drawn through the two points as shown by the dotted
line. The intersection of this line with the center
line indicates the minimum channel spacing. In this
case if the interfering signal is being keyed on-off, at
15 pps, the minimum spacing would be 2.5-kc.

4. Transmitter Output and Receiver Sensitivity
Variations with Voltage (Fig. 10)

These curves show the variation of transmitter
output and receiver sensitivity with changes in supply
voltage, at 120-kc and 25°C. The increase and de-
crease in transmitter output above or below 1.0 watts
may be obtained in db from the transmitter curve.
1.0 watts is about 8.0 volts with a 60-ohm load.

The increase and decrease in receiver sensi-
tivity above or below 40 millivolts can similarly be

13
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obtained in db from the receiver curve. 40 millivolts
sensitivity represents the input signal required for
proper operation.

5. Transmitter Output and Receiver Sensitivity
Variations with Frequency (Fig. 18)

These curves show the variation of transmitter
output and receiver sensitivity with variation in
frequency, at a supply voltage of 129 VDC, and
25°C. They may be used in the same manner as
Fig. 10.

6. Supervisory Control Connections (Fig. 5)

When supervisory control is used with relaying,
the supervisory control relay coil is connected in

series with the RRH coil in place of the alarm relay:
When supervisory control is used alone, a 2000-ohm
5-watt resistor is to be connected in series with the
control relay coil. In order to maintain proper mark
space ratio, the relay bias current is adjusted for 9
milliamperes as indicated.

7. Receiver Filter Limits (Fig. 12)

The receiver RF filter and the IEfilter limits
are shown on Fig. 12. Both filters, arenof the plug-in
type and the test circuits with pin|‘eonnections are
shown at the top of each4eurve.#The IF filter is
divided into two separate, sectiens. The selectivity
shown is for each section,%nd the pin connections
for each section are (@lsoWshown in the test circuit
sketch.

ELECTRICAL PARTS LIST

CIRCUIT MFR. MANUFACTURER’S
SYMBOL FUNCTION DESCRIPTION €ODE DESIGNATION
CAPACITORS

C-1 Rcvr. Bleeder 2.0 pf, +20%, 200 VDC, Raper 1 330C567 H11

tC-2 Rcvr. Osc. Feedback 140/ 270 ppf,4#20%, 5008V DC, 1 330C566 H43

Mica or 330C566

H57

C-3 Rcvr. Osc. Bleeder 0.02 pf, MRC,“600 VDC, 1 330C569 H41T

Bypass Disc

C-5 Q-6 Emitter Bypass 1.0 pf, +20%, 200 VDC Paper 1 330C567 HO9

C-6 Rcvr. Rectifier Same,as C-5
Bypass

C-17 B— to B+ Bypass 20pf, +10%, 600 VDC, Paper 1 330C573 HOT

C-8 B— to GND 1.0 pf, +10%, 1000 VDC, Paper 1 330C573 H21
tC-9 Xmtr. Qsc.iEeedback Same as C-2
C-10 Xmtt. Ose. Same as C-3

C-11 Key Filter 0.1 pf, +20%, 200 VDC, Paper 1 330C567 HO2

C-12 Q-10 Emitter Bypass 0.25 pf, +20%, 200 VDC, Paper 1 330C567 HO5

C-13 Q-10 Bleeder Bypass Same as C-12
C-14 PA Base Bypass Same as C-12

tNote? 140 puf for osc. freq. 110-kc and above,

14

270 ppf for osc. freq. below 110-kc.
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I.L.

ELECTRICAL PARTS LIST

QO

N
s&

R-8
CR-< 5-

CIRCUIT FUNCTION DESCRIPTION MFR. MANUF ACTURER'S
SYMBOL CODE DESIG%ATION
CAPACITORS (Concluded)

C-18 PA Bleeder 0.5 uf, +20%, Paper 1 %0567 HO06

C-19 Output Filter Tuning 500 ppuf, Variable, Air 1 328C092 HO1

C-20 Output Filter 390 ppf, +*5%, 2500 VDC, Mica 1 330C561 H15

c-21 Output Filter 680 pf, +5%, 2500 VDC, Mic 330C561 H21

C-22 Output Filter 1200 pupf, 5%, 2500 VDC 1 330C561 H27

Mica

C-24 FL-2 Decoupling Same as C-12

C-25 Q-7 Emitter 2.0 mfd, t20%,& 1 330C567 HO1

CR-1 Bridge Rectifier 1 584C433 H02

CR-2 Bridge Rectifier

CR-3 Bridge Rectifier

CR-4 Bridge Rectifger ame as CR-1

CR-5 Q-10 Collect& Same as CR-1

CR-6 Q-7 Collm& Same as CR-1

CR-7 Voltag egulator Type SV18, General Purpose 1 584C434 HO2

C Vo@egulator Type 1N1369 1 584C434 HO05
llector Type 1N1789 1 584C434 HO8

15
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ELECTRICAL PARTS LIST

O .

O

Grear | runcrion oescreTion | 5% | MEACTURER'S
FUSE HOLDERS %
FH-1 B— For Type 3AGC Fuses 1 5 \HOB
GH-2 B+ Same as FH-1 6@
FUSES
F-1 B— 3AGC 3/4 amp. S#1474993
F-2 B+ Same as F-1
FILTERS
FL-1 Rcvr. RF Bandpass \
Freq. to be 30-kc to 60-kc 1 468D339
specified by 60-kc to 110 @ 1 468D340
customer 110-ke tg @ 1 468D341
FL-2 | Revr. IF Bandpass 20-kc eq. 1 468D338
ECTORS
J-1 Printed Circuit * inted Circuit Female 1 54-B-7125 HO3
\ug
J-2 RF Input \&JG-ISS-U 1 584C292 HOT
J-3 Rcvr. Osc. OutpuO Terminal Studs 1 330C592 HO1
J-4 Revr. Mi ern@ Same as J-3
Supply, \
J-5 Revr, Osc. Supply Same as J-3
J-6 Q-5 Base Same as J-3
J-7 B- & Same as J-3
J-8 -6 Supply Same as J-3
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ELECTRICAL PARTS LIST

o

CIRCUIT MFR. MANUFACTURER’S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
CONNECTORS (Concluded)
J-9 Q-7 Base Same as J-3
J-10 Q-7 Emitter Same as J-3
J-11 Xmtr. Osc. Supply Same as J-3
J-12 B+ Same as J-3
J-13 Xmtr. Osc. Output Same as J-3
J-14 Q-10 Supply Same as J-
J-15 Output Filter Banana % 1 328C093 HO1
J-16 Output Filter GND Banana&?ﬂack 1 328C093 HO2
P-1 Printed Circuit i@muit Male 1 54-B-7126 HO3
ug
\ INDUCTORS
L-1 Core and Coil @11 MH Total - 6 MH 1 329C450
Assembly Tap (Part of FL-3)
L 4
L-2 Core and Coi \ 2.5 MH (Part of FL-3) 1 329C449
AssemK
L-3 RF Ch 1.0 MH, 300 ma 2 R-300
L-4 RE K Same as L-3
\ TRANSISTORS
Q-1 vr. Mixer Type 2N43 or Type 1 330C587 HO7
2N525
Q2 & Revr. Osc. Type 2N112 or Type 1 330C587 HO9
2N4 14

17
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ELECTRICAL PARTS LIST

vl FUNCTION DESCRIPTION S | M TR
TRANSISTORS (Concluded) %
Q-3 Rcvr. Osc. Same as Q-2 %
Q-4 Revr. IF Same as Q-1 0
Q-5 Revr. IF Same as Q-1
Q-6 Revr. 1IF Type 903, 2N 332, or 1 330C587 HO4
2N1149
Q-7 Rcvr. Output Type 2N 1156 330C587 HO1
Q-8 Xmtr. Osc. Same as Q-2
Q-9 Xmtr. Osc. Same as Q-2 \
Q-10 Xmtr. Amp. Same as Q-1 @
Q-12 Xmtr. PA Type 2N 1 330C587 H12
Q-15 Xmtr. PA Same a\
R-1 Rec. Input ¢ @20%, 1/4 W, Pot. 1 584C276 H23
R-2 Filter Matching @ +10%, 1/2 W 2 330C595 H37
R-3 Filter Load O Same as R-2
R-4 Rcvr. Osc. 1K, +20%, 1/4 W, Pot. 1 584C276 H19
R-5 Rcevr. N 6.2 K, 5%, 1 W 1 330C666 H68
Divider
R-6 Q-2% 1.2 K, 5%, 1/2 W 1 330C664 H51
R-8 Rcvr. Voltage 30 K, 5%, 2 W 1 330C668 H84
Divifler
R-9 vr. Voltage Same as R-8
Divider
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LL

ELECTRICAL PARTS LIST

O

O

SvveoL | FUNCTION DESCRIP TION Conk | " DESIONATION.
RESISTORS (Continued) %
R-10 Q-2 Base Same as R-2
R-11 Q-2 Base 100 K, +10%, 1/2 W 330C595 H49
R-12 Q-3 Collector Same as R-6
R-13 Q-3 Emitter 390 Ohms, +5%, 1/2 W 1 330C664 H39
R-14 Q-3 Base Same as R-2
R-15 Q-3 Base Same as R-
R-16 Revr. Osc. Bleeder 2.2 K, tllm 1 330C595 H4l
R-17 Rcvr. Osc. Bleeder 18 K, il&w 1 330C597 H40
R-18 Revr. Osc. @/2 w 1 330C664 HT4
R-19 Q-4 Bias Ohms, *10%, 1/2 W 1 330C595 H13
R-20 Q-4 Bias \me as R-2
R-21 Q-5 Bias 150 Ohms, *10%, 1/2 W 1 330C595 H15
R-22 Q-5 Bias * O Same as R-2
R-23 Q-6 Bias K\ 330 Ohms, +10%, 1/2 W 1 330C595 H19
R-24 Q-6 Bip\ Same as R-2
R-25 Q- i Same as R-19
m Same as R-6
20 Ohms, 5%, 1/2 W 1 330C664 HO8
Same as R-18
R-294 | Xmtr. Osc. Bleeder Same as R-17
-30 Xmtr. Osc. Bleeder Same as R-16

