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LIST OF ILLUSTRATIONS
CAUTION The voltages encountered in this equ

Figure . . References ment are dangerous to life. To be safe, disc e
1 Outline —F‘lex1t.est CaSe eriiiiiieninnn 540D753 the nower source and close the grounding @
2 Internal Schematic ..........cocveviininens 540D780 when servicing the equinpment.

3 Relaying Control Circuits
(HZ/HZM) tereiiniiiiiiiiiiineninnn, 1-329C1704
4 Relaying Control Circuits *
(K-DAr) vevvessessesiesiessessesesean, 3-329C704 |NTRODUCT|0%
5 Relaying Control Circuits . ! . .
(GCX/GCY)eerrrrereeensereeeesnnnns 2-329C1704 The Type KR Relaying TrangpitterReceiver is
6  COMPONENt LOCALION. evveesveereeresreeenss 540D781 designed ~for Distance Rel@¥ine,% Telemetering,
7 Supervisory Control Receiver Superv1sgry Control and.Sle 1 tion. Facilities
CONNECEION v.eeveveeereserereeeeenns 223B498 are provided for a plug-i ice adapter. The
8 Connections, 48 250 volts ba51c‘de51gn is for op om 125-volt station
and Supervisory Control............ 407C971 batteries. However, t us mfiy also be' oper-
9 Transmitter Output Filter ated from 4§-volt' 2 olt st‘atlon batterles‘ by
Connections ....oeveeveiiinnnieinnenns 149A420 means O,f various int | connections. These various
10 Transmitter Output Filter connections as ost of the adjustments are
SEIECHIVIEY vevveeererresereerersenen, C377996 made at th ough they can be changed in
11 Reserve Signal Detector — Outline and the field.
Schematic ...ovvvviiiiiiiiiiiniennnnnes 329C1703 A signed primari]y for operation with
12 Receiver SeleCtiVity ........corververeen. C377993 Westy protective relays, this apparatus may
also ordinated with other types of directional-
13 Receiver Filter Limits .......ccovuveneenn C377995 di ce ays and with most other contact keyed
14 Minimum, Channel Spacing .............. C377998 ic
15 Test Harness 756D 346

©

...............................

e

\ ICATIONS
Frequency Range....ccoocviiiiiiiiiiiiiiiiiiennnnd @ .................................. 30-k Hz to 21 0kHz
Channel Attenuation Rating ............... O .......................................... 40-db
Transmitter Power Output .\ .......................................... 1.0 watt witha 125 V.D.C.

supply. 0.5 watt with a

\K 48-volt d-c¢ supply.

Transmitter Harmonic Outpu@ ........................................................ At least 46-db below funda-
mental.

Transmitter Output e@ .............................................................. Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter Out e Selectivity tivviiiiiiiiiiiiiiiiiiiiiiiiiiiiieeiinnnneeeeseenns See Fig. 10

Transmitter and Recelver Oscillator and Frequency Stability .... . ...ccovvvvvinnn From - 20°C to +55°C with si-

multaneous voltage variations
from 105 to 140 VDC, the fre-
quency remains within +20Hz.
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Permissible Battery Voltage Ripple

Ambient Temperature RaNge .....cvuuviiieerreeeeneeennnnnnneenns

............................ 7-%2%
............................ -20°C to + 55°C.

Receiver Maximum Sensitivity ..cccoovviiiiiiiiiiiiiiiiiieiiennnne, eeeerenectentetetennnaanns .025 volts for 10 ma.
output.

Receiver Selectivity .coiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i See Fig. 12

Receiver Signal-to-Noise Ratio Requirements ......eoueceeiiiiiiieiiieeeiiieneeennnenes 12-db

Minimum Channel SPaCINg cicciieeiuieriiiineieeieiteeenteeteeeetssesnssacsssssssnsensssnnsnns See Fighyl4

POWEr INDUL tiiiiiiiiiiiiiiiiietiiinsnsnsssnnssssnnnnnssnsssnes

Carrier On-Off Keying ..........

Weight (With Flexitest Case) .cccvveieiiiiiiiiiiiiiiieenennnnnnns

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

DESCRIPTION

Mechanical

This apparatus is supplied in a Flexitestr case
and may be either flush or projection meunted in

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 mountedien 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. Disconnéet, 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 Yoard 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 disconnecting the coaxial cable.

Fig. 6. shows the location of major components

............................ 115-ma "aty, 48 VDC, 200-ma

at 125 VDC, 1.28 amperes
at"250 VDC.

Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 VDC.

............................ Approximately 16-l1bs.

such“as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal temminals.

Provisions are made for plugging the Voice
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of theset
accommodates the adapter plug. A buckle type strap
on each side of the adapter holds the unit in place
after it has been plugged in. The normal projection
for a rear mounted Voice Adapter is 3-inches be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied with the adapter, a patch
cord is available on separate order. This patch cord
plugs into the telephone jacks on the adapter and pro-
vides an extensionto a conveniently located terminal
board.

The panel cutout information necessary for mount-
ing the Reserve Signal Detector is shown by Fig. 11.
This unit consists of a potentiometer and pushbutton
switch mounted on a small panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis-
tors are required, as shown in Fig. 8.

Electrical
-

Transmitter

The transmitter is made of four main stages in -
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cluding an oscillator, driver, power amplifier, and an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector of one
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of 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 Q10 is controlled
by potentiometer, R-42 which also controls the trans-
mitter power output. In HZM relaying CARRIER STOP
provides about +40 volts for blocking. This is ap-
plied to @ 10 through T-6. Diode CR-5 prevents dam-
age to the transistor whenthis positive voltage is ap-
plied to 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
@12 and @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.

ResistorR-66 tends to keepthe source impedence
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, resultingpinpa reverse
impedance free of ‘‘across the line’’ fé€sonances.

Receiver

The receiver is a superheterédyne in order to
obtain constant selectivity regardless of the channel
frequency. (See Fig, 12), Thesmajor stages include
an input filter, Attenuator, oscillator, mixer, IF
filters, IFF amplifiepS, detector and a D-C power
output stage.

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-kHz abave the incoming signal

frequency.

The receiver channel frequency is determinedsby
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 receivemescillator signal
to the base of the mixer Q#I. /Mixer oscillator re-
quirements are met through adjustment of potentio-
meter R-4. Injection into two'separate elements, base
and emitter, provides a“eircuit’ capable of handling
greater signal level yariations than one in which in-
jection is made int®\only“a single element such as
the base.

This réeeiverfuses an IF frequency of 20-kHz.
The overall selectivityis determined primarily by the
IF filtérgFL.-2) Typical characteristics of this filter
are showmyin Fig. 13. The IF amplifier consists of
transistors @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 power to drive the D-C power
output stage Q-7. The final output stage Q-7 will
supply approximately 18 milliamperes to a standard
1700 ohms distance relay RRH coil and its associa-
ted 500 ohm alarm coil. It may also be used to drive
other relay coils such as is shown by Fig. 7, Super-
visory 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 stopped "in several ways. The
method used with K-DAR relays is to remove the
positive voltage applied to terminal 15. In the case
of distance relaying with Westinghouse HZ/HZM
relays, application of a positive voltage to terminal
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18 will stop the transmitter output. Output may also
be stopped by removal of negative battery from
terminal 18.

Reserve Signal Detector

The Reserve Signal Detector is shown by Fig. 11.
Effectively R-1 is a remote transmitter output control.
This control is obtained through varying the driver
Stage (Q-10) emitter bias, and is effective over a 25-
db range of transmitter output. The 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 attenuation
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 when full voltage is supplied to terminal
15.

Relaying Control Circuits

Figs. 3, 4 and 5 show simplified diagrams of the
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 andy5)

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

The K-DAR or GCY relays@eperating from the
voltage and current on the transmissien line, detect
and determine the direction®ef a“line fault and there-
by control the carrier transmittenand receiver.

The control of thesearrier'set is such as to start
the transmission of (carrieri when fault power on the
transmission lineWis flewing out of the line section
being protegted. . Connersely, when fault power is
flowing into thi§ line,section, the control is such as
to block the transmitter and keep it from being turned
on by secondary functions such as reserve signal de-
tection and communication, should these functions be
in use at thé’same time. Should carrier be received
from the remote station, the hold coil and alarm coil
will 'eénergize through transistor Q-7 in the receiver.

When carrier start operation occurs, the CARRIER

START contact opens applying a positivegvoltage
(see Figs. 4 and 5) to terminal 15 of the carrier set.
This puts a potential on the driver stage f"the‘trans-
mitter and al'so applies proper bias for the poweram-
plifier.

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

2. HZM Relayingi(Fig:"3)

The contrelnef the carrier set is effected by the
CARRIER START and the CARRIER STOP contacts.
These contactshare shown in their normal standby
condition.

TheWHZ-HZM relays operating from the voltage
and, cutrent on the transmission line, detect and
determine the direction of a line fault and thereby
centroPthe 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 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 reserve signal de-
tection and communication, should these functions be
in use at the same time. Should carrier now be re-
ceived fromtheremote 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 voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

When a carrier stop operation occurs, the CAR-
RIER STOP contact opens. This applies a positive
voltage (see Fig. 3) 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 amplitude, phase and
frequency as to cause the RRH coil current to
‘“‘pulsate’’. It would then be possible to have a false
trip.
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In the case of the KR set for relaying 3-terminal
lines, the transmitter frequencies (to avoid this pos-
sibility of false trip) should be separated by 100 Hz.
All receivers and one transmitter would be at the
desired center frequency. One of the other trans-
mitters would be 100 Hz above, the other 100 Hz
below this center frequency.

INSTALLATION

General

Upon receipt of a unit, whether shipped separately
or in an 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
Reserve Signal Detector . . ...... Fig. 11

Connections

External

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

Terminals 11 . . . v v v v v e v v v «+ ¢ 0. Ground
12 0 i e Coaxial Cable

13 and 19 ... Supervisory Preference

Contacts

14...... ‘“CARRIER STOP’’ return
15...... . Battery positive threugh

carrier start contacts

16 . . Battery positive for alarm cutoff

(used with communication)
17T i i i ittt e e ep s alNeg. DC

18 . .. .Carrier Stop for HZM Relaying
19 ....... e e et Pos. PC
. . Relay Coil

CAUTION If the transmitter output load is removed
while the transmitter is energized, the transistorsgin
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
coaxial cable to ground before®ehanging taps on the
Line Tuner or mdtching transformer.

Internal

Necessary finternal connections are generally
made at theypfactory, to customer order, before appa-
ratus shipmenty, For reference purposes, these are
outlinedmin_the tabulation below. Check the proper
bleeder “resistors before applying voltage to the
equipment .

Various combinations of the inductors and capac-
itors of the transmitter output filter are required
depending on the channel frequency. These are
tabulated in Fig. 9.

Adjustments

This apparatus is generally tuned to and tested
at the specified channel frequency before shipment.
Final adjustments must be made in the field and are
described in the following paragraphs. Fig. 6 shows
the locations of the various controls.

OPERATION

BLEEDER RESISTORS IN THE CIRCUIT

48- Volt K-DAR, HZM, 'and GCY Relaying,

Telemetering, and SUPervisory ..............
125-Volt K-DAR and GCY Relaying . . .........
125-Volt HZM Relaying, Telemetering, and Supervisory
250-Volt K-DAR and GCY Relaying . ... .......

250-Volt HZM Relaying, Telemetering, and Supervisbry .o

...... R-47 and R-48
...... R-45, R-47 and R-48

«... R-41, R-45, R-47 and R-48

...... R-45, R-47 and R-48

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

R
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© Transmitter

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

2. Fig. 9 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 ro resonance.

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

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

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
clockwise until a reqding 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
resistor is approximately 8 volts. (Approximately
5.5 volts when operating from 48-volt station battery )

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

Receiver

1. The oscillator output controldR-4 iswpre-set at
the factory. However, shouldgany of the oscillator
components be changed (including “the transistors
and the crystal) R-4 will require adjustment.

a. Connect an A-C VTVMie jacks J-3 and J-4.
b. Adjust R-4 for a 0.3 voltireading on the meter.

2. The unit is shipped to have a gain of approxi-
mately 250 millivolts (o produce 10 ma relay current)
with input centrel, R<Iwin maximum clockwise posi-
tion. About 10sdb “additional gain or 80 millivolt
sensitivitypcan be 6btained by clipping out resistor
R-T74, whichig,connected to the base of Q-4 and the
Pos supply for the IF. A further 10-db gain or addi-
tional 25 millivolt sensitivity can be obtained by
also clipping out resistor R-73, which is connected
to the base of Q-5 and the Pos. supply for the IF.
Resistors R-71 and R-72 have been selected at the
factory to provide an overall gain of approximately
25 millivolts with R-73 and R-74 removed.

a. Sensitivity Adjustment for Noise

If the maximum on-frequency noise level“issknown
or can be measured, the receiver can be adjusted for
this level. Disconnect the coaxial cabletand connect
a 60-ohm non-inductive resistor and a VITVM across
terminals 11 and 12. Energize the transmitter and
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-1in the
maximum clockwise position,” then clip out resistor
R-74, which is connectéd o the base of Q4. If the
gain is still insufficient, clip out resistor R-73,
which is conne@ted to7the base of Q-5. After com-
pleting the adjustment of R-1, restore the transmitter
to full output.

b. Sensitivity Adjustment for Remote Signal

When, the maximum on-frequency noise is un-
knownjand cannot be conveniently measured, the re-
ceiver'may be adjusted for the remote signal. First
detetmine the channel attenuation using a Sierra
voltmeter or some other convenient method. Dis-
connect the coaxial cable and connect a 60-ohm
non-inductive resistor and a VTVM across terminals
11 and 12. Add 15-db to the channel attenuation.
This compensates for average variations such as
channel and voltage variations. For example, if the
channel attenuation is 5-db, 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, ad
just the transmitter output 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 ob-
tain 10-ma output 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 insufficient, clip out resistor R-73, which is
connected to t he base of ©-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., the noise may in-
crease due to various reasons such as bad insulators,
which would require adjusting the receiver to be less
sensitive. In the adjustment of part b., the attenua-
tion may increase due to sleet or line switching,
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which would necessitate increasing the sensitivity of
the receiver.

Reserve Signal Detector

Due to different types of operation and supply
voltages, it is not practical to have a calibrated dial
for this unit. However, calibration may be made at
installation by recording transmitter output (either in
db or volts) at various knob settings of the detector
unit. Then, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
increase or decrease in line attenuation may be noted
as the difference between the original setting, and
the setting required to obtain the given 10 milli~
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts at

€ terminals 17 (neg.) and 19 (pos.) on the relaying set.

Frequency Change

If the frequency is changed in the field, it is
necessary to change the input filter FI.-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 channél
frequency. The receiver oscillator crystal Y-1 must
be changed to the desired channel frequency plus 20
kHz. Figure 9 shows the connections for the transs
mitter output filter. It is necessary to unsolder” the
existing connections and make the new conmtections
per the chart. After completing the pteceding, the
tuning procedure as described under Adjustments for
transmitter and receiver should then@be followed.

Note also that capacitors @2 and#C9 in the
transmitter and receiver crystal oscillator circuits,
respectively, may have to _be “changed. For fre-
quencies below 110 kHz, these @apacitors are 270
mmf. each. For frequencies ofgld0 kHz and above,
the capacitors are 140 mmf. eaeh.

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

MAINTENANCE

Voltageyvalues should be recorded after adjust-
ment inferdemto establish reference values which will
be usefullwhen 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 differenceg, 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 paragraphsgfthe ttansmitter may
be unblocked (transmitting) by(closing the CARRIER
START circuit in the case @f HZMfrelaying, and by
opening the CARRIER START “@ircuit in the case of
K-DAR and GCY relaying.

1. For D-C pin jack,measurements with reference

€ to neg. d.c., refergo Tabler1.

©

2. For transistomD-C measurements with reference
to neg. d.c., refer to, Table 2.

3.9For D*C bleeder measurements with reference
to negédd.cy, refer to Table 3.

4, For typical RF signal measurements for re-
ceiyver, réfer to Table 4.

5. For typical RF signal measurements for
transmitter, refer to Table 5.

6. Removal of Printed Circuit Board from

Flexitest Case.

Tc remove the printed circuit board, unplug J-15
and J-16 located near the cutput filter. Loosen the
two screws inside the case near the top. Loosen the
slotted thumb screws at the iower end of the board
and pull these screws out as far as they will extend.
Also remove the receiver coaxial cabie g s

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 filter and disconnect the coaxial
cable.

8. Receiver Filters

Fig. 13 shows typical receiver selectivity curves
both RF and IF. If the filters are checked in a test

PN
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setup, it is necessary to use an accurate signal gen-
erator or preferably a signal generator and a fre -
quency counter.

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 Hz-
to 230-kHz, input impedance 7.5 megohms.

d. D-C Vacuum Tube Voltmeter (VTVM)

Voltage 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-kHz. to 230-kHz.

c. Oscilloscope
d. Ohmmeter

e. Capacitor checker

f. Test hamess (SeelEig. 15)

APPLRICATION
1. ReceivenSelectivity (Fig. 12)

This shows a typical curve of the overall selec-
tivity of the receiver under steady state condi-
tions.

2. Transmitter Output Selectivity (Fig. 40)

Typical curves are shown so that_approximate
bandwiths for keying purposes can be @etermined for
any carrier frequency between 30-kHz and 200-kHz.

3. Minimum Channel Spacing (Fig. 14)

This is a graph fromgwhich minimum channel
spacing can be obtained,provided) the signal strength
of the interfering transmitter afid the sensitivity set-
ting of the receiver arefknewn.»These can be obtained
from calculations or by meaSurements.

For example, if the interfering transmitter volt-
age is measured, (atithe receiver) and found to be 2.5
volts, this would“be 10-db down from 8 volts. This
point can_be loeated 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“en the left hand column. A line could then be
drawn‘through the two points as shown by the dotted
Iine. 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-kHz.

4. Supervisory Control Connections (Fig. 7)

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 1200-ohm
resistor R3 is connected in series with the control
relay coil by removing the jumper across R3, as shown
in Fig. 7. In order to maintain proper mark space
ratio, the relay bias current is adjusted for 9 milli-
amperes as indicated.

The receiver RF filter and the IF filter limits
are shown on Fig. 15. Both filters are of the plug-
in type and the test circuits with pin connections
are shown at the top of each curve. The IF filier is
divided into two separate sections. The selectivity
shown is for each section, and the pin connections
for each section are also shown in the test circuit
sketch.



TYPE KR CARRIER SET

TABLE 1

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO NEG. DC

C)O

L 4
CONDITION A CONDITION B CON ION C
Tx-Blocked 1t Tx-Blocked Tx-Un ed
Description Jack Rx-No Signal Rx-With Signal -No Signal
129 VvDC 51 vDC 129 VDC 51 vDC 51 vDC
RF Input J-2 0 0 0.3V 0.3V
DC Q-1 Base J-3 20V 20 V 20V 20
DC Rx B+ J-4 20V 20V 20V
DC Rx Osc J-5 TV (Y% TV
DC Q-5 Base J-6 20V 20V 200V \%
B— 317 \
DC-P1-E J-8 110 V 32V 1 32V 110 V 32V
DC-Q-T7 Base J-9 69 V 0 \" 2.3V 66 V 0.3V
DC Q-7 Emit J-10 70V \ 78 v 1.4V 66 V 1.0 V
DC'IXOS(: J-11 TV TV TV TV TV
B+ J-12 129 V 129 V 51V 129 V 51V
L
DC Q-10 Base J-13 K 18V 18V
DC Q-10 Emit J-14 \ 18 V 18 v
RF ma out J-15 O 130 ma 130 ma
DC ma RRH @
and
AL ARM 18 ma 18 ma

tt Tx =transmitter, Rx = receiver

L 4

N



TYPE KR CARRIER SET

1.L.41-941.1

TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO NEG. DCQ

O

Condition A Condition B Condition t
Tx-Blocked Tx-Blocked Tx- locked
Rx-No Signal Rx-With Signal o )Signal
Transistor (Volts) (Volts) ts)
Et Bt Ct Et Bt Ct Ea Bt Ct
Q-1 20.0 20.0 0.38 20.0 20.0 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
51 VDC 32 32 5
Q-7
129 VDC 70 68 1 78 80 86
51 VDC 1.0 0 1.4 2.2 7.0
Q-8 6.2 8 2 6.2 8 2 6.2 8 2
Q-9 T4 @ 18 | 7 7.2 18| 7 7.2 1.8
Q-10tt 18 18 0.4
Q-12tt 0.27 0.20 50
Q-15tt O 0.27 | 0.20 50
t E-Emitter; NC-Collector.
ter on printed board.

tt With respect

n



TYPE KR CARRIER SET

TABLE 3

D-C BLEEDER MEASUREMENTS WITH REFERENCE TO NEG. DC @

129 vDC 51 vDC
Measurement

At Bt Ct | At Bt 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 (P1-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, Rx-With Signal;\\C/— Tx-Unblocked,

Rx-No Signal.

TABLE 4
TYPICAL RF SIGNAL MEASUREMENTS EOR RECEIVER
(Made with 0.1 Volt at Tetminal S5 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. 0.07 0.07 0.07
T3-1 to Gnd. 0.0% 0.07 0.07
Q4-C to Gnd. 0.0 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 to Gnd. 13.0 10.0 8.0
T4-1 toyGnd. 13.0 10.0 8.0
T4-3 to T4-4 4.5 3.5 2.5
J9 toJ10u(DC) 0.74 0.75 0.65

12



TYPE KR CARRIER SET L. 41941

TABLE 5

TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER

CHECK POINT VOLTS

T5-1 to Gnd. 5.5

T5-3 to Gnd. 1.0 \%

J13 to Gnd. 0.085 @
Q10-C to Gnd. 6.00

T6-2 to Gnd.

Q12-B to Gnd. Q
Q15-B to Gnd. %
Q12-C to Gnd. 38.0
Q15-C to Gnd. \ 38.0
T7-5 to Gnd.

Output to GndQ@ 8.0

&
O
¥

L 4

13



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

O

el FUNCTION DESCRIPTION AN ACTURER'S
CAPACITORS ®
C-1 Rcvr. Bleeder 2.0 pf, +20%, 200 VDC, Paper 33@
tC-2 Rcvr. Osc. Feedback 140/270 ppf, +20%, 500 VDC, 3 43
Mica 330C566H57
C-3 Rcvr. Osc. Bleeder 0.02 uf, MRC, 600 VDC, 0C569 H41
Bypass Disc
C-5 Q-6 Emitter Bypass 1.0 pf, *20%, 200 VDC e 330C567 HO9
C-6 Rcvr. Rectifier Same as C-5
Bypass
Q C-17 B— to B+ Bypass 2 uf, 5%, 330 V&&r 14C9400 H13
O c-8 B— to GND 1.0 uf, tlo%@\ , Paper 1876999
tC-9 Xmtr. Osc. Feedback Same
C-10 Xmtr. Osc. Sa S
C-11 Key Filter %, 200 VDC, Paper 330C567 HO2
C-12 Q-10 Emitter By;ﬁss , +20%, 200 VDC, Paper 330C567 HO5
C-13 Q-10 Bleeder By ame as C-12
C-14 PA Base Byp { Same as C-12
T Note: 140 puf for ose. fr 110-kHz and above.
270 ppf for os . below 110-kHz.

Q>®



TYPE KR CARRIER SET

1.L.41-94

gIYRMCB%E FUNCTION DESCRIPTION MAgggéiLL-:-lfoEﬁ,
CAPACITORS (Concluded)
C-18 PA Bleeder 0.5 puf, £+ 20%, Paper 330C567 HO6
C-19 Output Filter Tuning 500 ppf, Variable, Air 2 HO1
C-20 Output Filter 390 ppf, £5%, 2500 VDC, Mica C561 H15
Cc-21 Output Filter 680 puf, £5%, 2500 VDC, Mic 30C561 H21
C-22 Output Filter 1200 ppf, +5%, 2500 VDC, 330C561 H27
Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 mfd, £20%, 187A177 HO1
C-26 Q-7 Base Bypass .01 mfd, + DC 76.3A219 H15
DI ES
CR-1 Bridge Rectifier n urpose, 1N63 584C433 HO02
CR-2 Bridge Rectifier ame as CR-1
CR-3 Bridge Rectifie ame as CR-1
CR-4 Bridge Rectifier Same as CR-1
4
CR-5 Q10 C t Same as CR-1
CR-6 Q-TMBas mitter Type 1N457A 184A855 HO7
CR-7 @ Regulator Type 1N3686 185A212 HO6

CR-8 ltage Regulator

T Collector

Q-10 Emitter

Voltage Regulator

Type 1N1369
Type 1N3811
Type 1N3028A

Type 1N3024B

584C434 HO5

185A089 HO8

188A302 H14

188A302 H12

15



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

CIRCUIT
SYMBOL

FUNCTION

DESCRIPTION

MANUFACTURER'S
DESIGNATION

FH-1

FH-2

FL-1
o or
FL-201

FL-2

Q FL-3

J-1

J-3

J-4

J-5

B+

B+

Rcvr. RF Bandpass

Rcvr. 1F Bandpass

Transmitter Output

Printed Circuit

RF Input *
Rcvr. Osc. OK
Rcvr. Mixer-,

Supply

Rcyr. @Dly

@

FUSE HOLDERS

For Type 3AGC Fuses

Same as FH-1

FUSES
3AGC 3/4 amp.

Same as F-1

by customer
20-kHz Fi I

30- Z
C ECTORS

P, Circuit Female
g

G-185-U
Terminal Studs

Same as J-3

Same as J-3
Same as J-3
Same as J-3

Same as J-3

FILTERS
30 to 200 kHz
Freq. to be specified

584C271 HO?@

541D086GO01

407C772G01

54-B-7125 HO3

584C292 HOT

330C592 HO1

Q-6 Supply
&

it



TYPE KR CARRIER SET

I.L.41-94

ELECTRICAL PARTS LIST

T FUNCTION DESCRIPTION M G AT
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 328C093 HO1
J-16 Output Filter GND Banana 328C093 HO2
P-1 Printed Circuit Prin &t Male 54-B-7126 HO3
Plu
QUCTORS
L-1 Core and Coil 11 MH Total — 6 MH 329C450
Assembly Tap (Part of FL-3)
L-2 Core and Coil 2.5 MH (Part of FL-3) 329C449
Assembly
r O
L-3 RF Chok \ 1.0 MH, 300 ma R-300
L-4 RF C&\ Same as L-3
O TRANSISTORS
Q- . Mixer ‘Type 2N525 184A638H13
Rcvr. Gsc. Tyne 2N414 184A638H14
L 4

17



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

ST FUNCTION DESCRIPTION A A TIRER'S
TRANSISTORS (Concluded)
Q-3 Rcvr. Osc. Same as Q-2 %
Q-4 Revr. IF Same as Q-1 \
Q-5 Rcvr. IF Same as Q-1 @
Q-6 Revr. IF Type 2N657 @ms
Q-7 Rcvr. Output Type 2N698 Q«samoz
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 2N657 \ 184A638H15
Q-15 Xmtr. PA Sam @
STORS
R-1 Rec. Input @20%, 1/4 W, Pot. 584C276 H23
R-2 Filter Matching +10%, 1/2 W 330C595 H37
R-3 Filter Load Same as R-2
R-4 Rcvr. Osc. \ 1K, +20%, 1/4 W, Pot. 584C276 H19
R-5 Revr. VoltaQ 6.2 K, 5%, 1 W 330C666 H68
Divid
R-6 N 1.2 K, 5%, 1/2 W 330C664 H51
R-8 r. Voltage 15K +1%, 3W T63A126H08
R-9 Rcvr. Voltage Same as R-8
& Divider




TYPE KR CARRIER SET

l.L. 41-941

ELECTRICAL PARTS LIST

el FUNCTION DESCRIPTION oA o
RESISTORS (Continued) *

R-10 -2 Base Same as R-2

R-11 Q-2 Base 100 K, +5%, 1/2 W N 05

R-12 Q-3 Collector Same as R-6

R-13 Q-3 Emitter 390 Ohms, *5%, 1/2 W 0C664 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, x10%, 1 330C595 H41

R-17 Rcvr. Osc. Bleeder 18 K, +10%, 330C597 H40

R-18 Rcvr. Osc. 9.1 K 330C664 HT2

R-19 Q-4 Bias 1 + 5%, 1/2 W 330C664 H25

R-20 Q-4 Bias meas R-2

R-21 Q-5 Bias 0 Ohms, * 5%, 1/2W 330C664 H29

R-22 Q-5 Bias Same as R-2

R-23 Q-6 Bias . O 330 Ohms, * 5%, 1/2 W 330C664 H37

R-24 Q-6 Bias \ Same as R-2

R-25 Q-6 E&K Same as R-19

R-26 Q-'T@ Same as R-6

R-27 @as 20 Ohms, +5%, 1/2 W 330C664 HO8
8\m. Osc. Bleeder Same as R-18

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

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

L 2

19



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

|QO

T FUNCTION DESCRIPTION MANUE ACTURER'S
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 @
R-34 Q-8 Collector Same as R-6 0
R-35 Q-9 Base Same as R-11 Q
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%, 2\ 330C668 H86
Divider
R-40 Buffer Voltage Sa @
Divider
R-41 Buffer Voltage \Qﬁ-z
Divider
R-42 Xmtr. Osc. Output e as R-4
R-43 Q-10 Bias ¢ OSame as R-23
R-44 Q-10 Bias 33K, +5%, 1/2 W 330C664 H85
R-45 Buffer Voltago 15K, + 10%, 1 W 330C596 H39
Divider
R-47 6.8 K, +5%, 1/2 W 330C664 H69
R-48 15 K, +5%, 1/2 W 330C664 HTT
R-49 PA Bias 27K, 5%, 2 W 330C668 H83

4



TYPE KR CARRIER SET

1.L.41941.1

ELECTRICAL PARTS LIST

O

Sl FUNCTION DESCRIPTION MA[;',;’SFIQ,SZLT’E)EN;:J
RESISTORS (Concluded) ¢
R-50 Xmtr. PA Same as R-19 %
R-52 Q-12 Emitter 10 Ohms, + 5%, 1/2 W X4 HO1
R-55 Q-15 Emitter Same as R-52
R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 W 330C595 HO9
R-60 Recvr. Bleeder 1K, 5%, 25 W 584C416 H62
R-61 Recvr. Bleeder 600 Ohms, * 584C416 H57
R-62 Recvr. Bleeder 350 Oh 584C416 HS52
R-64 Xmtr. Bleeder 1200 O 25 W 584C416 H64
R-66 T-7 Load 560.0h 5%, 2 W 330C668 H43
R-67 Xmtr. Blocking , + 5%, 2 W 330C668 HO1
R-68 Xmtr. Blocking 10 K, #10%, 10 W 330C577 HO1
R-69 Q-10 Emitter Same as R-19
R-70 FL2 Decouplin 470 Ohms, +10%, 1/2 W 330C595 H21
R-T1 Q-4 'Emitt%r\ Determined in test
R-72 Q-5 K& Determined in test
R-73 Q- S 220 Ohms, +10%, 1/2 W 187TA641H11
R-74 1K, £5%, 1/2 W 184A763H217
\Qonector 22 K, t10%, 1/2 W 330C595 H41
-5 Collector Same as R-75

21



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION DESIGNATION

TRANSFORMERS

T-1 Recvr. Input Impedance Ratio 10 K; 714B677G01
10K \

T-2 Rcvr. Osc. Impedance Ratio 10 K: 205C043
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 205€043
300 ohms

T-4 IF Output Impedance Ratio 4 K: 962693, L-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance Ratio : '265C864G01
400 ohms C

T-7 Xmtr. Output Impedance Ratie, 1930: S#196 2694, 1,-633000
60

TP-1 R-5 \a studs 330C592 HO2

TP-2 R-8 e as TP-1

TP-3 R-17 L 4 Same as TP-1

TP-4 R-18 K Same as TP-1

TP-5 R-28 Q\ Same as TP-1

TP-6 R-3 Same as TP-1

TP-7 \ Same as TP-1

TP-8 R- Same as TP-1

TP-9 -47 Same as TP-1

»

L



TYPE KR CARRIER SET

L.L. 41-941 .1

ELECTRICAL PARTS LIST

O

CIRCUIT MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION DESIGNATIONy
SOCKETS q
X-1 FL-1 Octal \89 HO1
X-2 FL-2 Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal @ 584C606 HO1
XY-2 Xmtr. Y-2 Same as XY-
Y-1 Rcvr. Osc. Spec&annel Freq. 328C083
% Hz.
Y-2 Xmtr. Osc. Spe Freq. Same as 328C083
Channel Frequency
ﬁ ERVE SIGNAL DETECTOR
(S#470D167G02)
200-K, 2 W, Pot. 184A086H2T
2000 ohms, 2'’ tube. 1267296
SPST Normally Open 327C854 HO1

23
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TYPE KR CARRIER SET

il * *
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TYPE KR CARRIER SET
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I.L. 41-94 141K

ADJUST FOR

2 POLARITY SHOWN CLOSES CONTACT BETWEEN
TERMINALS 48 6,

9MA AT Ji J2
\ JACK- JI r= KR
\ o1 p GR—O
I 20
| b——NEG. DC
]
|
1y
|
KI i TO SUPV,CONTROL
| EQUIPMENT
[
I
f
POS |>5
SEE NOTE | POS
:EE D———Lb 8 POS.DC (48 OR I125)
R3 L_
ELCO. TERMS
NOTES. J2
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROL —2 3
WITHOUT RELAYING. —_ == =
5 6 7 8
[ I I

AS VIEWED FROM REAR OF PANEL

629A552

ﬂ

5 wiDE X%DEEP-TWO SLOTS

Ll%* | ez
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— stinghouse
-+ = "GH—L 2
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L 18 —g— MTG. CENTERS
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Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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32

CONN

ECTIONS FOR 48-250 VOLT SERVICE AND

S

UPERYISORY CONTROL APPLICATION

(CHANGES FROM JUMPERS SHOWN ON INTERNAL SCHEMATIC, F1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO01 IS
USED AS SHOWN ON APPLICATION DRAWING 329C704

FOR HZ/HIM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

ouT O— ¢
IN O 25 [25} "ELL"
R R2 R3 R lI'IAMP'

COM.O—25 25— 25 =Tebi—

NOTE:

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)

0.15 .. STANDBY
[o.z a. TRANSMITTING

R8 R7 RG RS

POWER CONSUMPTIONS-,303 WATTS AT 258 V.
390 "WATTS AT 280 V.

KR SUPPLY VOLTAGE WELL BE APPROXIMATELY 144 VOLTS

UNDER STANDBY CONDITTON WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-VOLT HZ/HIM OPERATION
JUMPER TP-7 AND' TP=8 IS REMOVED.

48 VOLT OPERATION

ON PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTEDWAS FOLLOWS:

BETWEEN)TP8 AND TP9
BETWEEN TPS AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TP4

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R64
AND DIODE CR8 1S REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CCNTROL,
R59 IS CONNECTED INTO THE CIRCUIT.

ey,

A



TYPE KR CARRIER SET L.L.41-941.

C)O

-
>

TRANSMITTER OUTPUT FILTER FL—-3 CONNE

COoiL PARALLEL
LINE FREQUENCY RANGE COoIL CONNECTIO APACITOR CONNECTIONS A

1 27.7 KHZ-30.0 KHZ L-1 (1-5) (3— 6-8--9—-10-11

2 29.8 KHZ-33.1 KHZ L-1 6—-8-10-11

3 31.8 KHZ-36.0 KHZ L1 6-8-9-11

4 35.4 KHZ-39.0 KHZ L1 6-8-11

5 38.0 KHZ—-41.0 KHZ L1 6-8-9-10-1

6 40.3 KHZ—-45.0 KHZ L-1 6—-8-10-11

7 43.0 KHZ—-49.0 KHZ L-1 6-8-9-11

8 47.7 KHZ-56.0 KHZ L1 6-8-11

9 49.5 KHZ-58.5 KHZ L-1 6-8-9-10
10 57.0 KHZ-72.3 KHZ L1 (1-2) (3-6) 6-8-10

1 67.0 KHZ—76.0 KHZ (1-4) (6-7) 6—8-9—11
12 75.0 KHZ—88.0 KHZ (1—4) (6-7) 6—8—11

13 77.5 KHZ—93.0 KHZ (1-4) (6-7) 6-8-9-10
14 89.3 KHZ—114.5 KHZ L (1-4) (6-7) 6—8—10
15 102.7 KHZ—147.0 KHZ 2 (1-4) (6-7) 6—8-9

16 136.6 KHZ—210.0 KHZ @ (1-4) (6-7) 6-8

A =CONNECTION FROM ADE BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

Cx..
e

@ Fig. 9. Connections - Output Filter (Dwg. 149A420)

%
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OB STEADY STATE ATTENUATION
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Fig. 12. Receiver Selectivity (Curve #377993)
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4w 3 1

Coaxial Lead...756D346 G02 &

}‘- &
Output L%&?%G GO3

s R R RMR]R] b0«

i

Main Harness... 756D346 G04

Fig. 15. Test Harness — (Complete Set)
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Westinghouse 1.L. 41-9414lH
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter V@ice Adapter
Accessories.