19
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ELECTRICAL PARTS LIST

O

’
;‘(’fACB%'LT FUNCTION DESCRIPTION UFR. | MANUFACTURER S o
RESISTORS (Continued) \@

R-31 Q-8 Base same as R-11 @

R-32 Q-8 Base Same as R-2 0

R-33 Q-8 Emitter Same as R-13

R-34 Q-8 Collector Same as R-6

R-35 Q-9 Base Same as R-11

R-36 Q-9 Base Same as R-2

R-37 Q-9 Collector Same as R-6

R-38 Key Filter Same as R-23 \

R-39 Buffer Voltage 36 K, 5 @ 1 330C668 H86
Divider

R-40 Buffer Voltage Samekz
Divider

R-41 Buffer Voltage 6@2
Divider

R-42 Xmtr. Osc. Output K\me as R-4

R-43 Q-10 Bias Same as R-23

R-44 Q-10 Bias 33 K, £10%, 1/2 W 1 330C595 H43

R-45 Buffer Vo ge@ 15 K, 5%, 1 W 1 330C666 HT7
Divid \

R-47 Buff ag 6.8 K, +5%, 1/2 W 1 330C664 H6E9
Divide

R-48 Buffer Voltage Same as R-46
Divider

R-49 Bias 27K, 6%, 2 W 1 330C668 H83
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ELECTRICAL PARTS LIST
el FUNCTION DESCRIPTION MR | MANUEACTURER'S
RESISTORS (Concluded)

R-50 Xmtr. PA Same as R-19

R-52 Q-12 Emitter 10 Ohms, *10%, 1/2 W 1 330C595 HO1
R-55 Q-15 Emitter Same as R-52

R-59 Xmtr. Bleeder 47 Ohms, *10%, 1/2 W 1 330C595 HO9
R-60 Revr. Bleeder 1K, 5%, 20 W 1 584C416 H62
R-61 Revr. Bleeder 600 Ohms, *5%m25 W 1 584C416 H417
R-62 Revr. Bleeder 350 Ohms, 5%, 25'W 1 584C416 H52
R-64 Xmtr. Bleeder 1200 Ohms, ¥6%, 25 W 1 584C416 H64
R-66 T-7 Load 560,0hms, +5%, 2 W 1 330C668 H43
R-67 Xmtr. Blocking 10 @hms, +10%, 2 W 1 330C668 HO1
R-68 Xmtr. Blocking 10\K, +10%, 10 W 1 330C577 HO1
R-69 Q-10 Emitter Same as R-19

R-70 FL2 Decoupling 470 Ohms, *10%, 1/2 W 1 330C595 H21
R-T1 Q-4 Emitter 150 Ohms, *+10%, 1/2 W 1 330C595 H15
R-T72 Q-5 Emitter 68 Ohms, +10%, 1/2 W 1 330C595 H11
R-T3 Q-5 Base 180 Ohms, +10%, 1/2 W 1 330C595 H16
R-74 Q-4 Base 2.TK, +5%, 1/2 W 1 330C664 H59
R-T75 Q-4 @ollector 22 K, +10%, 1/2 W 1 330C595 H41
R-76 Q5 Collector Same as R-T75

21
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ELECTRICAL PARTS LIST

CIRCUIT MFR. MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION 4

TRANSFORMERS %

T-1 Rcvr. Input Impedance Ratio 10 K; 1 x
10K

T-2 Rcvr. Osc. Impedance Ratio 10 K: 1 33003
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 1 L-592171
300 ohms

T-4 IF' Output Impedance Ratio 4 K: L.-592289
500 ohms

T-5 Xmtr. Osc. Same as T-2 \

T-6 Xmtr. Buffer Impedance Ratio 1& 1 1.-592170
400 ohms CT

T-7 Xmtr. Output Impeda tio 0: 1 L.-633000
60

\INTS
TP-1 R-5 T studs 1 330C592 HO2
o

TP-2 R-8 \ as TP-1

TP-3 R-17 Same as TP-1

TP-4 R-18 Same as TP-1

TP-5 R-28 Same as TP-1

TP-6 N Same as TP-1

TP-7 Same as TP-1

TP-8 R-45 Same as TP-1

TP-9 R-47 Same as TP-1
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ELECTRICAL PARTS LIST

C)O

CIRCUIT MFR. MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
SOCKETS %
X-1 FL-1 Octal 1 30C689 HO1
X-2 FL-2 Same as X-1
X-3 Voice Adaptor Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 1 50-D-9790 HO1
XY-2 Xmtr. Y-2 Same as XY-
CRY LS
Y-1 Rcvr. Osc. p el Freq. 1 328C083
()
Y-2 Xmtr. Osc. pecify Freq. Same as 1 328C083
hannel Frequency
SLEET DETECTOR
L 4
R-1 Resistor, \ 100 K, 2 W, Pot. 1 51-D-1976 H1T
Contro (S#1475074)
S-1 Swit le est SPST Normally Open 1 327C854 HO1

Q>®

2. National Co., Inc., Malden, Mass.

LIST OF MANUFACTURERS

1. Westinghouse Electric Corporation

23



124

(¥ qns — £€0A0LY *bmQ) (@spD +S341x3] ) ‘buimoiq aurpnQ | 614

!
T

—OUTLINE OF CASE

K

F\OUTLINE OF COVER

ORILLING PLAN
FOR PROJECTION MOUNTING
(NOT TO SCALE)

- 62 ]

|
@_
@R ®06

66

52 - ok
22 2 DIA.— 4 HOLES
-
%3
1
185 &) &
? 4 OFEF %
'8 [ i6
: L] S
e
S— o 3ZTREE -
| ey
9
1y 3
&R
1 _ |
4 L e ¢ |
TD.I 19
s '35
CUTOUT & ORILLING PLAN [ |
FOR SEMI-FLUSH MOUNTING
(NOY TO SCALE)
6‘_
t 6
2 ] e
Rl :
19 T e ALLOWANCE FOR 90
& — &, SWING OF COVER
)
84 |49 /
&4 4 .
RN i Y [
| 1 a | 8 t
'é B FAJ ]fL‘ -
$° INanramires anan g | I s
IIRANA \h\ | 4 5%
PR — - ]
N 2 DiA.-10 HOLES e
23 s -
223 ; 2 DIA.- 2 HOLES L 4
5% —
cuTouT
1
|t 2 e | | 3%

O T
s

THIS DIMENSION APPLIES ONLY WHEN UNIT
HAS BEEN MODIFIED FOR REAR MOUNTING
OF VOICE AOAPTER.(RE: ORAWING 756D204)
BRACKET & SOCKET (X-4) INCLUDED ONLY
WHEN UNIT HAS BEEN MODIFIED FOR REAR
MOUNTING OF VOICE ADAPTER.

13S 33 RYVYO ¥ 3dAL




TYPE KR CARRIER SET

R
¢ (| rer &
! 3 I
—1 9 % ' B £
L — - —gx45 — b N i R
B —C8-8— . 1
L.D 8¢t + RL7 ‘“\@ k G
- T=oAA- X3 = § |o
_‘ ) !— s <o ; Ol [
| I\IB—CZZ —C -
| : - 5 ()
I X o]
' oy I x3-3 59 @
8 e 3 | ] ce 3 g
RSNV + c7 |
i W —8—x3d— ¥ @_5_
NI
\ X4 _ /r\)‘ > 3 @
| La—crsH— T~ 7o)
i Bor7os 5 -
_] ": B—x346 | VEW oF Sock&T z 25 C .
— X3-7 + —
'__-) e — BK42 — B8 —X4-8 <1 71
A
— e = e e e S B AT e e e T 8-
[:- ________________________ A anp, |>—F _
A
<
5 25
/g 4
—
I S - = N,
| ’ &
| k |
u |
L e
< ] 4
1% N
{ n / "é gens
X orAa.
Ry s | " f/z‘/oas
N |
I/
cAse — 74P 138-32
Mol
EX/STING 2/M:J
o~ CASE) 00,(/4(1 )
= &/A. (/¥ CASE
8 ‘
Y
‘ N
AN L
— =
= —_ﬁ.\ =
r——=-"=-=-"-" A
i ol -
l = | . “_)00 '\\m /(
LAY - (
! P\ P :
| 2 . I
g o — |- |
! ZEq ENO
| ad Foral-4 1
| . -
| ~
| e
| ot =
I By H
|
! .
|

SCHE: /8

27

Fig. 3. Modified KR Transmitter (Case Mounting) fo



1.L. 41.941

B-C8
-8-X3-2 L3
SV
-~ 8- Keo —

N—C 78117

Fi-}

B-Y4-7

N X3
s —
t’ k% - (8orrom view)

[N—8-kc4

AA-Xx4-) == =——=—1],
N—6-r6z 7
Nt AH : FH-2
N——p-vr®

L- c-784-19—]

Pz
34
3. 2 8 5 L_‘
o %
3 \ L | s
: T N
13 . a z
i >
~ ¥
R l‘\' -
= i}&obﬁvﬁué)f’_‘f i
1 ‘ B G- VX
; X NI i
|

.
s

e
|

\{ t N

| lt &
== Ay = = e s N

P A
b/, L v
T e ‘l J ;52 OrA. .
3 3lolES ’ 5 pra. - 2i0les
— ,6{ - 74 ! 2°
//%D/A,

el Alay A

+ Rear MBunting Voice Adapter (Dwg. 7560204 — Sub. 12)

28



TYPE KR CARRIER SET

1.L. 41.941

1@ £© o 5 .
3@ MIN. MAX &\ | ) __
009 e® iti o
. i B
A@ _@ CapACITY u ",Mrllu _ i“ (A

a

2 ¥

SR §

VIM =13 I

|
+ !I!..MI.HI.HHH Ilylu

e
_ + B S——— | . — )
i.Olf@'\%W e e 1 —— s ST =
© 9 T T T
PG Q) 22 ® T : ller_;-_rL_r 1111111

FL-3

Fig. 4. Component Location (Dwg. 470D214 ~ Sub. D)

HAS BEEN MOOIC/ED FOE REAR AIOMNImnG OF Ve/CE APALTER.

L Conmromens x4 & Beiccerane mecooes oviv wia
(€ oemvng 756D704)



TYPE KR CARRIER SET

-
X
s
o
2w
(o}
CONNECTION FOR oL
SUPERVISORY CONTROL. oY
Q7 =CONNECTTO'SAME %0
= RRH cOiL B:gTTEF:‘zALss—U:EPC‘:_TJNlT ba
2000 OHMST ~ : w2

OR ZK SW<

100K M/5'CONTROL S

RESISTOR
2.3 K
e COMPONENTS
r—--7° . a MOUNTED IN
' py —b4  SUPERVISORY
| 1000 OHMS c CABINET

ALARM CoiL “SIGMA RELAY -TYPE
B¥ NOT INCIRCUIT 7A0ZT-1000T-TCP

R EQU/INALENT.

Fig. 5. Supervisory Control Connections (Dwg. 2238498 — Sub. C)

30



TYPE KR CARRIER SET

258 VOLT OrPLAT/ION

RPPLY CTEYV RESISTOR UN/T N CloSULE .
(330C/19/M07) AS SHOWN OA) BPPLs/cAT/O.

DG 329C 704

FOE HZ/42ZM 258V OPERATION <iso
REMOVE JYMPER FARIN TF-7 7o TP-

RESrsro®  ywvrr

0./54MPS (Bl oceeD)
0.2 AMPS (YNBLOCKED)

2s
J03 wArrs @
39% warrs @

R/S& 70 RAPrPEOK.
AMENT /S BLOCK D

v

M TR TOTP-8 £ 7,8 70 7,9

/. 422 e €.
£ ADD JIMPEES) £ROM TR S5 TO J-/2.
g 4D HCROSS Bo&

4. BEer10 UMPER HCEOSS BS9 FOL SUPELWSOR Y CONT RPPLICATIONS,

, OVE THE SHORT /NTERCOMNECTING JUMPER BETW
EEN
SESISTOR R -G64 AND ZENER DioDE co -8
/. SUAMIPER FOM TR/, o TP-2.
2. SUAIPER FLON 7TP-3 70 7P-4.

DD JSUMPEL HCoss LS80,

\ K-Dar & GCY RELAYING
OPERATION
/. ADD JUMPEL FRor? 7P-7 70 TRE,

2, 4DD JUMPER FROM TERM. /4 TO7ERM. /8,

Fig. 6. Connections 51V-258V HZM, K-DAR or GCY Operation (Dwg. 223B497 — Sub. H)



TYPE KR CARRIER SET

TRANSMITTER OUTPUT FILTER FL-3 CONNE

LINE FREQUENCY RANGE

| —27.

2— 29,

3— 31.8
4 —35.4
§— 38.0
6 — 40.3
7 — 43.0
B D u7-7
9— 49'5
0—57.0
I —67.0
12— 75.0
13—77.5

KC~30.0
KC-33.1
KC-36.0
KC“39.0
KC-41,0
KC-45.0
KC-49.0
KC-56.0
KC-58.5
KC-72.3

KC-76.0
KC-88.0
KC-93.0
KC-114,

KC
KC
KC
KC
KC
KC
KC
KC
KC
KC

KC
KC
KC
5KC

1IS— 102,7KC-147.0KC
16 — 136.6KC-210,0KC

! 1)
MO HHERERRPH B

e LI"L"L"L"L"L“L"L"

o)

PARALLEL
ITOR CONNECTIONS
6-

8-9-10-11
-10-11
-9-11

[eXYerYerYerYerYe ) O\?\O\O\O\O\O\O\O\
00 00 0o QO 0 GO (I)('DCOCDOJCDCD(DOJ
O
!
=
(@)

%\. 7. Connections-Output Filter (Dwg. 149A420 — Sub. 4)

L 4



TYPE KR CARRIER SET L.LMA1941

NERVNEL [P A

(] -
"
Q0%
p—
n

: T
2 s

/
: \ /

Z |/

~-25, w20 <-15 ~-10 -5 FC S 10 1S 20 25

Fig. 8 Transmitter Output Filter Selectivity (Dwg. 377996)

33



TYPE KR CARRIER SET

| 2

WIRING
T T T} REAR VIEW O

V2NN
74
] % z
f"—_—_[' 11 -
N knj
O
WE STINGHOUSE
TYPE KR
SLEET
DETECTOR
STYLE X 3
4700167G0l O

PUSH FOR
SLEET TEST

L e

~ [o] 10
Vl:“ ZMax. Tx
@ ouTPuTb

il

St
RA

(A%

~&
[
f
=%
Pwneh (€EF) @

._CCW POSITION
ERMISSIBLE CONTRoOL
VARIATION *

O db(I WATT @ GO OHMS)
TO -40db (0.1 MILLIWATT)

n

APPLY B+

SCHEMATIC

.2I9 DIA.(4HOLES)

N

<

31~MIN. cyTovuT

O
T_;A
"'1‘5
{?T;V S

33

3|, __ awMIN CUTOUY
ﬂ g~

s .
;s Fig. 9. Sleet Detector Outline (Dwg. 329C703 — Sub. 2)

e



TYPE KR CARRIER SET LLE 41-941

+ 2

A

INCREASING OUTPUT
INCREASING SENSITIVITY /

o8 o

RECEIER SENSITIVITY = 40 MV AT /29 VDC
TRANSMITTER OUTPUT = /O W AT /29 VDC
-~ 4}— (lOW= 8.0 VOLTS AT @O OHAIS)
FREQUENCY = /20 KC
TEMPERATURE = 25°C

100 /10 /120 /30 /40

SUPAPLY VOLTAGE

Fig. 10. Transmitter Output and Receiver Sensitivity Variations with Voltage (Dwg. C377999)
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INSTALLATION

e OPERATION o

Westinghouse 1. L. 41-941A
MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

EQUIPMENT STYLE NUMBERS
TYPE KR Set o« o o ¢ o o ¢ seeossssssssssssssssasssd70D021 GO2
KR Sleet Detector.e e e v oo oo ceeeenenn FW%,. . 470D167 GO1
258-Volt Resistor Unit « ¢ o e e o e o e e oo oo daloeeofeess330C191 HO1
Test Harness (Complete Set). . e e o dmeeeocheoodees796D346 GO1
Coaxial Lead. . v v v v v s st eanoneas . IREEY 756D346 G02
Output Lead « o « e e v e e veeoeessld T SEEEEEE 756D346 GO3
Main Harness...... teesenas L Y Y 756D346 G04
Voice Adapter Extensions
;O { A P v e e 757D650 GO 2
B-fte e ocoveooooocodlinesofeeaeeeenenannonss 757D650 GO3
TABLE OF CONTENTS Adjustments
Transmitter co.ocovvvvinnieniiiiiiiinnnnnes Page 7
ReECeIVeI. i iiiieiiiiiienrennneeeeennennas Page 7
INtrOdUCEION vuvvuveniniineniineeneneeneenenne L Rage 2 Sleet Detector ......oeeeeeiiuiiniiniinnen, Page 38
o 258-Volt Resistor Unit ................. Page g
Specifications ..o.cvviveeviiiienineee s imn s olueenes Page 2 Frequency Change.........ovevvrsven. Page 8§
MaintenancCe......vvviiiiiiiiiiiiieeieeiiiicsnnnnnnnnes Page 9
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GONETAL ey Page 3 P2¥0) 015 o221 (o) o DA Page 13
Mechanical ....... PO (TN Y Page 3 Electrical Parts List.....ccovviviviiiiiniiiininnen. Page 14
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Sleet DeteCtor..iviiviiiiieiiiniennnannss Page 5 1 D-C Pin Jack Measurements with
Commumicatigns......coceveueenenennnn. Page 5 R‘eference €0 B-oovvvininnen A Page 10
Relaying¥€éntrol Circuits Page 5 2 Transistor DC Measurements with
Reference to B-...cccevvvnneennnnnnn. Page 11
3 D-C Bleeder Measurements with
Installation Reference to Boivovevrerreeneennenns Page 12
(€753 123 £ PO Page 6 4  Typical RF Signal Measurements
Connections for Receiver ..ccoovvveiiiiiiienennnnnn. Page 12
) D.Q=3 § ¢ - 1 Page 6 5 Typical RF Signal Measurements
) 01=) § 0 ) FS Page 7 for Transmitter...........oceeveeeeee. Page 13
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TYPE KR CARRIER SET

LIST OF ILLUSTRATIONS 18 Transmitter Output and Receiver
Sensitivity Variations with
Figure References FIEQUENCY «nenrnnenenensrennanennnns €378000
1 Outline (Flexitest Case)............... 470D033 19 Test HAarNesSS ...ucevvviiieeinninnneinneens 756D346
2 Schematic Diagram.............ecue.. 470D593 20  Voice Adapter Extensions............. 157D650
3 Modified KR Transmitter-Receiver
(Case Mounting) for Rear . 4 -
. . % CAUTION Before working on this equipment, close
Mounting Voice Adaptor.......... 756D204 the external grounding switch imthe®RF OQutput circuit.
4 Component Location.....ccceeeeeeeennns 470D214
5 Supervisory Control Connections.... 223B498
6 Connections 51 V-258 V-HZM
K-DAR or GCY Operation........ 223B497
7 Connections-Output Filter ............ 149A420 INTRODUCTION
8 Transmitter Output Filter The Type KR RelayinggTransmitter-Receiver is
Selectivity «oocvvviieiiiiiiennnn, C377996 designed for Distancey. Relaying, Telemetering,
9 Sleet Detector Outline ................. 329C1703 Supervisory Control “and Sleet Detection. Facilities
10 Transmitter Output and Receiver are provided for aplug-in type voice adapter. The
Sensitivity Variations with basic design is ffor,operation from 129-volt station
Voltage .vvvviiiiiiiininniiiinnnnnns C377999 batteries. However, the apparatus may also be oper-
11  Receiver Selectivity......cceveuvnnnenn. C377993 ated from_ 51.volt or 258-volt station batteries by
12 Receiver Filter Limits................. C377995 means ofyvariéus internal connections. These various
13  Minimum Channel Spacing............. C377998 connectionsWas well as most of the adjustments are
14  Wiring Diagram......cccecvvvinniiiinnnne. 470D596 made at the’ factory, although they can be changed in
15 Relaying Control Circuits the field.
(HZ/HZM) .eeoniviininnniniiiiann, 1-329C704 Although designed primarily for operation with
16 Relaying Control Circuits Westinghouse protective relays, this apparatus may
(GCX/GCY) cevnviieniinianinininns 2-329C704 also be coordinated with other types of directional-
17 Relaying Control Circuits distance relays and with most other contact keyed
(K-DAR)...vvviirviiiiiiiiinnnnnnn... 3-329C704 devices.
SPECIFICATIONS
Frequency RaNge uvviiiieiiiieeieenneennesiioeeeeeodls D ¢ e eaeesaaeannentaacanttencasancasstesannns 30-kc to 200-kc
Channel Attenuation Rating ......... O 40-db
Transmitter POWET OUDUL v.ouueeufheeei@ieeenneeereneneierurereerseeresnseeeesneennneomennnses 1.0 watt at standard condi-
tions (see Figs. 10 and 18).
0.5 watt with a 51-volt d-c
supply.
Transmitter HarmomiC OUt DU, cceveerieeeteiiieretireeeerenreeeeeeanseeeesanseecesanssenees At least 46-db below funda-
mental.
Transmitter Output IMPEAANCE. ...ovviiieiiiiiii ittt rreeeeeeenaens Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)
TransmitteriOutput Filter Selectivity..oieeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiineeeenennees See Fig. 8.
Transmitter and Receiver Oscillator and Frequency Stability........cccccvvinnnnn... From-20°C to +50°C with si-