Style
KR Reserve Signal Detector . . . . .. ... ... ....." 470D167 GO2
250 Volt ResistorUnit ................. L. 4.0 330C191 HO1
Test Harness (Complete Set) . ......... % .0, . 756D346 GO1
Coaxial Lead . ... ... ... v a0 k.. 756D346 G02
Output Lead ................. % .S ... 756D346 G03
MainHamess. ... ........... %0 . Q... 756D 346 G04
TABLE OF CONTENTS Adjustments
Transmitter..ccoeeiiiiiiiiiiiieeiinnnnne. Page 7
RECEIVEr tivvviiiiiiiiiiiiiiiiiiieiiinnnnns Page 7
Introduction ....cccceeiiiiiiiiiiiiiine, Y N Page 2 Reserve Signal Detector.............. Page 8
. . 250-Volt Resistor Unit .....coovveennn Page 8
Specifications ...icieiiiiiiiiiiiiieiinnnnsamm. . dlon. ot Page 2 Frequency Change .......ooeevveeeenn.t Page 8
Description MaintenancCe ..cviiviiiiiiiiiieeiiieenieeieeeeennns Page 9
(721153 ¢ 1) S PR S S, Page 3 ADPPLCALION .o Page 13
Mechanical voivvviiiiiiniiitotioneeestBheceeceeeeens Page 3 Electrical Parts LiSt..eeeeeeeeeeeeeeeeeecennsns Page 14
Electrical....coovvveinn @@
Transmitter .......0...... | P Page 4 LIST OF TABLES
Receiver . ......am, W0 oot iiiiiiiinnnnns Page 4
Transmitter Controlf Circuits.............. Page 5 Table
Reserve.SLg.nal Detector.......ccevveeenns ,Page 5 1 D-C Pin Jack Measurements with
ComminicationS .....ccvviiieieiiiiiinnneiennns Page 5
RelayingfControl Circuits .........ccoeeuue. Page 5 R‘eference €0 Brovevenrine oo e Page 10
2 Transistor DC Measurements with
Reference to B-.vcvviiiiiiiiiiiiinnnns Page 11
. 3 D-C Bleeder Measurements with
Installation
Reference to B-..ccvvieiiiviinnnnnnnnn. Page 12
(€723 1= -1 D N Page 6 4 Typical RF Signal Measurements
Cconnections for Receiver ..ivvviiiiieiiiiiinnnnnnnns Page 12
External........cccoviiiiiiiiiiiiiiiiiii Page 6 5 Typical RF Signal Measurements
Internal ...ooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiee Page 7 for Transmitter .....ccovvvvviiiiiiiennns Page 13
SUPERSEDES I.L. 41-941.1G EFFECTIVE OCTOBER 1972

*Denotes change from superseded issue.
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Figure References
1 Outline — Flexitest Case ..c.vvvveenennnn 540D753
2 Internal Schematic .....civiviiviiiiinnnnn. 540D780
3 Relaying Control Circuits

(HZ/HZM) veveveriiiininienininenan, 1-329C704
4 Relaying Control Circuits
(K-Dar) ceeeeerneninnerennerennenennnss 3-329C 704
5 Relaying Control Circuits
(GCX/GCY) tttttnrnnnnnnnnnnnennnnnnns 2-329C704
6 Component Location....cccevvveeiiiiinnnen 540D781
7 Supervisory Control Receiver
ConnectionN.viiiiiiiiiiiiiiiiiiiiinanns 223B498
8 Connections, 48-250 volts
and Supervisory Control............ 407C971
9 Transmitter Output Filter
Connections .iiiveviiiiiiiiieconeinnn 149A420
10 Transmitter Output Filter
Selectivity......oovuts Ceereiees ceeeaes C377996
11 Reserve Signal Detector — Outline and
Schematic ..ocvviiiiiiiiiiiiiiinnn.n. 329C1703
12 Receiver Selectivity ....cvviviiiiiiiinne C377993
13 Receiver Filter Limits ...........c.u.eee. C377995
14 Minimum, Channel Spacing .............. C377998
15 Test Harness ... .........cccccoveunvvnnnen.. 756D34
Frequency Range...ooiiiiiiiiiinieinnneeiesennoaiipeedoneshecees
Channel Attenuation Rating ........ L O L R

LIST OF ILLUSTRATIONS

Transmitter Power Output ........... \\ .............

X

Transmitter Harmonic Out O .......................

................................

CAUTION The voltages encountered in this D
ment are dangerous to life. To be safe, dis@

the power source and close the grounding s
when servicing the equinment.

L 4
INTRODUC (@
The Type KR Relaying S er-Receiveris
designed for Distance 1 Telemetering,

Supervisory Control and et ection. Facilities
are provided for a plug-in voice adapter. The
basic design is for i rom 125-volt station

ope

batteries. However, the aratus may also be oper-
ated from 48-volt 250-volt station batteries by
means of variou nal connections. These various

connectiong, as most of the adjustments are

made at the I’ though they can be changed in
the fie

igned primarily for operation with
West, userprotective relays, this apparatus may
al dinated with other types of directional-

relays and with most other contact keyed

IFICATIONS

................................ 1.0 watt with a 125 V.D.C.

supply. 0.5 watt with a
48-volt d-c supply.

................................. At least 46-db below funda-

mental.

Transmitter Outpub IMPEAATER.........ciiiiiiiiiiiiiiiiiiiiiiitiiiitiiiieiareanneseanaens Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter Output 1] QS T=) L=Te 4 £ 7 See Fig. 10

Transmitter and Receiver Oscillator and Frequency Stability .... . .ccciciiiieiinnn. From - 20°C to +55°C with si-

L 4

multaneous voltage variations
from 105 to 140 VDC, the fre-
quency remains within *20Hz.

*
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Permissible Battery Voltage Ripple

Ambient Temperature RANge ...cccvviiiiiieinereeneerroncesnncnss

............................ 1-%2%
............................ -20°C to + 55°C.

Receiver Maximum Sensitivity ...ccevveiiiiiiieeiiniiiieenennnn. N eeteneetenneeeananaeeaes .025 volts for 10 ma.
output.

ReECEIVEr Sl C VIt uveertiiiiiiitiiiiiiiiitettiitietireeeettneeeeneeessssssseenenseesssnnnnns See Fig. 42

Receiver Signal-to-Noise Ratio Requirements .....ccoiuieiieiieiiiiiiiieeiieeennnenennns 12-db

Minimum Channel SPACINE civiiiiiiiieiieetrieteetitteertieeeteteeeeeeessneeesnmansnnnsssnssns SeefFigyl4

) SZ01"'72) 0 09 ) | AP reeretennen

Carrier On-Off KeYINE iviveiiiiiiiieruierreeeeeerensansnmecsnenees

Weight (With Flexitest Case) cecvieiiiieiiiiiiiniioiiiiininiennens

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

DESCRIPTION

Mechanical

This apparatus is supplied in a¢#FlexiteSt case
and may be either flush or prejection mounted in

order to match other switchboar dgequipment. The out-
line dimensions and also the drilling ‘plan for flush
and projection mounting are shownpby Fig. 1. The
majority of the parts are moeuntedydn a printed circuit
board. This board may be readily removed asfollows:

1. Remove the twofoutput 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.

5.9Pull board down to disengage the terminals
andliftyout.

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

Fig. 6. shows the location of major components

............................ W5maat 48 VDC, 200-ma

at 125 VDC, 1.28 amperes
at, 260 VDC.

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

tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 VDC.

............................ Approximately 16-lbs.

such”as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal termminals.

Provisions are made for plugging the Voice
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of theset
accommodates the adapter plug. A buckle type strap
on each side of the adapter holds the unit in place
after it has been plugged in. The normal projection
for a rear mounted Voice Adapter is 3-inches be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied with the adapter, a patch
cord is available on separate order. This patch cord
plugs into the telephone jacks on the adapter and pro-
vides an extensionto a conveniently located terminal
board.

The panel cutout information necessary for mount-
ing the Reserve Signal Detector is shown by Fig. 11.
This unit consists of a potentiometer and pushbutton
switch mounted on a small panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis-
tors are required, as shown in Fig. 8.

Electrical

Transmitter

The transmitter is made of four main stages in -

3
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cluding an oscillator, driver, power amplifier, and an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector of one
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of 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 Q10 is controlled
by potentiometer, R-42 which also controls the trans-
mitter power output. In HZM relaying CARRIER STOP
provides about +40 volts for blocking. This is ap-
plied to Q-10 through T-6. Diode CR-5 prevents dam-
age to the transistor whenthis positive voltage is ap-
plied to 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
@-12 and @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.

ResistorR-66 tends to keepthe source impedence
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 notedgthat, the filter
contains no shunt elements, resulting, in a reverse
impedance free of ‘‘across the line’iresonances.

Receiver

The receiver is ja superheterodyne in order to
obtain constant selectivity regardless of the channel
frequency. (See Fig. 42) The major stages include
an input filter,attenuator, oscillator, mixer, IF
filters, IF amplifiers, ddetector and a D-C power
output stage.

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 TFastages.

The receiver oscillator (Q-2 and Q-3) is basic-

ally the same as the transmitter oscillator. The
frequency is 20-kHz above the incoming gSignal

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 componentss

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

This reeeiver uses an IF frequency of 20-kHz.
The o¥erall selectivityis determined primarily by the
IF filterdEL-2."Typical characteristics of this filter
are ;Shown im Fig. 13. The IF amplifier consists of
transistors' Q-4, Q-5 and Q-6.

The detector is a full wave bridge rectifier. This
reetifier in conjunction with the IF amplifier Q-6,
provides the necessary power to drive the D-C power
output stage Q-7. The final output stage Q-7 will
supply approximately 18 milliamperes to a standard
1700 ohms distance relay RRH coil and its associa-
ted 500 ohm alarm coil. It may also be used to drive
other relay coils such as is shown by Fig. 7, Super-
visory 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 stopped "in several ways. The
method used with K-DAR relays is to remove the
positive voltage applied to terminal 15. In the case
of distance relaying with Westinghouse HZ/HZM
relays, application of a positive voltage to terminal
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18 will stop the transmitter output. Output may also
be stopped by removal of negative battery from
terminal 18.

Reserve Signal Detector

The Reserve Signal Detector is shown by Fig. 11.
Effectively R-1 is a remote transmitter output control.
This control is obtained through varying the driver
Stage (Q-10) emitter bias, and is effective overa 25-
db range of transmitter output. The 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 attenuation
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 when full voltage is supplied to terminal
15.

Relaying Control Circuits

Figs. 3, 4 and 5 show simplified diagrams efgthe
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and, 5)

The control of the carrier set is obtainedythrough
the CARRIER START and CARRIER STOP contacts.
These contacts are shown in theif normal” standby
condition.

The K-DAR or GCY relays operating from the
voltage and current on the fransmission line, detect
and determine the directionmof ‘aypline fault and there-
by control the carrier transmittér and receiver.

The controlyof thedcarrier set is such as to start
the transmission of, carrier when fault power on the
transmission 'ling) is flowing out of the line section
being proteeted. 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 reserve signal de-
tection and communication, should these functions be
in_usejat the same time. Should carrier be received
from, the) remote station, the hold coil and alarm coil
willsénergize through transistor Q-7 in the receiver.

When carrier start operation occurs, the CARRIER

START contact opens applying a positive)voltage
(see Figs. 4 and 5) to terminal 15 of th€ carrier set.
This puts a potential on the driver stageiin the trans-
mitter and al'so applies proper bias for the'power am-
plifier,

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

2. HZM Relaying (Fig. 3)

The cortrol of the carrier set is effected by the
CARRIERSSTART and the CARRIER STOP contacts.
These contactsr are shown in their normal standby
conditien.

The, HZ-HZM relays operating from the voltage
andycurrent on the transmission line, detect and
determine the direction of a line fault and thereby
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 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 reserve signal de-
tection and communication, should these functions be
in use at the same time. Should carrier now be re-
ceived 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 voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

When a carrier stop operation occurs, the CAR-
RIER STOP contact opens. This applies a positive
voltage (see Fig. 3) 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 amplitude, phase and
frequency as to cause the RRH coil current to
‘““pulsate’’. It would then be possible to have a false
trip.
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In the case of the KR set for relaying 3-terminal
lines, the transmitter frequencies (to avoid this pos-
sibility of false trip) should be separated by 100
Hz. All receivers and one transmitter would be
at the desired center frequency. One of the other
transmitters would be 100 Hz above, the other 100
Hz below this center frequency.

INSTALLATION

General

Upon receipt of a unit, whether shipped separately
or in an 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
Reserve Signal Detector ...... ...,
Connections
External
The external connections will vary slightly de-

pending on the application, but in general will be as
follows: (Refer to the Schematic Diagram, Fig. 2)

Terminals 11l..iciiiiiiiiiiiiiiiiiiiiiiiieeenenns Ground
12 i Coaxial Gable

13 and 19....... Supervisory Preference
Contacts
14......... B- ‘“CARRIER STOP’’ return
15, i, Battery positive through
carrier start contacts
16..civennnn.e. Battery positive for, alarm
cutoff (used with com-
munication)
1T i S ) [ B-
18....... Carrier Stop for HZM Relaying
19 i bl A B, ccciiiiiiannans B+
20..iiiiiininnny R T Relay Coil

CAUTION If the transmitter output load is removed
while the transmitter ishenergized, the transistors in
the power amplifier“will be permanently damaged. A
dummy load shouldybe connected to the transmitter
output if ¢he coax is disconnected and the transmitter
is to be energized:

Whenwtuning line coupling equipment, short the
coaxial ‘eable to ground before changing tans 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

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

125 Volt K-DAR and GCY Reldying

125-Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GEY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca-
pacitors of the transmitter output filter are required
depending“en the channel frequency. These are tab-
ulated In"Rig) 9.

Adjustments

This apparatus is generally tuned to and tested

at the specified channel frequency before shipment.
Final adjustments must be made in the field and are
described in the following paragraphs. Fig. 6 shows
the locations of the various controls.

Transmitter

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

2. Fig. 9 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 r esonance.

3. Insert fuses F-1 and F- 2 to apply power to
the apparatus.
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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-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. (Approximately
5.5-volts when operating from 48-voltd 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 ofwthe oscillator
components be changed (including theytransistors and
the crystal) R-4 will requirey@djustment.

a. Connect an A-C VTVMdo jacks J-3 and J-4.
b. Adjust R-4 for a/0.3 volt reading on the meter.

2. The umit isWshipped to have a gain of approxi-
mately 250fmillivolts (to produce 10 ma relay current)
with input“eentrol4R-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+4{supply for the IF. A further 10-db gain or addi-
tienaly 25 millivolt sensitivity can be obtained by
also clipping out resistor R-73, which is connected
tomthe base of Q-5 and the B+ supply for the IF.
Resistor R-71 and R72 have been selected at the
factory to provide an overall gain of approximately
25 millivolts with R73 and R74 removed.

a. Sensitivity Adjustment for Noise

If the maximum on-frequency noise level ds 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 4” VTVM across
terminals 11 and 12. Energize the transmitter and
output control R-42 fop, thel\same output as the max-
imum noise. Then adjustythearéceiver input control
R-1to obtain 1-ma output, current. If it is impossible
to obtain 1-ma output.current with control R-1in the
maximum clock wise, 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 comnected to the base of Q-5. After com-
pleting the adjustment of R-1, restore the transmitter
to full oatput.

b:3Sensitivity Adjustment for Remote Signal

When the maximum on-frequency noise is un-
known and cannot be conveniently measured, the re-
ceiver may be adjusted for the remote signal. First
determine the channel attenuation using a Sierra
voltmeter or some other convenient method. Dis-
connect the coaxial cable and connect a 60-ohm
non-inductive resistor and a VIT'VM across terminals
11 and 12. Add 15-db to the channel attenuation.
This compensates for average variations such as
channel and voltage variations. For example, if the
channel attenuation is 5-db, add this to the 15db
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, ad
just the transmitter output 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 ob-
tain 10-ma output 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 insuf ficient, 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., the noise may in-
crease due to various reasons such as bad insulators,
which would require adjusting the receiver to be less
sensitive. In the adjustment of part b., the attenua-
tion may increase due to sleet or line switching,
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which would necessitate increasing the sensitivity of
the receiver.

Reserve Signal Detector

Due to different types of operation and supply
voltages, it is not practical to have a calibrated dial
for this unit. However, calibration may be made at
installation by recording transmitter output (either in
db or volts) at various knob settings of the detector
unit. Then, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
increase or decrease in line attenuation may be noted
as the difference between the original setting, and
the setting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 mist
be changed to the desired channel frequency plus 20
kHz. Figure 9 shows the connections for theytranss
mitter output filter. It is necessary to,unsglder Sthe
existing connections and make the new €onnegtions
per the chart. After completing the preceding, the
tuning procedure as described undérAdjustments for
transmitter and receiver should themyb e‘followed.

Note also that capacitors €2 and C9 in the
transmitter and receiver crystal oscillator circuits,
respectively, may have to,se /changed. For fre-
quencies below 1104kHz,“these capacitors are 270
mmf. each. For fregquenc¢ies of 110 kHz and above,
the capacitors are 1404nmf.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-
mentin%erder to establish reference values which will
bé“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 beifg
affected.

Typical voltage and current values are given as
follows. Voltages should be meastred” with VTVM.
Readings may vary as much as +20%.

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

1. For D-C pin jack, measurements with reference
to B-, refertopTable L

2. Fontransistor D-C measurements with reference
to B-prefemto Table 2.

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

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

5. For typical RF signal measurements for
transmitter, refer to Table 5.

6. Removal of Printed Circuit Board from
Flexitest Case.

To remove the printed circuit board, unplug J-15
and J-16 located near the output filter. Loosen the
two screws 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 filter and disconnect the coaxial
cable.

8. Receiver Filters

Fig. 13 shows typical receiver selectivity curves
both RF and IF. If the filters are checked in a test
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setup, it is necessary to use an accurate signal gen-
erator or preferably a signal generator and a fre -
quency counter.

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 Hz-
to 230-kHz, input impedance 7.5 megohms.

d. D-C Vacuum Tube Voltmeter (VTVM)

Voltage 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-kHz. to 230-kHz:

c. Oscilloscope
d. Ohmmeter
e. Capacitor checker

f. Test hamess (See Eig.415)

APPLICATION

1. RecélverySeleetivity (Fig. 12)

This shews aftypical curve of the overall selec-
tivity of the receiver under steady state condi-
tions.

2. Transmitter Output Selectivity (Fig.\10)

Typical curves are shown so that approximate
bandwiths for keying purposes can be detezmined for
any carrier frequency between30-kHz and 200-kHz.

3. Minimum Channel Spacing (Fig.¢l14)

This is a graph frem “Which' minimum channel
spacing can be obtained_prowided the signal strength
of the interfering tranSmitter and the sensitivity set-
ting of the receiver are Known. These can be obtained
from calculations or by, measurements.

For example, if“the interfering transmitter volt-
age is measared (atdthe receiver) and found to be 2.5

volts, thismwould, be 10-db down from 8 volts. This
point can be loeated on the right hand column of the
graph.pThen,4if the receiver sensitivity were set to
operate on, 0.8 volts or 20-db, this point would be
loéatedon 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-kHz.

4, Supervisory Control Connections (Fig. 7)

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 1200-ohm
resistor R3 is connected in series with the control
relay coil by removing the jumper across R3, as shown
in Fig. 7. In order to maintain proper mark space
ratio, the relay bias current is adjusted for 9 milli-
amperes as indicated.

The receiver RF filter and the IF filter limits
are shown on Fig. 15. Both filters are of the plug-
in type and the test circuits with pin connections
are shown at the top of each curve. The IF filier is
divided into two separate sections. The selectivity
shown is for each section, and the pin connections
for each section are also shown in the test circuit
sketch.
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D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

TABLE !

CONDITION A CONDITION B
Tx-Blocked tt Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal

129 VDC 51 vDC 129 VDC 51 vDC C | 51vDC
RF Input J-2 0 0 0.3V 0.3
DC Q-1 Base J-3 20V 20V 20V 2
DC Rx B+ J-4 20V 20V 20V 20
DC R, Osc J-5 (Y 7V 7 7V
DC Q-5 Base J-6 20V 20V 2 20V
B J-1 K
DC-P1-E J-8 110 V 32 % 32V 110 V 2V
DC-Q-7 Base J-9 69 V 8V 2.3V 66 V 0.3V
DC Q-7 Emit J-10 0 V \ 8V 1.4V 66 V 1.0V
DC'I'x Osc J-11 TV % mv v v v
B+ J-12 12 @l v 129 vV 51V 129 v 51V
DC Q-10 Base J-13 \K 18 V 18V
DC Q-10 Emit J-14 O 18 V 18 v
RF ma out J-1 130 ma 130 ma
DC ma RRH

and
AL ARM 18 ma 18 ma

tt Tx = transmitter, ®Rx = receiver
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TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

—&
ition C
- locked
x-No Signal
(Volts)
Bt Ct
6.2 8 2
7 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

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 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 110 110 114 129
51 VDC 32 32 2 32 51
Q-7
129 VDC 70 68 9 78 80 86
51 VDC 1.0 1.4 2.2 7.0
Q-8 2 6.2 8 2
Q9 1.8 7 7.2 1.8
Q10tt
Q-12tt
Q-15tt
t E-Emitter; Base; C-Collector.

tt With res

N
&

to

rm F on printed board.

n
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TABLE 3

D-C BLEEDER MEASUREMENTS WITH REFERENCE TO B-

129 vDC 51 VvDC
Measurement

At Bt Ct At Bt 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 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, Rx-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 Reteiver Crystal Out
FL1-5 to Gnd. 0.1 0.1 0.1
T1-1 to Gnd. 0. ¥ 0.1 0.1
Q1-E to Gnd. 0.05 0.05 0.05
Q1-C to Gnd. 0.07 0.07 0.07
T3-1 to Gnd. 0.0%7 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 toyGnd. 13.0 10.0 8.0
T4-14te_Gnd. 13.0 10.0 8.0
T4-3 to, 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 Q
TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER
CHECK POINT VOLTS P
T5-1 to Gnd. 5.5 %
T5-3 to Gnd. 1.0 \

713 to Gnd. 0.085 @
Q10-C to Gnd. 6.0 0

T6-2 to Gnd. Q

Q12-B to Gnd. @
Q15-B to Gnd. 0.8
Q12-C to Gnd. \ 38.0
Q15-C to Gnd. K

T7-5 to Gnd.

Output to Gnd.Q 8.0

&
O
¥

L 4

13
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ELECTRICAL PARTS LIST

gﬁ%%'g FUNCTION DESCRIPTION MAg'é’SFléﬁIlT’RER'S q
CAPACITORS
C-1 Rcvr. Bleeder 2.0 uf, *20%, 200 VDC, Paper 33 1
tC-2 Rcvr. Osc. Feedback 140/270 puf, +20%, 500 VDC,
Mica
Cc-3 Rcvr. Osc. Bleeder 0.02 pf, MRC, 600 VDC, 330C569 H4T
Bypass Disc
C-5 Q-6 Emitter Bypass 1.0 pf, +20%, 200 VDC P 330C567 HO9
C-6 Rcvr. Rectifier Same as C-5
Bypass \
C-7 B— to B+ Bypass 2 uf, +10%, 600 &Paper 14C9400 H 18
C-8 B— to GND 1.0 pf, £10%, '@ VDC, Paper 14C9400 H 17
tC-9 Xmtr. Osc. Feedback Sam
C-10 Xmtr. Osc. Sa\-
C-11 Key Filter 0%, 200 VDC, Paper 330C567 HO2
C-12 Q-10 Emitter Bypés uf, +20%, 200 VDC, Paper 330C567 HO5
C-13 Q-10 Bleeder, B & ame as C-12
C-14 PA Base B & Same as C-12
T Note: 140 ppuf for o . 110-kHz and above.

270 ppf fQ

SC.,freq. below 110-kHz.
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T FUNCTION DESCRIPTION MANUF ACTURECS
CAPACITORS (Concluded)
C-18 PA Bleeder 0.5 uf, + 20%, Paper 330C567 HO6
C-19 Output Filter Tuning | 500 puuf, Variable, Air 328C092 HO1
C-20 Output Filter 390 puf, +5%, 2500 VDC, Mica 330C561 H15
C-21 Output Filter 680 uuf, 5%, 2500 VDC, Mica 330C561 H21
C-22 Output Filter 1200 ppf, + 5%, 2500 VDE, 330C561 H27
Mica '
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 mfd, * 20%, 200,VDC 187A177 HO1
C-26 Q-7 Base Bypass .01 mfd, £10%\100 VDC 763A219 H15
D I/O D’E S
CR-1 Bridge Rectifier General Purpose, 1N63 584C433 HO02
CR-2 Bridge Rectifier Same as CR-1
CR-3 Bridge Rectifier Same as CR-1
CR-4 Bridge Régtifier Same as CR-1
CR-5 Q- 10(Collector Same as CR-1
CR-6 Q-7 Base-Emitter Type 1N457TA 184A855 HO7
CR-7 Voltage Regulator Type 1N3686 185A212 HO6
CR-8 Voltage Regulator Type 1N1369 584C434 HO5
CR-9 Q-7 Collector Type 1N3811 185A089 HO8
CR-10 Q-10 Emitter Type IN3028A 188A302 H14
CR-11 Voltage Regulator Type 1N3024B 188A302 H12

15
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ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION DESIGNATION
FUSE HOLDERS %
FH-1 B—- For Type 3AGC Fuses 584C27N
FH-2 B+ Same as FH-1 @
FUSES 0
F-1 B— 3AGC 3/4 amp. QOCGQI H12
F-2 B+ Same as F-1
FILTE

FL-1 Rcvr. RF Bandpass 30 to 200 kH V

Freq. to b

specified/fby

cus.
FL-2 Rcvr. IF Bandpass \F‘ixed Freq. * 541D086G01

ONNECTORS
J-1 Printed Circuit rinted Circuit Female 54-B-7125 HO03
* Plu
g
J-2 RF Input \ UG-185-U 584C292 HO7
J-3 Revr. Osc. @ Terminal Studs 330C592 HO1
J-4 Rcvr. Same as J-3
Suppl
J-5 R(x. Supply Same as J-3
J-6 se Same as J-3
J-1 B— Same as J-3
L 4

J- Q-6 Supply Same as J-3
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ELECTRICAL PARTS LIST

O

v FUNCTION DESCRIPTION =R
L 4
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
J-15 Output Filter 328C093 HO1
J-16 Output Filter GND 328C093 HO2
P-1 Printed Circuit 54-B-7126 HO3
INDUCTORS
L-1 Core and Coil 11 MH Total — 6 MH 329C450
Assembly Tap (Part of FL-3)
L-2 Core an‘CoO 2.5 MH (Part of FL-3) 329C449
Assemb \
L-3 RF‘&{ 1.0 MH, 300 ma R-300
L-4 R@e Same as L-3
TRANSISTORS
cvr. Mixer ‘Type 2N525 184A638H13
Q-2 Rcvr. Gsc. Tyne 2N414 184A638H14
L&

17
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ELECTRICAL PARTS LIST

et FUNCTION DESCRIPTION MANUEACTURER'S
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
Q-6 Revr. IF Type 2N657 G 638H15
Q-1 Rcvr. Output Type 2N698 T62A585H02
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 184A638H07
184A638H15
Q-15 Xmtr. PA : 3 Q
\ESISTORS
R-1 Rec. Input , ¥20%, 1/4 W, Pot. 584C276 H23
R-2 Filter Matching 0K, +10%, 1/2 W 330C595 H37
R-3 Filter Load \ Same as R-2
R-4 Rcvr. OSC.O 1K, +20%, 1/4 W, Pot. 584C276 H19
R-5 Revr., @ 6.2 K, +5%, 1 W 330C666 H68
ivid
R-6 thor 1.2 K, 5%, 1/2 W 330C664 HS51
R-8 oltage 15K 1%, 3w 763A126H08
Divider
.Rcvr. Voltage Same as R-8
L Divider

—

O
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ELECTRICAL PARTS LIST

Sl FUNCTION DESCRIPTION MAggsFléﬁgﬁR'SG)
RESISTORS (Continued) ¢

R-10 Q-2 Base Same as R-2 \c‘ ,
R-11 Q-2 Base 100 K, +5%, 1/2 W % 05
R-12 Q-3 Collector Same as R-6
R-13 Q-3 Emitter 390 Ohms, +5%, 1/2 W 0C664 H39
R-14 Q-3 Base Same as R-2
R-15 Q-3 Base Same as R-11
R-16 Recvr. Osc. Bleeder 2.2K, *10 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, *10 W 330C597 H40
R-18 Revr. Osc. 9.1 K oswk/2 W 330C664 HT2
R-19 Q-4 Bias + 5%, 1/2W 330C664 H25
R-20 Q-4 Bias me as R-2
R-21 Q-5 Bias 0 Ohms, * 5%, 1/2W 330C664 H29
R-22 Q-5 Bias Same as R-2
R-23 Q-6 Bias ’\O 330 Ohms, + 5%, 1/2 W 330C664 H3T
R-24 Q-6 Bia K Same as R-2
R-25 Q-6 Egr\ Same as R-19
R-26 Q- Same as R-6
R-27 -7 Bi 20 Ohms, 5%, 1/2 W 330C664 HO8
R r. Osc. Bleeder Same as R-18
R-29 Xmtr. Osc. Bleeder Same as R-17
R-300 Xmtr. Osc. Bleeder Same as R-16

19



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

O

MANUFACTURER'S ‘ 0

IRCUIT
SCYM%OL FUNCTION DESCRIPTION NUF ACTURE
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 Q
R-34 Q-8 Collector Same as R-6
R-35 Q-9 Base Same as R-11 Q
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%, & 330C668 H86
Divider
R-40 Buffer Voltage
Divider
R-41 Buffer Voltage
Divider
R-42 Xmtr. Osc. Output me as R-4
L 4
R-43 Q-10 Bias Same as R-23
R-44 Q-10 Bias & 33K, £5%, 1/2 W 330C664 H85
R-45 Buffer VoltagQ 15K, + 10%, 1 W 330C596 H39
Divider
R-47 @ 6.8 K, +5%, 1/2 W 330C664 H69
R-48 15 K, #5%, 1/2 W 330C664 HTT
R-49 2T K, 5%, 2 W 330C668 H83

L 4



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

g;TACBL(J)lJ FUNCTION DESCRIPTION MA[;léJsFlé’SXL.IJ_:?OENR
¢
RESISTORS (Concluded)

R-50 Xmtr. PA Same as R-19 \%

R-52 Q-12 Emitter 10 Ohms, + 5%, 1/2 W 664 HO1

R-55 Q-15 Emitter Same as R-52

R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 330C595 HO9

R-60 Recvr. Bleeder 1K, 5%, 25 W % 584C416 H62

R-61 Recvr. Bleeder % 584C416 H57

R-62 Recvr. Bleeder 584C416 H52

R-64 Xmtr. Bleeder 1200 N%. 25 W 584C416 H64

R-66 T-T7 Load & t5%, 2 W 330C668 H43

R-67 Xmtr. Blocking 10 s, *+ 5%, 2 W 330C668 HO1

R-68 Xmtr. Blocking 10 K, +10%, 10 W 330C577 HO1

R-69 Q-10 Emitter Same as R-19

R-70 FL2 Decoupl@ 470 Ohms, *10%, 1/2 W 330C595 H21

L 4

R-71 Q-4 ‘Emit \ Determined in test

R-72 Q5 %& Determined in test

R-73 Q18 Ba 220 Ohms, +10%, 1/2 W 187TA641H11

ase 1K, +5%, 1/2 W 184AT63H27

Q-4 Collector 22 K, +10%, 1/2 W 330C595 H41
Q-5 Collector Same as R-T75
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TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

el FUNCTION DESCRIPTION AN A TURER'S

TRANSFORMERS

T-1 Revr. Input Impedance Ratio 10 K; *714B677G0\®
10K

T-2 Rcvr. Osc. Impedance Ratio 10 K: * 2050043@
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 2 Q
300 ohms

T-4 IF' Output Impedance Ratio 4 K: ¥ 2693, L-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance Ratio& *714B666G01
400 ohms CT

T-7 Xmtr. Output Impedance Ra 0: S$#1962694, 1.-633000
60

POINTS

TP-1 R-5 inal studs 330C592 HO2

TP-2 R-8 as TP-1

TP-3 R-17 ame as TP-1

TP-4 R-18 Same as TP-1

TP-5 R-28 O Same as TP-1

TP-6 Same as TP-1

TP-T Same as TP-1

TP-8 Same as TP-1

TP-9 Same as TP-1




TYPE KR CARRIER SET

l.L. 41-941.

ELECTRICAL PARTS LIST

C)O

CIRCUIT MANUE CTURgR'S
SYMBOL FUNCTION DESCRIPTION
SOCKETS
X-1 FL-1 Octal C689 HO1
X-2 FL-2 Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 584C606 HO1
XY-2 Xmtr. Y-2 Same
‘&.LS
Y-1 Rcvr. Osc. p hannel Freq. 328C083
20-kHz.
Y-2 Xmtr. Osc. Specify Freq. Same as 328C083
Channel Frequency
RESERVE SIGNAL DETECTOR
(S#470D167G02)
R ( ’
R'l ReSlSt 200 K, 2 W, Pot 184A086H27
COQ
R-2 % Limiting 2000 ohms, 2 tube. 1267296
S-1 es{/Switch SPST Normally Open 327C854 HO1

23
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TYPE KR CARRIER SET
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VOLTAGE START sTop STRAR
Sivoe +S1v . IMA +28v IN
/29 vbc +/125¢, BMA +4ov N + FOR S/ € /29 vDC SUPPLY.
258voC #258V-EMA t4ov ouT
KR RELAYING TRANSMITTER / *t ';Ojc?-;&HVIDCR-;;’P;‘: USE
30C19/H0 ISTOR UNIT
. T COMNECTION
RECEXTQRNAL s REF OwWG 2238497
TERM/INAL - CONMECTION
/0 GROUND O For surPsRvISoRY CONTROL
N
/2. COANIAL CABLE PREFERENCE CONTACTS.
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15 CARRIER START (POSITIVE)
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Fig. 3- Relaying Control Circuits — HZ/HZM (Dwg. 1-329C704)
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l.L. 414940.1H

8+ )
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258 voc + /000, EMA O voLrs /9. K
x - NOTES
IN T4
R RELAYING oINPT ER/ H FOR "R" USE OMMITE VITREOUS ENAMELED
RECV. EXTERNAL CONNECTIONS DIVIDOHM ADJUSTABLE 4K OR 20K 25 W
TERMIMNAL-COUMECTION RESISTOR, COMNECT £ ADJUST FOR VALUES
SHoOWAN
/1. GROUND
/2. COAXIAL CABLE A TrYpE IN305I
/34 SUPERV/SORY PREFEREINE CONTACT
14 CAPRIER STOP B- RETURA + FOR SI1& 129 vDC SUPPLY
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Fig. 5. Relaying Control Circuits —=GCX/GCY (Dwg. 2-329C704)
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1.L. 41947.0H

gADJUST FOR U2
MA AT JI
: \ JACK-JI— [~ =17 KR
At RO
R2 / | 20
P>——NEG. DC.

TO (SURV.CONTROL
EQUIPMENT

7 }
|

POS. |>5

POS.  lyg POS.DC (48 OR 125 )
L

SEE NOTE l’m

R3
ELCO TERMS
NOTES. J2
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROL 2 3 a4
WITHOUT RELAYING. —_ = =
5 6 7 8
N I I

2.POLARITY SHOWN CLOSES CONTACT BETWEEN
TERMINALS 48 6,

AS VIEWED FROM REAR OF PANEL 629A552
—{N
= <
3 3 T
Ll F‘-{ L— 2 a a‘l —|q3
[_ S wiDe x4 DEEP-TWO SLOTS
h
westinghouse
> _6; K—"g
[12]
18 -g- MTG. CENTERS
19 S 292B99]

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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TYPE KR CARRIER SET

CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERVISORY CONTROL APPLICATION

(CHANGES FROM JUMPERS SHOWN ON |NTERNAL SCHEMATIC, F16.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 18
USED AS SHOWM ON APPLICATION DRAWING 329C704

FOR HZ/HIM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

0.15 a.. STANDBY
[o.z a. TRANSMITTING

ouT &> 4
IN O—[Z5}— {35 }—25 1 J2sT

R R2 R3 R4 lL'AMR
COM.O—28 {25 {25} —{25 }—

R8 R7 RG Ry

POWER CONSUMPTLONS-"303 WATTS AT 258 V.
390°WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE WiLL “BE_APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDITTON WHEN BATTERY VOLTAGE 1S
280 VOLTS.

125-VOLT HZ/HIM OPERATION
JUMPER TP-Z AND._TP-8 IS REMOVED.

48 VOLT OPERATION

ON/PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TP5 AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TPY

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R64
AND DIODE CR8 IS REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CONTROL,
R59 IS CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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TYPE KR CARRIER SET I.L. 41-9

C)O

L 4
TRANSMITTER OUTPUT FILTER FL-3 COV@S
COIL PARALLEL
LINE FREQUENCY RANGE colL ‘Q CAPACITOR CONNECTIONS A
1 27.7 KHZ-30.0 KHZ L1 6-8-9-10-11
2 29.8 KHZ-33.1 KHZ L-1 6-8-10-11
3 31.8 KHZ-36.0 KHZ L1 6—-8-9-11
4 35.4 KHZ-39.0 KHZ L-1 6-8-11
5 38.0 KHZ—-41.0 KHZ L1 6—-8-9-10-11
6 40.3 KHZ—45.0 KHZ L-1 6—-8-10-11
7 43.0 KHZ—-49.0 KHZ L-1 6-8-9-11
8 47.7 KHZ-56.0 KHZ L-1 6-8-11
9 49.5 KHZ-58.5 KHZ L-1 K (1-2) (3-6) 6-8-9-10
10 57.0 KHZ-72.3 KHZ L-1 (1-2) (3-6) 6-8-10
1" 67.0 KHZ-76.0 KHZ (1-4) (6-7) 6-8-9-11
12 75.0 KHZ-88.0 KHZ (1-4) (6-7) 6-8-11
13 77.5 KHZ-93.0 KHZ (1-4) (6-7) 6-8-9-10
14 89.3 KHZ-114.5 KHZ — (1-4) (6-7) 6-8-10
15 102.7 KHZ-147.0KHZ L-2 (1-4) (6-7) 6-8-9
16 136.6 KHZ—210.0 KHZ -2 (1-4) (6-7) 6-8
L 4

A =CONNECTION FR@ IS MADE BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

®® Fig. 9. Connections - Output Filter (Dwg. 149A420)
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s Fig. 10. Transmitter Output Filter Selectivity (Dwg. 377996)
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Fig. 12. Receiver Selectivity (Curve #377993)
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20
: 3 plen
et 7 %
% ] ? //
Q 19 20 21

F (kHZ)

Eachusection of FL.-2 requirement with typical selectivity
curved, Insertion loss 26 DB max. including matching
fesistor.