multaneous voltage variations
from 100 to 140 VDC, the fre-
quency remains with 0.01%.
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I.LL. 41-94TA

Permissible Battery Voltage Ripple.....cccoivivviiiiinnnnn..

Ambient Temperature RanNge .....ccvivuiiiiieiiinnnienneerennnens

Non-Operating Temperature Range .......covvvviiereiennnrenns

............................. %%
............................ —20°C to +50°C.

—40°C to +70°C

Receiver Sensitivity .oooeveeiiriiiiiii it F et eeeeeetereeeaeaeanaa, 0.04 volts at standard

Receiver Selectivity .ovvviiiiiiiiiiiiii i
Receiver Signal-to-Noise Ratio Requirements ..............
Minimum Channel SpacCing ....covviiiiiiiiiiiiiiiiiiieeieeennens

) 201'7) 8 01 010 | AP PPN

Carrier On-Off Keying .....cciiiiiiiiiiiiiiiieerennnenieeeeenns

Weight (With Flexitest Case) .cooviiiiiiiiiiiiiiiiiiiiiiinennns

CAUTION Refer application to Westinghouse when
other transmitters are to be connected to thefsame
coax cable as certain conditions may result in‘damage
to the output transistors.

NOTE Standard conditions are taken asf129svolts,
120-kc and 25°C.

DESCRIPTION

General

This completely transistorizeddcarrier-apparatus
is a result of extensive field and laboratory tests.
From these tests, it wasgproven‘that transistors pro-
vide superior reliability ovef, tubes. In addition, the
latest printed circuit and filter techniques have im-
proved performance and, greatly decreased the size.
The expected long life of transistors as compared
with vacuum tubes will reduce maintenance costs,
and the low powerjyfequirements will produce impor-
tant savings in battery and charger requirements.

Transistors perform the same functions as vacuum
tubesy, However, tubes operate by the flow of elec-
trens in a”vacuum between elements, while transis-
tors depend upon the movement of electrons in a
selid. This leads to a more rugged type of construc-
tion. Most transistors are made from either germanium

conditiong (seeyFigs. 10 and
18).

............................. See Figy 11

12-db
See Fig. 13.

............................. 115-ma at 51 VvDC, 200-ma

at’'129 VDC, 1.28 amperes
at 258 VDC.

............................. Requires one pair of con-

tacts capable of keying 8-ma
DC at an open circuit voltage
of 129 VDC.

............................. Approximately 16-1bs.

or’ silicon semi-conductor materials. The junction
transistor consists of a thin slice of germanium or
silicon with three different regions produced by in-
troducing specific amounts of impurities. A thin wire
is connected to each region. One outer region is
called the emitter, the other the collector, and in-
serted between them is the base. These correspond
roughly to the cathode, plate, and grid of a vacuum
tube.

The transistors in this equipment are of the
junction type, and both NPN and PNP configurations
are used. In the NPN transistor, the majority of the
current is carried by electrons. In the PNP transistor
there is a deficiency of electrons. These deficien-
cies are known as ‘‘holes’’. For practical purposes
holes may be considered as positively charged
‘“electrons’’, and these provide most of the current
flow in PNP units. In order to obtain maximum effi-
ciency and reliability, both types are used in this
equipment.

Silicon transistors are used in the transmitter
and receiver output circuit in order to stabilize
critical circuit performance at elevated temperatures.

Mechanical

This apparatus is supplied in a Flexitest case
and may be either flush or projection mounted in
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order to match other switchboard equipment. The out-
line dimensions and also the drilling plan for flush
and projection mounting are shown by Fig. 1. The
majority of the parts are mounted on a printed circuit
board. This board may be readily removed as follows:

1. Remove the two output plugs from the red and
black jacks.

2. Disconnect the receiver input coaxial cable
connector.

3. Loosen the two screws at the top of the board.

4. Loosen the two screws at the bottom of the
board and pull them out as far as they will extend.

5. Pull board down to disengage the terminals
and lift out.

The transmitter output filter may be removed by
removing four mounting screws from the bottom of the
case and discomnecting the coaxial cable.

Fig. 4 shows the location of major components
such as potentiometers, jacks, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The
numbered terminals shown as squares apply to the
external terminals.

Provisions are made for plugging the WVeice
Adapter Unit in the front or the rear of the relaying
equipment. When front mounting is utilized, it #1ll be
necessary to remove the cover of the KR case"bgfore
plugging in the Adapter Unit. In the caSe of, rear
mounting, the Adapter Unit may be plugged into the
relaying equipment directly without memoeval of the
cover. Octal sockets marked X-3 and X-4 (the latter
for rear mounting) on the relaying equipment accom-
modate the adapter plug. A buckdestypesstrap on each
side of the adapter holds the unit in place after it has
been plugged in. The normalgprojeetion for a front or
rear mounted Voice Adapter i§ 3-inches beyond that
of the relaying equipment:;, Whenthe KR Relaying Unit
is supplied for rear’ mounting of the adapter, a patch
cord is availablefon separate order. This patch cord
plugs into the telephone jacks on the adapter and pro-
vides an extension to a“eonveniently located terminal
board. The Wiring Diagram for rear mounting of the
adapter is shown indFig. 3.

The(panel cutout information necessary for
mounting the Sleet Detector is shown by Fig. 9. This
unit ceonsists of a potentiometer and pushbutton
switéhymounted on a small panel, itself suitable for
Switchboard mounting.

For 258-volt operation, separate auxiliary_resis-
tors are required.

Electrical
Transmitter

The transmitter is made of fodr 'main stages in-
cluding an oscillator, driver, poweng@@mplifier, and an
output filter. In the oscillator, theycrystal is operated
as a resonant circuit between the “€ollector of one
transistor and the base of the other. The feedback is
supplied through a capaciter, from the collector of the
second transistor to the, base%f the first transistor.
The frequency is independent of voltage or tempera-
ture changes of the transistors. Thus the frequency
stability is the stability of the crystal.

The input to the driver stage Q-10 is controlled
by potentiometer, R-42 which also controls the trans-
mitter{power output. In HZM relaying CARRIER STOP
providesWabout” +40 volts for blocking. This is ap-
pliedite, Q- 10ythrough T-6. Diode CR-5 prevents damage
to othe tramsistor when this positive voltage is ap-
pliedWto the collector. For CARRIER START (when
in/ the blocked position) a small positive voltage is
applied to the collector of Q-10 by means of bleeder
resistors R-67 and R-68.

The power amplifier consists of two transistors
Q-12 and Q-15, which are operated as class B ampli-
fiers in push-pull. Resistors R-52 and R-55 are for
stabilization.

The output transformer, T-7, matches coaxial
cables of 50 to 70 ohms.

Resistor R-66 tends to keep the source impedance
constant to permit proper tuning of the output filter.

The output filter consists of coils L-1 and L-2,
capacitors C-19 through C-22. The filter is tunable,
and is provided to att®nuate harmonics and other
spurious outputs. It should be noted that the filter
contains no shunt elements, resulting in a reverse

impedance free of ‘‘across the line’’ resonances.

Receiver

The receiver is a superheterodyne in order to
obtain constant selectivity regardless of the channel
frequency. (See Fig. 11.) The major stages include
an input filter, attenuator, oscillator, mixer, IF filters,
IF amplifiers, detector and a D-C power output stage.
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The input filter prevents undesired signals from
producing the IF frequency.

The receiver sensitivity is adjusted by means of
the continuously variable input control R-1 and by
connecting or disconnecting resistors R-73 and R-74
in the IF stages.

The receiver oscillator (Q-2 and Q-3) is basic-
ally the same as the transmitter oscillator. The
frequency is 20-kc above the incoming signal
frequency.

The receiver channel frequency is determined by
the input filter and the oscillator crystal. The fre-
quency may be changed readily since both the filter
and the crystal are plug-in components.

Mixing is accomplished by feeding the incoming
signal to the emitter and the receiver oscillator signal
to the base of the mixer Q-1. Mixer oscillator re-
quirements are met through adjustment of potentio-
meter R-4. Injection into two separate elements, base
and emitter, provides a circuit capable of handling
greater signal level variations than one in which in#
jection is made into only a single element suchpas
the base.

This receiver uses an IF frequency of 202kc. The
overall seléctivity is determined primarilygby the, IF
filter FL-2. Typical characteristics of this filter are
shown by Fig. 12,

The IF amplifier consists of transistors Q-4, Q-5
and Q-6.

The detector is a full waveibridge rectifier. This
rectifier in conjunction with the IF amplifier @6,
provides the necessary power to drive the D-C power
output stage Q-7.

The final Gutputystage Q-7 will supply approxi-
mately 18 midliamperes“to a standard 1700 ohm dis-
tance relay “RRH coil” and its associated 500 ohm
alarm coil. It may also be used to drive other relay
coils such as is shown by Fig. 5, Supervisory Control
Connections.

Transmitter Control Circuits

In the standby condition, although the oscillator
is‘running, the transmitter driver has no emitter bias
which results in no output.

Positive voltage applied to terminal 15 Supplies
this bias through a voltage dividing network, and
transmitter output results. The actual configuration of
the network is a function of supply voltage and ap-
plication (Relaying, Telemetering, etc.) and is
discussed in the Adjustments section.

Output may be stoppedim" several ways. The
method used with K-DAR Telays®is to remove the
positive voltage appliedftonterminal 15. In the case
of distance relaying Wwith |Westinghouse HZ/HZM
relays, application offa positive voltage to terminal
18 will stop the transmitter output. Output may also
be stopped by gremowval of negative battery from
terminal 18.

Sleet Detector

TheySleetgDetector is shown by Fig. 9. Effec-
tively R=l isya remote transmitter output control. This
controlmis)obtained through varying the driver stage
(Q-10)yemitter bias, and is effective over a 40-db
range ,of transmitter output. The Sleet Detector is
switched into service by S+«1. By adjusting R-1 for a
given receiver relay current at the far end of the
channel, a relative measure of the channel attenua-
tion may be obtained. This is discussed further in the
section on Adjustments.

Communications

The transmitter output is reduced approximately
6-db when the Type KR voice adapter attachment is

used. Relaying takes preference, and full output is
obtained since full voltage is supplied to terminal 15.

Relaying Control Circuits

Figs. 15, 16 and 17 show simplified diagrams of
the relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 16 and 17)

The control of the carrier set is obtained through
the CARRIER START and CARRIER STOP contacts.
These contacts are shown in their normal standby
condition.

The K-DAR or GCY relays operating from the
voltage and current on the transmission line, detect
and determine the direction of a line fault and there-
by control the carrier transmitter and receiver.

The control of the carrier set is such as to start
the transmission of carrier when fault power on the
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transmission line is flowing out of the line section
being protected. Conversely, when fault power is
flowing into this line section, the control is such as
to block the transmitter and keep it from being turned
on by secondary functions such as sleet detection
and communication, should these functions be in use
at the same time. Should carrier be received from the
remote station, the hold coil and alarm coil will
energize through transistor Q-7 in the receiver.

When carrier start operation occurs, the CARRIER
START contact opens applying a positive voltage
(see Figs. 16 and 17) to terminal 15 of the carrier set.
This puts a potential on the driver stage in the trans-
mitter and also applies proper bias for the power
amplifier.

When a carrier stop operation occurs, the
CARRIER STOP contact closes, which removes B+
(terminal 15) from the driver and the power amplifier
stages in the transmitter. CARRIER STOP, terminal
18, on the carrier set is permanently connected to
terminal 14, for K-DAR and GCY relaying.

2. HZM Relaying (Fig. 15)

The control of the carrier set is effected by gdhe
CARRIER START and the CARRIER STOP contacts.
These contacts are shown in their normal standby
condition.

The HZ-HZM relays operating from the, voltage
and current on the transmission line, fdetect and
determine the direction of a line fault and_thereby
control the carrier transmitter and recéivemn

The control of the carrier set'igy,such as to start
the transmission of catrier whén fault“power on the
transmission line is flowing ouj of )the line section
being protected. Conversely,pwhen fault power is
flowing into this linegsection; the control is such as
to block the transmitterand ‘keep it from being turned
on by secondary Z#functions@such as sleet detection
and communication, should®these functions be in use
at the same time. Sheuld/carrier now be received from
the remote station, the“hold coil and alarm coil will
energize through transistor Q-7 in the receiver.

When carrier start operation occurs, the CARRIER
START “contact closes applying the full battery
supply weltage to terminal 15 of the carrier set. This
puts ajpotential on the driver stage in the transmitter
andyalsoyapplies proper bias for the power amplifier.

When a carrier stop operation occurs, ‘the
CARRIER STOP contact opens. This applies 4a
positive voltage (see Fig. 15) to terminal 183which
blocks the driver stage and the power amplifier stage.

It is possible under certain conditions ghat the
signals from two transmitters, attempting to block a
third receiver, would be of such amplitdde, phase and
frequency as to cause the RRH coil current to
‘‘pulsate’’. It would then be pessible to have a false
trip.

In the case of the KR"set for relaying 3-terminal
lines, the transmitter frequencies (to avoid this pos-
sibility of false trip)p.should be separated by 100
cycles. All receivers and,one transmitter would be
for the desired center, frequency. One of the other
transmitters would ‘be 100 cycles above, the other
100 cycles below(this center frequency.

INSTALLATION

Genlerol

Uponyréceipt of a unit, whether shipped separately
or intan assembly, an immediate inspection should be
made. Carefully check for damage or shortages.

For necessary clearances and mounting dimen-
sions, see the following illustrations:

Flexitest Case Mounting.............. Fig. 1
Sleet Detector....cceevviiiiennnnniennnns Fig. 9

Connections
External

The external connections will vary slightly de-
pending on the application, but in general will be
along the lines described as follows: (Refer to the
Schematic Diagram, Fig. 2.)

Terminals 1l...cueeeiiiiiiiiiiiiiinnnneeennenenns Ground
12, i Coaxial Cable
13 and 19....... Supervisory Preference

Contacts
14......... B- ““CARRIER STOP’’ return
15, iiiinenn. Battery positive through
carrier start contacts
16..ccceinennnn. Battery positive for alarm
cutoff (used with com-
munication)
) PP B-
18....... Carrier Stop for HZM Relaying
10 e e B+
D] Relay Coil
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CAUTION If the transmitter output load is removed
while the transmitter is energized, the transistors in
the power amplifier will be permanently damaged. A
dummy load should be connected to the transmitter
output if the coax is disconnected and the transmitter
is to be energized.

When tuning line coupling equipment, short the
coax cable to ground before changing taps on the Line

Tuner or matching transformer.
Internal

Necessary internal connections are generally
made at the factory, to customer order, before appara-
tus shipment. For reference purposes, these are
outlined in the following tabuldation. Check the proper
bleeder resistors before, applying voltage to the
equipment.

OPERATION

BLEEDER RESISTORS IN THE CIRCUIT

51-Volt K-DAR, HZM, and GCY Relaying,
Telemetering, and Supervisory

129-Volt K-DAR and GCY Relaying

129-Volt HZM Relaying, Telemetering,
and Supervisory

258-Volt K-DAR and GCY Relaying

258-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors “and
capacitors of the transmitter output filter are/re-
quired depending on the channel frequencyg§These are
tabulated in Fig. 7.

Adjustments

This apparatus is generally tuned togand tested
at the specified channel frequency before shipment.
Final adjustments must be made'in“the field and are
described in the following paragtaphs. Fig. 4 shows
the locations of the various controls:.

Transmitter

1. Disconnect the coaxial cable and replace with
a 50, 60, or 70 ohm nomn-inductive resistor depending
on the characteristic'impedance of the cable used.

2. Fig. Tishowsdtypical output filter connections
for various frequen€y ranges. In some cases it may be
necessary to use either a higher or lower range to
tune the filter,to resonance.

3. Insert fuses FL-1 and FL-2 to apply power to
the apparatus.

4, Connect an A-C Vacuum Tube Voltmeter
(VTVM) across the non-inductive load.

R-4% and R-48

R-45, R-47 and R-48
R-41, R-45, R-47 and R-48

R-39, R-40, R-45, R-47 and R-48

R-39, R-40, R-41, R-45, R-47 and
R-48

5. Unblock the transmitter by closing the
CARRIER TEST SWITCH. An alternative is to jumper
battery positive to terminal 15.

6. Beginning with the output control R-42 at the
maximum counterclockwise position, advance it clock-
wise until a reading appears on the VTVM. -Tune
capacitor C-19 for a maximum voltmeter reading.

7. While increasing R-42, tune the output filter
for maximum output until the output across the re-
sistor is approximately 8 volts. (See Figs. 10 and
18.) (Approximately 5.5-volts when operating from
51-volt station battery.)

8. Open the test switch and reconnect the coaxial
cable.

Receiver
1. The oscillator output control R-4 is pre-set at
the factory. However, should any of the oscillator
components be changed (including the transistors and
the crystal) R-4 will require adjustment.
a. Connect an A-C VTVM to jacks J-3 and J-4.
b. Adjust R-4 for a 0.3 volt reading on the meter.

2. The unit is shipped to have a gain of approxi-
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mately 250 millivolts (to produce 10 ma relay current)
with input control R-1 in maximum clockwise posi-
tion. About 10-db additional gain or 80 millivolt
sensitivity can be obtained by clipping out resistor
R-74, which is connected to the base of Q-4 and the
B+ supply for the IF. Approximately 10-db gain or
25 millivolt sensitivity can be obtained by clipping
out resistor R-73, which is connected to the base of
Q-5 and the B+ supply for the IF. Resistor R-71 has
been selected at the factory to provide an overall
gain of approximately 25 millivolts.

a. Sensitivity Adjustment for Noise

If the maximum on-frequency noise level is known
or can be measured, the receiver can be adjusted for
this level. Disconnect the coaxial cable and connect
a 60-ohm non-inductive resistor and a VTVM (HP
400C or equivalent) across terminals 11 and 12.
Energize the transmitter and adjust the transmitter
output control R-42 for the same output as the max-
imum noise. Then adjust the receiver input control
R-1 to obtain 1-ma output current. If it is impossible
to obtain 1-ma output current with control R-1 in the
maximum clockwise position, then clip out resistor
R-74, which is connected to the base of Q-4. If the
gain is still insufficient, clip out resistor R-73;
which is connected to the base of Q-5. After coms
pleting the adjustment of R-1, restore the transniitter
to full output.

b. Sensitivity Adjustment for Remote Signal

When the maximum on-frequency no¥se isyunknown
and cannot be conveniently measuredg the receiver
may be adjusted for the remote signal, First deter-
mine the channel attenuation usitigéaySierra voltmeter
or some other convenient meth6d. Disconnect the
coaxial cable and connect a 60-ohm non-inductive
resistor and a VT'VM (HP 400€yor-equivalent) across
terminals 11 and 12. Add 15-db'té\the channel atten-
uation. This compensatesyforiaverage variations such
as channel and volfage,variations. For example, if
the channel attenuationfis 52db, add this to the 15-db
making a total of 20-db./Taking this from 8 volts
output of the transmitter,”the receiver should then be
set for a sensitivity of 0.8 volts. To do this, adjust
the transmitter outpit control R-42 for 0.8 volts and
then adjust the receiver input control so as to obtain
10-ma output, current. If it is impossible to obtain
10-ma ,6utput. current with control R-1 in the maximum
clockwise position, clip out resistor R-74, which is
connected, to the base of Q-4. If the gain is still in-
sufficient, clip out resistor R-73, which is connected

to the base of Q-5. After completing the adjustment
of R-1, restore the transmitter to full output.