FOR BOTH CURVES

DB = 20 log %

Z
o—3%
N

RF FILTER [TEST CIRCUIT

Y
10 K . > /‘
/
N 7 3 2

UMY

E—~
A A ..

+
P =

-6 -4 -2 F +2
FREQUENCY (KHZ)

FL-1 requirement with typical selectivity curve at 120
KHZ. [Insertion loss 22 DB max. including matching
resistor.

* Fig. 13. Receiver Filter Limits (Curve #377995)
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[— . R J

Coaxial Lead...756D346 G02 @

HITE,

r

J
S A ! ;
0] @56D346 GO03

-
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l\
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AT

Main Harness... 756D346 G04

Fig. 15. Test Harness — (Complete Set)
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Westinghouse 1.L. 41-941 1H

INSTALLATION OPERATION

INSTRUCTION

MAINTENANCE

S

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

F‘]exitest1 Case Mounted —with provision for rear-mounter Voi¢e Adapter

Accessories.
KR Reserve Signal Detector
250 Volt Resistor Unit

Test Hamess (Complete Set)
Coaxial Lead
Output Lead
Main Hamess
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INTRODU\@
n

The Type KR Relayin itter-Receiver is
designed for Distance , Telemetering,
Supervisory Control and tection. Facilities
are provided for a pl e voice adapter. The
basic design is for from 125-volt station
paratus may also be oper-
250-volt station batteries by
1 connections. These various
as most of the adjustments are
although they can be changed in

esigned primarily for operation with
e protective relays, this apparatus may
a be ‘eoordinated with other types of directional-

e relays and with most other contact keyed

CIFICATIONS

................................ 1.0 watt witha 125 V.D.C.

supply. 0.5 watt with a
48-volt d-c supply.

................................. At least 46-db below funda-

mental.

Matches one 6C3-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

See Fig. 10

From - 20°C to +55°C with si-
multaneous voltage variations
from 105 to 140 VDC, the fre-
quency remains within *20Hz.

N



TYPE KR CARRIER SET
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Permissible Battery Voltage RiDDIE iviiiiiiiiiieiiiiiitetetrieriereinneeeieseeensnanens 7-Y2%

Ambient Temperature RANEE .....uueiieeiireneniieiiiiiiiteiiienetessssisesssssessssssnnsens ~20°C to + 55°C.

Receiver Maximum Sensitivity ..ocovvieiiiiieiiiiiiieiiinnnnnnnnn. etteateeenantecsnnsaasanns .025 volts for 10 ma.
output,

RecCeiver SeleCtivity cviieiiiiiiiiiiiiiiiiiiiiiiiiiiieiitiietnserennsereasseesnsessnniocssnnne See Eig. (12

Receiver Signal-to-Noise Ratio Requirements ......c.ceeeieeieeiienienenoiesansnennnnes 12-db

Minimum Channel SPaCiNg «ivveeeiieiiereterierreeeereeeereeesosssoseeresesnnsnsmassssssssssans See Fig. 14

D S0} =) g 80 o1 N 11&ma“at 48 VDC, 200-ma
at 125'VDC, 1.28 amperes
at“250 VvDC.

(0F:199 1= 0) s TI0) § g 14172 Vo V- PR Requires one pair of con-

Weight (With Flexitest Case) cuvveviiiiiiiiiiiiiiiiiiiiiineennenns

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

DESCRIPTION

Mechanical

This apparatus is supplied in a FlexXitest case
and may be either flush or projection amounted in

order to match other switchboard equipment. The out-
line dimensions and also thefdrilling plan for flush
and projection mounting are shewn 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 outptit plugs from the red and
black jacks.

2. Disconnecty the“receiver input coaxial cable
connector.

3. Loosen the'fwo 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. Rull board down to disengage the terminals
and Tift out.

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

Fig. 6. shows the location of major components

tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 VDC.

..... ooe M. heeee....... Approximately 16-lbs.

such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal teminals.

Provisions are made for plugging the Voice
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of theset
accommodates the adapter plug. A buckle type strap
on each side of the adapter holds the unit inplace
after it has been plugged in. The nomal projection
for a rear mounted Voice Adapter is 3-inches be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied with the adapter, a patch
cord is available on separate order. This patch cord
plugs into the telephone jacks on the adapter andpro-
vides an extensionto a conveniently located terminal
board.

The panel cutout information necessary for mount-
ing the Reserve Signal Detector is shown by Fig. 11.
This unit consists of a potentiometer and pushbutton
switch mounted on a small panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis-
tors are required, as shown in Fig. 8.

Electrical

Transmitter

The transmitter is made of four main stages in -

3
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cluding an oscillator, driver, power amplifier, and an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector of one
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of 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
provides about +40 volts for blocking. This is ap-
plied to Q-10 through T-6. Diode CR-5 prevents dam-
age to the transistor whenthis positive voltage is ap-
plied to 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
@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 impedenee
constant to permit proper tuning of the output filter.

The output filter consists of coils L-dsand\L+2,
capacitors C-19 through C-22. The filter is tunable,
and is provided to attenuate harmoni@s andsother
spurious outputs. It should be noted that9the filter
contains no shunt elements, resultingdin a reverse
impedance free of ‘‘across the line**respnances.

Receiver

The receiver is “@, superheterodyne in order to
obtain constant selectivity,regardless of the channel
frequency. (SeedFig.£12) The major stages include
an input filter, “attenuator, oscillator, mixer, IF
filters, IFF amplifiersy detector and a D-C power
output stage.

The régeiver sensitivity is adjusted by means of
the continuously variable input control R-1 and by

conneetingyor 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-kHz abave 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 sin€€ both the filter
and the crystal are plug-in components.

Mixing is accomplished by feeding the incoming
signal to the emitter and the recéiver oscillator signal
to the base of the mixeffQ-I.yMixer oscillator re-
quirements are met threugh adjustment of potentio-
meter R-4. Injection into twegSeparate elements, base
and emitter, provides a“eircuit capable of handling
greater signal level“wariations than one in which in-
jection is madg¢ inte,only a single element such as
the base.

This receiver, uses an IF frequency of 20-kHz.
The overalhselectivity is determined primarily by the
IF filter Fh-2. Typical characteristics of this filter
arefshowngin Fig. 13. The IF amplifier consists of
transistors 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 power to drive the D-C power
output stage Q-7. The final output stage Q-7 will
supply approximately 18 milliamperes to a standard
1700 ohms distance relay RRH coil and its associa-
ted 500 ohm alarm coil. It may also be used to drive
other relay coils such as is shown by Fig. 7, Super-
visory 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 stopped "in several ways. The
method used with K-DAR relays is to remove the
positive voltage applied to terminal 15. In the case
of distance relaying with Westinghouse HZ/HZM
relays, application of a positive voltage to terminal
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18 will stop the transmitter output. Output may also
be stopped by removal of negative battery from
terminal 18.

Reserve Signal Detector

The Reserve Signal Detector is shown by Fig. 11.
Effectively R-1 is a remote transmitter output control.
This control is obtained through varying the driver
Stage (Q-10) emitter bias, and is effective over a 25-
db range of transmitter output. The 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 attenuation
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 when full voltage is supplied to terminal
15.

Relaying Control Circuits

Figs. 3, 4 and 5 show simplified diagramsgofythe
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and 5)

The control of the carrier set is obtainedythrough
the CARRIER START and CARRIER_STOP contacts.
These contacts are shown in their nommal standby
condition.

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

The controd, of the'carrier set is such as to start
the transmissgion “of, carfier when fault power on the
transmissioft’ line is flowing out of the line section
being protected. Conversely, when fault power is
flowing into this dine section, the control is such as
to block the transmitter and keep it from being turned
on by secondary functions such as reserve signal de-
tection 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
willsenergize through transistor Q-7 in the receiver.

When carrier start operation occurs, the CARRIER

START contact opens applying a positive, voltage
(see Figs. 4 and 5) to terminal 15 of the camrier set.
This puts a potential on the driver stagejin the trans-
mitter and al'so applies proper bias for the poweram-
plifier.

When a carrier stop gmoperation occurs, the
CARRIER STOP contact clos€s,)\which removes B+
(terminal 15) from the driver and'the power amplifier
stages in the transmittérn, CARRIER STOP, terminal
18, on the carrier set 4is ‘permanently connected to
terminal 14, for K-DAR and'GCY relaying.

2. HZM Relaying (Fig. 3)

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
conditien.

The, HZ-HZM relays operating from the voltage
andycurrent on the transmission line, detect and
determine the direction of a line fault and thereby
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 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 reserve signal de-
tection and communication, should these functions be
in use at the same time. Should carrier now be re-
ceived 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 voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

When a carrier stop operation occurs, the CAR-
RIER STOP contact opens. This applies a positive
voltage (see Fig. 3) 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 amplitude, phase and
frequency as to cause the RRH coil current to
‘‘pulsate’’. It would then be possible to have a false
trip.
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In the case of the KR set for relaying 3-terminal
lines, the transmitter frequencies (to avoid this pos-
sibility of false trip) should be separated by 100
Hz. All receivers and one transmitter would be
at the desired center frequency. One of the other
transmitters would be 100 Hz above, the other 100
Hz below this center frequency.

INSTALLATION

General

Upon receipt of a unit, whether shipped separately
or in an 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
Reserve Signal Detector ............. Fig. 11

Connections
External
The external connections will vary slightly de-

pending on the application, but in general will be as
follows: (Refer to the Schematic Diagram, Fig. 24)

Terminals 11, ciiieiiiiiiiriniennieeeeenennneenns Ground
12 s Coaxial Cable

13 and 19....... Supervisory Preference
Contacts
14......... B- ““CARRIER STOP’’ teturn
)5 N Battery positive through
carrier start contacts
16, cciiiinnnnn. Battery positive for,alarm
cutoff (used_with com-
munication)
1T e ieeiiteeeeeee et ineeceesosdnnnnenans B-
18....... Carrier Stop fer, HZM Relaying
DR TN A ) o O B+
D/ P (. Y SN Relay Coil

CAUTION If the transmitter/output load is removed
while the transmitter is“energized, the transistors in
the power amplifier Wwill 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
coakial cable to ground before changing taps on the
Line Tuner, or matching transformer.

Internal

Neécessary internal connections are generally
madé 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

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

125-Volt K-DAR and GCY Relaying

125-Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GC¥, Relaying

250-Volt HZM Rélaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca-
pacitors of the transmitter output filter are required
depending on the channel frequency. These are tab-
ulated in Fig.9.

Adjustments

This apparatus is generally tuned to and tested

at the specified channel frequency before shipment.
Final adjustments must be made in the field and are
described in the following paragraphs. Fig. 6shows
the locations of the various controls.

Transmitter

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

2. Fig. 9 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.

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



TYPE KR CARRIER SET

LL. 41-941.1H

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-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 rpe-
sistor is approximately 8 volts. (Approximately:
5.5-volts when operating from 48-volf 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, shouldgany, of the oscillator
components be changed (including the transistors and
the crystal) R-4 will require adjustment.

a. Connect an A-C VTVMto jacks J-3 and J-4.
b. Adjust R-4 for 2 043 volt reading on the meter.

2. Thenit is“shipped to have a gain of approxi-

mately 250 mildivolts (to produce 10 ma relay current)
with input “éontrol’ 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, whiclyis connected to the base of Q-4 and the
B+Usupply for the IF. A further 10-db gain or addi-
tienal), 25 millivolt sensitivity can be obtained by
also clipping out resistor R-73, which is connected
to the base of Q-5 and the B+ supply for the IF.
Resistor R-71 and R72 have been selected at the
factory to provide an overall gain of approximately
25 millivolts with R73 and R74 removed.

a. Sensitivity Adjustrent for Noise

If the maximum on-frequency noise levelfis 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 across
terminals 11 and 12. Enefgize,the transmitter and
output control R-42 forpthewsame output as the max-
imum noise. Then adjust@the“receiver input control
R-1to obtain 1-ma oufputycurrent. If it is impossible
to obtain 1-ma outpu® ctirrent with control R-1in the
maximum clockwiseyposition, then clip out resistor
R-74, which is4eonnected to the base of Q-4. If the
gain is stillminsufficient, 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 outputs

b.“Sensitivity Adjustment for Remote Signal

When the maximum on-frequency noise is un-
known and cannot be conveniently measured, the re-
ceiver may be adjusted for the remote signal. First
determine the channel attenuation using a Sierra
voltmeter or some other convenient method. Dis-
connect the coaxial cable and connect a 60-ohm
non-inductive resistor and a VTVM across terminals
11 and 12. Add 15-db to the channel attenuation.
This compensates for average variations such as
channel and voltage variations. For example, if the
channel attenuation is 5-db, 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, ad
just the transmitter output 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 ob-
tain 10-ma output current with control R-1 in the
maximum clockwise position, clip out resistor R-74,
which is connected to the base of Q4. If the gain
is still insufficient, clip out resistor R-73, which is
connected to the base of Q5. 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., the noise may in-
crease due to various reasons such as bad insulators,
which would require adjusting the receiver to be less
sensitive. In the adjustment of part b., the attenua-
tion may increase due to sleet or line switching,
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which would necessitate increasing the sensitivity of
the receiver.

Reserve Signal Detector

Due to different types of operation and supply
voltages, it is not practical to have a calibrated dial
for this unit. However, calibration may be made at
installation by recording transmitter output (either in
db or volts) at various knob settings of the detector
unit. Then, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
increase or decrease in line attenuation may be noted
as the difference between the original setting, and
the setting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 oscillater
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 plus 20
kHz. Figure 9 shows the connections for the“trans®
mitter output filter. It is necessary tognsolder the
existing connections and make the new_conneeétions
per the chart. After completing the preceding, the
tuning procedure as described underp&djustments for
transmitter and receiver should then“b.e followed.

Note also that capacitors €2,_and C9 in the
transmitter and receiver crystal escillator circuits,
respectively, may haveytoybe hanged. For fre-
quencies below 1104kHz, these capacitors are 270
mmf. each. For fregquenéies of 110 kHz and above,
the capacitors are 140dmmf.ach.

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, ofder to establish reference values which will
bé, 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 valu€s are given as
follows. Voltages should be measuted” with VTVM.
Readings may vary as much as +20%:

In the following paragraphs, the transmitter may
be unblocked (transmitting) by“elosing the CARRIER
START circuit in the caseljof HZM relaying, and by
opening the CARRIER{START circuit in the case of
K-DAR and GCY rela¥ying.

1. For D-C pin jackdmeasurements with reference
to B-, refer to Table\ 14

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

3.\.For D-C bleeder measurements with reference
togB=, refer to Table 3.

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

5. For typical RF signal measurements for
transmitter, refer to Table 5.

6. Removal of Printed Circuit Board from
Flexitest Case.

To remove the printed circuit board, unplug J-15
and J-16 located near the output filter. Loosen the
two screws 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 filter and disconnect the coaxial
cable.

8. Receiver Filters

Fig. 13 shows typical receiver selectivity curves
both RF and IF. If the filters are checked in a test
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setup, it is necessary to use an accurate signal gen-
erator or preferably a signal generator and a fre -
aquency counter.

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 Hz-
to 230-kHz, input impedance 7.5 megohms.

d. D-C Vacuum Tube Voltmeter (VTVM)

Volta_ge Range: 0.15to 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-kHz. to 230-kHz:

c. Oscilloscope
d. Ohmmeter
e. Capacitor checker

f. Test hamess (SeedFig.WH)

APPLICATION

1. Receiver Seleetivity (Fig. 12)

This showsf typical curve of the overall selec-
tivity of the receiver under steady state condi-
tions.

2. Transmitter Output Selectivity (Fig.<10)

Typical curves are shown so that approximate
bandwiths for keying purposes can be determined for
any carrier frequencybetween30-kHz and 200-kHz.

3. Minimum Channel Spacing (Figi¥14)

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

For example;, if the interfering transmitter volt-
age is measSured (at'the receiver) and found to be 2.5
volts, thisYwould be 10-db down from 8 volts. This
point can be located on the right hand column of the
graph.yTheny if the receiver sensitivity were set to
operate on 0.8 volts or 20-db, this point would be
locatedon the left hand column. A line could then be
drawn through the two points as shown by the dotted
lines The intersection of this line with the center
line indicates the minimum channel spacing. In this
c¢ase if the interfering signal is being keyed on-off, at
15 pps, the minimum spacing would be 2.5-kHz.

4. Supervisory Control Connections (Fig. 7)

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 1200-ohm
resistor R3 is connected in series with the control
relay coil by removing the jumper across R3, as shown
in Fig. 7. In order to maintain proper mark space
ratio, the relay bias current is adjusted for 9 milli-
amperes as indicated.

The receiver RF filter and the IF filter limits
are shown on Fig. 15. Both filters are of the plug-
in type and the test circuits with pin connections
are shown at the top of each curve. The IF filter is
divided into two separate sections. The selectivity
shown is for each section, and the pin connections
for each section are also shown in the test circuit
sketch.
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TABLE ! C)

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

<@
CONDITION A CONDITION B N C
Tx-Blocked tt Tx-Blocked Tx- ed
Description Jack Rx-No Signal Rx-With Signal oSignal

129 vDC 51 vDC 129 VDC 51vDC 5 C | 51vDC
RF Input J-2 0 0 0.3V 0.3V
DC Q-1 Base J-3 20V 20V 20V 2
DC R, B+ J-4 26V 20V 20V m
DC R, Osc J-5 TV 7V 7 \'
DC Q-5 Base ‘ J-6 20V 20V 20 20V
B— J-7
DC-P1-E J-8 110 V 32V, (10 32V 110 V 32V
DC-Q-7 Base J-9 69 V \% 8V 2.3V 66 V 0.3V
DC Q-7 Emit J-10 0V \" 18 Vv 1.4V 66 V 1.0V
DC'I'xOsc A J-11 (Y% @ v v v mv
B+ ' J-12 129’ 1V 129 v 51V 129 V 51V
DC Q-10 Base J-13 \ 18 V 18 V
DC Q-10 Emit J-14 O 18V 18 Vv
RF ma out J-15 130 ma 130 ma
DC ma RRH
and
AL ARM 18 ma 18 ma

tt Tx = transmitter, ﬁ( = receiver
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TABLE 2 0

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

—»
Condition A Condition B Condition C
Tx-Blocked Tx-Blocked -Unblocked
Rx-No Signal Rx-With Signal -No Signal
Transistor (Volts) (Volts) (Volts)
Et Bt Ct Et Bt Ct Bt Ci
Q-1 20.0 20.0 0.38 20.0 20.0 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 110 110 114 129
51 VDC 32 32 2 32 51
Q-1
129 VDC 70 68 8 80 86
51 VDC 1.0 1 1.4 2.2 7.0
Q-8 2 6.2 8 2 6.2 8 2
Q-9 1.8 7 7.2 1.8 i 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

; C-Collector.

rm F on printed board.

1
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TABLE 3

D-C BLEEDER MEASUREMENTS WITH REFERENCE TO B-

129 VDC 51 vDe
Measurement

At Bt Ct At Bt 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 eV 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, Rx-With Sighal;” 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. 0.07 0.07 0.07
T3-1 to Gnd. 0.07 0.07 0.07
Q4-C to Gnd. 0707 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\toyGnd. 13.0 10.0 8.0
T4=3 toT4-4 4.5 3.5 2.5
J9¢to J10 (DC) 0.74 0.75 0.65

12



I.L. 41-

TABLE 5 O:

TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER

TYPE KR CARRIER SET

CHECK POINT VOLTS @
T5-1 to Gnd. 5.5 %
T5-3 to Gnd. 1.0 \

J13 to Gnd. 0.085 @

Q10-C to Gnd. 6.0

T6-2 to Gnd. Q

Q12-B to Gnd. @
Q15-B to Gnd. 0.8
Q12-C to Gnd. \ 38.0

Q15-C to Gnd. K 38.0

T7-5 to Gnd. @ 9.8

Output to Glg 8.0
Q\< ,

L 4
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TYPE KR CARRIER SET

ELECTRICAL PARTS LIST 0

e FUNCTION DESCRIPTION A TUER'S 1
CAPACITORS
C-1 Rcvr. Bleeder 2.0 pf, +20%, 200 VDC, Paper 3 0@1
tC-2 Rcvr. Osc. Feedback 140/270 puf, +20%, 500 VDC, 0C366H43
Mica 3 66H57
C-3 Rcvr. Osc. Bleeder 0.02 uf, MRC, 600 VDC, 330C569 H47
Bypass Disc
C-5 Q-6 Emitter Bypass 1.0 uf, +20%, 200 VDC Pa 330C567 HO9
C-6 Rcvr. Rectifier Same as C-5
Bypass \
c-1 B— to B+ Bypass 2 uf, +10%, 600 &aper 14C9400 H18
C-8 B— to GND 1.0 pf, C, Paper 14C9400 H17
tCc-9 Xmtr. Osc. Feedback Sa eQ
C-10 Xmtr. Osc. S \3

C-12 Q-10 Emitter Byp'cg pf, +20%, 200 VDC, Paper 330C567 HO5

C-13 Q-10 Bleeder ame as C-12

C-14 PA Base B K Same as C-12

T Note: 140 puf fore QIIO-RHZ and above.
270 pupf freq. below 110-kHz.

a
C-11 Key Filter 6%0%, 200 VDC, Paper 330C567 HO2




TYPE KR CARRIER SET

L. 41

MANUFACTURER’
DESIGNATI

v FUNCTION DESCRIPTION
CAPACITORS (Concluded) *
C-18 PA Bleeder 0.5 puf, * 20%, Paper @7 HO6
C-19 Output Filter Tuning | 500 puf, Variable, Air \0092 HO1
C-20 Output Filter 390 ppuf, +5%, 2500 VDC, Mic 330C561 H15
C-21 Output Filter 680 puf, + 5%, 2500 VDC, Mi 330C561 H21
C-22 Output Filter 1200 ppuf, +5%, 2500 V 330C561 H27
Mica

C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 mfd, 00"vDC 187A177 HO1
C-26 Q-7 Base Bypass .01 mf&;&oo vDC T63A219 H15

-

CR-1 Bridge Rectifier neral Purpose, 1N63 584C433 HO02

CR-2 Bridge Rectifi Same as CR-1

CR-3 Bridge Reb@ Same as CR-1

L 4

CR-4 Bridge Ner Same as CR-1

CR-5 Q—N&tor Same as CR-1
CR-6 @se—Emitter Type 1N457A 184A855 HO7
CR-T7 tage Regulator Type 1N3686 185A212 HO6
R Voltage Regulator Type 1N1369 584C434 HO5
-9 Q-7 Collector Type 1N3811 185A089 HO08
CR-10 Q-10 Emitter Type 1N3028A 188A302 H14
.CR-I 1 Voltage Regulator Type 1N3024B 188A302 H12

1.

15



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

el FUNCTION DESCRIPTION A A TIRER'S
FUSE HOLDERS %
FH-1 | B- For Type 3AGC Fuses 584C27 \
FH-2 B+ Same as FH-1 0%
FUSES Q
F-1 B— 3AGC 3/4 amp. 30C691 H12
F-2 B+ Same as F-1
FILTER\
FL-1 Rcvr. RF Bandpass 30 to 200 kHz\
Freq.to b
specified by
FL-2 | Revr. IF Bandpass ixed Freq * 541D086G01
ONNECTORS
J-1 Printed Circuit ® rinted Circuit Female 54-B-7125 HO3
Plug

J-2 RF Input \ UG-185-U 584C292 HO7
J-3 Terminal Studs 330C592 HO1
J-4 Same as J-3
J-5 Same as J-3
J-6 Same as J-3
J-17 B- Same as J-3

Q-6 Supply Same as J-3




TYPE KR CARRIER SET

l.L. 41-9

ELECTRICAL PARTS LIST

S

S FUNCTION DESCRIPTION MANUF ACTURER'S
&
CONNECTORS (Concluded)
J-9 Q7 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 Banan 328C093 HO1
J-16 Output Filter GND Be&&BIack 328C093 HO2
P-1 Printed Circuit @ ircuit Male 54-B-7126 HO3
INDUCTORS
L-1 Core and Coil 11 MH Total — 6 MH 329C450
Assembly Tap (Part of FL-3)
L-2 Core an@ K() 2.5 MH (Part of FL-3) 329C449
Asse
L-3 RF‘&& 1.0 MH, 300 ma R-300
L-4 F@e Same as L-3
TRANSISTORS
Rcvr. Mixer ‘Type 2N525 184A638H13
Rcvr. Gsc. Tyne 2N414 184A638H14

17



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S
FUNCTION D P
SYMBOL ESCRIPTION DESIGNATION
TRANSISTORS (Concluded) %
Q-3 Rcvr. Osc. Same as Q-2 \
Q-4 Rcvr. IF Same as Q-1 @
Q-5 Revr. IF Same as Q-1 0
Q-6 Revr. IF Type 2N657 Qmsasms
Q-7 Rcvr. Output Type 2N698 762A585H02
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 4 184A638H07
Ty 7 184A638H15
Q-15 Xmtr. PA Sa Q-12
SISTORS
R-1 Rec. Input , ¥20%, 1/4 W, Pot. 584C276 H23
L 4

R-2 Filter Matching 10 K, +10%, 1/2 W 330C595 H37
R-3 Filter Load \ Same as R-2
R-4 Rcvr. Osc. O 1K, +20%, 1/4 W, Pot. 584C276 H19
R-5 Rcyvr. g 6.2 K, +5%, 1 W 330C666 HE8

D\
R-6 @ctor L2K, +5% 1/2 W 3300664 H51
R-8 Rc Voltage 15K +1%, 3w T63A126H08

Divider

4

R Rcvr. Voltage Same as R-8

Civider




TYPE KR CARRIER SET

l.L. 41-9

ELECTRICAL PARTS LIST

ol FUNCTION DESCRIPTION A ACTURER'S
—®
RESISTORS (Continued)
R-10 Q-2 Base Same as R-2 \@
R-11 Q-2 Base 100 K, +5%, 1/2 W % HO5
R-12 Q-3 Collector Same as R-6 Q
R-13 Q-3 Emitter 390 Ohms, 5%, 1/2 W 30C664 H39
R-14 Q-3 Base Same as R-2
R-15 Q-3 Base Same as R-11
R-16 Rcvr. Osc. Bleeder 2.2K, *10 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, *10%, 330C597 H40
R-18 Rcvr. Osc. 9.1 o, ¥/2 W 330C664 HT2
R-19 Q-4 Bias ohms, + 5%, 1/2 W 330C664 H25
R-20 Q-4 Bias me as R-2
R-21 Q-5 Bias 0 Ohms, + 5%, 1/2W 330C664 H29
R-22 Q-5 Bias Same as R-2
L 4
R-23 Q-6 Bias \ 330 Ohms, *+ 5%, 1/2 W 330C664 H37
R-24 Q-6 Bia\& Same as R-2
R-25 Q-6 itte Same as R-19
R-26 @e Same as R-6
R- 1as 20 Ohms, +5%, 1/2 W 330C664 HO8
R- tr. Osc. Bleeder Same as R-18
R-29 Xmtr. Osc. Bleeder Same as R-17
R-33 Xmtr. Osc. Bleeder Same as R-16

O
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TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

CIRCUIT FUNCTION DESCRIPTION MANUFACTURER’S ‘
SYMBOL 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 Q

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%, \ 330C668 H86
Divider

R-40 Buffer Voltage -39
Divider

R-41 Buffer Voltage R-2
Divider

R-42 Xmtr. Osc. Output 'S as R-4

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

R-44 Q-10 Bias 33K, + 5%, 1/2 W 330C664 H85

R-45 Buffer Volta O 15K, + 10%, 1 W 330C596 H39
Divider @

R-47 6.8 K, *5%, 1/2 W 330C664 H69

R-48 15 K, +5%, 1/2 W 330C664 HT7
Divider

R-4 PA’Bias 27T K, 5%, 2 W 330C668 H83

C)O

L 4



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

el FUNCTION DESCRIPTION MAg'gsFlé,S}%FgENR'S
RESISTORS (Concluded) %
R-50 Xmtr. PA Same as R-19 \
R-52 Q-12 Emitter 10 Ohms, *+ 5%, 1/2 W C664 HO1
R-55 Q-15 Emitter Same as R-52
R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 330C595 HO9
R-60 Recvr. Bleeder 1K, 5%, 25 W % 584C416 H62
R-61 Recvr. Bleeder 600 Ohms, * % 584C416 H57
R-62 Recvr. Bleeder 350 , , 20 W 584C416 H52
R-64 Xmtr. Bleeder 120%&,_5%. 25 W 584C416 H64
R-66 T-7 Load 6 S, *5%, 2 W 330C668 H43
R-67 Xmtr. Blocking 10 ms, + 5%, 2 W 330C668 HO1
R-68 Xmtr. Blocking 10 K, +10%, 10 W 330C577 HO1
R-69 Q-10 Emitter Same as R-19
R-T0 FL2 Degmp@ 470 Ohms, *10%, 1/2 W 330C595 H21
R-T1 Q-4 ‘Eme Determined in test
R-72 Q-5 e Determined in test
R-T73 Q a 220 Ohms, +10%, 1/2 W 187A641H11
ase 1K, 5%, 1/2 W 184AT63H27
-4 Collector 22 K, +10%, 1/2 W 330C595 H41
Q-5 Collector Same as R-75

21



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

g;l;(élélLT FUNCTION DESCRIPTION MAgéJ;éﬁlg:?oENR's

TRANSFORMERS

T-1 Rcvr. Input Impedance Ratio 10 K; * 714B67’7G01\®
10K

T-2 Revr. Osc. Impedance Ratio 10 K: * 205C04 w
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 2 Q
300 ohms

T-4 IF Output Impedance Ratio 4 K: 62693, L.-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance Rati : * 714B666G01
400 ohms CT

T-7 Xmtr. Output Impedance Ra 30: S#1962694, 1.-633000
60

OINTS

TP-1 R-5 %l studs 330C592 HO2

TP-2 R-8 r'S Qme as TP-1

TP-3 R-17 Same as TP-1

TP-4 R-18 Same as TP-1

TP-5 R-28 O Same as TP-1

TP-6 39 - Same as TP-1

TP-7 4\ Same as TP-1

TP-8 Same as TP-1

TP-9 R-47 Same as TP-1




TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

CIRCUIT
SYMBOL FUNCTION DESCRIPTION
SOCKETS
X-1 FL-1 Octal
X-2 FL-2 Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal
XY-2 Xmtr. Y-2 Same
Y-1 Rcvr. Osc. Channel Freq.
20-kHz.
Y-2 Xmtr. Osc. Specify Freq. Same as
Channel Frequency
RESERVE SIGNAL DETECTOR
(S#470D167G02)
200 K, 2 W, Pot.
2000 ohms, 2°’ tube.
SPST Normally Open

0C689 HO1

584C606 HO1

328C083

328C083

184A086H27

1267296

327C854 HO1

23
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TYPE KR CARRIER SET

il —d o .

B+l co M 4
ALARM
23 Corors AL CARRIER
CARRIER ’»PB 4
rest §
————1
RX-/
CARRIER
SwITCH
SA
¢ P SN 0 AP W NI V- © S com
Y
| <
;X
115 /s1v %) (ol 7 e = I
6004 (/29V { |PU_S.:¢_7'O TALXK < _7/
12500/ 258y | O_L_l—g—— .| COAXIAL
! ; CABLE TO
| _ VO/CE ADAPTER LINE TUNER
| OCTAL SOCKET f
! |
| @0 RF GROUNDING
w/svo || £ | SWITCH
ax/129v kR AR Y KR REF DWG 549 D780 | } PROTECTOR UNIT
10K/ 258v B 77 B Pily xR ;
25¢ /st v < #csp
1K1129V l cso ] l/”
Ik lesgv Je
@ TesG |
co
B- EI - — - _\
“E MOTES
REQUIREMENTS FoR HIM RELAYING
SuUPPLY CARR/ER CARRIER
VOLTAGE START STop STRAP
Slvoec +SIv,IMA +28vV IN
/29 voC +125Y 8MA +4ov 1% + FOR 5/ € /29 vDC SUPPLY.
258vocC +258v.8MA +tqov ouT
KR RELAVING TRANSMITTER / i d FOR 258 VDCR.SUPF'LY USE
330C191HO! ES)sToR UAIT
PECY EXTERMNAL COMNECTIO
A CTIN'S REF DwG 2238497
T ERMINALETCO MNECTION,
1 GROUND O rFor surPsEpvISoRY CONTROL
/7 COANIAL CABLE PREFERENCE CONTACTS.
13, SUPERVISORY PREFERENCE CONTACT
/4. CARRIER STOP B- RETURN
15 CARRIER START (POSITIVE)
/6 ALARM CUTOFF FOR. LOMMUNICATIONS
7 8 MINUS
/8 CARRIER STOP (HZ /HZM)
9 B8 PLUS
20 RE LAY COIL

Fig. 3— Relaying Control Circuits — HZ/HZM (Dwg. 1-329C704)
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Fig. 4-Relaying Control Circuits—K-Dar (Dwg. 3-329C704)



TYPE KR CARRIER SET

l.L. 41-94 10 H

8+ .
+ ALARM RA RA CARR/ER
DR* l CUTOFF T ALARKG.
"IN I
! R ) RCVRy RELAY COIL
1
{
+
MA
A;/? o Comm
o
CARRIER. (AN GE S S A A
START —P QUi cvR '
| ourPuT | RF GROUND
" | TRANSISTOR ' \ SWITCH
> LY .
X | gp l gi COAXiAL
A WS #SC VoIcE ADAPTER ! Ases
NRY | (OCTAL SOCKED) “ S L/LOE
sc = ?{l \ N TUNER
U o I \l
S Sle,
Jé [ Rpmend 1 = ¥
BCA ) -
CKPG P h
[ 7 |
| KR CAPRIER ASSY |
-
| 4,? A/’4 //(;z REF PWG S40D 780 : | ,

REQUIREMENTS FOR GCx/GCY, RELAYING

SUPPLY VOLTAGE CARRIER START) CARRIER SToP R
S/ voc + 37V . 0714 O voLrs 2K
/29 vOC + loov> EMA 0 VoLTs 3.75K
258 voc #/00VHAEMA O voLrs /9. K

KR RELAYINGTRAMSMITTER /
RECV. EXTERKMAL JCONNECTIONS
TERMIMALE CONYNECTION

/. GROUND
124 COAXIAL CABLE
/8. SUPERV/SORY PREFEREIMCE CONTACT
14 CARRIER STOP B- RETURA
1S CARRIER START (PoSITIVE)
/6. ALARM CUTOFF FOR COMMUNICATIONS
/7. B MIMUS
/8. CARRIER STOP (HZ/HZM)
/9. 8 PLUS
206 RELAY COrIL

MOTES
K FOR 'R" USE OHMITE VITREOUS ENAMELED
OIVIDOWM ADJUSTABLE 4K OR 20K 25 W

RESISTOR., COMNECT € ADJUST FOR VALUES
SHow M

A TrrE N30SI

+ FOR S/1& 129 VvDC SUPPLY

1+ FOR 258V DC SUPPLY USE
330CI9/HOI RESISTOR UMNIT
REF DWG 2238497

O FoR sUPERVISORY CONTROL
PREFERENCE CONTACTS

Fig. 5. Relaying Control Circuits ~GCX/GCY (Dwg. 2-329C704)
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TYPE KR CARRIER SET

telo. 41-94T01H

ngJusr FOR i
MA AT JI
' JACK-Jl =5 KR
1 7 g,l > .
] 1
RI R2 | | 20
3. 3K 100K o 4o >2 F———NEG.QQ
b
| b
: g'4 !
KI @ lpe | | TOlSUPVIGONTROL
| i | EQUIPMENT
! b
D SN 7
® |
POS. |:5
SEE NOTE |
@ POS 2y g POS. DC (48 OR 125 )
R3 £
EACO TERMS
NOTES: J2
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROL > 3 3
WITHOUT RELAYING. Lz 4
2.POLARITY SHOWN CLOSES CONTACT BETWEEN ? ? { ?

TERMINALS 48 6.,

AS VIEWED FROM REAR OF PANEL

629A552

N

Ll%4 — 2%-—1 W

5 wiDe W2 PEEP-TWO SLOTS

FIG 8

westinghouse

I

m

ua-g-ms. CENTERS

19

2928991

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).

31



TYPE KR CARRIER SET

CONNECTIONS FOR 48-250 VOLT SERVICE AND

SUPERVISORY CONTROL APPLICATION

(CHANGES FROM JUMPERS SHOWN ON |NTERNAL SCHEMATIC, FI1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 1S
USED AS SHOWN ON APPLICATION DRAWING 329C704

FOR HZ/HIZM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

ouT & 4

IN O—[25}— 75} {25} Per=>

coM.O——25} 25 725

NOTE:

0.15 a.. STANDBY
[o.z a. TRANSMITTING

RI R2 R3 R4 lHAMR

R8 R7 R& RS
POWER CONSUMPTIONS- 303 WATTS AT 258 V.
390uWATTS AT 280 V.

KR SUPPLY VOLTAGE WALL BE,APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDLT I'ON WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-VOLT HZ/HIM OPERATION
JUMPER TP<Z AND. TP=8 IS REMOVED.