It must be kept in mind that the two preceding
adjustment procedures are to be used as a guide and
will cover the majority of cases; however, cases may
arise where conditions change. Formexample, if the
adjustment is made per part a., theg#noise may in-
crease due to various reasons such, asbad insulators,
which would require adjustingqthe receiver to be less
sensitive. In the adjustment{of/part b., the attenua-
tion may increase due taysleetsor line switching,
which would necessitate increasing the sensitivity of
the receiver.

Sleet Detector

Due to differentatypes of operation and supply
voltages, it is not practical to have a calibrated dial
for this unity, Hewever, calibration may be made at
installation, bysrecording transmitter output (either in
db or 4volts) at various knob settings of the sleet
detectoryunity Then, by adjusting the sleet detector
so @as to obtain 10 milliamperes relay current at a re-
mote Teceiver, any increase or decrease in line at-
tenuation may be noted as the difference between the
original setting, and the setting required to obtain the
given 10 milliamperes.

258-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
258-volt resistor unit so as to obtain 129-volt at
terminals 17 (B-) and 19 (B+) on the relaying set.

Frequency Change

If the frequency is changed in the field, it is
necessary to change the input filter FL-1 to the de-
sired channel frequency. This filter is of the plug-in
type and may be removed by unsnapping the clamp
and pulling the filter out. The transmitter oscillator
crystal Y-2 must be changed to the desired channel
frequency. The receiver oscillator crystal Y-1 must
be changed to the desired channel frequency +20 kc.
Figure 7 shows the connections for the transmitter
output filter. It is necessary to unsolder the existing
connections and make the new connections per the
chart, After completing the preceding, the tuning pro-
cedure as described under Adjustments for trans-
mitter and receiver should then be followed.

Note also that capacitors C2 and C9 in the
transmitter and receiver crystal oscillator circuits,
respectively, may have to be changed. For fre-

BT
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quencies below 110 kc, these capacitors are 270
mmf. each. For frequencies of 110 kc and above, the
capacitors are 140 mmf. each.

CAUTION Turn power OFF before removing filters
or transistors, as high transient currents may cause
permanent damage to the transistors.

MAINTENANCE

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 indefinite 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 and current values are given as
follows. Voltages should be measured with VTVM.
Readings may vary as much as +20%.

In the following paragraphs, the transmitter may
be unblocked (transmitting) by closing the CARRIER
START circuit in the case of HZM relaying, andyby
opening the CARRIER START circuit in thedcase/of
K-DAR and GCY relaying.

1. For D-C pin jack measurements withireference
to B-, refer to Table 1.

2. For transistor D-C measurements with reference
to B-, refer to Table 2.

3. For D-C bleeder measufements with reference
to B-, refer to Table 3.

4. For typical RF signal imeasurements for re-
ceiveer, refer to Table 4.

5. For typical WRF “signal measurements for
transmitter, réfer t¢ Table 5.

6. Removal®) ofd Printed Circuit Board from
Flexitest Case.

To remove, the printed circuit board, unplug J-15
and J416 located near the output filter. Loosen the
twogscrews inside the case near the top. Loosen the
slotted thumb screws at the lower end of the board
and pull these screws out as far as they will extend.
Also remove the receiver coaxial cable plug.

Pull board down so as to disengage the terminals,
and lift out.

7. Removal of the Output Filter

After the printed board has been4removed, re-
move the screws on the outside of the case at the
bottom. Lift out filter and ‘diseconnect the coaxial
cable.

8. Receiver Filters

Fig. 12 shows typical receiver selectivity curves
both RF and IF. HMythe filters are checked in a test
setup, it is necessary to use an accurate signal gen-
erator or preferably a signal generator and a frequency

counter. Hewlett-Packard Type 400C or equivalent
should be, used:

9. Minimum Test Equipment for Installation

a” Milliammeter 0-25 ma DC.

b. 60-ohm 5-watt non-inductive resistor.

c. A-C Vacuum Tube Voltmeter (VTVM). Voltage
range 0.003 to 30 volts, frequency range 60 cycles/
sec to 230-kc, input impedance 7.5 megohms.

d. D-C Vacuum Tube Voltmeter (VTVM)

Volta_ge Range: 0.15 to 300 volts
Input Impedance: 7.5 megohms

10. Desirable Test Equipment for Apparatus
Maintenance

a. All items listed in Sections 8 and 9.
b. Signal Generator

Output Voltage: up to 8 volts
Frequency Range: 20-kc to 230-kc

c. Oscilloscope
d. Ohmmeter
e. Capacitor checker

f. Test harness (See Fig. 19)
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D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

TABLE 1 C):
-

CONDITION A CONDITION B C ON C
Tx-Blocked t1 Tx-Blocked X- ock ed
Description Jack Rx-No Signal Rx-With Signal o Signal
129 VvDC 51 VvDC 129 VDC 51 VvDC E DC | 51 VvDC
RF Input J-2 0 0 0.3V 0

DC Q-1 Base J-3 20 V 20 V 20 V Q
DC R, B+ J-4 20 V 20 V 20 V @
DC R, Osc J-5 7V TV 7V
DC Q-5 Base J-6 20 V 20 V 6 20 V
B- 31
DC-P1-E J-8 110 v 3 @v
DC-Q-T Base J-9 69 V Q 8 V 2.3V 66 V 0.3V
DC Q-7 Emit J-10 70 V %v 78 V 1.4V 66 V 1.0 V
v
51V

32V 110 v 2V

DCTxOsc J-11 TV Y TV Vv TV
L 4
B+ J-12 1 129 vV 51V 129 V 51V
DC Q-10 Base J-13 \ 18 V 18 v
DC Q-10 Emit J-14 18 Vv 18V
RF ma out J 130 ma 130 ma
DC ma RRH
and
AL ARM 18 ma 13 mat

t With 2000 ohm resistor and Sigma relay.
tt Tx =transmitter, Rx = receiver
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TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

LL. 4

TABLE 2

C)O

Condition A Condition B
Tx-Blocked Tx-Blocked
Rx-No Signal Rx-With Signal
Transistor (Volts) (Volts)
Et Bt Ct Et Bt Ct
Q-1 20.0 20.0 0.38 20.0 20.0
Q-2 7 7.2 1.8
Q-3 6.2 8.0 2
Q-4 20.0 20.0 2.6
Q-5 20.0 20.0 2.6
Q-6
129 VDC 110 110 129 114 129
51 VDC 32 32 32 51
Q-7
129 VDC 70 68 2 78 80 86
51 VDC 1.0 1.4 2.2 7.0
Q-8 2 6.2 3 2
Q-9 1.8 7 7.2 1.8

t E-Emitter,
tt With res ot

4
ndition C
locked
-No' Signal
Volts)
Bt Ct
6.2 8 2
7.2 1.8
18 0.4
0.27 0.20 50
0.27 0.20 50

ase;” C-Collector.
F on printed board.

N
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TABLE 3

D-C BLEEDER MEASUREMENTS WITH REFERENCE TO B-

129 VDC 51,vDC
Measurement

At Bt Ct At Bi Ct
Junction R-61 and R-62 (J-8) 110V 110V 110V 32V, 32V 32v
Junction R-61 and R-27 (J-10) v 8V 66V 1.0V 1.4V 1.0V
Junction R-27 and R-60 (P1-P) 69V v 65V, 0 0 0
Junction CR-8 and R-64 (P 1-K) 58V 58V 58V 5w 51V 51V
Junction R-48 and R-47 (J-14) - - 18V - - 18V
Junction R-45 and R-47 (TP-9) - - 45V - - 51V
Junction R-45 and R-41 (TP-8) - - 98 V. - - 51V

tConditions: A — Tx-Blocked, Rx-No Signal; B — Tx-Blocked, RXx=With‘Signal;, C — Tx-Unblocked,

Rx-No Signal.

TABLE 4
TYPICAL RF SIGNAL MEASUREMENTS FOR RECEIVER
(Made with 0.1£Volt @t Terminal 5 of FL1)

25 MV 80 MV 250 MV
Check Point Sensitivity Sensitivity Sensitivity
(Volts) (Volts) (Volts)
With/Receiver Crystal Out
FL1-5 to Gnd. 0.1 0.1 0.1
T1-1 to Gnd. 0.1 0.1 0.1
QI1-E to Gnd. 0:05 0.05 0.05
Q1-C to Gnd. 0.07 0.07 0.07
T3-1to Gnd. 0.07 0.07 0.07
Q4-C to Gnd. 0.07 0.07 0.07
With Receiver Crystal In
Q4-C to Gnd. 0.5 0.5 0.25
J6 to Gnd. 0.15 0.1 0.08
Q5-C to Gnd, 7.0 1.7 0.8
Q6-B,to Gnd. 2.0 0.5 0.4
QB-C te Gnd. 13.0 10.0 8.0
T4-1 to'Gnd. 13.0 10.0 8.0
T4=3to T4-4 4.5 3.5 2.5
J9 to J10 (DC) 0.74 0.75 0.65

12
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TABLE 5

TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER

CHECK POINT

T5-1to Gnd.

T5-3 to Gnd.

J13 to Gnd.

Q10-C to Gnd.

T6-2 to Gnd.

Q12-B to Gnd.