48 VOLT OPERATION

ON PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TP5 AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TP4

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R6Y
AND DIODE CR8 IS REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CONTROL,
RS9 IS CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)

3.2
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C)O

L 4
TRANSMITTER OUTPUT FILTER FL-3 COV@%S
Col PARALLEL
LINE FREQUENCY RANGE CoIL CONNECTIONS' CAPACITOR CONNECTIONS A
1 27.7 KHZ-30.0 KHZ L1 (158} ( 6-8-9-10-11
2 29.8 KHZ-33.1 KHZ L-1 6-8-10-11
3 31.8 KHZ-36.0 KHZ L1 6) 6—-8-9-11
4 35.4 KHZ-39.0 KHZ L-1 3-6) 6-8-11
5 38.0 KHZ—41.0 KHZ L1 ) (3-6) 6—-8-9-10-1
6 403 KHZ—-45.0 KHZ L1 1-2) (3-6) 6-8-10-11
7 43.0 KHZ-49.0 KHZ L-1 —-2) (3-6) 6-8-9-11
8 47.7 KHZ-56.0 KHZ L1 K (1-2) (3-6) 6-8-11
9 49.5 KHZ-58.5 KHZ L-1 (1-2) (3-6) 6-8-9-10
10 57.0 KHZ-72.3 KHZ L1 (1-2) (3-6) 6-8-10
1" 67.0 KHZ-76.0 KHZ (1-4) (6-7) 6-8-9-11
12 75.0 KHZ-88.0 KHZ 2 (1-4) (6-7) 6-8-11
13 77.5 KHZ-93.0 KHZ L (1-4) (6-7) 6-8-9-10
14 89.3 KHZ-114.5 KHZ 2 (1—-4) (6-7) 6-8-10
15 102.7 KHZ—-147.0 KHZ -2 (1—-4) (6-7) 6-8-9
16 136.6 KHZ—-210.0 KHZ L-2 (1—-4) (6-7) 6-8

- O
A=CONNECTION® IS MADE BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

%,

® . Fig. 9. Connections - Output Filter (Dwg. 149A420)
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Fig. 12. Receiver Selectivity (Curve #377993)
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20

IF FILTER TEST CIRCUIT
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Each%section of FL-2 requirement with typical selectivity
curved, Insertion loss 26 DB max. including matching
resistor.

FOR BOTH CURVES
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FL-1 requirement with typical selectivity curve at 120
KHZ. Insertion loss 22 DB max. including matching
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¥ Fig. 13. Receiver Filter Limits (Curve #377995)
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Coaxial Lead...756D346 G02 @

WHITE

SR S
®56D346 GO03
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Main Harness... 756D346 G04

Fig. 15. Test Harness — (Complete Set)
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Westinghouse 1.L. 41-9414G
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Voiee Adapter

A ies.
ccessories Style
KR Reserve Signal Detector . . . . ... ... ... ... ... 470D167 GO?2
250 Volt Resistor Unit ... ... ... ... 0 400 330C191 HO1
Test Harness (Complete Set) .. ....... .. % W.-... 756D346 GO1
Coaxial Lead .. ... ... ... @Sy ..., ,156D346 G02
Output Lead .. .............n . @ .. 0... 756D346 GO03
Main Harness . . . . v v v v v v v v v v o dn . T 756D346 G04
TABLE OF CONTENTS Adjustments
Transmitter..cccieiiiiiiiiiiiiiiiiiiinnns Page 7
ReCeIVer ciiiiiiiiiiiiiiiiiiiiiiiiiininnnns Page 7
Introduction ......ccceiiiiiiiiiinnnnn, Y AW Rage 2 Reserve Signal Detector.............. Page 8
ificati v 9 250-Volt Resistor Unit....ccceeveneen Page 8
Specifications ..ccvviiiiiiiiiiiiieenenea @ age Frequency Change ....eeeeeeeeeeseenns Page 8
Description MaintenancCe ....civveveereennnnneerenneceeseeeennes Page 9
General...cvveieieeieessonens e e s tlieeeeereanannns Page 3 APPIICALION covvvieiiiiii Page 13
Mechanical ...oovvveiiiiinin oW easteneninennnes Page 3 Electrical Parts LiSt..e e oeeee i, Page 14
Electrical.......covvvueni .
Transmitter ....ooeeiieeeeseneceiennnieeennnns Page 4 LIST OF TABLES
Receiver......, 2D T Page 4
Transmitter Control Circuits.............. Page 5 Table
Reserve.Slg.nal Détector.....ccoevvvvennns ,Page 5 1 D-C Pin Jack Measurements with
CommUunicationSMh..cccieiiiiiiiiiinniennnnnns Page 5
Rel4yingfControl CircuitsS ...oevvveeennese. Page 5 Reference to B-..ccvvieer veiiiiinnenn. Page 10
2 Transistor DC Measurements with
Reference to B-.iiivieiiiiiiinnnniinnes Page 11
. 3 D-C Bleeder Measurements with
Installation
Reference to B-..ccvviiiiiniiinnnnnnnn. Page 12
(€75 1<) = P Page 6 4 Typical RF Signal Measurements
Connections for ReCeiver c.ccivvviiivnninnncencennes Page 12
External.....cccooviiiiiiiiiiiiiiiiii Page 6 5 Typical RF Signal Measurements
Internal ...covviiiiiiiiiiiiiiiiiiiiettineeinanns Page 7 for Transmitter ......cecevvviiieiennnn Page 13
SUPERSEDES I.L. 41-941.1F EFFECTIVE DECEMBER 1970

*Denotes change from superseded issue.
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LIST OF ILLUSTRATIONS

CAUTION The voltages encountered in this equip-

Figure . Flexi References ment are dangerous to life. To be safe, discennect
; Olétlmel_ b ex1tgst Case ..coowvwnnenes 540D753 the power source and close the grounding switéh
5 Ilse(le:;'?ngséoir:i)ll‘z:im;i.t; """""""" 540D780 when servicing the equipment.

I rc

(HZ/HZM) +tteveiiiiiiniinniniieenns 1-329C704
4 Relaying Control Circuits

(K-DAT) terereeennesinnncinncsinnecnnnes 3-329C1704 INTRODUCTION
5 Relaying Control Circuits . . . .

(GCX/GCY) 2-329C704 The Type KR Relaying Transmitter-Receiver is
6 Component Location 540D781 designed for Distance Relayingy Telemetering,
7 Supervisory Control Receiver Supervisory Control and Sleet|Detection. Facilities

Connéction 293B498 are provided for a plug=in type voice adapter. The
8 Connections 48—250volts """""""" basic design is for operation’ from 125-volt station

and Sup’ervisory Control 407C971 batteries. However, the apparatus may also be oper-
9 Transmitter Output Filter ated from 48-volt orp250-volt station batteries by

Connections 149A420 means of variou$ internal connections. These various
10 Transmitter OutputF‘llter """""""" connectiong,as ‘well as most of the adjustments are

Selectivity C377996 made at the“factory,Falthough they can be changed in
11 Reserve Signal Detector — Outline and the figidy

Schematic ..iviiiiiiiiiiinneiennnnenns 329C703 Although designed primarily for operation with
12 Receiver Selectivity C377993 Westinghouse protective relays, this apparatus may

""""""""""" alse \be coordinated with other types of directional-
13 Receiver Filter Limits ..cvvveveevennnnnns C377995 distance relays and with most other contact keyed
14 Minimum, Channel Spacing .............. C377998 devices.
15 Test Harness .. ........ccceeevevunirennnnns 156D346
SPECIFICATIONS

Frequency RanNge...cviiiieierieierinnisernnnesd®eeistinfesesseseenseeetsnsossssssscssssssessns 30-kHz to 200kHz

Channel Attenuation Rating ........ 2. ae s Qe ool ereternarasnntcstanensnnsessesassesansones 40-db

Transmitter Power Output .vveeveieemdaeeeennn R+ ¢+ corceteetteettteatntteetcostsetessssssnsas 1.0 watt with a 125 V.D.C. *
supply. 0.5 watt with a
48-volt d-c supply.

Transmitter Harmonic Oubplt o . oiiii ittt iiiieiiieeieetttterreeesaseeessssssseenssnans At least 46-db below funda-
mental.

Transmitter OUtPUt IMPEAaMC . iuiiiiiiiiitttttttttetteeeeeereeeesecsensssssssesssssssssnnns Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter Output Filter Selectivity ccviiiiiiiiiiiiiiiiiiiiiiiiiirieseinnttascseensnessnns See Fig. 10

Transmitter and Receiver Oscillator and Frequency Stability ......ccceeeveeeeeenes From - 20°C to +55°C with si-

multaneous voltage variations
from 105 to 140 VDC, the fre-
quency remains with 0.01%.

*
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Permissible Battery Voltage RiDDI€ vivveieviiriiinereneennennss

Ambient- Temperature RanNge ...cvvvvvirrrrreereeeeeeeceeeeeeannnns

............................ %%
............................ -20°C to + 55°C.

Receiver Maximum Sensitivity «..vevvviiiiiiiiiiiiiiiiiiieiinenne. R N .025 volts for 10 ma.

Receiver Selectivity civiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnne.
Receiver Signal-to-Noise Ratio Requirements ...............
Minimum Channel SpacCing ....c.ovvieeieiiiieieneeiiinereeennnnnes

POWEr INDUL tiiiiiiiiiiiiiiiiiiiiiietiniieeeettessesrssnnsseasssaans

Carrier ON-Off KEYINE vuveurtiertete tenn ettt ceanncennne eeseseonesesseessseeeserensnsessial

output.

............................ See Fig. A2
............................ 12-db
............................ See Fig. 14
............................ 196-mayat 48 VDC, 200-ma

at 125 VDC, 1.28 amperes
aty250 VDC.

Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 VDC.

Weight (With Flexitest Case) cccveiviiiiiiiiiiniiiinnnnnneennnnnnnnd .. N Approximately 16-1bs.

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

DESCRIPTION

Mechanical

This apparatus is supplied in @ Flexitest case
and may be either flush or préjectien mounted in

order to match other switchboard equipment. The out-
line dimensions and also thepdrilling plan for flush
and projection mounting areshown“by Fig. 1. The
majority of the parts are mountgd'on a printed circuit
board. This board may be readily removed asfollows:

1. Remove the tw@ output plugs from the red and
black jacks.

2. Disconnecty theWreceiver input coaxial cable
connector.

3. Loosen theywo 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
andlift out.

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

Fig. 6. shows the location of major components

such as potentiometers, jack, test points, crystals,
transistors, etc. Extermal connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal teminals.

Provisions are made for plugging the Voice
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of theset
accommodates the adapter plug. A buckle type strap
on each side of the adapter holds the unit in place
after it has been plugged in. The nomal projection
for a rear mounted Voice Adapter is 3-inches be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied with the adapter, a patch
cord is available on separate order. This patch cord
plugs into the telephone jacks on the adapter andpro-
vides an extensionto a conveniently located terminal
board.

The panel cutout information necessary for mount-
ing the Reserve Signal Detector is shown by Fig. 11.
This unit consists of a potentiometer and pushbutton
switch mounted on a small panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis-
tors are required, as shown in Fig. 8.

Electrical
Transmitter

The transmitter is made of four main stages in -

3
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cluding an oscillator, driver, power amplifier, and an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector of one
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of 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 controll ed
by potentiometer, R-42 which also controls the trans-
mitter power output. In HZM relaying CARRIER STOP
provides about +40 volts for blocking. This is ap-
plied to @ 10 through T-6. Diode CR-5 prevents dam-
age to the transistor whenthis positive voltage is ap-
plied to 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
@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 coaxiad
cables of 50 to 70 ohms.

Resistor R-66 tends to keep the source impedenee
constant to permit proper tuning of the outputfilter.

The output filter consists of coils L-4#and k<2,
capacitors C-19 through C-22. The filter is tunable,
and is provided to attenuate harmonies, 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’'*tesenances.

Receiver

The receiver is “aysuperheterodyne in order to
obtain constant selectivityyregardless of the channel
frequency. (SeedFig.£12) The major stages include
an input filter, “attenuator, oscillator, mixer, IF
filters, IF amplifiersy detector and a D-C power
output stage.

The réeeiver sensitivity is adjusted by means of
the continuously variable input control R-l and by

conneetingyor disconnecting resistors R-73 and R-74
in the)lF stages.

The receiver oscillator (Q-2 and Q-3) is basic-

ally the same as the transmitter oscillator. The
frequency is 20-kHz 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 sin€€ both the filter
and the crystal are plug-in components.

Mixing is accomplished b¥feeding the incoming
signal to the emitter and the recéiver oscillator signal
to the base of the mixerfQ-1.sMixer oscillator re-
quirements are met threugh ‘adjustment of potentio-
meter R-4. Injection into twegSeparate elements, base
and emitter, provides a“eircuit capable of handling
greater signal level wariations than one in which in-
jection is madg inte,only a single element such as
the base.

This receiven, uses an IF frequency of 20-kHz.
The overalliselectivityis determined primarily by the
IF filter Fh-2. Typical characteristics of this filter
arefshowngin Fig. 13. The IF amplifier consists of
transistors 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 power to drive the D-C power
output stage Q7. The final output stage Q-7 will
supply approximately 18 milliamperes to a standard
1700 ohms distance relay RRH coil and its associa-
ted 500 ohm alarm coil. It may also be used to drive
other relay coils such as is shown by Fig. 7, Super-
visory 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 stopped "in several ways. The
method used with K-DAR relays is to remove the
positive voltage applied to terminal 15. In the case
of distance relaying with Westinghouse HZ/HZM
relays, application of a positive voltage to terminal
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18 will stop the transmitter output. Output may also
be stopped by removal of negative battery from
terminal 18.

Reserve Signal Detector

The Reserve Signal Detector is shown by Fig. 11i.
Effectively R-1 is a remote transmitter output control.
This control is obtained through varying the driver
Stage (Q-10) emitter bias, and is effective over a 25-
db range of transmitter output. The detector is
switched into service by S 1. By adjusting R-1for a
given receiver relay current at the far end of the
channel, a relative measure of the channel attenuation
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 when full voltage is supplied to terminal
15.

Relaying Control Circuits

Figs. 3, 4 and 5 show simplified diagrams efathe
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 andy5)

The control of the carrier set is obtainedithrough
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™6f a“line fault and there-
by control the carrier transmitter and receiver.

The controlqef thedcarrier set is such as to start
the transmission ofycarrier when fault power on the
transmission 'ling?is flowing out of the line section
being proteeéted. Canversely, when fault power is
flowing into thi§yline section, the control is such as
to block the transmitter and keep it from being turned
on by secondary functions such as reserve signal de-
tection and communication, should these functions be
ingusegat the same time. Should carrier be received
fromy the’remote station, the hold coil and alarm coil
will®energize through transistor Q-7 in the receiver.

When carrierstart operation occurs, the CARRIER

START contact opens applying a positive\voltage
(see Figs. 4 and 5) to terminal 15 of thgfcarrier set.
This puts a potential on the driver stage'in the trans-
mitter and also applies proper bias for the power am-
plifier.

When a carrier stop _eperation occurs, the
CARRIER STOP contact closes, which removes B+
(terminal 15) from the drivier and4he power amplifier
stages in the transmittery CARRIER STOP, terminal
18, on the carrier set is permanently connected to
terminal 14, for K-DAR and GCY relaying.

2. HZM Relaying (Flig. 3)

The conftrel 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 the voltage
andQcurrent on the transmission line, detect and
determine the direction of a line fault and thereby
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 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 reserve signal de-
tection and communication, should these functions be
in use at the same time. Should carrier now be re-
ceived fromtheremote 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 voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

When a carrier stop operation occurs, the CAR-
RIER STOP contact opens. This applies a positive
voltage (see Fig. 3) 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 amplitude, phase and
frequency as to cause the RRH coil current to
‘““pulsate’’. It would then be possible to have a false
trip.
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In the case of the KR set for relaying 3-terminal
lines, the transmitter frequencies (to avoid this pos-
sibility of false trip) should be separated by 100
Hz. All receivers and one transmitter would be
at the desired center frequency. One of the other
transmitters would be 100 Hz above, the other 100
Hz below this center frequency.

INSTALLATION

General

Upon receipt of a unit, whether shipped separately
or in an 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
Reserve Signal Detector ............. Fig. 11
Connections
External
The external connections will vary slightly de-

pending on the application, but in general will be as
follows: (Refer to the Schematic Diagram, Fig. 2.)

Terminals 11, .iciiiiiiiiiiiiiiiiiieiinneraneanns Ground
12 i Coaxial Cable

13 and 19....... Supervisory PreferenCe
Contacts
14......... B- ‘““CARRIER STOP’’return
19 s Battery positive through
carrier start contacts
16, ciiiinnnns Battery positive for,alarm
cutoff (used with com-
munjication)
) TR e ST B-
18....... Carrier Step for, HZM Relaying
10 i e e B+
20..ccieennnnn. Q.- B.d........ Relay Coil

CAUTION If the transmitteér output load is removed
while the transmitter is%energized, the transistors in
the power amplifier ‘will be permanently damaged. A
dummy load shouldhbe connected to the transmitter
output if‘the coax is disconnected and the transmitter
is to be energized.

When tuning line coupling equipment, short the
coaxial cable to ground before changing tans 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

48-Volt K-DAR, HZM, and GCY)Relaying,
Telemetering, and Supervisory

125-Volt K-DAR and GCY Relaying

125-Volt HZM Relaying, Telemetéring,
and Supervisory

250-Volt K-DAR and GC¥, Relaying

250-Volt HZM Relaying, Felemetering,
and Supervisory

Various combinations of the inductors and ca-
pacitors of the transmitter output filter are required
depending on the channel frequency. These are tab-
ulated in, Fig: 9.

Adjustments

This apparatus is generally tuned to and tested

at the specified channel frequency before shipment.
Final adjustments must be made in the field and are
described in the following paragraphs. Fig. 6shows
the locations of the various controls.

Transmitter

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

2. Fig. 9 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 r esonance.

3. Insert fuses F'-1 and F- 2 to apply power to
the apparatus.
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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-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. (Approximately
5.5-volts when operating from 48-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 anw of‘the oscillator
components be changed (including theyransistors and
the crystal) R-4 will requiretadjustment.

a. Connect an A-C VIT'VM to jacks J-3 and J-4.
b. Adjust R-4 fora 0.3,volt reading on the meter.

2. The unit is'shipped to have a gain of approxi-
mately 2504millivolts (to produce 10 ma relay current)
with input “eentrol R-1 in maximum clockwise posi-
tinn. 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. A further 10-db gain or addi-
tienal )25 millivolt sensitivity can be obtained by
also, clipping out resistor R-73, which is connected
to the base of Q-5 and the B+ supply for the IF.
Resistor R-71 and R72 have been selected at the
factory to provide an overall gain of approximately
25 millivolts with R73 and R74 removed.

a. Sensitivity Adjustment for Noise

If the maximum on-frequency noise leyel i§ 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 across
terminals 11 and 12. Energize the transmitter and
output control R-42 forthe (same output as the max-
imum noise. Then adjust@the pec¢eiver input control
R-1to obtain 1-ma outputycurrent. If it is impossible
to obtain 1-ma output€uprentswith control R-1in the
maximum clockwisepposition, 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 outputs

b. “Sensitivity Adjustment for Remote Signal

When, the maximum on-frequency noise is un-
known and cannot be conveniently measured, the re-
ceiver may be adjusted for the remote signal. First
determine the channel attenuation using a Sierra
voltmeter or some other convenient method. Dis-
connect the coaxial cable and connect a 60-ohm
non-inductive resistor and a VITVM across terminals
11 and 12. Add 15-db to the channel attenuation.
This compensates for average variations such as
channel and voltage variations. For example, if the
channel attenuation is 5-db, 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, ad
just the transmitter output 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 ob-
tain 10-ma output 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 insufficient, 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., the noise may in-
crease due to various reasons such as bad insulators,
which would require adjusting the receiver to be less
sensitive. In the adjustment of part b., the attenua-
tion may increase due to sleet or line switching,



TYPE KR CARRIER SET

which would necessitate increasing the sensitivity of
the receiver.

Reserve Signal Detector

Due to different types of operation and supply
voltages, it is not practical to have a calibrated dial
for this unit. However, calibration may be made at
installation by recording transmitter output (either in
db or volts) at various knob settings of the detector
unit. Then, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
increase or decrease in line attenuation may be noted
as the difference between the original setting, and
the setting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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- 1l4must
be changed to the desired channel frequency plus{20
kHz. Figure 9 shows the connections for #h€ trans-
mitter output filter. It is necessary te,unselder)the
existing connections and make the new“cenneetions
per the chart. After completing the gpreceding, the
tuning procedure as described under’Adjustments for
transmitter and receiver should_ghenybe followed.

Note also that capacitors“€24and C9 in the
transmitter and receiver crystalgqoscillator circuits,
respectively, may have tofbe/ changed. For fre-
quencies below 110fkHz, these capacitors are 270
mmf. each. For frequencies, of 110 kHz and above,
the capacitors are 140 mmf4 each.

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

MAINTENANCE

Voltage values should be recorded after adjust-
mentiin-order to establish reference values which will
be useful when checking the apparatus. The readings

will remain fairly constant over an indefinite peried
unless a failure occurs. However, if transistgrs are
changed, there may be considerable difference in
these readings without the overall performance being
affected.

Typical voltage and current valii€s are given as
follows. Voltages should be measureéd 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, and by
opening the CARRIER"START circuit in the case of
K-DAR and GCY relaying.

1. For D-C [pinfjack measurements with reference
to B-, refer‘topTable 4.

2. “Fortransistor D-C measurements with reference
to By referto Table 2.

3. For D-C bleeder measurements with referencz
teo"B-, refer to Table 3.

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

5. For typical RF signal measurements for
transmitter, refer to Table 5.

6. Removal of Printed Circuit Board from

Flexitest Case.

To remove the printed circuit board, unplug J-15
and J-16 located near the output filter. Loosen the
two screws 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 filter and disconnect the coaxial
cable.

8. Receiver Filters

* Fig. 13 shows typical receiver selectivity curves
both RF and IF. If the filters are checked in a test
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I.L. 41-941 4G

setup, it is necessary to use an accurate signal gen-
erator or preferably a signal generator and a fre -
quency counter.

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 Hz-
to 230-kHz, input impedance 7.5 megohms.

d. D-C Vacuum Tube Voltmeter (VTVM)

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

10. Desirable Test
Maintenance

Equipment for Apparatus

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

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

c. Oscilloscope
d. Ohmmeter
e. Capacitor checker

% f. Test hamess (See Rig. 15)

APPLICATION
* 1. Receiver Selectivity (Fig. 12)
This showsyastypical curve of the overall selec-

tivity of the receiver under steady state condi-
tions.

2. Transmitter Output Selectivity (Fig. 10)

Typical curves are shown so that{approximate
bandwiths for keying purposes can be determigied for
any carrier frequency between 30-kHz and 200-kHz.

* 3. Minimum Channel Spacing (Fig. 14)

This is a graph from, which/minimum channel
spacing can be obtained provided the signal strength
of the interfering transmitterpand the sensitivity set-
ting of the receiver are known. These can be obtained
from calculations or bydmeasurements.

For exampléNif the interfering transmitter volt-
age is measured (at the receiver) and found to be 2.5
volts, thisgWieuldWbe 10-db down from 8 volts. This
point can(beflocated on the right hand column of the
graph. “Bhen,)if the receiver sensitivity were set to
operatejon®0.8 volts or 20-db, this point would be
located,on the left hand column. A line could then be
drawmythrough 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
5 pps, the minimum spacing would be 2.5-kHz.

4. Supervisory Control Connections (Fig. 7)

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 1200-ohm
resistor R3 is connected in series with the control
relay coil by removing the jumper across R3, as shown
in Fig. 7. In order to maintain proper mark space
ratio, the relay bias current is adjusted for 9 milli-
amperes as indicated.

The receiver RF filter and the IF fil{er limits
are shown on Fig. 15. Both filters are of the plug-
in type and the test circuits with pin connections
are shown at the top of each curve. The IF filier is
divided into two separate sections. The selectivity
shown is for each section, and the pin connections
for each section are also shown in the test circuit
sketch.

0
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TABLE 1

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

CONDITION A CONDITION B
Tx-Blocked t1 Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal
129 VDC 51vDC | 129 VDC 51 vDC DC | 51vDC
RF Input J-2 0 0 0.3V 0.
DC Q-1 Base J-3 20V 20V 2V
DC Rx B+ J-4 20V 20V 2V m
DC Rx Osc J-5 TV 7TV (Y
DC Q-5 Base J-6 20V 20V 20V
B— J-7

DC-P1-E J-8 110 V 3 (av 32V 110 V 32V
DC-Q-7 Base J-9 69 V Q 78 v 2.3V 66 V 0.3V
@\o 78 v 1.4V 66 V 1.0 V
DC T, Osc J-11 7VO v Y 7V 7V 7V
B+ J-12 1’ 51V 129 V 51V 129 V 51V
\Q 18 V 18 vV

DC Q-7 Emit J-10 0V

DC Q-10 Base J-13
DC Q-10 Emit J-14 18V 18 v
RF ma out J- 130 ma 130 ma
DC ma RRH \
and
AL ARM 18 ma 18 ma
tt Tx =tr smitter,’Rx = receiver
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l.L. 41-9

TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

C)O

.-
Condition A Condition B ondition C
Tx-Blocked Tx-Blocked ocked
Rx-No Signal Rx-With Signal -No Signal
Transistor (Volts) (Volts) Volts)
Et Bt Ct Et Bt Ct Bt Ct
Q-1 20.0 20.0 0.38 20.0 20.0 4
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 110 110 114 129
51 VDC 32 32 32 51
Q-7
129 VvDC 70 68 18 80 86
51 VDC 1.0 1.4 2.2 7.0
Q-8 6.2 8 2 6.2 8 2 6.2 8 2
L 2
Q-9 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-151% 0.27 0.20 50
t E-Emit asg; C-Collector.

tt With resp

to m F on printed board.

n
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TABLE 3 Q
D-C BLEEDER MEASUREMENTS WITH REFERENCE TO B-
L 4
129 VvDC 51v
Measurement
At Ct
Junction R-61 and R-62 (J-8) 110V 110V 32V
Junction R-61 and R-27 (J-10) 0v 8V . 1.0V
Junction R-27 and R-60 (P1-P) 69V v 0
Junction CR-8 and R-64 (P1-K) 58V 58V 51V
Junction R-48 and R-47 (J-14) - 18V
Junction R-45 and R-47 (TP-9) - 51V
Junction R-45 and R-41 (TP-8) - 51V

tConditions: A — Tx-Blocked, Rx-No Signal; B — Tx-Blocked, R

Rx-No Signal. \

TABLE
TYPICAL RF SIGNAL MEASUR
(Made with 0.1 Vo

FOR RECEIVER
rminal 5 of FL1)

25 MV 0 MV 250 MV
Check Point Sensitivity ensitivity Sensitivity
(Volts) (Volts) (Volts)
S eiver Crystal Out
FL1-5 to Gnd. 0.1 0.1 0.1
T1-1 to Gnd. 0.1 0.1
Q1-E to Gnd. & 0.05 0.05

Q1-C to Gnd. .0 0.07 0.07
T3-1 to Gnd. 0. 0.07 0.07
Q4-C to Gnd. 207 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 toyGnd. 13.0 10.0 8.0
T4- d. 13.0 10.0 8.0
T4-4 4.5 3.5 2.5

to (DC) 0.74 0.75 0.65
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O

TABLE 5 Q
TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER

TYPE KR CARRIER SET

CHECK POINT VOLTS e

T5-1 to Gnd. 5.5

T5-3 to Gnd. 1.0 \t

713 to Gnd. 0.085 @
Q10-C to Gnd. 6.0 Q

T6-2 to Gnd. Q

Q12-B to Gnd.

Q15-B to Gnd. .8
Q12-C to Gnd. 38.0
Q15-C to Gnd. K\ 38.0

T7-5to Gnd.

. Q(b
N
Q)O
N
&

L 4

13
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ELECTRICAL PARTS LIST

C)O

sl FUNCTION DESCRIPTION MANUFACTURER'S N
CAPACITORS
C-1 Rcvr. Bleeder 2.0 puf, +20%, 200 VDC, Paper
tCc-2 Rcvr. Osc. Feedback 140/270 ppuf, +20%, 500 VDC,
Mica
C-3 Rcvr. Osc. Bleeder 0.02 uf, MRC, 600 VDC, 330C569 H4T
Bypass Disc
C-5 Q-6 Emitter Bypass 1.0 uf, +20%, 200 VDC 330C567 HO9
C-6 Rcvr. Rectifier Same as C-5
Bypass \
C-7 B— to B+ Bypass 2 uf, £10%, 600 &Paper 14C9400 H18
C-8 B— to GND 1.0 puf, %@DC, Paper 14C9400 H17
tc-9 Xmtr. Osc. Feedback Sam 2
C-10 Xmtr. Osc. Sae\-
C-11 Key Filter 120%, 200 VDC, Paper 330C567 HO2
C-12 Q-10 Emitter Bypa uf, +20%, 200 VDC, Paper 330C567 HO5
C-13 Q-10 Bleede@ Same as C-12
C-14 PA Base SS Same as C-12
t Note: 140 pupuf fo BQ 110-kHz and above.

270 ppf £

%

freq. below 110-kHz.
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Sl FUNCTION DESCRIPTION MANUF ACTURER S
CAPACITORS (Concluded) .
C-18 PA Bleeder 0.5 uf, + 20%, Paper 3@ HO6
c-19 Output Filter Tuning | 500 yuf, Variable, Air Xagz HO1
C-20 Output Filter 390 pupf, £5%, 2500 VDC, Mica 0C561 H15
c-21 Output Filter 680 puf, +5%, 2500 VDC, 330C561 H21
C-22 Output Filter 1200 ppuf, +5%, 2500 VD 330C561 H27
Mica '
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 mfd, + , 200 VDC 187A177 HO1
C-26 Q-7 Base Bypass .01 mfd, {& vDC 763A219 H15
.
CR-1 Bridge Rectifier eral Purpose, 1N63 584C433 HO2
CR-2 Bridge Rectifier ame as CR-1
CR-3 Bridge Rectifier Same as CR-1
L 4
CR-4 Bridge w Same as CR-1
CR-5 Ql(%r Same as CR-1
CR-6 Q@—Emitter Type 1N457A 184A855 HO7
oltage Regulator Type 1N3686 185A212 HO6
oltage Regulator Type 1N1369 584C434 HO5
Q-7 Collector Type 1N3811 185A089 HO8
CR-10 Q-10 Emitter Type 1N3028A 188A302 H14
C.R-ll Voltage Regulator Type 1N3024B 188A302 H12

15
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ELECTRICAL PARTS LIST

oo FUNCTION DESCRIPTION MANUF ACTURER'S
FUSE HOLDERS %
FH-1 B- For Type 3AGC Fuses 584C2N
FH-2 B+ Same as FH-1 @
RN
F-1 B— 3AGC 3/4 amp. #330C691 H12
F-2 B+ Same as F'-1
FILTERS

FL-1 Rcvr. RF Bandpass 30 to 200 kKV

Freq. to

specified b

c e
FL-2 Rcvr. IF Bandpass Fixed Freq.

\
ONNECTORS
J-1 Printed Circuit . ;ixl::d Circuit Female 54-B-7125 HO3
J-2 RF Input K UG-185-U 584C292 HO7
J-3 Rcvr. Osc & Terminal Studs 330C592 HO1
J-4 Rcvr. - Same as J-3
pp
J-5 Reyr. . Supply Same as J-3
J-6 ase Same as J-3
J-1 B— Same as J-3
Q-6 Supply Same as J-3
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LL. 41

ELECTRICAL PARTS LIST

O

MANU FACTURERQ

T FUNCTION DESCRIPTION o RS
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 328C093 HO1
J-16 Output Filter GND Bana i ck 328C093 HO2
P-1 Printed Circuit Pri ircuit Male 54-B-7126 HO3

INDUCTORS
L-1 Core and Coil 11 MH Total — 6 MH 329C450
Assembly Tap (Part of FL-3)
L-2 Core and goil 2.5 MH (Part of FL-3) 329C449
Assembly\
L-3 RF c&& 1.0 MH, 300 ma R-300
L-4 RF‘@ Same as L-3
@ TRANSISTORS

%\cvr. Mixer “Type 2N525 184A638H13
Q-2 Rcvr. Gsc. Tyne 2N414 184A638H14

&

G

17
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ELECTRICAL PARTS LIST

MANUFACTUR ER'Sov—O

CIRCUIT
FUNCTION
SYMBOL DESCRIPTION DESIGNATION
TRANSISTORS (Concluded)
Q-3 Rcvr. Osc. Same as Q-2 \@
Q-4 Revr. IF Same as Q-1 @
Q-5 Rcvr. IF Same as Q-1
Type 2N498 or 4 8H15
Q-6 Revr. IF Type 2N657 638H15
Q-7 Rcvr. Output Type 2N698 T62A585H02
Q-8 Xmtr. Osc. Same as Q-2
Q-9 Xmtr. Osc. Same as Q-2 \
Q-10 Xmtr. Amp. Same as.Q-1 \
Q12 Xmtr. PA Type 2N498 184A638H07
Typ€2N6 184A638H15
Q-15 Xmtr. PA as Q-12
ESISTORS
R-1 Rec. Input +20%, 1/4 W, Pot. 584C276 H23
L 4
R-2 Filter Matching 10 K, +10%, 1/2 W 330C595 H37
R-3 Filter Load \K Same as R-2
R-4 Rcvr. Osc. 1K, +20%, 1/4 W, Pot. 584C276 H19
R-5 Rcvr. e 6.2 K, 5%, 1 W 330C666 H68
\
R-6 Q-2 Collector 1.2 K, 5%, 1/2 W 330C664 H51
R-8 Voltage 15K +1%, 3W % 763A126H08 »*
Divider
-9 ’Rcvr. Voltage Same as R-8
Divider

£

O
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l.L. 41-

ELECTRICAL PARTS LIST

el FUNCTION DESCRIP TION MANF ACTURER'S
]
RESISTORS (Continued)
R-10 -2 Base Same as R-2 \@
R-11 Q-2 Base 100 K, 5%, 1/2 W %HOS
R-12 Q-3 Collector Same as R-6
R-13 Q-3 Emitter 390 Ohms, 5%, 1/2 W 30C664 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%, 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, *10%, 330C597 H40
R-18 Rcvr. Osc. 9.1 , W2 W 330C664 H72
R-19 Q-4 Bias Oh +* 5%, 1/2 W 330C664 H25
R-20 Q-4 Bias me as R-2
R-21 Q-5 Bias Ohms, * 5%, 1/2W 330C664 H29
R-22 Q-5 Bias Same as R-2
O
R-23 Q-6 Bias \ 330 Ohms, + 5%, 1/2 W 330C664 H37
R-24 Q-6 Bia\& Same as R-2
R-25 Q-6 Ew@ Same as R-19
R-26 Same as R-6
R-27 as 20 Ohms, 5%, 1/2 W 330C664 HO8
R- tr. Osc. Bleeder Same as R-18
R-29 Xmtr. Osc. Bleeder Same as R-17
R-30’ Xmtr. Osc. Bleeder Same as R-16

€DO
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O

L 4

ELECTRICAL PARTS LIST
CIRCUIT FUNCTION DESCRIPTION MANUFACTURER’S l
SYMBOL 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 Q

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 \ 330C668 H86
Divider

R-40 Buffer Voltage Sa
Divider \

R-41 Buffer Voltage
Divider

R-42 Xmtr. Osc. Output 4 OSame as R-4

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

R-44 Q-10 Bias 33K, + 5%, 1/2 W 330C664 H85

R-45 Buffer VoltaQ 15K, + 10%, 1 W 330C596 H39
Divide

R-47 fer e 6.8 K, t5%, 1/2 W 330C664 H69
Diyider

R-48 Bu oltage 15 K, +5%, 1/2 W 330C664 HT7
Divider

R- ’A Bias 27T K, 5%, 2 W 330C668 H83
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LL. 4

ELECTRICAL PARTS LIST

O

@)

(S:Y'TA([:BL(J)E FUNCTION DESCRIPTION MAgéJ;éSZL.JrE);R,S
RESISTORS (Concluded) %

R-50 Xmtr. PA Same as R-19 \

R-52 Q-12 Emitter 10 Ohms, * 5%, 1/2 W 664 HO1

R-55 Q-15 Emitter Same as R-52

R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 330C595 HO9

R-60 Recvr. Bleeder 1K, +5%, 25 W 584C416 HS57

R-61 Recvr. Bleeder 600 Ohms, %5 584C416 H47

R-62 Recvr. Bleeder 350 O , W 584C416 H52

R-64 Xmtr. Bleeder 1200%%, 25 W 584C416 H64

R-66 T-7 Load 0 , 5%, 2 W 330C668 H43

R-67 Xmtr. Blocking 0 Ohms, + 5%, 2 W 330C668 HO1

R-68 Xmtr. Blocking 0K, £10%, 10 W 330C577 HO1

R-69 Q-10 Emitter Same as R-19

R-70 FL2 Decglpli 470 Ohms, +10%, 1/2 W 330C595 H21

R-T1 Q-4 Emi&\ Determined in test #*

R-72 Q-5 Determined in test %

R-73 Q-5Bas 220 Ohms, +10%, 1/2 W * 187A641H11
4 Base 1K, 5%, 1/2 W * 184A763H27
4 Collector 22K, *10%, 1/2 W 330C595 H41

Q-5 Collector Same as R-75

21
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ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER’S
SYMBOL FUNCTION DESCRIPTION DESIGNATION

TRANSFORMERS

T-1 Rcvr. Input Impedance Ratio 10 K; S#1962798, %
10K
T-2 Rcvr. Osc. Impedance Ratio 10 K: S#§®3003

400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 7, L-592171
300 ohms

T-4 IF' Output Impedance Ratio 4 K; 1962693, L-592289
500 ohms

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

T-6 Xmtr. Buffer f;@ S#1962698, 1.-592170

Impedance :

400 ohms
T-7 Xmtr. Output Impedanc 1930: S#196 2694, 1,-633000

6

EST POINTS

TP-1 R-5 @nal studs 330C592 HO2
TP-2 R-8 V'S ame as TP-1
TP-3 R-17 Same as TP-1

TP-4 R-18 \ Same as TP-1
TP-5 R-28 O Same as TP-1

TP-6 \@40 Same as TP-1
-4

TP-7 Same as TP-1
TP-8 45 Same as TP-1

TP-9 R-417 Same as TP-1




TYPE KR CARRIER SET

I.L. 41-

ELECTRICAL PARTS LIST

C)O

CIRCUIT MANUFACTURER’S
SYMBOL FUNCTION DESCRIPTION DES ATION
SOCKETS

X-1 FL-1 Octal 689 HO1
X-2 FL-2 Same as X-1

X-4 Rear Mounted Same as X-1

Voice Adaptor
XY-1 Rec. Y-1 Crystal 584C606 HO1
XY-2 Xmtr. Y-2 Same as -
Y S
Y-1 Rcvr. Osc. Specify, Channel Freaq. 328C083
-kHz.
Y-2 Xmtr. Osc. Specify Freq. Same as 328C083
Channel Frequency
SERVE SIGNAL DETECTOR
(S#470D167G02)
R-1 Resisfo el 200 K, 2 W, Pot. 184A086H27
Control
R-2 R% imiting 2000 ohms, 2’ tube. 1267296
S-1 esl itch SPST Normally Open 327C854 HO1

23
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Fig. 3— Relaying Control Circuits — HZ/HZM (Dwg. 1-329C704)

27



ILL. 41-941.1

83z
co
Pos %; F
0,
+# 4
3 t
159 CARRIER HP '
oo T IN O |ALarm
Y-y ‘ curors)
1
RT —V—Q.I.Q 7 + '
85| &g CARRIER |
to L% START "]
+ a J ox-/
e cuT
— ( rr
KSAEC/EE r
”T> TOP *—4
—& Q/ e o ( oMM
705 — V77 = = =9 " =-Q- - 50--F C=— = — - — | i
t (7 RCVR ‘
se i LUTPUT | | RF GROUND
L L B I I TRANSISTOR. | SW/TCH
) [&1¢) | | [ \
‘R \
(?5 ;E;:) | ! S /2 _]T'\'”*)
SE) { v - — - — 0 fe)
- | o L455422 [ |
it | [ S
79 Tdé) - ;
e 1 /
T 7 = = /
i €56 : } T CoAxIAL
i CABLE
g | ‘ TOLINE
| KR CARKIER AsSy TuuER
| . o cer ouG Saoo 780 | |
3 Hiale s S O
NES e — : |
e, Y |
RLEQUIREMENTS FCR K LAY ING

_uUPPLY JOLTAGE
zoc
129 voC
258 vbc

W< RELAVING 7»?/1/\/5/‘@ /
. /

£/

RECV EXTERNA
TERNITIAL-

/7

/3
/4
/5
e
/7
/18
/

-~

<

28

.
CLRRIER STAR c
-« 237V TM { VOLTS
+i1cov A \ ¢ vor(rs
t1cC0 v\ ¢ voeLrs

LA SCTIONS
A

ER START (POSITIVAE)
A LARM ZUTCFF FOR COMMUNICATIONS
E M/NUS
QARRIER. STOP (HZ/HEM)
8 RPLUS
RELAY COIL

RRIER STOP

o
2K
3 75K
19K

NOT ES

@ “ELowILSs N

¥ OFOR 51£ 129 VDL SUPPLY

JAFTIER AUX, BELAY

tt FOR 258VvDC SUPPLY USE
3300191401 RESISTOR UNIT
REF CLWG 22323497

Fig. 4—-Relaying Control Circuits—K-Dar (Dwg. 3-329C704)
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L.LL. 41-941.16
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4 ADJUST FOR i
MA AT JI
: \ JACK-JI— [ =1 KR
\ Lot —EH—O
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o
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I
A Ly !
5 !
KI @ lye | | TO sdpPviconTrROL
[ P EQUIPMENT
| I“’ ]
L..a ——— [
POS L5
|
SEE NOTE |
m POS _ lyg POS. DC (48 OR 125)
R3 L ,
ELCO TERMS
NOTES: J2
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROL > 3 a
WITHOUT RELAYING. -2 2
2.POLARITY SHOWN CLOSES CONTACT BETWEEN 56 7 ?
TERMINALS 48 6, (N
AS VIEWED FROM REAR OF PANEL 629A552
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j"%ﬂ L o3 |
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[_ T%wmg x—g-DEEP-TWO SLOTS
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1 o= o
112}
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Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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CONNECTIONS FOR 48-250 VOLT SERVICE AND

SUPERVISORY CONTROL APPLICATION

(CHANGES FROM JUMPERS SHOWN ON |NTERNAL SCHEMATIC, F1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 18
USED AS SHOWM ON APPLICATION DRAWING 329C704

FOR HZ/HIM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

ouT O v
IN O— 75} (75} —{Z8}fast>
R R3 R4

CoM.

NOTE:

0.15 &. STANDBY
[o.z a. TRANSMITTING

R2 ll.lAMP,

POWER CONSUMPTHONS= 303/ WATTS AT 258 V.
390 WATTS AT 280 V.

KR SUPPLY VOLTAGE“WJLLWBE APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDITHON WHEN BATTERY VOLTAGE 1S
280 VOLTS.

125-YOLT #Z/HZM OPERATION
JUMPER TR=7 “AND4TP-8 IS REMOVED.

48 VOLT OPERATION

ON PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TPS AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TP4

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R6Y
AND DIODE CR8 1S REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CONTROL,
R59 IS CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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C)O

L 4
TRANSMITTER OUTPUT FILTER FL-3 CO@S
col PARALLEL
LINE FREQUENCY RANGE colL CONNECTIONS® CAPACITOR CONNECTIONS A
1 27.7 KHZ-30.0 KHZ L (1- 6-8-9-10-11
2 29.8 KHZ-33.1 KHZ L-1 1 6-8-10-11
3 31.8 KHZ-36.0 KHZ L-1 ) 6-8-9-11
4 35.4 KHZ-39.0 KHZ L-1 —6) 6-8-11
5 38.0 KHZ-41.0KHZ L-1 (3-6) 6-8-9-10-1
6 40.3 KHZ—-45.0 KHZ L-1 —-2) (3-6) 6-8-10-11
7 43.0 KHZ—-49.0 KHZ L-1 —-2) (3-6) 6-8-9-11
8 47.7 KHZ-56.0 KHZ L1 (1-2) (3-6) 6-8-11
9 49.5 KHZ-58.5 KHZ L-1 (1-2) (3-6) 6-8-9-10
10 57.0 KHZ-72.3 KHZ L1 (1-2) (3-6) 6-8-10

11 67.0 KHZ-76.0 KHZ (1—4) (6=7) 6—-8-9-11

12 75.0 KHZ-88.0 KHZ (1—-4) (6-7) 6—-8—11

13 775 KHZ-93.0KHZ L (1—4) (6—7) 6-8—-9-10

14 89.3 KHZ—1145 KHZ 2 (1—4) (6-7) 6—-8—-1

15 102.7 KHZ—-147.0 KHZ —2 (1—4) (6-7) 6—8-9

16 136.6 KHZ—210.0 KHZ L-2 (1—-4) (6-7) 6—8
’\

A =CONNECTION %T IS MADE BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

® Fig. 9. Connections - Output Filter (Dwg. 149A420)

L 4
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36

DB STEADY STATE ATTENUAT/ION

50 i

45

40

35

30

25

20

/5

/10

-2 -/ Fo */ +2

FREQUENCY (kHRB)

Fig. 12. Receiver Selectivity (Curve #377993)
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I.L. 41-941 .7G

IF FILTER TEST CIRCUIT

10K

N—
OoHMS

10K

W

2 1300

oHMS
3| o
fox

2

4 800
oOHMS

8

o

FOR BOTH CURVES

\'A

DB = 20 log Vo

RF FILTER TESTLCIRCUIT

IOK

-6

O
10K
OHMS

—1O~

TR

20

15

\

~ AR

10

%

20
F (KHZ)

/RN

o

2

Eachesection of FL-2 requirement with typ-
ieal selectivity curve. Insertion loss 26 DB
maxy, yIncluding matching resistor.

P
33

\ /

AT/

ZAMANTRIRARETNNN

-4 -2 F +2 44
FREQUENCY (KHZ2)

FL-1 Requirement with typical selectivity
curve at 120 KH%. Insertion loss 18 DB
max. Including matching resistor.

Fig. 13. Receiver Filter Limits (Curve #377995)
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OO

L 4
@a

50 —r— 5 KHE
(80MV) 40 - T 4 KHZ QQ - 0(8v)
. 1 u ’c'g*
’g NS
S N4
> 30 -l T+ 3K _ ’AF— /70 hld
t —— - N
S 3
N ‘4 -t = o
9 - 2
2 - - <
y) 20 -T— - 2 — 20 &
Y, Q
9 N 1 | N
3 \ 3
O K
o“i /70 —+ /AHZ L 30 &41
N
(8v) o 4 \ L4 o0 - 40 (8omv)
@ ZERO DB = 8VOLTS B
MINIMUM CHANNEL SPACING
FOR KEYED CARRIER /5 PPS — 50

L 4

Fig. 14. Minimum Channel Spacing (Curve #377998)
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Coaxial Lead...756D346 G02 0

S
=]
7
= LA
(< M
ol + L]
%& }3 =i
b= . A
H o
=1 [£]
| o]
]
1
A4

+

d

Main Harness... 756D346 G04

Fig. 15. Test Harness — (Complete Set)
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Westinghouse 1.L. 41-941.1G
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Voiee Adapter

Accessories. style
KR Reserve Signal Detector . . . . ... ... ..... ... 470D167 GO2
250 Volt Resistor Unit ... ... .. .4 330C191 HO1
Test Hamess (Complete Set) ........... 0% .. 756D346 GO1
Coaxial Lead ... ..o v v it ittt vt e e o oo 756D346 G02
Output Lead .. ..........c0vo.. . ... 1156D346 GO3
Main Harness . . . ... ..o 0 . @0 o0 e 756D 346 G04
TABLE OF CONTENTS Adijustments
Transmitter...coiiiiiiiiiiiiiiiiiiiniinnes Page 7
RecCeiver .iiiiiiiiiiiiiiiiiiiiieieieeennnss Page 7
Introduction .....cveeeviiiiiiiiiiieenns Y o Page 2 Reserve Signal Detector.............. Page 8
Specificati J 9 250-Volt Resistor Unit .coovvveeeennnn Page 8
pecifications .vvviieiiiiiiiiiiiiiiiieiinnnammeeedess age Frequency Change .....oeeeeeeeennst Page 8
Description MaintenancCe ...ceeeeeeeeeieeeeieeeeeeeeeeeeeeennnns Page 9
GONETAL e e L N Page 3 2N 0 01§ KeZ=1 5 (o) o KN Page 13
Mechanical coivviieiiiiiiiinei@nine e c@eeeeeinnnes Page 3 Electrical Parts LiSt..eeeeeeeeeeeeeesesesesnnes Page 14
Electrical...c..cvvniennn.
Transmitter .....co.heiiicbeiiiiiiiinnn., Page 4 L I ST O F T A B L E S
ReECEIVer «cvvvuunsamme. e ceiiiiieenennns Page 4
Transmitter Contrgl Circuits.............. Page 5 Table
Reserve. Slgflal Detector....coovvvniinnannn ,Page 5 1 D-C Pin Jack Measurements with
CommuiicatioNSh...cceiiriiiieieiiereneennns Page 5 Reference to B Pa 10
¢ R = eeesescere sssessscnsae ge
layi ontrol |7 P
Relaging £ontrg] Circuits age 5 2 Transistor DC Measurements with
Reference to B-.iviviiiiiiiiiiiiiiinnns Page 11
Installation 3 D-C Bleeder Measurements with
Reference to B-..cviiiiiiiiiiniiennen Page 12
(€12 1<) ¢ 1 D N Page 6 4 Typical RF Signal Measurements
Comnnections for RECEIVEr .ivvvriiriirnnnnnnncnnennnss Page 12
EXxternal.......cciiiiiiiiiiiiiiiiiiiiiniien Page 6 5 Typical RF Signal Measurements
Internal ..oiiiiiiiiiiiiiiiiiiiiiiiiiiieiiinnees Page 7 for Transmitter ...ccoevvviiiiiiininnnns Page 13
SUPERSEDES I.L. 41-941.1F EFFECTIVE DECEMBER 1970

*Denotes change from superseded issue.



TYPE KR CARRIER SET

LIST OF ILLUSTRATIONS
. ¢ CAUTION The voltages encountered in this equip=
Figure . . References ment are dangerous to life. To be safe, dis€onne€t
1 Outline — FleXIt?St Case .ueerrenaneen 540D753 the power source and close the grounding switeh
§ Il;lzfgr?rllgsg};ir:ra;)tllzlrcmts """""""" 540D780 when servicing the equipment.
(HZ/HZM) «everiiiiiniiniiinnnnns eeeee 1-329C1T704
4 Relaying Control Circuits
(K=DAT) steereressrosnsrssasionsnssnsons 3-329C704 INTRODUGTION
5 Relaying Control Circuits . . . .
(GCX/GCY) 2-329C704 The Type KR Relaying Transmitter-Receiveris
6 Component Location... 540D781 designed for Distance Relaying, Telemetering,
7 Supervisory Control Receiver Supervisory Control and Sleet Detection. Facilities
Connection 9938498 are provided for a plug-in type voice adapter. The
8 Connections 48-250v01ts """""""" basic design is for operation from 125-volt station
and Sur;ervisory Control 407C971 batteries. However, ghefapparatus may also be oper-
9 Transmitter Output Filter ated from 48-volt“Qr 250-volt station batteries by
Connections 149A420 means of variousfinternal connections. These various
10 Transmitter OutputF‘llter """""""" connections as well as most of the adjustments are
Selectivity C377996 made at the factory,salthough they can be changed in
11 Reserve Signal Detector — Outline and the field.
Schematic ..iiiviiieiiiiiiiiiinnnnnnns 329C703 Although™designed primarily for operation with
12 Receiver Selectivity C377993 Westinghouse protective relays, this apparatus may
""""""""""" als@ be “eé@brdinated with other types of directional-
13 Receiver Filter Limits ......ccvvvievenne C377995 distance relays and with most other contact keyed
14 Minimum, Channel Spacing .............. C377998 devices.
15 Test HAMNESS |, .. .ccccvvvuvirrnnrennnnnns 756D346
SPECIFICATIONS

) 0 10 (V=) o Lo 0 572 o V- T A (A 30-kHz to 200kHz

Channel Attenuation Rating .......geeeees R oo N 40-db

Transmitter Power OULDUL .uuuveeee et i eeetieneeeettttiiieeeetoerasssssssssssssssssenes 1.0 watt with a 125 V.D.C. =*
supply. 0.5 watt with a
48-volt d-c supply.

Transmitter Hamonic OUtDUB . ide et iiiiiiiiiiiiiiiiieteeiiiiineeteeieeesnnsseeeceennns At least 46-db below funda-
mental.

Transmitter Output TMPEAAREE. .ciiiiiiiiiiiiiiiiiiiiiiiiiiiieeennssnnsssssseesssssssasnnns Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter OQutputhIilter Selectivity .uuiiiiiiiiiiiiiiiiiiiiiiiiiieieiiiieinnnnnnesssnneees See Fig. 10

Transmitter and Receiver Oscillator and Frequency Stability ..........c..ceeiniis From - 20°C to +55°C with si-

multaneous voltage variations
from 105 to 140 VDC, the fre-
quency remains with 0.01%.

*



TYPE KR CARRIER SET

I.L. 41-94141G

Permissible Battery Voltage RiDDle ..iveireenirninrennennennens

Ambient Temperature RANge ....ccvevereiereerrnieeernceeennnenns

............................ 7-%2%
............................ -20°C to+ 55°C.

Receiver Maximum Sensitivity ...cceeevieeeeieeerieeeeeeeeeeeeenns bessvesvevesossnnvncarnnnas .025 volts for 10 ma.
output.

ReECEIVET Sl CiVItY vt veiiii ittt ittt et cetree e steteeeenaensannneceecsnnsonnns See Fig. 12

Receiver Signal-to-Noise Ratio Requirements ....ccooiviiiiiiiiiiiiiieiiieienineeeennnns 12-db

Minimum Channel SPaCing ....cceiiiiiiiiiiiiiiiiiieiittiuanieteetesasseessessnssssesssansonns SeefFig.gl4

POWET INPUL ceiiitiiiiiiieiiiietiiieteeerieeeeneeresseecsneesnsasanes

Carrier On-Off KeYINE ..cvcveriiinnnrinrinnnnnsnesnseennnson

Weight (With Flexitest Case) cecvveeeeeriiiiiienerenneeneenennnnes

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

DESCRIPTION

Mechanical

This apparatus is supplied in a#Flexitest case
and may be either flush or prejection mounted in

order to match other switchboar dgequipment. The out-
line dimensions and also the drilling plan for flush
and projection mounting areishownyby 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 twofoutput plugs from the red and
black jacks.

2. Disconmect, theyreceiver input coaxial cable
connector.

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

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

5. Pull board down to disengage the terminais
and‘liftwout.

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

Fig. 6. shows the location of major components

............................ 115ma,at 48 VDC, 200-ma

at 125, VDC, 1.28 amperes
at250 VDC.

Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 VDC.

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

such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal temminals.

Provisions are made for plugging the Voice
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of theset
accommodates the adapter plug. A buckle type strap
on each side of the adapter holds the unit in place
after it has been plugged in. The normal projection
for a rear mounted Voice Adapter is 3-inches be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied with the adapter, a patch
cord is available on separate order. This patch cord
plugs into the telephone jacks on the adapter andpro-
vides an extensionto a conveniently located terminal
board.

The panel cutout information necessary for mount-
ing the Reserve Signal Detector is shown by Fig. 11.
This unit consists of a potentiometer and pushbutton
switch mounted on a small panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis
tors are required, as shown in Fig. 8.

Electrical
Transmitter

The transmitter is made of four main stages in -

3



TYPE KR CARRIER SET

cluding an oscillator, driver, power amplifier, and an
output filter, In the oscillator, the crystal is operated
as a resonant circuit between the collector of one
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of 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
provides about +40 volts for blocking. This is ap-
plied to Q10 through T-6. Diode CR-5 prevents dam-
age to the transistor whenthis positive voltage is ap-
plied to 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
@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 keepthe source impedence
constant to permit proper tuning of the output filter.

The output filter consists of coils L-1lgand L-2,
capacitors C-19 through C-22. The filter is tunable,
and is provided to attenuate harmonies “andgother
spurious outputs. It should be noted thatythe filter
contains no shunt elements, resultingyin a reverse
impedance free of ‘‘across the line*yresonances.

Receiver

The receiver isqa supérheterodyne in order to
obtain constant selectivity regardless of the channel
frequency. (See #1ig. 412) The major stages include
an input filter,attenuator, oscillator, mixer, IF
filters, IF amplifiets,/ detector and a D-C power
output stage.

The receiver sensitivity is adjusted by means of
the continuously variable input control R-l 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-kHz abave the incoming/signal

frequency.

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

Mixing is accomplished byafeeding the incoming
signal to the emitter and the feceiver oscillator signal
to the base of the mixer,Q-1. Mixer oscillator re-
quirements are met through“adjustment of potentio-
meter R-4. Injection intotwo Separate elements, base
and emitter, providés aycircuit capable of handling
greater signal leveltwariations than one in which in-
jection is madefinte only a single element such as
the base.

This receiver uses an IF frequency of 20-kHz.
The overall.selectivityis determined primarily by the
IF filter'BL-2. Typical characteristics of this filter
aregshown ,in Fig. 13. The IF amplifier consists of
transistors Q-4, Q5 and Q-6.

The detector is a full wave bridge rectifier. This
reetifier in conjunction with the IF amplifier Q-6,
provides the necessary power to drive the D-C power
output stage Q-7. The final output stage Q-7 will
supply approximately 18 milliamperes to a standard
1700 ohms distance relay RRH coil and its associa-
ted 500 ohm alarm coil. It may also be used to drive
other relay coils such as is shown by Fig. 7, Super-
visory 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 stopped “in several ways. The
method used with K-DAR relays is to remove the
positive voltage applied to terminal 15. In the case
of distance relaying with Westinghouse HZ/HZM
relays, application of a positive voltage to terminal
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18 will stop the transmitter output. Output may also
be stopped by removal of negative battery from
terminal 18.

Reserve Signal Detector

The Reserve Signal Detector is shown by Fig. 1i.
Effectively R-1 is a remote transmitter output control.
This control is obtained through varying the driver
Stage (Q-10) emitter bias, and is effective overa 25-
db range of transmitter output. The 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 attenuation
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 when full voltage is supplied to terminal
15.

Relaying Control Circuits

Figs. 3, 4 and 5 show simplified diagrams ofgthe
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and, 5)

The control of the carrier set is obtainedythrough
the CARRIER START and CARRIER STOPR contacts.
These contacts are shown in theirfnormal®standby
condition.

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

The control of the £arrier set is such as to start
the transmission ofy carrier when fault power on the
transmissiondlineyis flewing out of the line section
being proteeted. Conversely, when fault power is
flowing into this, life section, the control is such as
to block the transmitter and keep it from being turned
on by secondary functions such as reserve signal de-
tectign and communication, should these functions be
in usejat the same time. Should carrier be received
from, the remote station, the hold coil and alarm coil
willyenergize through transistor Q-7 in the receiver.

When carrier start operation occurs, the CARRIER

START contact opens applying a positive voltage
(see Figs. 4 and 5) to terminal 15 of thefcarrier'set.
This puts a potential on the driver stagefin the trans-
mitter and also applies proper bias for the‘péwer am-
plifier.

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

2. HZM Relaying (Flg. 3)

The contrel of the carrier set is effected by the
CARRIERSTART, and the CARRIER STOP contacts.
These contactsware shown in their normal standby
conditien.

They HZ-HZM relays operating from the voltage
andfycurrent on the transmission line, detect and
determine the direction of a line fault and thereby
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 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 reserve signal de-
tection and communication, should these functions be
in use at the same time. Should carrier now be re-
ceived 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 voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

When a carrier stop operation occurs, the CAR-
RIER STOP contact opens. This applies a positive
voltage (see Fig. 3) 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 amplitude, phase and
frequency as to cause the RRH coil current to
‘‘pulsate’’. It would then be possible to have a false
trip.
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In the case of the KR set for relaying 3-terminal
lines, the transmitter frequencies (to avoid this pos-
sibility of false trip) should be separated by 100
Hz. All receivers and one transmitter would be
at the desired center frequency. One of the other
transmitters would be 100 Hz above, the other 100
Hz below this center frequency.

INSTALLATION

General

Upon receipt of a unit, whether shipped separately
or in an 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
Reserve Signal Detector ............. Fig. 11

Connections

External

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

Terminals 1l...ieiiiiiiiiiiiiinnieeneieennnennnnns Ground

13 and 19....... Supervisory Preference
Contacts
14......... B- ‘“CARRIER STOP’'(return
19, i, Battery positive through
carrier start contacts
16, ccceeenneens Battery positive for alarm
cutoff (used with com-
munication)
) PPN - S SUPPRPPN B-
18....... Carrier Stop for HZM Relaying
D G N B+
D] | PP PN S N Relay Coil

CAUTION If the transmitter output load is removed
while the transmitter ishenergized, the transistors in
the power amplifierdwill be permanently damaged. A
dummy load should,be connected to the transmitter
output if@he coax is disconnected and the transmitter
is to be energized.

Whenwtuning line coupling equipment, short the
coaxial“eable to ground before changing tans on the
Line “Buner 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

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

125-Volt K-DAR and GCY Rel@ying

125 Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GEGY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca-
pacitors of the transmitter output filter are required
dependingion the channel frequency. These are tab-
ulated in“Fig. 9.

Adjustments

This apparatus is generally tuned to and tested

at the specified channel frequency before shipment.
Final adjustments must be made in the field and are
described in the following paragraphs. Fig. 6shows
the locations of the various controls.

Transmitter

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

2. Fig. 9 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 r esonance.

3. Insert fuses F-1 and F- 2 to apply power to
the apparatus.
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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-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. (Approximately.
5.5-volts when operating from 48-volt sstation
battery.)

8. Open the test switch and reconnect the,coaxkial
cable.

Receiver

1. The oscillator output control (R-4 is pre-set at
the factory. However, should an$y of‘athe oscillator
components be changed (including thedtransistors 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 forfa 0.3.volt reading on the meter,

2. The unit is ‘shipped to have a gain of approxi-
mately 250 milliyolts (t6 produce 10 ma relay current)
with input ceenfrol 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. A further 10-db gain or addi-
tional 925 millivolt sensitivity can be obtained by
alsQ, clipping out resistor R-73, which is connected
to “the base of Q-5 and the B+ supply for the IF.
Resistor R-71 and R72 have been selected at the
factory to provide an overall gain of approximately
25 millivolts with R73 and R74 removed.

a. Sensitivity Adjustment for Noise

If the maximum on-frequency noise leyel 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 & TVM across
terminals 11 and 12. Energize the transmitter and
output control R-42 for the sam@ output as the max-
imum noise. Then adjust“@he neeeiver input control
R-1 to obtain 1-ma outputycurrent. If it is impossible
to obtain 1-ma output currentawwith control R-1in the
maximum clock wise@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 outputs

biSensitiwvity Adjustment for Remote Signal

When, the maximum on-frequency noise is un-
known and cannot be conveniently measured, the re-
ceiver may be adjusted for the remote signal. First
determine the channel attenuation using a Sierra
voltmeter or some other convenient method. Dis-
connect the coaxial cable and connect a 60-ohm
non-inductive resistor and a VTVM across terminals
11 and 12. Add 15-db to the channel attenuation.
This compensates for average variations such as
channel and voltage variations. For example, if the
channel attenuation is 5-db, 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, ad-
just the transmitter output 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 ob-
tain 10-ma output 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 insufficient, clip out resistor R-73, which is
connected to t he base of ©-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., the noise may in-
crease due to various reasons such as bad insulators,
which would require adjusting the receiver to be less
sensitive. In the adjustment of part b., the attenua-
tion may increase due to sleet or line switching,
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which would necessitate increasing the sensitivity of
the receiver.

Reserve Signal Detector

Due to different types of operation and supply
voltages, it is not practical to have a calibrated dial
for this unit. However, calibration may be made at
installation by recording transmitter output (either in
db or volts) at various knob settings of the detector
unit. Then, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
increase or decrease in line attenuation may be noted
as the difference between the original setting, and
the setting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 plugs
in type and may be removed by unsnapping the clamp
and pulling the filter out. The transmitter oscildator
crystal Y-2 must be changed to the desired channel
frequency. The receiver oscillator crystal Y- l¢#must
be changed to the desired channel frequency plus’ 20
kHz. Figure 9 shows the connections forhe trans-
mitter output filter. It is necessary te unsolder  the
existing connections and make the new@eonnections
per the chart. After completing the ,preceding, the
tuning procedure as described under” Adjustments for
transmitter and receiver should_then, be followed.

Note also that capacitors§C2sand C9 in the
transmitter and receiver cfystal, oscillator circuits,
respectively, may have tod be' changed. For fre-
quencies below 110" kHz,%these capacitors are 270
mmf. each. For frequencies of 110 kHz 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-
mentyintorder 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 vali€s are given as
follows. Voltages should be measSuréd 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 off HZM relaying, and by
opening the CARRIER“START circuit in the case of
K-DAR and GCY relaying.

1. For D-C(pin jack measurements with reference
to B-, referto,Table 4.

2{ Fontransistor D-C measurements with reference
to Bg, refento Table 2.

3. For'D-C bleeder measurements with referencc
tonB-, tefer to Table 3.

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

5. For typical RF signal measurements for
transmitter, refer to Table 5.

6. Removal of Printed Circuit Board from

Flexitest Case.

To remove the printed circuit board, unplug J-15
and J-16 located near the output filter. Loosen the
two screws 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 filter and disconnect the coaxial
cable.

8. Receiver Filters

* Fig. 13 shows typical receiver selectivity curves
both RF and IF. If the filters are checked in a test
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setup, it is necessary to use an accurate signal gen-
erator or preferably a signal generator and a fre -
quency counter.

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 Hz-
to 230-kHz, input impedance 7.5 megohms.

d. D-C Vacuum Tube Voltmeter (VTVM)

Voltage 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-kHz. to 230-kHz.

c. Oscilloscope
d. Ohmmeter

e. Capacitor checker

% f. Test hamess (See Flig, 18)

APPLICATION
* 1. Receier Selectivity (Fig. 12)
This shows a typical curve of the overall selec-

tivity of the reeeiver under steady state condi-
tions.,

2. Transmitter Output Selectivity (Fig. 10)

Typical curves are shown so that @pproximate
bandwiths for keying purposes can be deteérmined for
any carrier frequency between 30-kHz and 200-kHz.

%* 3. Minimum Channel Spacing (Fig. 14)

This is a graph frém whic€h )ninimum channel
spacing can be obtained provided“the signal strength
of the interfering transmitternand the sensitivity set-
ting of the receiver are knewn. These can be obtained
from calculations or byymeasiirements.

For examplegpif the' interfering transmitter volt-
age is measured (at“the receiver) and found to be 2.5
volts, this wouldjbe 10-db down from 8 volts. This
point can be doc¢ated on the right hand column of the
graph, ‘Then, if/the receiver sensitivity were set to
operatejonp0.8 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
Iine. 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-kHz.

4. Supervisory Control Connections (Fig. T)

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 1200-ohm
resistor R3 is connected in series with the control
relay coil by removing the jumper across R3, as shown
in Fig. 7. In order to maintain proper mark space
ratio, the relay bias current is adjusted for 9 milli-
amperes as indicated.

The receiver RF filter and the IF filter limits
are shown on Fig. 15. Both filters are of the plug-
in type and the test circuits with pin connections
are shown at the top of each curve. The IF filter is
divided into two separate sections. The selectivity
shown is for each section, and the pin connections
for each section are also shown in the test circuit
sketch.
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TABLE 1

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

CONDITION A CONDITION B
Tx-Blocked t1t Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal x-

129 VDC 51 vDC 129 VDC 51vDC %C 51vDC
RF Input J-2 0 0 0.3V 0.
DC Q-1 Base J-3 20V 20V 20V \Y%
DC R, Bt J-4 0V 20V 20V @
DC R, Osc J-5 mv (Y% v
DC Q-5 Base J-6 20V 20V 20V
B- J-1
DC-P1-E J-8 110 Vv 3 @V 32V 110 v 32V
DC-Q-7 Base J-9 69 V Q 8V 2.3V 66 V 0.3V
DC Q-7 Emit J-10 0 VvV \ v 1.4V 66 V 1.0V
DC T, Osc J-11 TV % 7V 7V 7V 7V
B+ J-12 1’2\0 51V 129 v 51V 129 v 51V
DC Q10 Base J-13 \K 18 V 18 V
DC Q-10 Emit J-14 18V 18 v
RF ma out J 130 ma 130 ma
DC ma RRH \

and
AL ARM 18 ma 18 ma

tt Tx =tr nsmitteﬁ Rx = receiver
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TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

O

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 .4
Q-2 T 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 1 114 129
51 VDC 32 32 32 51
Q-7
129 VDC 70 68 78 80 86
51 VDC 1.0 0 1.4 2.2 7.0
Q-8 6.2 2 6.2 8 2
L 2
Q-9 7 .2 1.8 7 7.2 1.8
Q-10tt
Q-12tt ()
Q-15tt
t E-Emit ase; C-Collector.

tt With resp 0

—
ondition C
nblocked
-No Signal
olts)
Bt Ct
6.2 8 2
7 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

m F on printed board.

1
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TABLE 3

D-C BLEEDER MEASUREMENTS WITH REFERENCE TO B-

51V

129 VvDC
Measurement

At
Junction R-61 and R-62 (J-8) 110V 110V
Junction R-61 and R-27 (J-10) v .8V
Junction R-27 and R-60 (P1-P) 69V v
Junction CR-8 and R-64 (P1-K) 58V 58V
Junction R-48 and R-47 (J-14) -
Junction R-45 and R-47 (TP-9) -

Junction R-45 and R-41 (TP-8)

tConditions: A — Tx-Blocked, Rx-No Signal; B — Tx-Blocked, R

Rx-No Signal.

TYPICAL RF SIGNAL MEA

TABLE

Ct

32v
1.0V

51V
18V
51V
51V

FOR RECEIVER

(Made with 0.1 Vg 0 ermifial 5 of FL1)
25 MV 0 MV 250 MV
Check Point Sensitivity ' ensitivity Sensitivity
(Volts) C T (Velts) (Volts)
th Receiver Crystal Out
FL1-5 to Gnd. 0.1 0.1 0.1
T1-1 to Gnd. 0.1 0.1
Q1-E to Gnd. 0.05 0.05
Q1-C to Gnd. . 0.07 0.07
T3-1 to Gnd. 0. 0.07 0.07
Q4-C to Gnd. % 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 teyGnd. 13.0 10.0 8.0
T4- d. 13.0 10.0 8.0
-4 4.5 3.5 2.5
to (DC) 0.74 0.75 0.65
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TABLE 5 O

TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER O

CHECK POINT VOLTS

T5-1 to Gnd. 5.5

T5-3 to Gnd. 1.0 \%

J13 to Gnd. 0.085 @
Q10-C to Gnd. 6.0 Q

T6-2 to Gnd. Q

Q12-B to Gnd.

Q15-B to Gnd. .8
Q12-C to Gnd. 38.0
Q15-C to Gnd. K\ 38.0

T7-5to Gnd.

N
O
N
K
N
&

L 4

13
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ELECTRICAL PARTS LIST

O

el FUNCTION DESCRIPTION AN ACTURER'S ¢
CAPACITORS

C-1 Rcvr. Bleeder 2.0 uf, +20%, 200 VDC, Paper 33%11

tc-2 Rcvr. Osc. Feedback 140/270 puf, £20%, 500 VDC, 33 66H43
Mica or 566H57
C-3 Rcvr. Osc. Bleeder 0.02 uf, MRC, 600 VDC, §30C569 H47
Bypass Disc
C-5 Q-6 Emitter Bypass 1.0 uf, +20%, 200 VDC 330C567 HO9
C-6 Rcvr. Rectifier Same as C-5
Bypass \

C-7 B— to B+ Bypass 2 uf, +10%, 600 &Paper 14C9400 H18
C-8 B— to GND 1.0 uf, + 0DC, Paper 14C9400 H17
tC-9 Xmtr. Osc. Feedback Sa 2

C-10 Xmtr. Osc. Same
C-11 Key Filter @ZO%, 200 VDC, Paper 330C567 HO2
C-12 Q-10 Emitter Bypass 0.25 puf, +20%, 200 VDC, Paper 330C567 HOS
C-13 Q-10 Bleeder B% Same as C-12
C-14 PA Base B & Same as C-12
T Note: 140 ppuf for OQ. 110;kHz and above.

270 pupf req. below 110-kHz.

%

%,



TYPE KR CARRIER SET

L.L. 41-

oL FUNCTION DESCRIPTION MANDEACTURE
CAPACITORS (Concluded) *
C-18 PA Bleeder 0.5 puf, + 20%, Paper 33%-)06
C-19 | Output Filter Tuning | 500 upf, Variable, Air \92 HO1
C-20 Output Filter 390 ppf, +5%, 2500 VDC, Mica C561 H15
c-21 Output Filter 680 ppf, £5%, 2500 VDC, Mi 330C561 H21
C-22 Output Filter 1200 ppf, +5%, 2500 VDC, 330C561 H27
Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 mfd, + C 187A177 HO1
C-26 Q-7 Base Bypass .01 mfd, * %VDC 763A219 H15
feg
CR-1 Bridge Rectifier ral Purpose, 1N63 584C433 HO2
CR-2 Bridge Rectifier me as CR-1
CR-3 Bridge Rectifier Same as CR-1
L 4
CR-4 Bridge Reetl Same as CR-1
CR-5 Q- 10& Same as CR-1
CR-6 Q-T\Base-Emitter Type 1N457A 184A855 HO7
CR- @ge Regulator Type 1N3686 185A212 HO6
—i\oltage Regulator Type 1N1369 584C434 HO5
C Q-7 Collector Type 1N3811 185A089 HO8
CR-10 Q-10 Emitter Type 1IN3028A 188A302 H14
C;-l 1 Voltage Regulator Type 1N3024B 188A302 H12

G

15
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ELECTRICAL PARTS LIST

el FUNCTION DESCRIPTION A AIRER'S
FUSE HOLDERS %
FH-1 B-—- For Type 3AGC Fuses 584C \
FH-2 B+ Same as FH-1 6
RN
F-1 B— 3AGC 3/4 amp. #330C691 H12
F-2 B+ Same as F-1
F‘ILTEﬁi

FL-1 Rcvr. RF Bandpass 30 to 200 u&

Freq. to

specifi

c er
FL-2 Rcvr. IF Bandpass \z Fixed Freq.