Q15-B to Gnd.

Q12-C to Gnd.

Q15-C to Gnd.

T7-5 to Gnd.

Output to Gnd.

VOLTS

5.5

1.0

0.085

6.0

6.0

0.8

0.8

38.0

38.0

9.8

8.0

APPLICATION

1. Receiver Selectivity (Fig. 11)

This shows a typical curveWef the overall
selectivity of the receiver, under steady state
conditions.

2. Transmitter Output ‘Selectivity (Fig. 8)

Typical curves are’'shown so that approximate
bandwidths for keying purposes can be determined for
any carrier frequenecy between 30-kc and 200-kc.

3. Minimum‘€hafnel Spacing (Fig. 13)

This is a graph from which minimum channel
spacing can be obtained provided the signal strength
of the“interfering transmitter and the sensitivity set-
ting ofathe receiver are known. These can be obtained
ffom.calculations or by measurements.

For example, if the interfering transmitter volt-
age is measured (at the receiver) and found to be 2.5

volts, this would be 10-db down from 8 volts. This
point can be located on the right hand column of the
graph. Then, if the receiver sensitivity were set to
operate on 0.8 volts or 20-db, this point would be
located on the left hand column. A line could then be
drawn through the two points as shown by the dotted
line. The intersection .of this line with the center
line indicates the minimum channel spacing. In this
case if the interfering signal is being keyed on-off, at
15 pps, the minimum spacing would be 2.5-kc.

4. Transmitter Output and Receiver Sensitivity
Variations with Voltage (Fig. 10)

These curves show the variation of transmitter
output and receiver sensitivity with changes in supply
voltage, at 120-kc and 25°C. The increase and de-
crease in transmitter output above or below 1.0 watts
may be obtained in db from the transmitter curve.
1.0 watts is about 8.0 volts with a 60-ohm load.

The increase and decrease in receiver sensi-
tivity above or below 40 millivolts can similarly be

13



TYPE KR CARRIER SET

obtained in db from the receiver curve. 40 millivolts
sensitivity represents the input signal required for
proper operation.

5. Transmitter Output and Receiver Sensitivity
Variations with Frequency (Fig. 18)

These curves show the variation of transmitter
output and receiver sensitivity with variation in
frequency, at a supply voltage of 129 VDC, and
25°C. They may be used in the same manner as
Fig. 10.

6. Supervisory Control Connections (Fig. 5)

When supervisory control is used with relaying,
the supervisory control relay coil is connected in

series with the RRH coil in place of the alarm relay.
When supervisory control is used alone, a 2000-ohm
5-watt resistor is to be connected in series with the
control relay coil. In order to maintain proper mark
space ratio, the relay bias current is adjusted for 9
milliamperes as indicated.

7. Receiver Filter Limits (Fig/12)

The receiver RF filter and“the 4F filter limits
are shown on Fig. 12. Both filters are of the plug-in
type and the test circuits with pin” connections are
shown at the top of eachycurwe. The IF filter is
divided into two separate sections. The selectivity
shown is for each seetionjgand the pin connections
for each section are als@y,shown in the test circuit
sketch.

ELECTRICAL PARTS L4ST

CIRCUIT MFR MANUFACTURER’'S
N .
SYMBOL FUNCTIO DESCRIPTION CODE DESIGNATION
CAPACITORS

C-1 Rcvr. Bleeder 2.0 uf, +20%, 200/VDCyPaper 1 330C567 H11

tC-2 Rcvr. Osc. Feedback 140/270 uuf, +20%, 500 VDC, 1 330C566 H43

Mica or 330C566

H57

C-3 Rcvr. Osc. Bleeder 0.02 pufsMRC 600 VDC, 1 330C569 H417

Bypass Disc

C-5 Q-6 Emitter Bypass 1.0 pf, ¥20%, 200 VDC Paper 1 330C567 HO9

C-6 Rcvr. Rectifier Same as C-5
Bypass

C-17 B— to B+ Bypass 2 uf, +10%, 600 VDC, Paper 1 330C573 HOT

C-8 B— to GND 1.0 uf, £10%, 1000 VDC, Paper 1 330C573 H21
tC-9 XmtrgeOsey Feedback Same as C-2
C-10 Xmtr./Osc. Same as C-3

C-11 Key Filter 0.1 puf, +20%, 200 VDC, Paper 1 330C567 HO2

C-12 Q-10"Emitter Bypass 0.25 pf, +20%, 200 VDC, Paper 1 330C567 HOS

C-13 Q-10 Bleeder Bypass Same as C-12
C-14 PA Base Bypass Same as C-12

tNote: 140 puf for osc. freq. 110-kc and above.
270 pupuf for osc. freq. below 110-ke.

14



TYPE KR CARRIER SET I.L. 41947a

ELECTRICAL PARTS LIST

CIRCUIT FUNCTION DESCRIPTION MFR. | MANUFACTURER’S
SYMBOL CODE DESIGNATION

CAPACITORS (Concluded)

C-18 PA Bleeder 0.5 pf, +20%, Paper 1 330C567 HO6
C-19 Output Filter Tuning 500 ppf, Variable, Air 1 328C092 HO1
C-20 Output Filter 390 ppf, +5%, 2500 VDC, Mica 1 330C561 H15
C-21 Output Filter 680 puf, 5%, 2500 VDC, Mica 1 330C561 H21
C-22 Output Filter 1200 ppf, +5%, 2500 VDC, 1 330C561 H2T
Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 2.0 mfd, +20%, 200%W.DC 1 330C567 HO1

CRYSTAL DIODES

CR-1 Bridge Rectifier General Purpose, IN63 1 584C433 HO2
CR-2 Bridge Rectifier Same,as ‘CR-1
CR-3 Bridge Rectifier Same a@s CR-1
CR-4 Bridge Rectifier Same as CR-1
CR-5 Q-10 Collector Same as CR-1
CR-6 Q-7 Collector Same as CR-1
CR-7 Voltage Regulator Type SV18, General Purpose 1 584C434 HO02
CR-8 Voltage Regulator Type 1N 1369 1 584C434 HO05
CR-9 Q-7 Collector Type 1N1789 1 584C434 HO8

15



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST O:

CIRCUIT MFR. | MANUFACTURER’S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION ¢

FUSE HOLDERS

FH-1 B— For Type 3AGC Fuses 1 m}%\ HO3
GH-2 B+ Same as FH-1 0

FUSES
F-1 B— 3AGC 3/4 amp. S#1474993
F-2 B+ Same as F-1 §s\
FILTERS \

FL-1 Rcvr. RF Bandpass \

Freq. to be 30-kc to 60-kc 1 468D339

specified by 1 468D 340

customer 1 468D341
FL-2 Rcvr. IF Bandpass 1 468D338

—

lug

NECTORS
J-1 Printed Circuit \Qed Circuit Female 54-B-7125 HO3

J-2 RF Input UG-185-U 1 584C292 HO7
J-3 Rcvr. Osc. Outp Terminal Studs 1 330C592 HO1
J-4 Rcvr. b?\@ Same as J-3
Sup
J-5 R sc. Supply Same as J-3
J-6 Q-5 Base Same as J-3
Same as J-3
-6 Supply Same as J-3
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LL. 4%94]1A

ELECTRICAL PARTS LIST

SvweoL | FUNCTION DESCRIPTION CopE | " DESIGNATION
CONNECTORS (Concluded)
J-9 Q-7 Base Same as J-3
J-10 Q-7 Emitter Same as J-3
J-11 Xmtr. Osc. Supply Same as J-3
J-12 B+ Same as J-3
J-13 Xmtr. Osc. Output Same as J-3
J-14 Q-10 Supply Same as J-3
J-15 Output Filter Banana Tip/Red 1 328C093 HO1
J-16 Output Filter GND Banana Tip, Black 1 328C093 HO2
P-1 Printed Circuit Printed/Circuit Male 1 54-B-7126 HO3
Plug
INDUCTORS
L-1 Core and Coil 11 MH Total — 6 MH 1 329C450
Assembly Tap (Part of FL-3)
L-2 Core and Coil 2.5 MH (Part of FL-3) 1 329C449
Assembly
L-3 RF Choke 1.0 MH, 300 ma 2 R-300
L-4 RF Cheke Same as L-3
TRANSISTORS
Q-1 Revr. Mixer Type 2N43 or Type 1 330C587 HOT
2N525
Q-2 Recvr. Osc. Type 2N112 or Type 1 330C587 HO9
2N414

17
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ELECTRICAL PARTS LIST

18

SvMpoL | FUNCTION DESCRIPTION ConE | " DESIGNATION <
TRANSISTORS (Concluded)
Q-3 Rcvr. Osc. Same as Q-2
Q-4 Revr. IF Same as Q-1
Q-5 Revr. IF Same as Q-1
Q-6 Revr, IF Type 903, 2N 332, or 1 330C587 HO04
2N 1149
Q-7 Rcvr. Output Type 2N1156 1 330C587 HO1
Q-8 Xmtr. Osc. Same as Q-2
Q-9 Xmtr. Osc. Same as Q-2
Q-10 Xmtr. Amp. Same as Q-1
Q-12 Xmtr. PA Type 2N498 1 330C587 H12
Q-15 Xmtr. PA Same a§,Q-12
RESISTORS
R-1 Rec. Input 256 K,/*20%, 1/4 W, Pot. 1 584C276 H23
R-2 Filter Matching 10K, +10%, 1/2 W 2 330C595 H37
R-3 Filter Load Same as R-2
R-4 Revr. Osc. 1K, +20%, 1/4 W, Pot. 1 584C276 H19
R-5 Rcvr. Voltage 6.2K, 5%, 1 W 1 330C666 HE8
Diyider
R-6 Q-2 Collector 1.2 K, +5%, 1/2 W 1 330C664 H51
R-8 Rcvr. Voltage 30 K, +5%, 2 W 1 330C668 H84
Divider
R-9 Rcvr. Voltage Same as R-8
L <) Divider




TYPE KR CARRIER SET

LL. 41-947A

ELECTRICAL PARTS LIST

SveoL | FUNCTION DESCRIPTION Cont | DESIONATION.
RESISTORS (Continued)