CONNECTORS
J-1 Printed Circuit’ Printed Circuit Female 54-B-7125 HO03
Plug
J-2 RF Input K UG-185-U 584C292 HOT
J-3 Rcvr. Os@\u Terminal Studs 330C592 HO1
J-4 Rcvr -Amp Same as J-3
Y
J-5 vI. c. Supply Same as J-3
J-6 ase Same as J-3
J-1 B— Same as J-3
Q-6 Supply Same as J-3




TYPE KR CARRIER SET

lLL. 41

ELECTRICAL PARTS LIST

O

MANU FACTURER'Q

T FUNCTION DESCRIPTION S IR
—
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 328C093 HO1
J-16 Output Filter GND Bana ck 328C093 HO2
P-1 Printed Circuit P ircuit Male 54-B-7126 HO3
P
INDUCTORS
L-1 Core and Coil 11 MH Total — 6 MH 329C450
Assembly Tap (Part of FL-3)
L-2 Core and goilo 2.5 MH (Part of FL-3) 329C449
Assembly\
L-3 RF c&& 1.0 MH, 300 ma R-300
L-4 RF@ Same as L-3
@ TRANSISTORS
%\vr. Mixer “Type 2N525 184A638H13
Q-2 Rcvr. Gsc Tyne 2N414 184A638H14
&
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TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

T FUNCTION DESCRIPTION MANUE ACTURER'S
TRANSISTORS (Concluded)
Q-3 Rcvr. Osc. Same as Q-2 \@
Q-4 Revr. IF Same as Q-1 @
Q-5 Rcvr. IF Same as Q-1
Type 2N498 or 4 8H15
Q-6 Revr. IF Type 2N657 638H15
Q-7 Rcvr. Output Type 2N698 &ZA%SHOZ
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 8 184A638H07
184A638H15
Q-15 Xmtr. PA as Q-12
\ESISTORS
R-1 Rec. Input @120%. 1/4 W, Pot. 584C276 H23
R-2 Filter Matching ¢ 10 K, +10%, 1/2 W 330C595 H37
R-3 Filter Load \K Same as R-2
R-4 Revr. Osc.o 1K, +20%, 1/4 W, Pot. 584C276 H19
R-5 . 6.2 K, t5%, 1 W 330C666 H68
R-6 1.2 K, 5%, 1/2 W 330C664 H51
R-8 15K +1%, 3W * T63A126H08 x*
-9 .Rcvr. Voltage Same as R-8
Divider




TYPE KR CARRIER SET

l.L. 41-9

ELECTRICAL PARTS LIST

MANU FACTURER'S@

ool FUNCTION DESCRIP TION b
RESISTORS (Continued) o
R-10 -2 Base Same as R-2 \@
R-11 Q-2 Base 100 K, 5%, 1/2 W %HOS
R-12 Q3 Collector Same as R-6 Q
R-13 Q-3 Emitter 390 Ohms, +5%, 1/2 W 0C664 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%, 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, +10 330C597 H40
R-18 Recvr. Osc. 9.1 K , TH2 W 330C664 HT2
R-19 Q-4 Bias Oh + 5%, 1/2W 330C664 H25
R-20 Q-4 Bias Qe as R-2
R-21 Q-5 Bias \ Ohms, * 5%, 1/2W 330C664 H29
R-22 Q-5 Bias %ame as R-2
O

R-23 Q-6 Bias \ 330 Ohms, * 5%, 1/2 W 330C664 H37
R-24 Q-6 Bias\& same as R-2
R-25 Q-6 E'@ Same as R-19

Same as R-6

- Q@
R-27 )

R-29

Xmtr. Osc. Bleeder

R-30’ Xmtr. Osc. Bleeder

20 Ohms, *5%, 1/2 W
Same as R-18
Same as R-17

Same as R-16

330C664 HO8

O
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TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

MANUFACTURER’S ‘ 0

g%%%'g FUNCTION DESCRIPTION D ACTURES
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 Q

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-2 \

R-39 Buffer Voltage - & 330C668 H86
Divider

R-40 Buffer Voltage
Divider

R-41 Buffer Voltage
Divider

R-42 Xmtr. Osc. Output 4 O Same as R-4

R-43 Q-10 Bias é Same as R-23

R-44 Q-10 Bias \ BK, 5% 1/2 W 330C664 H85

R-45 Buffer VoltaQ 15K, + 10%, 1 W 330C596 H39
Divid

R-47 ffe\ e 6.8 K, £+5%, 1/2 W 330C664 H69
Digider

R-48 B oltage 15 K, 5%, 1/2 W 330C664 HTT
Divider

R-49 ?A Bias 2T K, 5%, 2 W 330C668 H83

L 4



TYPE KR CARRIER SET

1.L. 41

ELECTRICAL PARTS LIST

O

)

el FUNCTION DESCRIPTION MAS'E’;@SX‘%E)ER'S

RESISTORS (Concluded) %

R-50 Xmtr. PA Same as R-19 \

R-52 Q-12 Emitter 10 Ohms, + 5%, 1/2 W 664 HO1

R-55 Q- 15 Emitter Same as R-52

R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2V 330C595 HO9

R-60 Recvr. Bleeder 1K, +5%, 25 W 584C416 H57

R-61 Recvr. Bleeder 600 Ohms, *5 584C416 H417

R-62 Recvr. Bleeder 350 O o, 584C416 H52

R-64 Xmtr. Bleeder 1200 :é% 25 W 584C416 H64

R-66 T-7 Load 5 , 5%, 2 W 330C668 H43

R-67 Xmtr. Blocking 0 Ohms, * 5%, 2 W 330C668 HO1

R-68 Xmtr. Blocking 0K, £10%, 10 W 330C577 HO1

R-69 Q-10 Emitter Same as R-19

R-70 FL2 Dec%lpliO 470 Ohms, *10%, 1/2 W 330C595 H21

R-T1 Q-4 Emit&\ Determined in test #

R-72 Q-5 Determined in test *

R-73 Q- as 220 Ohms, +10%, 1/2 W * 1874641H11
IK, +5%, 1/2 W * 184A763H27
22 K, £10%, 1/2 W 330C595 H41
Same as R-75

21
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TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

el FUNCTION DESCRIPTION A A IURER'S

TRANSFORMERS

T-1 Rcvr. Input Impedance Ratio 10 K; S#lQGZ?Q\@
10K

T-2 Rcevr. Osc. Impedance Ratio 10 K: S#19 7%33003
400 ohms

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

T-4 IF' Output Impedance Ratio 4 K; 1962693, L-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance F@ S#1962698, L.-592170
400 ohms

T-7 Xmtr. Output Impedanc@l%& S#196 2694, 1.,-633000
6

POINTS

TP-1 R-5 @lnal studs 330C592 HO2

TP-2 R-8 /'S ame as TP-1

TP-3 R-17 K Same as TP-1

TP-4 R-18 \ Same as TP-1

TP-5 R-28 O Same as TP-1

TP-6 -@40 Same as TP-1

TP-7 X Same as TP-1

TP-8 Same as TP-1

TP-9 Same as TP-1




TYPE KR CARRIER SET I.L. 41941,

OO

ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION DES TION
SOCKETS
X-1 FL-1 Octal 689 HO1
X-2 FL-2 Same as X-1
X-4 Rear Mounted Same as X-1

Voice Adaptor

XY-1 Rec. Y-1 Crystal 584C606 HO1
XY-2 Xmtr. Y-2 Same as
4&8
Y-1 Rcvr. Osc. Spec hannel Freq. 328C083
-kHz.
Y-2 Xmtr. Osc. Specify Freq. Same as 328C083

Channel Frequency

SERVE SIGNAL DETECTOR

< ’ (S#470D167G02)
R-1 ReSiS&& 200 K, 2 W, Pot. 184A086H27

Conttol
R-2 Resistor,dimiting 2000 ohms, 2" tube. 1267296
S-1 esl Switch SPST Normally Open ' 327C854 HO1
4

23
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TYPE KR CARRIER SET

— T T |
B co ' tt
ALARM
=23 CuTorF AL CARRIER.
CARRIER ’»PB -t n "’ ALARM
resr § _,/l
! ery
———1—
R¥-/ CARRIER
SwITCH @
@ 2
Y OKE g~ [ oM
- Q7 RCVR t]
R UTPUT |
175 /5/v n T RARS/STOR
600 (129V [] f i { <--
1250~/ 258y | ~ 2. '/(OAX/AL
| WW /' CABLE T0
_ VOICE ADAPTER |
: OCTAL SOCKET f LINE TUNER
|
- |
| @10 @i5 \ RF GROUNDING
KI5V ‘ A KR CARRIER Assy | | SWITCH
4K/ 129v | LKR BKR KR REF DWG §40 D780 | 1 PROTECTOR UNIT
10K/ 258y TR L Ve, & T T T T F
!
25¢nsrv E Fsp
1K 1129V I <so LH
Ikl258v L
@ TesG t
co
HZ
REQUIREMENTS FoRIPTHIMIRE L AYING MOTES
SUPPLY CARR 1ER CARRIER
VOLTAGE START sT0P STRAR
Sivoce +SIv. IMA +28V IN
/129 vDC +/2%v. BMA +40v 2% + FOR S5/ & /29 vDOC SUPPLY.
258voC +258VEMA +4ov ouT
KR RELAYING TRANSMITTER / tr FOR 258 VDCkSUPPLY USE
RECY EXTERMAL CONNECTION 330C/9/Hal RESISTOR UNIT
s REF ODwG 2238497
TERM/INAL - COMMNECTIOAL O sor sumee Conre
I GROUMID (2] visom y NTROL
12, COAYIAL CABLE PREFERENCE COMNTACTS.
/13 SUPERV/ISORY PREFERENCE CONTACT
] & CARRIER STOP B- RETURKN
s CARRIER START (POSITIVE)
/6 ALARM CUTOFF FOR COMMUYNICATION S
" 8 MiInuS
/8 CARRIER STOP (HZ /HZM)
9 B8 PLUS
20 RE LAY COIL

Fig. 3— Relaying Control Circuits — HZ/HZM (Dwg. 1-329C704)
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I.L. 41-941 .1

837z
co
1
Posm ‘! f —
1 L 4
¢ r
<\ IJ AL AL (3
TX
z23) CARRIER ]P , AL
TEST I IN ALARM I
P,Aa | CUTOFL' .
RT Lo o : (Pon
J»§-5 -Fy CARRIER :
COJ,_CO i START I
+ g :
T ‘L’Jpa
— g
i CARRIER
& CoMM
705 f
RF GRouwD
\SK//T[H
231 23 "
(56, T 7736) f‘*—*o )
_ir— 3 4—53 ‘ f“
da, LS \
_ ( 15
| = coaxiaL
‘ CABLE
‘ Toline
KR CARE/ER A4SSY TUNER
- REFDWG 40 D780 ]
g2 TrPe Teobree )
Co -

LEQUIREMENTS FCR A D

JuPPLY VOLTAGE CLRRIER START ArRIER SToml o
s/ roc + 37V 7A14

129 vocC +/CCV FA4 \c VoLTs 3 75K
258 vDoc +/Co0v M\ c vocLrs 19K

NOTES
KT RELAYING TRANSKIT

RECVY EXTERNA L SCTIOMNS
TERMIMNAL TO £

= @ TBE NILEL I AETIER Ayx. REcAY
/3 Y PREFERENCE COMTACT
/4 o2 0P B- RETURN r FOR 518129 vDC UPPLY
/5 caAp START (POSITIVAE)
' 6 ALAR TUTCFF FOR COMMUMNICATIONS t+ FOR 258VvVDC SUPPLY USE
/7 2 MINUS 330C191HOI RESISTOR UNIT
/8 CARRIER STOP (HZ/HZM) REF LWG 2238497
/9 8 PLUS
2 RELAY C0/L

Circuits—K-Dar (Dwg. 3-329C704)

Fig. 4-Relaying Control
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TYPE KR CARRIER SET

_ LL. 41-941.1G

8+ X
ff}
# ALARM RA S CARR/ER
UR " l [4 UToF T ALARM
v, |
! RCVR REUAY COIL
I&
O ComMm
CARRIER. [
START 9 '
| | RF GRoOuUwnND
q ‘ X \ SwircH
| g
s | o | <! CoOAX/ AL
SF WS FSC |  VO/CE ADAPTER I XU CA8ce
" | (OCTAL SOCKET) H —0 L/LOE
SC 5 p ) ! TUNER
J o i =~
F# 5 sl + ¥ ‘
=+ = L
BCA = )
CK PG P X
[ £ |
| AR CAPRIER 455y |
R AR -
L Je e VE REF OWGSA0DTE0 | 1
a- - ] o
REQUIREMENTS FOR GCY/GClY RELAYING
SUPPLY VOLTAGE CARRIER START CARRIER STOP R
S/ voc + 37V HTMA O voLTS 2K
/29 vDC + looV, 8MA 0 VoLrs 3.75K
258voc + 100V EMA O voLrs /9. K
NOTES
KR RELATING T@RNGTWTER / X FOR "R USE OWMITE VITREOUS ENAMELED
N
REQ. EXTERAQL CRNNECTIONS DIVIDOHM ADJUSTABLE 4K OR 20K 25W
TERM/INAL- COMMNETTION RESISTOR., COMNECT £ ADJUST FOR VALUES
/7. GROUND SHown
/2. COAXIAL CABLE A TrerE IN305/
ES SUPERV/SORY PREFEREMCE CONTACT
145 CARRIER STOP B- RETURM , vy bC oL
&, CARRIER START (POSITIVEY FOR S ¢ 129 vOC SUPPLY
/6. ALARM CUTOFE FOR COMMUNICATIONS L\ rop p2sgvoc SUPPLY USE
/7. B M/IMUS
/8. CARRIER STOP (HZ/HZM) ggfféi’/s%’zfgi’;?k T
/9. 8 PLUS
20 RELAY COrcC D FOR SUPERVISORY CONTROL

PREFERENCE CONTACTS

Fig. 5. Relaying Control Circuits —-GCX/GCY (Dwg. 2-329C704)
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TYPE KR CARRIER SET
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TYPE KR CARRIER SET I.L. 41-941.1G

4ADJUST FOR ;
MA AT JI— sack-ui
TV

|
=
Ly
| |
: 'v4 l
KI @ Iy | | TO sépviconrroL
| T2 EQUIPMENT
| o 7 |
l__8 ———— [
!
—5
SEE NOTE |
m POS._ gy POS. DC (48 OR 125 )
R3 L
ELCO TERMS
NOTES: J2
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROL 2 3 2
WITHOUT RELAYING. £z 2
2.POLARITY SHOWN CLOSES CONTACT BETWEEN 56 7 ?
TERMINALS 48 6, [ I |
AS VIEWED FROM REAR OF PANEL 6294552

T

g E—

5 WiDE X 2 DEER:TWO SLOTS

ARG

s |
—¢
0

westinghouse - 1

12}

18 -g- MTG.CENTERS
9 292B99]

[l
\

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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TYPE KR CARRIER SET

CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERVISORY CONTROL APPLICATION
(CHANGES FROM JUMPERS SHOWN ON |NTERNAL SCHEMATIC, F16.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 18
USED AS SHOWN ON APPLICATION DRAWING 329C704

FOR HZ/HZM OPERATION, THE JUMPER HAS BEEN REMOQVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

0.15 .. STANDBY
[o. 2 a. TRANSMITTING

ouT (O 4

IN O—-1 25 }—J25 }—{ 25} FE?%T}
R\ RZ2 R3 R4 lLlAMR

COM.

R 8
POWER CONSUMPTHONS= 803 WATTS AT 258 V.
390 WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE “WILLBE APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDITHON WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-NOLT #Z/HIM OPERATION
JUMPER TP=7 “AND.4TP-8 IS REMOVED.

48 VOLT OPERATION

ON. PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TP5 AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TP4

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R6Y
AND DIODE CR8 IS REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CCNTROL,
R53 1S CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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TYPE KR CARRIER SET I.L. 419

C)O

TRANSMITTER OUTPUT FILTER FL-3 CO

o
D

COl PARALLEL
LINE FREQUENCY RANGE ColL CONNECTION CAPACITOR CONNECTIONS A
1 27.7 KHZ-30.0 KHZ L-1 (1-95) ( 6—-8-9-10-11
2 29.8 KHZ-33.1 KHZ L-1 6-8-10-11
3 31.8 KHZ-36.0 KHZ L-1 ) 6-8-9-11
4 35.4 KHZ-39.0 KHZ L-—1 —6) 6—-8-11
5 380KHZ-41.0KHZ L-1 ) (3—6) 6—-8-9—-10-11
6 403 KHZ—45.0 KHZ L-1 —2) (3-6) 6-8-10-11
7 43.0KHZ-49.0KHZ L-1 1-2) (3—-6) 6-8-9-11
8 47.7 KHZ-56.0 KHZ L-1 K (1-2) (3—6) 6-8-11
9 495 KHZ-58.5 KHZ L-1 (1-2) (3—6) 6-8-9-10
10 57.0 KHZ-72.3 KHZ L-—-1 (1-2) (3—6) 6--8—10
1 67.0 KHZ-76.0 KHZ (1—4) (6-7) 6—-8-9-11
12 75.0 KHZ-88.0 KHZ 2 (1—4) (6-7) 6—-8—-11
13 775 KHZ—-93.0KHZ \z (1—4) (6-7) 6-8-9-10
14 89.3 KHZ—114 5 KHZ (1—4) (6—7) 6—-8—10
15 102.7 KHZ—-147.0 KHZ —2 (1—4) (6-7) 6—8-9
16 136.6 KHZ—-210.0 KHZ L-2 (1—4) (6-7) 6—-8
O
A\ =CONNECTION \ IS MADE BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

® Fig. 9. Connections - Output Filter (Dwg. 149A420)

L 4
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TYPE KR CARRIER SET

10

DB ATTENUAT ION
)

s Fig. 10. Transmitter Output Filter Selectivity (Dwg. 377996)
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TYPE KR CARRIER SET
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OB STEADY STATE ATTENUATION
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Fig. 12. Receiver Selectivity (Curve #377993)
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TYPE KR CARRIER SET

1.L. 41-941.TG

IF FILTER TEST CIRCUIT

ec %
joxk _SE&¢ !
HO
oums | ! Z | 300
s $J oHrMS
| S|
ok
10 K s&€Cc 2
O (og
oHms |© 4 |sc0
oHM S
5 8
L

FOR BOTH CURVES

DB = 20 log %

RF FILTER TESTOCIRCUIT

10 K
P ) ]
OHMS 10K
o R IC
7 g
' | |

el

vl
Al
o) 19 Fz(()m.{z)m

Each Section of FL-2 requirement with typ-
ical selectivity curve. Insertion loss 26 DB
max.%Including matching resistor.

33

\ /

NI/

AT

AN

-6 -4 -2 F *2 44
FREQUENCY (KHE)

FL-1 Requirement with typical selectivity
curve at 120 KH%. Insertion loss 18 DB
max. Including matching resistor.

Fig. 13. Receiver Filter Limits (Curve #377995)
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TYPE KR CARRIER SET

(80Mmv) 40 - - o (8v)
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Fig. 14. Minimum Channel Spacing (Curve #377998)



TYPE KR CARRIER SET 1.L. 41-941 4G

|

Coaxial Lead...756D346 G02 Q

HITE

"
redy
- N
OQ&SDMB G03
I @
CotoR LovE ‘ <
PINK 2
Stare 71
PIRPLE| P -
L
YUM = \ + ra
7 ls — _ / Z
£ 7 T ] LA |
= | £ ]
L | £ ]
= a
wairE (¢ | = j
x = L 14
1 [+

x4

Q

. Main Harness... 756D346 G04

Fig. 15. Test Harness — (Complete Set)
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Westinghouse 1.L. 41-94101F
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Voice Adapter
Accessories.

Style
KR Reserve Signal Detector . . .. ... .........." 470D167 GO2
250 Volt Resistor Unit .. ..o v v v v v v v v svohod 330C 191 HO1
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CAUTION The voltages encountered in this equip-
ment are dangerous to life. To be safe, disconnect
the power source and close the grounding switch

when servicing the equinment. %

INTRODUC

The Type KR Relaying T@ér-f{eceiveris
designed for Distance R ing, Telemetering,
Supervisory Control and et tection. Facilities
are provided for a pl t voice adapter. The
basic design is for rati from 125-volt station
batteries. However e aratus may also be oper-
ated from 48-volt o volt station batteries by
means of var in 1 connections. These various
connections a as most of the adjustments are
, although they can be changed in

made at

the fie
Althou esigned primarily for operation with

Westi use protective relays, this apparatus may

coordinated with other types of directional-

a
Sensitivity Variations with Frequency, C378000 dist, relays and with most other contact keyed
Receiver SelectiVity .....coveeresvveene. 03779Qev .

..............................

1.0 watt at standard condi-
tions (see Figs. 12 and 13).
0.5 watt with a 48-volt d-c
supply.

At least 46-db below funda-
mental.

Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

See Fig. 10

------------------------------

From-20°Cto +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 RiIpPLe ...vviiiiiii e T-127%

Ambient TemperatuUre RaANEe ..oouiii i i e it e e ettt et ie s —20°C to +50°C.

Non-Operating Temperature RaNZe ..oouuieeiiii ettt iie et e et iiiiaaaeeaaaas -—=40°C to +70°C

RECEIVET SN S IVItY ottt i e e e e e 0.04 volts at stand’rd
conditio Figs. 10 and
180

RECEIVEL Sl C L IVIEY ittt e i e e e ettt

Receiver Signal-to-Noise Ratio Requirements

Minimum Channel SpPaCing ...ovveiriii e et e . SC 1. 16

LR =) 8 01 o 1 | A ma at 48 VDC, 200-ma
t 125 VDC, 1.28 amperes
at 250 VDC.

Carrier On-Off Keying ..........cccooviiiiiiiiiiiiii e, 7 .. Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 VDC.

Weight (With Flexitest Case) ..cooviiiiriiiiieriiirernnnnennnn. \ ................. Approximately 16-1bs.

CAUTION Refer application to Westinghouse wh r silicon semi-conductor materials. The junction

other transmitters are to be connected to t e transistor consists of a thin slice of germanium or

coax cable as certain conditions may result ' ge silicon with three different regions produced by in-

to the output transistors. troducing specific amounts of impurities. A thin wire
is connected to each region. One outer region is

NOTE Standard conditions are taken a -vQlts , called the emitter, the other the collector, and in-

120-kHz and 25°C. serted between them is the base. These correspond
roughly to the cathode, plate, and grid of a vacuum
tube.

DESCRIPTT

e,

The transistors in this equipment are of the
junction type, and both NPN and PNP configurations
carrier-apparatus are used. In the NPN transistor, the majority of the

General

This completely transi

is a result of extensiveffiel d laboratory tests. current is carried by electrons. In the PNP transistor
From these tests, it wasWproven that transistors pro- there is a deficiency of electrons. These deficien-
vide superior reliabi tubes. In addition, the cies are known as ‘‘holes’’. For practical purposes
latest printed circui d /filter techniques have im- holes may be considered as positively charged
proved perfor reatly decreased the size. ‘“electrons’’, and these provide most of the current
The expec of transistors as compared flow in PNP units. In order to obtain maximum effi-
with vacu ill reduce maintenance costs, ciency and reliability, both types are used in this
and the low requirements will produce impor- equipment.

tant savings in battery and charger requirements.

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

Transist®rs perform the same functions as vacuum
tubesy However, tubes operate by the flow of elec-

tr iN) a vacuum between elements, while transis- .
. Mechanical
epend upon the movement of electrons in a -
olid.” This leads to a more rugged type of construc- This apparatus is supplied in a Flexitest case
. Most transistors are made from either germanium 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 he 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 disconnecting the coaxial cable.

Fig. 6. shows the location of major components
such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal temminals.

Provisions are made for plugging the, Voige
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of gthe set
accommodates the adapter plug. A buckle type/strap
on each side of the adapter holds the unmit inplace
after it has been plugged in. The nomal projection
for a rear mounted Voice Adapter is, 3-<imnehes be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied withithe adapter, a patch
cord is available on separate ordemy This patch cord
plugs into the telephone jackg on the adapter and pro-
vides an extensionto a convehiently located terminal
board.

The panel cutout infermation necessary for mount-
ing the Reserve Signal Detector is shown by Fig. 11.
This unit consists of a petentiometer and pushbutton
switch mounted onia small panel, itself suitable for
switchboard mounting:

For 250-volt operation, separate auxiliary resis-
tors are tequired, as shown in Fig. 8.
Electrical
Transmitter

The transmitter is made of four main stages in -

cluding an oscillator, driver, power amplifier, and‘an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector ‘of one
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of the first trafisistor.
The frequency is independent of volfage or tempera-
ture changes of the transistoms. Thus$ the frequency
stability is the stability of the crystala

The input to the driver gtage®Q-10 is controlled
by potentiometer, R-42 which"also/controls the trans-
mitter power output. In HZM felaying CARRIER STOP
provides about +40 volts for blocking. This is ap-
plied to Q-10 through™T=6. Diode CR-5 prevents dam-
age to the transistérwhenthis positive voltage is ap-
plied to the coldeetor:yFor CARRIER START (when
in the blocked(po$itien) a small positive voltage is
applied tothe colle¢tor of Q-10 by means of bleeder
resistors R-67and R-68.

The power amplifier consists of two transistors
@-12'and Q-15, which are operated as class B ampli-
fiérs 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 impedence
constant to pemit 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. 14.) The major stages include
an input filter, attenuator, oscillator, mixer, IF
filters, IF amplifiers, detector and a D-C power out-
put stage.

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
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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 1is 20-kHz 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-kHz.
The overall selectivity is determined primarily by the
IF filter FL-2. Typical characteristics of this filter
are shown in Fig. 15.

The IF amplifier consists of transistorsg,Q-HL0& 5
and Q-6.

The detector is a full wave bridge rectifder; This
rectifier in conjunction with the IF gamnlifier Q-6,
provides the necessary power to drive \the 2-C' power
output stage Q-T.

The final output stage QT will§supply approxi-
mately 18 milliamperes to a_standand 1700 ohm dis-
tance relay RRH coil andfits associated 500 ohm
alarm coil. It may also be used 4o drive other relay
coils such as is shown by Rig. 7, Supervisory Con-
trol Connections.

Transmitter Control Circuits

In the standby condition, although the oscillator
is runniné, 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-
plieation (Relaying, Telemetering, etc.) and is

discussed in the Adjustments section.

Output may be stopped "in several “ways., The
meithod used with K-DAR relays is to remove the
positive voltage applied to termin.al 15. In the case
of distance relaying with Westinghouse HZ/HZM
rclays, application of a positivemvoltage to terminal
18 will stop the transmitter outpuf. ©utput may also
be stopped by removal ofW%negative battery from
terminal 18.

Reserve Signal DHetector

The Reserve Signal Detector is shown by Fig. 11.
Effectively R- 1 isga, remgle transmitter output control.
This control iglobtaimed through varying the driver
Stage (Q-10) emitter bias, and is effective overa 25-
db range ©Of fransmitter output. The detector is
switched i_nto service by S 1. By adjusting R-1 for a
given rec diner relay current at the far end of the
cliannel, arelative measure of the channel attenuation
may ‘he obtained. This is discussed further ip the
sec¢tion 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. 3, 4 and 5 show simplified diagrams of the
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and 5)

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
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 ana keep it from being turned

% on by secondary functicns such as reserve signal de-
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tection 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. 4 and 5) 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 poweram-
plifier.

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. 3)

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 the voltagg
and current on the transmission line, detect and
determine the direction of a line fault and thereby:
control the carrier transmitter and receiver.

The control of the carrier set is such as to sfart
the transmission of catrier when fault powem on the
transmission line is flowing out of the line section
being protected. Conversely, when fatilt power is
flowing into this line section, the control isysuch as
to block the transmitter and keep ityfromibeing turned
on by secondary functions such as_reserve signal de-
tection and communication, should these functions be
in use at the same time. Shouldycarrier now be re-
ceived from the remote station, theghold coil and alarm
coil will energize threughytransistor Q-7 in the
receiver.

When carrier start operation occurs, the CARRIER
START contact cleses 4dpplying the full battery
supply voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

Whenga, carrier stop operation occurs, the CAR-
RIER STOP contact opens. This applies a positive
voltage (seée Fig. 3) 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 ble@k a
third receiver, would be of such amplitude, phase and
frequency as to cause the RRH coil currentwto
‘‘pulsate’’. It would then be possible to have a false
trip.

In the case of the KR set for rel@¥ing 3-terminal
lines, the transmitter frequencies (tog@void this pos-
sibility of false trip) should beWsepéarated by 100
Hz. All receivers and one gtransmitter would be
for the desired center frequency. One of the other
transmitters would be 100 Hz,abowé, the other 100 Hz
below this center frequeney.

INSTALEATION

General

Upon receipt of amnit, whether shipped separately
or in an assembl¥y.an immediate inspection should be
made. Carefullyicheck for damage or shortages.

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

Flexitest Case Mounting.............. Fig. 1
* Reserve Signal Detector ............. Fig. 11

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.uiiiiiiiiiiiiiiiiiiieieneniennnennes Ground
12 Coaxial Cable
13 and 19....... Supervisory Preference
Contacts
14......... B- ““CARRIER STOP'’ return
15, i, Battery positive through
carrier start contacts
16, ciieeinne.n. Battery positive for alarm
cutoff (used with com-
munication)
1t e B-
18....... Carrier Stop for HZM Relaying
D B+
] Relay Coil
CAUTION If the transmitter output load is removed

while the transmitter is energized, the transistors in
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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
coaxial cable to ground before changing tans 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

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

125-Volt K-DAR and GCY Relaying

125-Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GCY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca#
pacitors of the transmitter output filter are required
depending on the channel frequency. These Are tab-
ulated in Fig. 9.

Adjustments

This apparatus is generally tuned to and tested
at the specified channel frequency before shipment.
Final adjustments must be made in the fiéld and are
described in the following par agraphSydiig. 6 shows
the locations of the various controls:

Transmitter

1. Disconnect the coaxial cable and replacd with
a 50, 60, or 70 ohm nonsinduetive resistor depending
on the characteristi¢ impédance of the cable used.

2. Fig. 948hows typical output filter connections
for variougifregliency, ranges. In some cases it may
be necessaryito usefeither a higher or lower range to
tune the filter to“tlésonance.

3. Insert” fuses F'- 1 and F- 2 to apply power to
the apparatus.

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

R-49,and R+48

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

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. 12 and

13.) (Approximately 5.5volts 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-
tinn. 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 across
terminals 11 and 12. Energize the transmitter and
output control R-42 for the same output as the max-
imum noise. Then adjust the receiver input control
R-1to obtain 1-ma output current. If it is impossible
to obtain 1-ma output current with control R-11in the
maximum clockwise position, then clip out resistor
R-74, which is connected to the base of Q-4. If the
gain 1is 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 Signal

When the maximum on-frequency noise AS” un<
known and cannot be conveniently measured, \the re-
ceiver may be adjusted for the remote sisnal. “First
determine the channel attenuation using a “Sierra
voltmeter or some other convenient: method. Dis-
connect the coaxial cable and cemneétga 60-ohm
non-inductive resistor and a VTVM across terminals
11 and 12. Add 15-db to the_chamnel attenuation.
This compensates for average gvariations such as
channel and voltage variations{ For example, if the
channel attenuation i§ 5-dbjgpadd this to the 15-db
making a total of 20-db{ Taking this from 8 volts
output of the transmittér, th@ receiver should then
be set for a sensitivity @f€0.8 volts. To do this, ae
just the transmitter output control R-42 for 0.8 volts
and then adjust the receiver input control so as to
obtain 10-ma ©utput current. If it is impossible to ob-
tain 10-magoutput current with control R-1 in the
maximum_cloekwise position, clip out resistor R-74,
which is, coinected to the base of Q-4. If the gain
is stilllyinsuf ficient, clip out resistor R-73, which is
connected to t he base of ©-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, case§ may
arise where conditions change. For example, if the
adjustment is made per part a,, the no®ise may in-
crease due to various reasons suchias badfinsulators,
which would require adjusting theyreceiver to be less
sensitive. In the adjustment of part ., the attenua-
tion may increase due to 4sleet,orf line switching,
which would necessitate increasing the sensitivity of
the receiver.

Reserve, Signal Detector

Due to different “types of operation and supply
voltages, it{ispnot practical to have a calibrated dial
for this unit.\Hewever, calibration may be made at
installatiGngby tecording transmitter output (either in
db orpvoltsipat various knob settings of the detector
unit. I'hen, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
inereaseler decrease in line attenuation may be noted
as ghendifference between the original setting, and
the\ setting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 FI.-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 plus 20
kHz. Figure 9 shows the connections for the trans-
mitter output filter. It is necessary to unsolder the
existing connections and make the new connections
per the chart. After completing the preceding, the
tuning procedure as described under Adjustments for
transmitter 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 kHz, these capacitors are 270
mmf. each. For frequencies of 110 kHz 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 m
be unblocked (transmitting) by closing the CARR
START circuit in the case of HZM relayin b,
opening the CARRIER START circuit in of

K-DAR and GCY relaying.

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

2. For transistor D-C meagre nts with referznce

to B-, refer to Table 2. \
3. For D-C bleeder &nts with reference
to B-, refer to Table 3.

4. For typical RF ‘sign
ceiver, refer to Tab

\ signal measurements for
fep to ble 5.

Printed Circuit

measurements for re-

Board from
Flexitest Case.

Tc remgve the printed circuit board, unplug J-15

and) J-16 located near the output filter. Loosen the

rews inside the case near the top. Loosen the

slott thumb screws at the iower end of the board

a ull these screws out as far as they will extend.
1so remove the receiver coaxial cabie plug.

Pull board down so as to disengage Qals,

and lift out.
7. Removal of the Output Filter

After the printed board has beeﬂ removed, re-
move the screws on the o of the case at the

bottom. Lift out filte n sgconnect the coaxial
cable.
8. Receiver F‘ilte@

Fig. 15 show ical receiver selectivity curves
both RF an e filters are checked in a test
setup, it is essary to use an accurate signal gen-

erator o erably a signal generator and a fre -
quency (eo

inimum 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 Hz-

to 230-kHz, input impedance 7.5 megohms.
d. D-C Vacuum Tube Voltmeter (VTVM)

Voltage 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-kHz. to 230-kHz.

c. Oscilloscope
d. Ohmmeter
e. Capacitor checker

f. Test harness (See Fig. 17)
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TABLE 1 C)

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

CONDITION A CONDITION B
Tx-Blocked tt Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal
129 VDC 51 vDC 129 VDC 51 VvDC DC 51 vDC
RF Input J-2 0 0 0.3V 0.3
DC Q-1 Base J-3 20V 20 V 20 V
DC R, B+ J-4 20 V 20 V 20V 2
DC R, Osc J-5 Y 7V 7 TV
DC Q-5 Base J-6 20 V 20V 20 V
B— J-7
DC-P1-E J-8 110 Vv 32 v 32V 110 Vv 32V
DC-Q-7 Base J-9 69 V 0\ 8V 2.3V 66 V 0.3V
DC Q-7 Emit J-10 0V 78 V 1.4V 66 V 1.0V
DC T, Osc J-11 (Y Y TV Y Y
L 4
B+ J-12 12 \ 51V 129 Vv 51V 129 V 51V
DC Q-10 Base J-13 \ 18 v 18 V
DC Q-10 Emit J-14 18 V 18 v
RF ma out J- 130 ma 130 ma
DC ma RRH \
and *
ALARM 18 ma 18 ma

tt Tx =tr smitter,’Rx = receiver
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I.L. 41-

TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

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 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 110 110 114 129
51 VDC 32 32 2 32 51
Q-7
129 VDC 70 68 78 80 86
51 VvDC 1.0 1 1.4 2.2 7.0
Q-8 2 6.2 8 2
Q-9 1.8 7 7.2 1.8

&

Unblocked
-No Signal
(Volts)
Bt Ct
6.2 8 2
7 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

; C-Collector.
rm 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 Bt 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 (P1-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) - - 45Y — - 51V
Junction R-45 and R-41 (TP-8) - - 98V — - 51v

tConditions: A — Tx-Blocked, Rx-No Signal;, B — Tx-Blocked, Rx-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<0% 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. 0707 0.07 0.07
With Receiver Crystal In
x
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 to Gnd. 13.0 10.0 8.0
T4-1 to'Gnd. 13.0 10.0 8.0
T443yt0 T4-4 4.5 3.5 2.5
J9 te J10°(DC) 0.74 0.75 0.65

12
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I.L. 41941.7F

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. 14)

This shows a typical curvegof“the overall selec-
tivity of the receiver under ““steady” state condi-
tions.

2. Transmitter Output Seleetivity (Fig. 10)

Typical curves arey,shown so that approximate
bandwiths for keying purposes can be determined for
any carrier frequeéncybetWween 30-kHz and 200-kHz.

3. Minimum Channel Spacing (Fig.16)
<

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 ‘of the receiver are known. These can be obtained
from*ealculations 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-kHz.

4. Transmitter Output and Receiver Sensitivity
Variations with Voltage (Fig. 12)

These curves show the variation of transmitter
output and receiver sensitivity with changes in supply

¥ voltage, at 120-kHz 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.13)

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. 12.

6. Supervisory Control Connections (Fig. 7)

When supervisory control is used with relaying,

series with the RRH coil in place of the alarm relay.
When supervisory control is used alone, a 1200-ohm
resistor R3 is connected in series with the ‘¢ontrol
relay coil by removing the jumper across R3, as shéwn
in Fig. 7. In order to maintain proper mark space
ratio, the reldy bias current is adjusted for 9 milli-
amperes as indicated.

The receiver RF filter and the IF filfer limits
are shown on Fig. 15. Both filters are,of the plug-
in type and the test circuits /with“pin connections
are shown at the top of each curye./The IF filier is
divided into two separate sections. The selectivity
shown is for each sectionjand/the pin connections
for each section are dlsgyshown in the test circuit

the supervisory control

relay coil is connected in

sketch.

ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S
FUNCTION DESCRIPTION
SYMBOL DESIGNATION
CAPACITORS

C-1 Rcvr. Bleeder 2.0 uf, +20%, 200 ¥DC, Paper 330C567 H11

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

Mica or 330C566

H57

C-3 Rcvr. Osc. Bleeder 0.02,uf,"MRC, 600 VDC, 330C569 H417

Bypass Disc

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

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

C-1 B— to B+ Bypass 2 uf, +10%, 600 VDC, Paper 14C9400 H18

C-8 B— to GND: 1.0 uf, +10%, 1000 VDC, Paper 14C9400 H17
fC-9 XmtmyOsesFeedback Same as C-2
C-10 Xmtr. Osc. Same as C-3

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

C-12 Q-10 Emitter Bypass 0.25 uf, +20%, 200 VDC, Paper 330C567 HOS5

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

tTNote: 140 ppuf for osc. freq. 110-kc and above.
270 ppuf for osc. freq. below 110-kc.

14
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I.L. 41.9

ELECTRICAL PARTS LIST

O

MANUF ACTURER'S ';

CIRCUIT FUNCTION DESCRIPTION
SYMBOL DESIGNATION
CAPACITORS (Concluded) <
C-18 PA Bleeder 0.5 pf, +20%, Paper %
C-19 Output Filter Tuning 500 ppf, Variable, Air HO1
C-20 Output Filter 390 ppuf, +5%, 2500 VDC, Mica 561 H15
C-21 Output Filter 680 puf, +5%, 2500 VDC, Mij 30C561 H21
C-22 Output Filter 1200 puf, +5%, 2500 V 330C561 H27
Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 wfd, tK 187A177 HO1
DIODES

CR-1 Bridge Rectifier se, 1N63 584C433 HO2
CR-2 Bridge Rectifier

CR-3 Bridge Rectifier

CR-4 Bridge Rectifier Same as CR-1

CR-5 Q-10 Collg:tmo Same as CR-1

CR-6 Q-7 Basg@ Type IN457A 184A855H07
CR-T Volt N tor Type INT68, 584C434 HO2
CR-8 Vol gulator Type 1N 1369 584C434 HO5
CR- llector " Type 1N3811 185A089H08
Cig(\ Emitter Type 1IN3028A 188A302H14

L 4

15
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ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'’S
SYMBOL FUNCTION DESCRIPTION DESIGNATION
FUSE HOLDERS
FH-1 B— For Type 3AGC Fuses 584C27\®
FH-2 B+ Same as FH-1 @
FUSES 0
F-1 B-—- 3AGC 3/4 amp. S#330C691 H12
F-2 B+ Same as F'-1
FILTER
*
FL-1 Rcvr. RF Bandpass 30 to 200 kH \
Freq. to be
specified
custome
* .
FL-2 Rcvr. IF Bandpass leed Freq.
QNNECTORS
J-1 Printed Circuit ted Circuit Female 54-B-T7125 HO03
rS Plug
J-2 RF Input K UG-185-U 584C292 HO7
J-3 Recvr. Osc. p Terminal Studs 330C592 HO1
J-4 Rcvr. Mixe Same as J-3
Suppl
J-5 upply Same as J-3
J-6 Same as J-3
J-7 Same as J-3
&
8 Q-6 Supply Same as J-3
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O

ELECTRICAL PARTS LIST

MANU FACTURERQ

el FUNCTION DESCRIPTION AT o
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 328C093 HO1
J-16 Output Filter GND 328C093 HO2
P-1 Printed Circuit 54-B-7126 HO3
INDUCTORS
L-1 Core and Coil 11 MH Total — 6 MH 329C450
Assembly Tap (Part of FL-3)
L-2 Core and gou O 2.5 MH (Part of FL-3) 329C449
Assembly \
L-3 \K 1.0 MH, 300 ma R-300
L-4 RF‘@ Same as L-3
@ TRANSISTORS
1 vr. Mixer Type 2N525 184A638H13
Q-2 Rcwr. Osc. Tyne 2N414 184A638H14
—s

17
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ELECTRICAL PARTS LIST

O

MANUFACTURER’S O

CIRCUIT
FUNCTION
SYMBOL DESCRIPTION DESIGNATION
TRANSISTORS (Concluded)

Q-3 Revr. Osc. Same as Q-2 \%
Q-4 Revr. IF Same as Q-1 @
Q-5 Recvr. IF Same as Q-1

Type 2N498 or 4A H15
Q-6 Rcvr. IF Type 2N657 Ql 38H15
Q-7 Rcvr. Output Type 2N698 T62A585H02
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 2N4 184A638H07

Typeg2 184A638H15
Q-15 Xmtr. PA Sa @ Q-1

@SISTORS
R-1 Rec. Input @iZO%. 1/4 W, Pot. 584C276 H23
R-2 Filter Matching 0K, +10%, 1/2 W 330C595 H37
R-3 Filter Load \ Same as R-2
R-4 Recvr. Osc. 1K, +20%, 1/4 W, Pot. 584C278 H19
R-5 Rcvr. V. e 6.2 K, +5%, 1 W 330C666 HE8
ivi
R-6 Q- o tor 1.2 K, t5%, 1/2 W 330C664 H51
R-8 oltage 30 K, *5%, 2 W 330C668 H84
ider
R-9 ORcvr. Voltage Same as R-8
Divider

P
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O

ELECTRICAL PARTS LIST

MANU FACTURER'SQ

sl FUNCTION DESCRIP TION AR
L 4
RESISTORS (Continued)
R-10 Q-2 Base Same as R-2 \%
R-11 Q-2 Base 100 K, +5%, 1/2 W %S HO5
R-12 Q-3 Collector Same as R-6
R-13 Q-3 Emitter 390 Ohms, +5%, 1/2 W 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 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, ¢ N 330C597 H40
R-18 Rcvr. Osc. 9.1 ,&,/2 W 330C664 HT72
R-19 Q-4 Bias ,* 5%, 1/2 W 330C664 H25
R-20 Q-4 Bias me as R-2
R-21 Q-5 Bias 50 Ohms, * 5%, 1/2W 330C664 H29
R-22 Q-5 Bias Same as R-2
L 4
R-23 Q-6 Bias \ 330 Ohms, * 5%, 1/2 W 330C664 H3T
R-24 Q-6 Bi"% Same as R-2
R-25 Q-6 itte Same as R-19
R-26 @e Same as R-6
i 20 Ohms, +5%, 1/2 W 330C664 HO8
Same as R-18
R-29 Xmtr. Osc. Bleeder Same as R-17
R-I% Xmtr. Osc. Bleeder Same as R-16

19
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ELECTRICAL PARTS LIST

SYMBOL 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, +5% \ 330C668 H86
Divider

R-40 Buffer Voltage R-39
Divider \

R-41 Buffer Voltage e‘as R-2
Divider

R-42 Xmtr. Osc. Output r'S ame as R-4

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

R-44 Q-10 Bias 33K, + 5%, 1/2 W 330C664 H85

R-45 Buffer Volta Q 15K, £+ 10%, 1 W 330C596 H39
Divider

R-47 fer tage 6.8 K, #5%, 1/2 W 330C664 H69
Di er

R-48 Bu oltage 15K, +5%, 1/2 W 330C664 HT7
Divider

R- I,A Bias 27T K, #5%, 2 W 330C668 H83
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l.L. 4]

ELECTRICAL PARTS LIST

S

g;%%%‘g FUNCTION DESCRIPTION MAS‘g;églg%ENR'S
&
RESISTORS (Concluded) %
R-50 Xmtr. PA Same as R-19 \
R-52 Q-12 Emitter 10 Ohms, * 5%, 1/2 W 664 HO1
R-55 Q-15 Emitter Same as R-52
R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 330C595 HO09
R-60 Recvr. Bleeder 1K, +5%, 25 W 584C416 H57
R-61 Recvr. Bleeder 600 Ohms, *5 584C416 H4"
R-62 Recvr. Bleeder 350 O , w 584C416 H52
R-64 Xmtr. Bleeder 1200@, o, 25 W 584C416 H64
R-66 T-7 Load s, 5%, 2 W 330C668 H43
R-67 Xmtr. Blocking 0 S, £+ 5%, 2 W 330C668 HO1
R-68 Xmtr. Blocking 10 K, +10%, 10 W 330C577 HO1
R-69 Q-10 Emitter Same as R-19
R-70 FL2 Decgupl' g 470 Ohms, +10%, 1/2 W 330C595 H21
R-T1 Q-4 Emit \ 150 Ohms, *10%, 1/2 W 330C595 H15
R-72 Q-5 % 68 Ohms, +10%, 1/2 W 330C595 H11
R-73 Q-5\Bas 180 Ohms, +10%, 1/2 W 330C595 H16
4 Base 2.TK, +5%, 1/2 W 330C664 H59
-4 Collector 22K, +10%, 1/2 W 330C595 H41
Q-5 Collector Same as R-75

21
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ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S

TRANSFORMERS

T-1 Rcvr. Input Impedance Ratio 10 K; $#1962798, %
10K

T-2 Rcvr. Osc. Impedance Ratio 10 K: S#196 7@3003
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 6 , L-592171
300 ohms

T-4 IF Output Impedance Ratio 4 K: 1962693, L-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance Rat S#1962698, L-592170
400 ohms C

T-7 Xmtr. Output Impedanc 930: S#1962694, 1.-633000
6

POINTS

TP-1 R-5 al studs 330C592 HO2

TP-2 R-8 S ame as TP-1

TP-3 R-17 Same as TP-1

TP-4 R-18 \ Same as TP-1

TP-5 R-28 O Same as TP-1

TP-6 \Q 9‘10 Same as TP-1

TP-7 -4 Same as TP-1

TP-8 45 Same as TP-1

TP-9 R-47 Same as TP-1

&
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I.L. 41

ELECTRICAL PARTS LIST

O

O

Q>®

CIRCUIT MANUFACTUREB’S
SYMBOL FUNCTION DESCRIPTION DESIGNATION
SOCKETS
X-1 FL-1 Octal @ 89 HO1
X-2 FL-2 Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 584C606 HO1
XY-2 Xmtr, Y-2 Same as XY-1
Y-1 Rcvr. Osc. S nnel Freq. 328C083
* -kHz.
Y-2 Xmtr. Osc. pecify Freq. Same as 328C083
Channel Frequency
SERVE SIGNAL DETECTOR
(S#470D167G02)
R-1 Resistor, @ * 200 K, 2 W, Pot. * 184A086H2T
Cont \
R-2 R&k&miting 2000 ohms, 2’ tube. 1267296
S-1 ‘esl ’witch SPST Normally Open 327C854 HO1

23
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% Fig. 4-Relaying Control Circuits—K-Dar (Dwg. 3-329C704)
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TYPE KR CARRIER SET

8+ .
7 ALARM RA S CARE/CR
[]R* l CUTOFF ALARM,
IN , |
(R) Revr RELAY COIL
(va).
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L el I <Eroweseopieo
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REQUIREMENTS FOR GCxof/GCY LRELAYING
SUPPLY VOLTAGE CARRIER START\\CARRIER STopP R
S/ voc +37v, AMA O voLTS 2K
129 vocC + looV,( BMA4 0 VoLTs 3.75K
258 voc +loov -8ma O voLrs /9. K
NOTES
KR RELAYING BRAMGMITTER / X FOR "R" USE OHMITE VITREOUS ENAMELED
RECY, EXTERNAL LONNECTIONS DIVIDOWHM ADJUSTABLE 4K OR 20k 25 W
TERMINALE COUMNECTION RES/STOR, COMNECT § ADJUST FOR VALUES
SHow
/7. GROYND
12, COAXIAL CABLE A Tree IN30S]
/3. SUPERV/ISORY PRE FERENCE CONTACT
/5y CARR/ER START (POSITIVE) ¢
’_‘;' ALARIM CUTOFS FOR COMMUNICATIONS 1+ roR 258V DC SUPPLY USE
/7.
/8. CARRIER STOP (WI/HEZM) gi‘;cg",g%’zfgi’;;og T
/9, 8 PLUS
20 RELAY COIC O FOR SUPERVISORY CONTROL

PREFERENCE CONTACTS

Fig. 5. Relaying Control Circuits -GCX/GCY (Dwg. 2-329C704)
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9m).:usr FOR 12
MA AT JI
JACK-JI =9 KR
\ z 0k <
] I
| 20
2 =>——NEG DC
t
| |
- - - o
{ 4 I
] |
Ky @ @ _tye | | To supycoNTROL
f ! EQUIPMENT
|
) I £ |
® |
POS. »s
SEE NOTE |
m POS. gy POS.DC (48 OR 125 )
R3 L4
ELCO TERMS
NOTES: J2
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROL — 5 3
WITHOUT RELAYING. 123 4
2.POLARITY SHOWN CLOSES CONTACT BETWEEN 5 6 7 8
TERMINALS 48 6, [ I I
629A552

AS VIEWED FROM REAR OF PANEL

.

"+

7—
ol
]
I
N
|

T

2 wipg X =2 DEER-TWO SLOTS

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERVISORY CONTROL APPLICATION
(CHANGES FROM JUMPERS SHOWN ON INTERNAL SCHEMATIC, F1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 IS
USED AS SHOWN ON APPLICATION DRAWING 329C704

FOR HZ/HIZM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

0.15 o.. STANDBY
[o. 2 o. TRANSMITTING

ouT & v,
=
IN O 25
=N R2 R3 R4 l!.lAMP.
COM.

R7 RG R5

POWER CONSUMPTTONS- 303/WATTS AT 258 V.
390 WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE WiLL BE APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDALTI'ON WHEN BATTERY VOLTAGE 1S
280 VOLTS.

125-VOLT HZ/HIM OPERATION
JUMPER TPS7Z AND'TP-8 IS REMOVED.

48 VOLT OPERATION

ON PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BEJWEEN TP5 AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TP4

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R6Y
AND DIODE CR8 1S REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CCNTROL,
R59 1S CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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C)O

2
TRANSMITTER OUTPUT FILTER FL-3 CON@S
COl PARALLEL
LINE FREQUENCY RANGE C_O_II_. CONNEC N CAPACITOR CONNECTIONS A

1 27.7 KHZ-30.0 KHZ L-1 (1-9) ( 6-8—9-10-11

2 29.8 KHZ-33.1 KHZ L-1 6-8-10-11

3 31.8 KHZ-36.0 KHZ L-1 ) 6—-8-9-11

4 35.4 KHZ—-39.0 KHZ L-1 —6) 6-8-11

5 380KHZ—41.0KHZ L-1 (3—-6) 6-8-9-10-11

6 403 KHZ-450 KHZ L1 —2) (3-6) 6-8-10-11

7 43.0 KHZ—49 0 KHZ L-1 1-2) (3-6) 6-8-9-11

8 477 KHZ-56.0 KHZ L-1 \ (1-2) (3—6) 6—-8-11

9 495 KHZ-585 KHZ L-1 (1-2) (3-6) 6—-8-9-10
10 57.0 KHZ-72.3 KHZ L-1 (1-2) (3-6) 6-8—-10

1 67.0 KHZ-76.0 KHZ (1—-4) (6-7) 6—-8-9—-11
12 75.0 KHZ—-88.0 KHZ (1—4) (6-7) 6-8-11
13 77.5 KHZ-93.0 KHZ X (1-4) (6-7) 6—-8—-9-10
14 89.3 KHZ-1145 KHZ (1-4) (6—7) 6—-8-10
15 102.7 KHZ-147.0 KHZ 2 (1-4) (6-7) 6—-8-9
16 136.6 KHZ—210.0 KHZ L-2 (1—4) (6-7) 6-8
NS
A =CONNECTION % IS MADE BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

® * Fig. 9. Connections - Output Filter (Dwg. 149A420)

L 4
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10

DB ATTENUAT ION
an

F S 10 15 20 25

s ¥ Fig. 10. Transmitter Output Filter Selectivity (Dwg. 377996)
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TYPE KR CARRIER SET

+ 2
INCREASING OUTPUT
INCREASING SENSITIVITY /
+ /1 /
/
08 o0

RECEIVER SENSITIVITY = 40 MV AT /29 VvDC
TRANSMITTER OoUTPUT = /2 W AT /29 VDC
—4}— 42w =8.5VOLTS AT @O OHMS )
FREQUENCY = /120 KHE
TEMPERATURE = 25°C

| | l | |

100 //70 /120 /30 /40

SUPPLY VOLTAGE

* Fig. 12. Transmitter Output and Receiver Sensitivity Variations with Voltage (Curve # 377999)
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TRANSMITTER OUTPUT £ RECEIVER SENSITIVITY
VARIATIONS WITH FREQUENCY

+ 8
te \‘\ a7
A G
4 | 6‘9 S,
+
i <~/‘/\3/;.
/‘,/
7y
+ 2 INCREASING SENSITIVITY

INCREASING OUTPUT | \
TRANSMITTER ouTPUT

08 0 B

~

\\

(7.2W=8.5 VOLTS AT 60 OHMS.
- e SUPPLY MOLTAGE = /29 VDC

RECEIVER SENSITIVITY = 40MV AT /20 KHZ
TRANSMITTER OQUTPUT = L2W AT /20KHKZ

T

TEMPERATURE = 25°C

40 GO 80 /00 /120

(0008LE #3Ain) Aduanbaiy yiim SUOHDIIDA AHIAIHISUSS J9A12D3 Y puD INdinQ Ja441wsunt ) "g| 614 x

FREQUENCY (KHE)

LE

/140

/60

180

200

13S AJIHAVD UM IdAL
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38

OB STEADY STATE ATTENUATION

50

45

40

35

30

25

20

/5

/10

-2 -/ Fo +/ +2
FREQUENCY (KivR)

*
Fig. 14. Receiver Selectivity (Curve# 377993)
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I.L. 41-941.TF

IF FILTER TEST CIRCUIT

gec

10K S !

0 O

oHms ! Z 300
s 3 OHMS
C___ T

ok
10 K

w oég
a
" FQN

oHM S 300
OHM S

FOR BOTH CURVES

DB = 20 log %

RF FILTER TESTECIRCUIT

1OK

o
OAMS h) Sliok
= OHMS

Rel

e 7

AN 7
F (KHZ)

Eachesection of FL-2 requirement with typ-
ieal selectivity curve. Insertion loss 26 DB
maxy ylncluding matching resistor.

33

\ /

NIV

UMMM

~
F ARNARMMINRNNRNY

+2 +4
FREQUENCY (KHE)

FL-1 Requirement with typical selectivity
curve at 120 KHZ. Insertion loss 18 DB
max. Including matching resistor.

* Fig. 15. Receiver Filter Limits (Curve’? 377995)
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ZERO DB = 8VoLTs
MINIMUM CHANNEL SPAC/NG
FOR KEYED CARRIER /5 PPS

*
Fig. 16. Minimum Channel Spacing (Curvex 377998)
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C)O

R I— it Sl IS

%
>

—
®

3
Yy

Coaxial Lead...756D346 G02

2

ITE

J

==

ermssnsw GO3

I

mﬁ
A
‘% ﬁ;

AR

L_[2[s[ofo[nn[=(s

7.

®

Main Harness... 756D346 G04

Fig. 17. Test Harness — (Complete Set)
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Westinghouse 1.L. 41-941{1F
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter V@ice Adapter

Accessories.

KR Reserve Signal Detector

250 Volt Resistor Unit

Test Hamess (Complete Set)
Coaxial Lead . .. . v it vt ittt it smee e o0 o ..

Output Lead

Style
470D167 GO2

330C191 HO1

............. 756D346 GO1

756D346 G02
756D346 G03

Main Harness. . . v v v v v v v v v v e ol s S e v 0 v e 756D 346 G04

TABLE OF CONTENTS Adjustments
Transmitter...cciiiiiiiieiiiniininnieenns Page 7
RECEIVEr iiiiiiiiiiiiiiiiiiiiieeninnennnes Page 7
Introduction ....civviiiiiiiiiiiiiinnn.. Y & Page 2 Reserve Signal Detector..........uee. Page 8
o 250-Volt Resistor Unit .oovvveeeeeennns Page 8
Specifications civiiiiiiiiiiiiiiiieenneees s@iin .. boned Page 2 e — Page 8
Description Maintenance ....... Neseeesssessstctteattetittrannns Page 9
General .vveiiieeiieeieeiereebaessesobececsnnseeeeaans Page 3 APPHCALION teveiriiiiiiiii Page 13
Mechanical cioeevieiiiiinend @ue e Weeiiinnnnn, Page 3 Electrical Parts LiSt. e eee e ee e, Page 14
Electrical....ccovveennnt.
TranSMitter voveveedibeeeeedeheresreeescencenes Page 4 L I ST 0 F T A B L E S
Receiver v @ o i, Page 4
Transmitter Contfol \Circuits.............. Page 5 Table
Reserve' Slg'nal Detector .c.oevvvievnnnnnn. ,Page 5 1 D-C Pin Jack Measurements with
CommunicatioNSh..coivieiiiiiiiiinnieiennnss Page 5
RelayingfControl Circuits....ccevvvviennn Page 5 Reference t0 B-uuoveres unineeinnns Page 10
2 Transistor DC Measurements with
Reference to B-.iviiieiiiniiiiiiiiennns Page 11
. 3 D-C Bleeder Measurements with
Installation
Reference to B-..civiieiiiieiinnninnnns Page 12
(1) 1= = N Page 6 4 Typical RF Signal Measurements
Comnnections fOr RECEIVET tiviiiiinnnnieenrenennnnnnns Page 12
L 05 47 o o1 DR Page 6 5 Typical RF Signal Measurements
Internal ..oivviiiiiiiiiiiiiiiiiiiiiinniecnennnes Page 7 for Transmitter ..ccovvviiiiieninniennns Page 13

SUPERSEDES I.L. 41-941.1E

*Denotes change from superseded issue.

EFFECTIVE JANUARY 1969.
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LIST OF ILLUSTRATIONS
Figure References
1 Outline — Flexitest Case ..ccovvvvnnnnnn 540D 753
2 Intermnal Schematic .....cccvvieviiinnniinans 540D 780
3 Relaying Control Circuits
(HZ/HZM) coeiriiiiiiiiiniiinnnannn 1-329C704
4 Relaying Control Circuits
(0G0 DT O TN 3-329C 704
5 Relaying Control Circuits
((c10). 74 ¢ 10) 'S T 2-329C704
6 Component Location........covvuvienennnn. 540D781
7 Supervisory Control Receiver
Connection..iiviiiiiiiiiiiiiinnnnnns 223B498
8 Connections, 48-250 volts
and Supervisory Control............ 407C971
9 Transmitter Output Filter
Connections vuvveiiiiimeiiiinnnnns 149A420
10 Transmitter Output Filter
Selectivity.vviiiiiiiiniiiinieiiiiennnn, C377996
11 Reserve Signal Detector — Outline and
Schematic ......couveunee 329C1703
12 Transmitter Output and Receiver
Sensitivity Variations with
D-C Voltage .........ccceeevuveennnnn. C377999
13 Transmitter Output and Receiver
Sensitivity Variations with Frequency, C378000
14 Receiver Selectivity .......ccovvvviinnenn.

D

...............

IFICATIONS
Frequency RaNge...ccicieieiriiininnnnnas @ \O .........

Transmitter Outplﬁ Filter Selectivity

Transmit

and Receiver Oscillator and Frequency Stability

15 Receiver Filter Limits ......cocvveinnnn..
16 Minimum, Channel Spacing
17 Test Harness

CAUTION The voltages encountered in this equip-
ment are dangerous to life. To be safe, disconnect
the nower source and close the grounding switch
when servicing the equinment.

RZ
5

The Type KR Relaying er-Receiveris
designed for Distance Telemetering,
Supervisory Control and et tection. Facilities
are provided for a pl voice adapter. The

from 125-volt station
aratus may also be oper-
volt station batteries by

1 connections. These various
s most of the adjustments are
although they can be changed in

basic design is for era
batteries. However

e
ated from 48-volt o

n

Altho esigned primarily for operation with
Westl ouse protective relays, this apparatus may
a rdinated with other types of directional-

t relays and with most other contact keyed

03779Qe .

*

1.0 watt at standard condi-
tions (see Figs. 12 and 13).
0.5 watt with a 48-volt d-c

supply.
.............................. At least 46-db below funda-
mental.
.............................. Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)
.............................. See Fig. 10
...................... 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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1.L. 41-940.1

Permissible Battery Voltage Ripple . ....ooooivviviiiiiiiinin.n.

Ambient Temperature Range ........oooiiiiiiiiiiiiiiiiiinnnaann..

Non-Operating Temperature Range ........oooiiiiiiiieiinnn...

Recelver Sensitivity cvuii i i it et

Receiver SeleCtivity .ooviiiiiiiii i it
Receiver Signal-to-Noise Ratio Requirements ...............
Minimum Channel Spacing .....oovviiiiiireriiiiiiiii e,

PoWer InpUL .o e e

Carrier On-Off Keying

Weight (With Flexitest Case) ..ovviiiiiiiiiiiiiiiiiiiiiineieennns

CAUTION Refer application to Westinghouse wh
other transmitters are to be connected to thefs
coax cable as certain conditions may result i @
to the output transistors.

NOTE Standard conditions are taken as\s,

120-kHz and 25°C.

DESCRIPTf&C’
General g
This completely transM carrier-apparatus
eld,a

is a result of extensive laboratory tests.
From these tests, it was\prov that transistors pro-
vide superior reliabili v ubes. In addition, the
latest printed circui d filter techniques have im-
proved perfor eatly decreased the size.

of transistors as compared
ill reduce maintenance costs,
and the low equirements will produce impor-
tant savings in battery and charger requirements.

ransistrs perform the same functions as vacuum
tubesi) However, tubes operate by the flow of elec-
a vacuum between elements, while transis-
epend upon the movement of electrons in a
lid. This leads to a more rugged type of construc-

. Most transistors are made from either germanium

............................ [

7.1 o

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

............................. -—40°C to +70°C

............................ 0.04 volts at stand:’d
condition§™
180,

Figs. 10 and

............................ S ‘ig. 16

ma at 48 VDC, 200-ma
125 VDC, 1.28 amperes
250 VDC.

at

Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 VDC.

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

r silicon semi-conductor materials. The junction
transistor censists 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 disconnecting the coaxial cable.

Fig. 6. shows the location of major components
such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal temminals.

Provisions are made for plugging the Voice
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear ofgthe sét
accommodates the adapter plug. A buckle typelstrap
on each side of the adapter holds the umit inplace
after it has been plugged in. The normal projection
for a rear mounted Voice Adapter #s 3=ineches be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied withptdhhe“a@dapter, a patch
cord is available on separate orden, This patch cord
plugs into the telephone jackg on the“adapter and pro-
vides an extensionto a conveniently located terminal
board.

The panel cutout information necessary for mount-
ing the Reserve Signal Detector is shown by Fig. 11.
* This unit consists 6f a petentiometer and pushbutton
switch mounted on,a small panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis-
tors are #equired, as shown in Fig. 8.
Electrieal
Transmitter

The transmitter is made of four main stages in -

cluding an oscillator, driver, power amplifier, andtan
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collectortef one
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of the first tramsistor.
The frequency is independent of veltage or tempera-
ture changes of the transistors. Thu$§ the frequency
stability is the stability of the Crystals

The input to the driver StagenQ-10 is controlled
by potentiometer, R-42 which dl'so/controls the trans-
mitter power output. In HZM%tel aying CARRIER STOP
provides about +40 va@lts for blocking. This is ap-
plied to Q-10 through™T-6. Diode CR-5 prevents dam-
age to the transist@rwhenthis positive voltage is ap-
plied to the coldectorgyFFor CARRIER START (when
in the blocked positien) a small positive voltage is
applied to the collector of Q-10 by means of bleeder
resistors R<67and R-68.

The“pewer amplifier consists of two transistors
G- 12and @15, which are operated as class B ampli-
fiérs in push-pull. Resistors R-52 and R-55 are for
stabilization.

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

Resistor R-66 tends to keepthe source impedence
constant to pemit 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. 14.) The major stages include
an input filter, attenuator, oscillator, mixer, IF
filters, IF amplifiers, detector and a D-C power out-
put stage.

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
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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-kHz 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-kHz.
The overall selectivityis determined primarily by the
IF filter FL-2. Typical characteristics of this filter
are shown in Fig. 15.

The IF amplifier consists of transistors Q- 4,0&5
and Q-6.

The detector is a full wave bridge rectifier., This
rectifier in conjunction with the IF mvp!ifiet Q-6,
provides the necessary power to drive (e THC povcr
output stage Q-T. ’

The final output stage QBfwillysupoly approxi-
mately 18 milliamperes to a standard 1700 ohm dis-
tance relay RRH coil and/fits agsociated 500 ohm
alarm coil. It may also he used to drive other relay
coils such as is shownfby/Fig. 7, Supervisory Con-
trol Connections.

Transmitter Control Circuits

In the standby cendition, although the oscillator
is runniné, 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
ttanSmitter output results. The actual configuration of
thesnetwork is a function of supply voltage and ap-
pliéation (Relaying, Telemetering, etc.) and is

discussed in the Adjustments section.

Output may be stopped "in several Wways.) The
method used with K-DAR relays.is to remove the
positive voltage applied to terminal 15. In the case
of distance relaying with Westinghouse, HZ/HZM
relays, application of a positivegvoltage to terminal
18 will stop the transmitter output#Qutput may also
be stopped by removal of@negatiye battery from
terminal 18.

Reserve,Signal Detector

The Reserve Sigaal Detgctor is shown by Fig. 11
Effectively R-1 is a rempbe transmitter output control.
This control isfobtafed through varying the driver
Stage (Q-10) emitter bias, and is effective overa 25-

db range @f transmitter output. The detector is
switch@d,into fsepvice by S 1. By adjusting R-1 for a
given reeciwer relay current at the far end of the

ch@mmel, agel ative measure of the channel attenuation
may e obtained. This is discussed further ir the
sec¢tion 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. 3, 4 and 5 show simplified diagrams of the
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and 5)

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
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 ana keep it from being turned

% on by secondary functions such as reserve signal de-
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tection 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. 4 and 5) 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 poweram-
plifier.

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. 3)

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 the voltage
and current on the transmission line, detect and
determine the direction of a line fault and thereby
control the carrier transmitter and receiver.

The control of the carrier set is such as to start
the transmission of catrier when fault powern on\the
transmission line is flowing out of the line séetion
being protected. Conversely, when fault “pewer is
flowing into this line section, the control 1s,such as
to block the transmitter and keep ‘itgfromybeing turned
on by secondary functions such as reserye signal de-
tection and communication, shogld these functions be
in use at the same time. Should, carrier now be re-
ceived fromtheremote station, fhe hold coil and alarm
coil will energize throughdtransistor Q-7 in the
receiver.

When carrier start operation occurs, the CARRIER
START contact “c¢loses applying the full battery
supply voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

When,a carrier stop operation occurs, the CAR-
RIER STOP“eéontact opens. This applies a positive
voltage (SeeyFig. 3) to terminal 18 which blocks the
driwer stage and the power amplifier stage

It is possible under certain conditions that the
signals from two transmitters, attempting to bleek “a@
third receiver, would be of such amplitude, phase and
frequency as to cause the RRH coil currentysto
““‘pulsate’’. It would then be possible to have a false

- trip.

In the case of the KR set for relaying 3-terminal
lines, the transmitter frequencies (fogavoid this pos-
sibility of false trip) should beWyseparated by 100
Hz. All receivers and one gtransmitter would be
for the desired center frequengy.|One of the other
transmitters would be 100 Hz abeve, the other 100 Hz

below this center frequency.

INSTACLATION

General

Upon receipt of afunit, whether shipped separately
or in an assembly, an immediate inspection should be
made. «Carefully check for damage or shortages.

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

Flexitest Case Mounting.............. Fig. 1
¥ Reserve Signal Detector ............. Fig. 11

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...iiiiiiiiiiiiiiiiiiiiiiinensnnanas. Ground
12 e, Coaxial Cable
13 and 19....... Supervisory Preference
Contacts
14......... B- ‘““CARRIER STOP’’ return
15, i Battery positive through
carrier start contacts
160 ciieeinnnn. Battery positive for alarm
cutoff (used with com-
munication)
D PPt B-
18....... Carrier Stop for HZM Relaying
D B+
20 i i e Relay Coil
CAUTION If the transmitter output load is removed

while the transmitter is energized, the transistors in
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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
coaxial cable to ground before changing tans on the
Line Tuner or matching transformer.

Internal

Necessary internal connections are generally
made at the factory, to customer order, beferefappara-
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

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

125-Volt K-DAR and GCY Relaying

125-Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GCY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca
pacitors of the transmitter output filter are required
depending on the channel frequency. These Are tab-
ulated in Fig. 9.

Adjustments

This apparatus is generally tuned to anditésted
at the specified channel frequency befére shipment.
Final adjustments must be made,in the field and are
described in the following paragraphs.®Rig. 6shows
the locations of the various confrols.

Transmitter

1. Disconnect the coaxial cable and replacd with
a 50, 60, or 70 ohm nom=induétive resistor depending
on the characteristi¢ impedance of the cable used.

2. Fig. 94hows typical output filter connections
for various{freqiencypranges. In some cases it may
be necessary to,usefeither a higher or lower range to
tune the filter to resonance.

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

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

R-4Thand R-48

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

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. 12 and
13.) (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-
tinn. 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 across
terminals 11 and 12. Energize the transmitter and
output control R-42 for the same output as the max-
imum noise. Then adjust the receiver input control
R-1to obtain 1-ma output current. If it is impossible
to obtain 1-ma output current with control R-1in the
maximum clockwise nosition, then clip out resistor
R-74, which is connected to the base of Q-4. If the
gain is still insufficient, clin 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 Signal

When the maximum on-frequency noisefis un=
known and cannot be conveniently measured;jthe re-
ceiver may be adjusted for the remote signal, First
determine the channel attenuation using a “Sierra
voltmeter or some other convenient, method. Dis-
connect the coaxial cable and genneétda 60-ohm
non-inductive resistor and a VTVM across terminals
11 and 12. Add 15-db to thegchanmnel attenuation.
This compensates for averagegvariations such as
channel and voltage variations. Eor example, if the
channel attenuation 8 5-dbjgpadd 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 @f 0.8 volts. To do this, ae
just the transmitter output control R-42 for 0.8 volts
and then adjust the peceiver input control so as to
obtain 10-ma‘utput current. If it is impossible to ob-
tain 10-mameutput current with control R-1 in the
maximum,clogkWise position, clip out resistor R-74,
which 1§ connected to the base of Q-4. If the gain
is stillginsuf ficient, clip out resistor R-73, which is
caonnected to the base of ©-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, casé€s may
arise where conditions change. Forexample, if the
adjustment is made per part a., the Moise may in-
crease due to various reasons suchyjas bad insulators,
which would require adjusting fdieyreceiver to be less
sensitive. In the adjustment ©f part®b., the attenua-
tion may increase due to4sleet,or line switching,
which would necessitatejincreasing the sensitivity of
the receiver.

Reserve Signal Detector

Due to different“types of operation and supply
voltages, itiisynot(practical to have a calibrated dial
for this uniti)However, calibration may be made at
installationgby “tecording transmitter output (either in
db omyueltsihat various knob settings of the detector
unit. g/Then, by adjusting the knob so as to obtain 10
millfamperes relay currenc at a remote receiver, any
w@peaseyor decrease in line attenuation may be noted
as/thewdifference between the original setting, and
thewsetting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 FI.-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 plus 20
kHz. Figure 9 shows the connections for the trans-
mitter output filter. It is necessary to unsolder the
existing connections and make the new connections
per the chart. After completing the preceding, the
tuning procedure as described under Adjustments for
transmitter 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 kHz, these capacitors are 270
mmf. each. For frequencies of 110 kHz 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 m
be unblocked (transmitting) by closing the CARRI
START circuit in the case of HZM relayin b,
opening the CARRIER START circuit in of
K-DAR and GCY relaying.

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

2. For transistor D-C mea$rerr@!h refer=ace
to B-, refer to Table 2. \

3. For D-C bleeder n&&nts with reference

to B-, refer to Table 3.

4. For typical RF 'si measurements for re-

ceiver, refer to Tab

N signal
fef’to ble 5.

f Printed Circuit

measurements for

Board from
Flexitest Case.

To remeve the printed circuit board, unplug J-15

andJ-16 located near the output filter. Loosen the

ews inside the case near the top. Loosen the

lotted” thumb screws at the iower end of the board

and“pull these screws out as far as they will extend.
Iso remove the receiver coaxial cabie plug.

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

7. Removal of the Output Filter
After the printed board has bee’ removed, re-

move the screws on the o of the case at the
bottom. Lift out filte n sconnect the coaxial

cable,
8. Receiver Filte@
Fig. 15 show ical receiver selectivity curves

both RF an . the filters are checked in a test
setup, it is essary to use an accurate signal gen-
erator e ly a signal generator and a fre -

quency ‘€o, .

inimum 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 Hz-
to 230-kHz, input impedance 7.5 megohms.

d. D-C Vacuum Tube Voltmeter (VTVM)

0.15 to 300 volts
7.5 megohms

Volta.ge Range:
Input Impedance:

10. Desirable
Maintenance

Test Equipment for Apparatus

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

up to 8 volts
20-kHz. to 230-kHz.

Output Voltage:
% Frequency Range:

c. Oscilloscope
d. Ohmmeter
e. Capacitor checker

f. Test harness (See Fig. 17)
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TABLE 1 0

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

CONDITION A CONDITION B
Tx-Blocked 11 Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal
129 VDC | 51VDC | 129 VDC 51 VDC DC | 51vDC

RF Input J-2 0 0 0.3V 0.3
DC Q-1 Base J-3 20V 20V 20V
DC R, B+ J-4 206 V 20 V 20V %
DC Ry Osc J-5 (Y 7V 7 TV
DC Q-5 Base J-6 20V 20V 20V

DC-Q-T7 Base J-9 69 V 8V 2.3V 66 V 0.3V

B— J-7
DC-P1-E J-8 110 vV ?Q \Y% 32V 110 Vv 32V

DC Q-7 Emit J-10 70 V % 8 V 1.4V 66 V 1.0 V
TV TV TV TV

DC ’I'X Osc¢ J-11 TV

L 4
B+ J-12 1 \ 51V 129 v 51V 120 V 51V
DC Q-10 Base J-13 \ 18 V 18 V

DC Q-10 Emit J-14 18V 18 v
RF ma out J- 130 ma 130 ma
DC ma RRH \
and *
ALARM 18 ma 18 ma

tt Tx = tra mitter,’Rx = receiver
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TABLE 2 0

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

.
Condition A Condition B ition C
Tx-Blocked Tx-Blocked -Unblocked
_ Rx-No Signal Rx-With Signal -No Signal
Transistor (Volts) (Volts) (Volts)
Et Bt Ct Et Bt Ct Bt Ct
Q-1 20.0 20.0 0.38 20.0 20.0 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 110 110 114 129
51 VDC 32 32 2 32 51
Q-7
129 VDC 70 68 18 80 86
51 VDC 1.0 1.4 2.2 7.0
2 6.2 8 2 6.2 8 2
1.8 K 7.2 1.8 7 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

; C-Collector.
rm F on printed board.