R-10 Q-2 Base Same as R-2

R-11 Q-2 Base 100 K, *+10%, 1/2 W 1 330C595 H49
R-12 Q-3 Collector Same as R-6

R-13 Q-3 Emitter 390 Ohms, *5%, 1/2 W 1 330C664 H39
R-14 Q-3 Base Same as R-2

R-15 Q-3 Base Same as R-11

R-16 Rcvr. Osc. Bleeder 2.2 K, +10%,1/2 W 1 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, *10%, 2, W 1 330C597 H40
R-18 Rcvr. Osc. 9.LK,#5%, 1/2 W 1 330C664 HT4
R-19 Q-4 Bias 100/Ohms, +10%, 1/2 W 1 330C595 H13
R-20 Q-4 Bias Same as R-2

R-21 Q-5 Bias 150 Ohms, +10%, 1/2 W 1 330C595 H15
R-22 Q-5 Bias Same as R-2

R-23 Q-6 Bias 330 Ohms, +10%, 1/2 W 1 330C595 H19
R-24 Q-6 Bias, Same as R-2

R-25 Q-6 Emitter Same as R-19

R-26 Q=7 Base Same as R-6

R-27: Q-7 Bias 20 Ohms, 5%, 1/2 W 1 330C664 HO8
R-28 Xmtr. Osc. Bleeder Same as R-18

R-29 Xmtr. Osc. Bleeder Same as R-17

R-30 Xmtr. Osc. Bleeder Same as R-16

19
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ELECTRICAL PARTS LIST

O

)
SvveoL | FUNCTION DESCRIPTION Cone | "'DESIGNATION.
RESISTORS (Continued) %

R-31 Q-8 Base Same as R-11 \

R-32 Q-8 Base Same as R-2 @

R-33 Q-8 Emitter Same as R-13 0

R-34 Q-8 Collector Same as R-6

R-35 Q-9 Base Same as R-11

R-36 Q-9 Base Same as R-2

R-37 Q-9 Collector Same as R-6

R-38 Key Filter Same as R-23 \

R-39 Buffer Voltage 36 K, * 1 330C668 H86
Divider

R-40 Buffer Voltage Sa\ 9
Divider

R-41 Buffer Voltage R-2
Divider

R-42 Xmtr. Osc. Output \ ame as R-4

R-43 Q-10 Bias Same as R-23

R-44 Q-10 Bias 33 K, +10%, 1/2 W 1 330C595 H43

R-45 Buffer V, lta@ 15 K, 6%, 1 W 1 330C666 HTT
Divi \

R-47 Bu 6.8 K, 5%, 1/2 W 1 330C664 H6E9
Div

R-48 Buffer Voltage Same as R-46
Divider

R-49 A Bias 2T K, 5%, 2 W 1 330C668 H83
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LL. 41.94TA

ELECTRICAL PARTS LIST

Sy FUNCTION DESCRIPTION MR | MANUFACTURER'S
RESISTORS (Concluded)

R-50 Xmtr. PA Same as R-19

R-52 Q-12 Emitter 10 Ohms, *10%, 1/2 W 1 330C595 HO1
R-55 Q-15 Emitter Same as R-52

R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 W 1 330C595 HO9
R-60 Revr. Bleeder 1K, 5%, 256 W 1 584C416 H62
R-61 Revr. Bleeder 600 Ohms, *5%,,25 W 1 584C416 H47
R-62 Revr. Bleeder 350 Ohms, *+5%;§ 25W 1 584C416 H52
R-64 Xmtr. Bleeder 1200 Ohms, *¥6%, 25 W 1 584C416 H64
R-66 T-7 Load 560 Ohms, #5%, 2 W 1 330C668 H43
R-67 Xmtr. Blocking 10 Ohms, +10%, 2 W 1 330C668 HO1
R-68 Xmtr. Blocking 100K, *10%, 10 W 1 330C577 HO1
R-69 Q-10 Emitter Same as R-19

R-T0 FL2 Decoupling 470 Ohms, +10%, 1/2 W 1 330C595 H21
R-T1 Q-4 Emitter 150 Ohms, +10%, 1/2 W 1 330C595 H15
R-72 Q-5 Emitter 68 Ohms, +10%, 1/2 W 1 330C595 H11
R-T3 Q-5 Base 180 Ohms, +10%, 1/2 W 1 330C595 H16
R-74 Q-4 Base 2.TK, +5%, 1/2 W 1 330C664 H59
R-T75 @-4 Cpllector 22 K, +10%, 1/2 W 1 330C595 H41
R-76 Q=5 Collector Same as R-T5

21
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ELECTRICAL PARTS LIST

OO

CIRCUIT MFR. MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION 4

TRANSFORMERS %

T-1 Rcvr. Input Impedance Ratio 10 K; 1 xS
10K

T-2 Rcvr. Osc. Impedance Ratio 10 K: 1 -633003
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 1 L-592171
300 ohms

T-4 IF Output Impedance Ratio 4 K: L.-592289
500 ohms

T-5 Xmtr. Osc. Same as T-2 \

T-6 Xmtr. Buffer Impedance Ratio k 1 L-592170
400 ohms CT.

T-7 Xmtr. Output ati 0: 1 L.-633000

TP-1 R-5 1 330C592 HO2

TP-2 R-8 \ as TP-1

TP-3 R-17 Same as TP-1

TP-4 R-18 Same as TP-1

TP-5 R-28 Same as TP-1

TP-6 -?N Same as TP-1

TP-7 1 Same as TP-1

TP-8 R-45 Same as TP-1

L 4
TP-9 R-47 Same as TP-1
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LL. 41

ELECTRICAL PARTS LIST

O

O

CIRCUIT MFR. MANUFACTURER'’S
SOCKETS @
X-1 FL-1 Octal 1 \00689 HO1
X-2 FL-2 Same as X-1
X-3 Voice Adaptor Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 1 50-D-9790 HO1
XYy-2 Xmtr. Y-2 Same as XY-1
Y-1 Rcvr. Osc. 1 328C083
Y-2 Xmtr. Osc. pecify Freq. Same as 1 328C083
annel Frequency
@LEET DETECTOR
L 4
R-1 Resistor, Le 100 K, 2 W, Pot. 1 51-D-1976 H17
Contr { (S#1475074)
S-1 i (& SPST Normally Open 1 327C854 HO1

LIST OF MANUFACTURERS

1. Westinghouse Electric Corporation

2. National Co., Inc., Malden, Mass.
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LL. 41-941A
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e,
os
oY

CONNECTION FOR AN
SUPERVISORY CONTROL. o
O gy 3
___6955 ) 20ROT)HOCI:4?/:$L AS TRANS-RECUNIT &3

R
A

OR 2K §

100K~ M/5 CONTROL N

RESISTOR .
2 3
_ 2w COMPONENTS
e 2N, MOUNTED IN
' b4  SUPERVISORY
: 1000 oAME s € CABINET
—

ALARM CoOlIL “SIGMA RELAY -TYPE
B+¥ NOT IN CIRCUIT 7A0ZT-1000T-TCP

R EQU/IVALENT.

N

Fig. 5. Supervisory Control Connections (Dwg. 223B498 — Sub. C)
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TRANSMITTER OUTPUT FILTER FL-3 CONN

LINE FREQUENCY RANGE

| — 27.7 KC~30.0 KC
2— 29.8 KC-33.1 KC
3 — 31.8 KC-36.0 KC
4 — 35.4 KC-39.0 KC

5 — 38.0 KC-41.0 KC
¢ — 40.3 KC-45.0 KC
7 — 43.0 KC-49.0 KC
8 — 47,7 KC-56.0 KC
9 — 49,5 KC-58.5 KC
I — 67.0 KC-76.0 KC
12— 75.0 KC-88.0 KC
13— 77.5 KC-93.0 KC

14— 89,3 KC-114,5KC
1IS— 102, 7KC-147.,0KC
16 — 136.6KC-210,0KC

e t‘?‘t‘b‘t‘t‘t‘t‘
S T I e e e e

AT WWwWwWwWww

ESESESESESES NG Ne Yo Yo Yo

10

PARALLEL
ACITOR CONNECTIONS

6-8-9-10-11
6-8-10-11
6-8-9-11
6-8-11

%\ig. 7. Connections-Output Filter (Dwg. 149A420 — Sub. 4)
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Fig. 8. Transmitter Output Filter Selectivity (Dwg. 377996)
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+ 2
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Fig. 10. Transmitter Output and Receiver Sensitivity Variations with Voltage (Dwg. C377999)

35



TYPE KR CARRIER SET

36

OB STEADY STATE ATIENUATION

50

46

40

a5

30

25

20

/S

/10

Fig. 11.

-/ Fo i *2

FREQUENCY (KC)

Receiver Selectivity (Dwg. 377993)

AT



TYPE KR CARRIER SET

I.L. 41:941A

IF FILTER TEST CIRCUIT
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129 voc +hoOoVr 8MmA4 O vorrs 3.75K
258 voc wroolv 8 M4 O VvOLTS 19 K
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TYPE KR CARRIER SET

»1941A

#H-DAR RELAYING

KR RELAVNGIRANSMITTER /
RELV. EXTERNAL CONNECTIONS
TERMINAL-JCONNECT/ION

//
12
/3
/4
/5
/16
7
/8
/9
20

X FOR'R"USE OMMITE VITREOUS ENAMELED
DIVIDOHM ADVUSTABLE 4K OR 26K 25W

RESISTOR .CONMECT & ADJUST FOR VALUE
SHO WK

A CONNECT R¥-/ (DWG 228 5605
SW /59582/) AS SHowws

FOR 5/& 129 VDC SUPPLY

SROUND
COAXIAL TABLE
SUPERVISORY PREFERENCE COMTACT
CARRIER STOP B- RETURN
CARR/ER START (P2S/TIva)
ALARM CUTOFE FOR COMMUNICATIONS
B8 MINUS
CARRIER STom (HL/HEM)
8 PLUS
RELAY CoiL

f.

++ FOR 258VvDC SUPPLY USE
330C/91H01 RESISTOR UNMIT
REF DW/G 2238497

Fig. 17. Relaying Control Circuits — K-DAR (Dwg. 3-329C704-Sub. L)
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