N
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TABLE 3

D-C BLEEDER MEASUREMENTS WITH REFERENCE TO B-

129 VvDC 51vDC
Measurement

At Bt Ct At B 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 (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, Rx-With Signal;#C — Tx-Unblocked,

Rx-No Signal.

TABLE 4
TYPICAL RF SIGNAL MEASUREMENTS FOR RECEIVER
(Made with 0.1 Voltéat Terminal' 5 of FL1)

25MV 80 MV 250 MV
Check Point Sensitivity Sensitivity Sensitivity
(Volts) (Volts) (Volts)
With Regeiver 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. 0707 0.07 0.07
T3-1to Gnd. 0.07 0.07 0.07
Q4-C to Gnd. 0vo7 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 to 'Gnd. 13.0 10.0 8.0
T4-1 tovGnd. 13.0 10.0 8.0
T443,t0"T4-4 4.5 3.5 2.5
J9 %0 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. 14)

This shows a typical curve@f the overall selec-
tivity of the receiver under, “steady state condi-
tions.

2. Transmitter Output Sele€tivity (Fig. 10)

Typical curves afelshown so that approximate
bandwiths for keying \pdrposes can be determined for
any carrier frequency between 30-kHz and 200-kHz.

3. Minimum ,Channel Spacing (Fig.16)

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 of the receiver are known. These can be obtained
from €alculations 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-kHz.

4. Transmitter Output and Receiver Sensitivity
Variations with Voltage (Fig. 12)

These curves show the variation of transmitter
output and receiver sensitivity with changes in supply
voltage, at 120-kHz 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.13)

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. 12.

6. Supervisory Control Connections (Fig. 7)

When supervisory control is used with relaying,

series with the RRH coil in place of the alarm relay.
When supervisory control is used alone, a 1200-ohm
resistor R3 is connected in series with the ‘¢ontrol
relay coil by removing the jumper across R3, as shéwn
in Fig. 7. In order to maintain proper mark space
ratio, the reldy bias current is adjusted for 8 milli-
amperes as indicated.

The receiver RF filter and the IF  filler limits

are shown on Fig. 15. Both filters are,of the plug-
in type and the test circuits/with“pin connections
are shown at the top of each curve./The IF filter is
divided into two separate sectiens. The selectivity
shown is for each sectionjand/ the pin connections
for each section are @al'sgyshown in the test circuit

the supervisory control

relay coil is connected in sketch.

ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER’S
FUNCTION DESCRIPTIO
SYMBOL cT C TIOR DESIGNATION
CAPACITORS
C-1 Rcvr. Bleeder 2.0 £, +20%,£200°VDC, Paper 330C567 H11
tC-2 Rcvr. Osc. Feedback 140/ 270 ;yf, +20%, 500 VDC, 330C566 H43
Mica or 330C566
H57
C-3 Rcvr. Osc. Bleeder 0.02yuf," MRC, 600 VDC, 330C569 H4T7
Bypass Disc
C-5 Q-6 Emitter Bypass 1.0huf, +20%, 200 VDC Paper 330C567 HO9
C-6 Rcvr. Rectifier Same as C-5
Bypass
C-1 B— to B+ Bgpass 2 uf, +10%, 600 VDC, Paper 14C9400 H 18
C-8 B— to GND 1.0 uf, +10%, 1000 VDC, Paper 14C9400 H17
tC-9 XmtrypOsewFeedback Same as C-2
C-10 Xmtr. @sc. Same as C-3
C-11 Key Filter 0.1 pf, +20%, 200 VDC, Paper 330C567 HO2
C-12 Q-10 Emitter Bypass 0.25 pf, +20%, 200 VDC, Paper 330C567 HOS
C-13 Q-10 Bleeder Bypass Same as C-12
C-14 PA Base Bypass Same as C-12
tNote: 140 uuf for osc. freq. 110-kc and above.

14

270 ppf for osc. freq. below 110-kc.
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ELECTRICAL PARTS LIST

O

MANUFACTURER'S ;

CIRCUIT FUNCTION DESCRIPTION
SYMBOL DESIGNATION
CAPACITORS (Concluded) M
C-18 PA Bleeder 0.5 pf, +20%, Paper 3 %
C-19 Output Filter Tuning 500 ppf, Variable, Air @ HO1
C-20 Output Filter 390 ppf, +5%, 2500 VDC, Mica 561 H15
c-21 Output Filter 680 puf, +5%, 2500 VDC, Mi 30C561 H21
C-22 Output Filter 1200 ppf, +5%, 2500 VD, 330C561 H27
Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 mfd, iZKV 187A177 HO1
CR-1 Bridge Rectifier 584C433 HO2
CR-2 Bridge Rectifier
CR-3 Bridge Rectifier
CR-4 Bridge Rectifier me as CR-1
CR-5 Q-10 Collxtoro Same as CR-1
CR-6 Q-7 Base<Emitt Type 1N457A 184A855H07
CR-7 Volt &ator Type 1INT68, 584C434 HO2
CR-8 \Y qulator Type 1N1369 584C434 HO05
CR-9 llector " Type 1N3811 185A089H08
CRAO Emitter Type IN3028A 188A302H14
L 4

15
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ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION DESIGNATION
FUSE HOLDERS
FH-1 B— For Type 3AGC Fuses 584C27\%
FH-2 B+ Same as FH-1 @
FUSES 0
F-1 B— 3AGC 3/4 amp. S#330C691 H12
F-2 B+ Same as F-1
FILTER
*
FL-1 Rcvr. RF Bandpass 30 to 200 kH \
Freq. to be
specified
custome
* .
FL-2 Rcvr. IF Bandpass leed Freaq.
\NNECTORS
J-1 Printed Circuit nted Circuit Female 54-B-7125 HO3
& Plug
J-2 RF Input K UG-185-U 584C292 HOT
J-3 Rcvr. Osc. p Terminal Studs 330C592 HO1
J-4 Rcvr. Mixe Same as J-3
Suppl@
J-5 cvr.d@sc. Supply Same as J-3
J-6 5 Base Same as J-3
J-7 B-— Same as J-3
8 rQ-S Supply Same as J-3




TYPE KR CARRIER SET

I.L. 41

ELECTRICAL PARTS LIST

O

MANU FACTURERQ

el FUNCTION DESCRIPTION D AT o
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 328C093 HO1
J-16 Output Filter GND Bana ck 328C093 HO2
P-1 Printed Circuit Pri ircuit Male 54-B-7126 HO3

INDUCTORS
L-1 Core and Coil 11 MH Total — 6 MH 329C450
Assembly Tap (Part of FL-3)
L-2 Core and Coil O 2.5 MH (Part of FL-3) 329C449
Assembly \
L-3 RF & 1.0 MH, 300 ma R-300
L-4 RF@ Same as L-3
@ TRANSISTORS

%\vr. Mixer Type 2N525 184A638H13
Q-2 Rcvr. Osc. Tyne 2N414 184A638H14

&

F

17



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

e FUNCTION DESCRIPTION AN
TRANSISTORS (Concluded)

Q3 Rcvr. Osc. Same as Q-2 \%
Q-4 Revr. IF Same as Q-1 @
Q-5 Rcvr. IF Same as Q-1 3

Type 2N498 or 4A H15
Q-6 Rcvr. IF Type 2N657 Q 38H15
Q-7 Rcvr. Output Type 2N698 T62A585H02
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 2N4 184A638H07

Type 184A638H15
Q-15 Xmtr. PA Sa @ Q-12

!SISTORS
R-1 Rec. Input @ﬂo%, 1/4 W, Pot. 584C276 H23
R-2 Filter Matching 0K, +10%, 1/2 W 330C595 H37
R-3 Filter Load \ Same as R-2
R-4 Rcvr. Osc. O 1K, +20%, 1/4 W, Pot. 584C276 H19
R-5 . 6.2 K, +5%, 1 W 330C666 H68
R-6 L2K, +5%, 1/2 W 330C664 HS51
R-8 30-K, +5%, 2 W 330C668 H84
R, %cvr. Voltage Same as R-8
Divider

»

MANUFACTURER’S 0



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

9

Sl FUNCTION DESCRIPTION MANDE ACTURER'S
&
RESISTORS (Continued)

R-10 Q-2 Base Same as R-2 \%
R-11 Q-2 Base 100 K, *#5%, 1/2 W %5 HO05
R-12 Q-3 Collector Same as R-6

R-13 Q-3 Emitter 390 Ohms, +5%, 1/2 W 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 330C595 H41
R-17 Rcvr. Osc. Bleeder 330C597 H40
R-18 Rcvr. Osc. 330C664 H72
R-19 Q-4 Bias 330C664 H25
R-20 Q-4 Bias me as R-2

R-21 Q-5 Bias 50 Ohms, + 5%, 1/2W 330C664 H29
R-22 Q-5 Bias Same as R-2

L 4

R-23 Q-6 Bias \ 330 Ohms, + 5%, 1/2 W 330C664 H3T
R-24 Q-6 Bi% Same as R-2

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

R-26 @e Same as R-6

R- Bias 20 Ohms, *5%, 1/2 W 330C664 H08
R- mtr. Osc. Bleeder Same as R-18

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

L 4
R-30 Xmtr. Osc. Bleeder Same as R-16

19



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S
FUNCTION DESCRIPTION
SYMB80L 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 Q
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-zsb
R-39 Buffer Voltage 36 K, 5% 330C668 H86
Divider
R-40 Buffer Voltage ?
Divider
R-41 Buffer Voltage
Divider
R-42 Xmtr. Osc. Output 4
R-43 Q-10 Bias Same as R-23
R-44 Q-10 Bias 33K, + 5%, 1/2 W 330C664 H85
R-45 Buffer Vol Q 15K, + 10%, 1 W 330C596 H39
Divider
R-47 few\ge 6.8 K, 5%, 1/2 W 330C664 H69
Di er
R-48 Bu oltage 15 K, 5%, 1/2 W 330C664 HT7
Divider
L A
R- PA Bias 27T K, 5%, 2 W 330C668 H83




TYPE KR CARRIER SET

l.L. 41941.7F

ELECTRICAL PARTS LIST

O

@)

CRCUT | ccrion DESCRIPTION Rt
RESISTORS (Concluded) %
R-50 Xmtr. PA Same as R-19 \
R-52 Q-12 Emitter 10 Ohms, + 5%, 1/2 W 664 HO1
R-55 Q-15 Emitter Same as R-52
R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 330C595 HO9
R-60 Recvr. Bleeder 1K, +5%, 26 W 584C416 H57
R-61 Recvr. Bleeder 600 Ohms, *5 584C416 H47
R-62 Recvr. Bleeder 350 O ¥ w 584C416 H52
R-64 Xmtr. Bleeder 1200 %%, 20 W 584C416 H64
R-66 T-7 Load 5 , 5%, 2 W 330C668 H43
R-67 Xmtr. Blocking 0 Ohms, + 5%, 2 W 330C668 HO1
R-68 Xmtr. Blocking K, +10%, 10 W 330C577 HO1
R-69 Q-10 Emitter Same as R-19
R-70 FL2 Decwplio 470 Ohms, *10%, 1/2 W 330C595 H21
R-T1 Q-4 Emi!K\ 150 Ohms, +10%, 1/2 W 330C595 H15
R-72 Q-5 & 68 Ohms, +10%, 1/2 W 330C595 H11
R-73 -SQ 180 Ohms, +10%, 1/2 W 330C595 H16
@ase 2.TK, +5%, 1/2 W 330C664 H59
4 Collector 22K, +t10%, 1/2 W 330C595 H41
Q-5 Collector Same as R-T75

21



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S

TRANSFORMERS

T-1 Rcvr. Input Impedance Ratio 10 K; S#1962798, %
10K :
T-2 Rcvr. Osc. Impedance Ratio 10 K: S#@%OB
1 T,

400 ohms

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

T-4 IF' Output Impedance Ratio 4 K; #1962693, 1.-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance Ra& $#1962698, L-592170
400 ohms

T-1 Xmtr. Output Impe nn@ww: S#196 2694, 1.-633000
*i POINTS

TP-1 R-5 é minal studs 330C592 HO2
TP-2 R-8 X 3 ame as TP-1
TP-3 R-17 Same as TP-1

. TP-4 R-18 \ Same as TP-1
TP-5 R-28 O Same as TP-1

TP-6 \@40 Same as TP-1

TP-7 Same as TP-1

TP-8 Same as TP-1

TP-9 PS R-47 Same as TP-1




TYPE KR CARRIER SET

I.L. 41

ELECTRICAL PARTS LIST

O

O

CIRCUIT MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION DESIGNATION
SOCKETS
X-1 FL-1 Octal 89 HO1
X-2 FL-2 Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 584C606 HO1
XY-2 Xmtr. Y-2 Same as XY-1
Y-1 Rcvr. Osc. S annel Freq. 328C083
* -kHz.
Y-2 Xmtr. Osc. pecify Freq. Same as 328C083
Channel Frequency
SERVE SIGNAL DETECTOR
(S#470D167G02)
R-1 Resistor, Level * 200K, 2 W, Pot. * 184A086H2T
Con
R-2 F&Limiting 2000 ohms, 2’ tube. 1267296
S-1 est S§witch SPST Normally Open 327C854 HO1

23
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TYPE KR CARRIER SET

T o —y
B+ M
co ! £
ALARM
+23 CUuTOFF CARRIER
CARRIER I» e Lt S TALJ ALARM
o]
TEST o -
]
X/ CARRIER ; ouT |
SwITCH | |
MA
&) J
/6 20
s KR T QRA e Lfom
| = Q7 RQVR [
' & oUTPUT ' J
é?S-n/se/:V | %] - rRANS/sTokl '
00t/ q <~
1250 /2 KR J/
S0/ 258y : L——o—-‘., GE - . 1 L COAXIAL
ol—‘ 3 / CABLE TO
_ VO/CE ADAPTER |
: OCTAL SOCKET f LINE TUNER
!
- 1
Lo @5 : I RF 6ROUNDING
1K/ Siv ! £ KR CARRIER ASsY | | SwiTCH
4K/ 129v L L/f@_ >/_<§_ KR\  "WrkEF DWG 540D780 | [ PROTECTOR UNIT
/10K/258Y Yig (4 7 !
25¢n/s1v ECsP
1K 1129y tr
/Ik[258v B
N esG I
co
B- | ] ) _ - - _]
% MOTE
REQUIREMENTS FoRW ‘HLM RELAYING OTES
SuPPLY CARRIER CARRIER
VOLTAGE START, S¥op STRAP
Sivoc +SIv. IMA +28v IN
/29 voC +/29v. 8MA +d4ov N +  FOR S/ € /29 vbC SUPPLY.
258voC +258vEMA +4ov ouT

FOR 258 VDC SUPPLY USE
330C19/H0! RESISTOR UNIT
REF DwG 223 8497

O FoR sup&ERPVISORY CONTROL
PREFERENCE CONTACTS.

KR RELAYING TRANSMITTER / s

RECY EXTERKNAL COMNECTION S
TERMINAL L. CONNECTIOAL
/1 GROUND

/2. COAXIAL CABLE
/3 SUPERV/ISORY PREFERENCE CONTACT
L4 CARRIER STOP B- RETURN

/5 CARRIER START (POSITIVE)

16 ALARM CUTOFE FOR LOMMUYMICATIONS
/7 8 MINUS

/8 CARRIER STOP (MZ /HZM)

9 B8 PLUS

20 RELAY CO/L

Fig. 3— Relaying Control Circuits — HZ/HZM (Dwg. 1-329C704)
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I.L. 41-941.1E
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85] o5 7 !
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o [ co .STAE,QT a4 | T—1
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tt
CARRIER ' @
RRT TOP ! ! ,
~| [/(R | k& KR A - oMM
1058 J - - okl - } 903 _ j%/véf _ 4o L
i - |
> DFZI | RF GROUND
csr 3 PUT ¢
T ‘ (PusSH ro racn” ¥ 7 NSISTOR | SW/TCH
! 56 | U3 | | \
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i =
| ‘J__ﬂ ' g ! caBLE
[ ' | | TolinE
\ | KR CARK/IER ASSY TUNER
7‘ REF DWG 5400780 |
R | £r

REQUIREMENTS
_uUPPLY VOLTAGF

£/ vOC
/129 wvoC
258 vboc

K< RELAY
RECV £
TERNI+A

Y
2
/3
/4
15
/6
/7
/18
19
zo

FCR K DAR

CLRRIER START °

+ 37V 7MA4 ¢ Youirs
+/C0V ':M»d. c (TS
4 /COoOV »‘MAK\ voLrs

ING TRAAN S ITTER W

XTERNAL D8
L COMNNEC 3

PREFERENCE COMNTACT

SToP B- RETURN
ART (POSITIVA)

S
CARRIER SToP (HZI/HEM)
8 PLUS
ReWay coiL

752

TCFF FOR COMMUNICATIONS

G

o, o

Zk
3 75K
19K

NOTES

NP A DI ETA LA AR~ OR—BE SN —
RE G5 FORACOAIMECT LA DI SFFERAAAES

PV -SV VA

_ﬁ_L

@ TYBE INELES IN CAEFIER Aus. RECAY

F o FOR 5/€129VDC UPPLY

tt FOR 258V DC SUPPLY USE

330C191H0/

RESISTOR UNIT

REF CWG 2238497

% Fig. 4-Relaying Control Circuits—K-Dar (Dwg. 3-329C704)
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TYPE KR CARRIER SET

l.L. 41-94TF

8+ . ‘
rr
’ 1
1
4 ALARM RA) L RA A
CUTOFF A
UR* i - T ALARKY
7Y |
| [@ (R) rovr REUAY COIL
!
our
(v)
KR O Comm
20
CARRIER. m- T T =g e —— — o0 - T~ -
START 9 Qnelv R '
| oUTPUT | RF GROUND
TRANSISTOR SwircH
4 i - \
t L} o
X er | ! 4 <l | CoAxiAL
O A WD LS vorcE Aparrer ) ¥A_U CABLE
Y | (OCTAL SOCKET) H S L/LOE
SC == g( | _ TUNER
NN | |
-l l',',;; | = l:’I | -
BCA - B
CKPG P N
I Fr !
| KR CAPPIER 455y |
KR JAR -
Iy REF WG S40DTE0 | )
.- _ I
REQUIREMENTS FOR GCxX/GAQY [RELAYING
SUPPLY VOLTAGE CARRIER START o CARRIER STOP R
S/ voc + 37TV IMA O vours 2K
/29 vocC + 100V, EMA 0 VoLts 3.75K
258 vocC + looVEigmA O voLrs /9. K

KR RELAYING TIRANSMITTER /
RECY. EXTERNAL dOMNNECTIOMS
TERM/IMAL-4CONIIECTION

MNOTES

X FOR "R" USE OMMITE VITREOUS ENAMELED
O/VIDOMM ADVUSTASLE 4K OR 20k 25 W
RES/STOR, CONNECT € ADJUST FOR VALUES
SHowwN

/1. GROUND

/2. COAXIAL CABLE A TrrE IN30S5)

134 SUPERV/ISORY PREFERENCE CONTACT

1 4. CARRIER STOP B- RETURM

[ 4 GARRIER START (POSITIVEY 7 FOR SI1¢& 129 vDC SUPPLY
:_f AB’"‘A‘;’;'U(L’?FF FOR COMMUMICATIONS FOR 258V DC SUPPLY (JSE
8. CARPIER STOP (HZ/”ZM) 330CI9/HOI RESISTOR UNIT
/9. B ALUS REF DWG 2238497

20 RELAY COI¢C 0O FoR sUPERVISORY CONTROL

PREFERENCE CONTACTS

Fig. 5. Relaying Control Circuits —-GCX/GCY (Dwg. 2-329C704)
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TYPE KR CARRIER SET
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Fig. 6. Component Location (Dwg. 540D781)
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TYPE KR CARRIER SET L. 41-9411 F

ADJUST FOR

9 J2
MA AT ‘”_\ JACK-JI— r:'! a
| 20
pPb——NEG. DC

TO SUPV/CONTROL
EQUIPMENT

-

a5
>
e
>

7

pos I .
SEE NOTE |
m FOS. e POS. DC (48 OR 125)

R3
ELGO TERMS
NOTES: J2
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROL > 3 2
WITHOUT RELAYING. -2z =
2.POLARITY SHOWN CLOSES CONTACT BETWEEN 56 7 ?
TERMINALS 48 6, [ |

AS VIEWED FROM REAR OF PANEL 629A552

ﬂ

Ll’g"’\ J—z%J T

r % WIDE X%DEEP-TWO SLOTS

) —1
HO
= westinghouse ——é_ &

18 -81 MTG.CENTERS
19 292B99]

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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TYPE KR CARRIER SET

L,

CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERVISORY CONTROL APPLICATION
(CHANGES FROM JUMPERS SHOWN ON INTERNAL SCHEMATIC, F1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191H01 IS
USED AS SHOWM ON APPLICATION DRAWING 329C704

FOR HZ/HIZM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

0.15 .. STANDBY
[o.a a. TRANSMITTING

ouT O ¢
1 S5
IN O—25 }—{25 }—{25 25 P——
R R2 R3 R4 lL'AMP'
COM.O—25 25— 25 =5f25 —
R8 R7 RG RS

POWER CONSUMPTLONS= 303 WATTS AT 258 V.
390 WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE WILLYBE APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDITHON WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-¥OLT #Z/HIM OPERATION
JUMPER TP=7 “AND4TP-8 IS REMOVED.

48 VOLT OPERATION

ON PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TPS AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TPY

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R64
AND DIODE CR8 1S REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CCNTROL,
R59 IS CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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TYPE KR CARRIER SET I.L. 41-

TRANSMITTER OUTPUT FILTER FL-3 CON@S
COIL PARALLEL

LINE FREQUENCY RANGE C_OLL CONNECTION CAPACITOR CONNECTIONS A
1 27.7 KHZ-30.0 KHZ L—1 (1— 6-8-9-10-11
2 298 KHZ-33.1 KHZ L-1 6-8—-10-11
3 31.8 KHZ-36.0 KHZ L-1 ) 6-8-9-11
4 35.4 KHZ-39.0KHZ L-1 —6) 6-8-11
5 38.0KHZ—41.0KHZ L-1 (3-6) 6-8-9-10-11
6 40.3 KHZ-45.0 KHZ L-—1 —2) (3-6) 6-8-10-11
7 430 KHZ-49.0 KHZ L-1 -2) (3-6) 6-8-9-11
8 47.7 KHZ-56.0 KHZ L-1 \ (1-2) (3-6) 6-8—-11
9 495 KHZ-585 KHZ L-1 (1-2) (3—6) 6-8-9-10

10 57.0 KHZ-72.3 KHZ L-1 (1-2) (3-6) 6-8-10

1" 67.0 KHZ-76.0 KHZ (1-4) (6-7) 6—-8-9-11
12 75.0 KHZ-88.0 KHZ (1—4) (6-7) 6-8-11

13 775 KHZ-93.0 KHZ = (1—4) (6-7) 6-8-9-10
14 89.3 KHZ-114.5 KHZ (1—-4) (6-7) 6-8-10
15 102.7 KHZ—-147.0 KHZ 2 (1—4) (6-7) 6—-8-9

16 136.6 KHZ—210.0 KHZ -2 (1—4) (6-7) 6—-8

O

A =CONNECTION ER }IS MADE BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

® * Fig. 9. Connections - Output Filter (Dwg. 149A420)

L 4
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TYPE KR CARRIER SET

10

DB ATTENUAT ION
)

S

¥ Fig. 10. Transmitter Output Filter Selectivity (Dwag.

10

FREQUENCY (KNZ)

377996)

15

20
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TYPE KR CARRIER SET

+ 2

_A

INCREASING OUTPUT
INCREASING SEMS/ITIVITY

o8 0

A

—4}— (2W=8.5VOLTS AT @O OHAMIS)
FREQUENCY = /20 KHE
TEMPERATURE = 25°C

|

RECEIVER SENSITIVITY = 40 MV AT /29 VOC
TRANSMITTER OUTRPUT =

.2 WAT /29 vVOC

| | | I

100

* Fig. 12. Transmitter Output and Receiver Sensitivity Variations with Voltage (Curve

//0 /120 /30

SUPAPLY VOLTAGE

/40

# 377999)

o,
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INCREASING SENSITIVITY

INCREASING OUTPUT [ \
TRANSMITTER OUTPUT

=

"~

T~
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TRANSMITTER OUTPUT = I12W AT /120KHZ
(7.2W =8.5(VOLTS AT @0 OHMS.

SUPPLY VOLTAGE = /29 vDC

TEMPERATURE = 25°C
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TYPE KR CARRIER SET

38

OB STEADY STATE ATTENUATION

50

45

40

35

30

25

20

/5

/10

-2 -/ Fo +/ +2

FREQUENCY (KiHR)

Fig. 14. Receiver Selectivity (Curvet# 377993)
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TYPE KR CARRIER SET

I.L. 41.941.TF

‘ 20

IF FILTER TEST CIRCUIT u [
@—@;'{?}s gec zl3oo 19 Zé /f/‘
=0 gl

- 7 ) 7
soiitem
Q N 4 é

1 1

O

9 20 2

F (KHZ)

Each"section of FL-2 requirement with typ-
ieal selectivity curve. Insertion loss 26 DB
maxihylncluding matching resistor.

FOR BOTH CURVES

1
DB = 20 log %2“

RF FILTER TESTQCIRCUIT

10K

33

\ /

N1/

OHMS |

/)
/]
1

o
S5liok
§ OHMS

ag

+
Pe

RRURIMITIMINRINY
ZANMNTARTARTRNNNENN

-6 -4 -2 F +2
FREQUENCY (KHZ)

FL-1 Requirement with typical selectivity
curve at 120 KH%. Insertion loss 18 DB
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Westinghouse 1.L. 41-94)1E
INSTALLATION e OPERATION o MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Voiee Adapter
Accessories.

Style
KR Reserve Signal Detector . . . ... ... ... ... ... 470D167 GO2
250 Volt Resistor Unit ... ... ... vl 400 330C191 HO1
Test Hamess (Complete Set) . ... ... .00 W ... 756D346 GO1
Coaxial Lead . ... ... vvvin e e ot 756D346 G02
Output Lead .. ............ 0 .. De . o ... T756D346 GO3
Main HamesS . v v v v v v v v v v v oo o el s e e v o v a s 756D346 G04
TABLE OF CONTENTS Adjustments
Transmitter.iiciiiiiiiiiiiiiiiiiieieeenns Page 7
RecCeiver iiiiiiiiiiiiiiiiiiiiiiiiieinnnns Page 7
Introduction ....ccceeviiiiiiieiiinennns cereeiflleny ...Bage 2 Reserve Signal Detector.............t Page 8
. 250-Volt Resistor Unit..ccccevvvnnnnns Page 8
Specifications ..ccvviiiiiiiiiiiiinnnnnn o 0 Page 2 Frequency Change ..o.eeeesrveveseeons Page 8
Description MaintenancCe .iiceeiieeeiiieiiiiiiiiiieieiiiinnennns Page 9
General....coovviiviiiiiiin B B e Page 3 APPHCALION oot Page 13
Mechanical coiiiiiiiiiiiiiiiiies i emmeeeeeennannns Page 3 Electrical Parts LiSt..eeeeeeeeeeeeeeeneeennnns Page 14
Electrical cicivviiiiiiiiin ..,
Transmitter civveeeess@ieecdbeeieiiennnnnnnes Page 4 LIST OF TABLES
Receiver......4 g...J. foccieeretitiiinstensans Page 4
Transmitter, Control £ircuitS.....cvoevuens. Page 5 Table
Reserve. Slg.nal Detector cevvvieiieiennnne. ,Page 5 1 D-C Pin Jack Measurements with
CommunicabionS . iiiiiiiiinnnnnnneennennnns Page 5
Relaying Contfbl Circuits ..........ovo.... Page 5 R'eference to B-viiininnn o SITTIRE Page 10
2 Transistor DC Measurements with
Reference to B-.iiiiiiiiniiieiinnnnnnns Page 11
. 3 D-C Bleeder Measurements with
Installation
Reference to B-.ivvvviiiiiiiinnininnnns Page 12
(€75 1= ¢ 1 Page 6 4 Typical RF Signal Measurements
Connections for RecCeiver ciiviiiiiiiiieniiinninennnns Page 12
EXxternal....iiiviiiiiiiiiiiiieriinniiiiinnenes Page 6 5 Typical RF Signal Measurements
Internal ..ociiiiiiiiiiiiiiiii Page 7 for Transmitter ....ccovviinniiiininnnns Page 13
SUPERSEDES I.L. 41-941.1D EFFECTIVE MAY 1968

*Denotes change from superseded issue.



TYPE KR CARRIER SET

LIST OF ILLUSTRATIONS

Figure References
1 Outline — Flexitest Case .c.ivevvvuneen. 540D 753
2 Internal Schematic ......ccvviviviieinnen, 540D1780
3 Relaying Control Circuits

(HZ/HZM) tereernriiiniiniinieincenn 1-329C704
4 Relaying Control Circuits

(K-DATI) teeeerrnrersonsnnnssiosssanonces 3-329C 704
5 Relaying Control Circuits

(GCX/GCY ) erenaeretataanentenaanness 2-329C704
6 Component Location..c.coveiiiieiiianinnns 540D 781
T Supervisory Control Receiver

Connection....cccevieennneniiinnnnnnss 223B498
8 Connections, 48-250 volts

and Supervisory Control............ 407C9171
9 Transmitter Output Filter

Connections .......cceeeeiiivennennnns 149A420
10 Transmitter Output Filter

Selectivity.ivvieriiiiiiiiiiinninnns C377996
11 Reserve Signal Detector — Outline and

Schematic ...civviiiiiiiiiiiinnnnnn.. 329C1703
12 Transmitter Output and Receiver

Sensitivity Variations with

D-C Voltage .,.....cocevvvninnnenenn. C377999

13 Transmitter Output and Receiver
Sensitivity Variations with Frequency, C378000

15 Receiver Filter Limits ......ccovveennnns C3779935
16 Minimum, Channel Spacing .............. C377998
17 TesSt HATNESS ... .oiieeenieesessnssnsansnee 756D346

CAUTION The voltages encountered in this equip-
ment are dangerous to life. To be safe, discamnect
the power source and close the grounding switch
when servicing the equipment.

INTRODUCTTON
The Type KR Relaying,Transmitter-Receiveris
designed for Distance, Relaying, Telemetering,

Supervisory Control and Sleet/Detection. Facilities
are provided for a pliig-imytype voice adapter. The
basic design is for operation from 125-volt station
batteries. Howevef, the apparatus may also be oper-
ated from 48-volt or 250-volt station batteries by
means of various,internal connections. These various
connections asjywell as most of the adjustments are
made at the faetory, although they can be changed in
the field.

Although” designed primarily for operation with
Westingheuse protective relays, this apparatus may
also beycoordinated with other types of directional-
distance relays and with most other contact keyed

14 Receiver Selectivity ........ccceeeeeennen. C377983 4 devices.
SPECIFICATIONS

Frequency RaNge...ccevieuieieieeneeeenees el eiiiiieeennnnes Heeseeeesetessnetananns 30-kc to 200-kc

Channel Attenuation Rating ..... o, A 40-db

Transmitter Power Output.......eee..of.s e s 6 eeenaaeeeeestatetenannaaantatenstetentastannens 1.0 watt at standard condi-
tions (see Figs. 12 and 13).
0.5 watt with a 48-volt d-c
supply.

Transmitter HamoRiC QUiDREms. . ...ccoviiiiiiiiiiiiiiiiiiiietieeenneeeneesesnnneeennnnns At least 46-db below funda-
mental.

Transmitter OulPUIMPEAANCE. .. civiiiiiiiiieeeeiiiieeeeeeeneeeeeeesesesesssseesssssnnnns Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter Outplit Filter Selectivity .uieiiiiiiiiiiiiiiiiininiiintesteteeresennsennsens See Fig. 10

Transmitter and Receiver Oscillator and Frequency Stability ......ccccceviiiiiinnn 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 ..ccciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiettennnnanen 7-%2%

Ambient Temperature RaANZE ....veiieiiiiieieeeuennseeeereeeensiereessnnnseeresesssnssnneenns —20°C to +50°C.

Non-Operating Temperature RaANEE ...cuveuieeeiiereirreeererersnsreeeeessssssnnneaseeessnnes —40°C to +70°C

Receiver Sensitivity ioiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeens e eereeeteeereeeteetenannns 0.04 volts at standard
condition§ (se€Figs. 10 and
18).

ReECeIVEr SEleCtiVItY tiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiettinaeteeterteersneeetesansssesesonsasnenes See Fig. 14

Receiver Signal-to-Noise Ratio Requirements ......cceveiereiierneeeeeeeiineneneneenes. 12-db

Minimum Channel SpPaCiNg .uuuuiiiiieiiiieetiiiiiiierrertmareeaeeeraneenaeseomessnennnneesed See Rig. 16

POWET INPUL ittt iiieiieteteiettaiieteerennsesnnseerennessnsennseesennnseessncesdions 115ma at 48 VDC, 200-ma
at 125 VDC, 1.28 amperes
at 250 VDC.

Carrier ON-Off KEeYINE ..uuvreuurenieunnseeneeneeeesnseseeenoennesssannes o bl s Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 VDC.

Weight (With Flexitest Case) ccvvviiiiiiiiieiianiierrennnnnereneee s iedieeeinnnennnnnns Approximately 16-1bs.

CAUTION Refer application to Westinghouse when
other transmitters are to be connected to the same
coax cable as certain conditions may result inildamage
to the output transistors.

NOTE Standard conditions are taken asg#129wolts,
120-kc and 25°C.

DESCRIPTION

General

This completely transistorizedy carrier-apparatus
is a result of extensive field ‘@nd laboratory tests.
From these tests, it was,proven that transistors pro-
vide superior reliability #veér tubes. In addition, the
latest printed circuit and filter techniques have im-
proved performance and greatly decreased the size.
The expectegd long life of transistors as compared
with vacuum “tubes #vill reduce maintenance costs,
and the low powerfrequirements will produce impor-
tant savings in battery and charger requirements.

Ttansistors perform the same functions as vacuum
tubes. However, tubes operate by the flow of elec-
trons\in “‘a vacuum between elements, while transis-
tors ‘depend 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 ‘disconnecting the coaxial cable.

Fig. 6. shows the location of major components
such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the exs
ternal temminals.

Provisions are made for plugging the Veice
Adapter Unit in the rear of the relaying equipmenty
Octal socket marked X-4 on the rear of/theset
accommodates the adapter plug. A buckle type/strap
on each side of the adapter holds the unit imgplace
after it has been plugged in. The normaliprojection
for a rear mounted Voice Adapter @s 3zinches be-
yond that of the relaying equipmenty,When the KR
Relaying Unit is supplied with thepadapter, a patch
cord is available on separate grder., This patch cord
plugs into the telephone jacks'en the adapter and pro-
vides an extensionto a conyveniently located terminal
board.

The panel cutodt information necessary for mount-
ing the Sleet Detector is, shown by Fig. 11. This
unit consists of 4@ potentiometer and pushbutton
switch mounted on a “small panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis-
tors are required, as shown in Fig. 8.
Eleg¢trical
Transmitter

The transmitter is made of four main stages in -

cluding an oscillator, driver, power amplifier, and an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector of%ene
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector, of the
second transistor to the base of the first transistor.
The frequency is independent of v@ltagépor tempera-
ture changes of the transistorsi§Thus, the frequency
stability is the stability of the_crystal.

The input to the driver stage @10 is controlled
by potentiometer, R-42 whieh, al'sefcontrols the trans-
mitter power output. In HZM relaying CARRIER STOP
provides about +40voltsifer blocking. This is ap-
plied to Q-10 through T-6.4Diode CR-5 prevents dam-
age to the transistor when this positive voltage is ap-
plied to the collector. For CARRIER START (when
in the blo¢ked poSition) a small positive voltage is
applied to the“ecllector of Q-10 by means of bleeder
resistors,R-6Tand R-68.

The, power amplifier consists of two transistors
@12 and @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 keepthe source impedence
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. 14.) The major stages include
an input filter, atteriuator, oscillator, mixer, IF
filters, IF amplifiers, detector and a D-C power out-
put stage.

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

P
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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 selectivity is determined primarily by the IF
filter FL-2. Typical characteristics of this filter are
shown in Fig. 15.

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

The detector is a full wave bridge rectifier. This
rectifier in conjunction with the IF gamplifier Q-6,
provides the necessary power to drive the D-C power
output stage Q-17.

The final output stage QI#willysupply approxi-
mately 18 milliamperes to a_standard 1700 ohm dis-
tance relay RRH coil andfits associated 500 ohm
alarm coil. It may also be used £o drive other relay
coils such as is shownfby Eig. 7, Supervisory Con-
trol 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
ttanSmitter output results. The actual configuration of
they network is a function of supply voltage and ap-
plieation (Relaying, Telemetering, etc.) and is

discussed in the Adjustments section.

Output may be stopped "in several{ways. The
method used with K-DAR relays is to remeve the
positive voltage applied to 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 outputsyOutput may also
be stopped by removal ‘of, negative battery from
terminal 18.

Reserve Signal Detector

The Reserve Signal Detector is shown by Fig. 11.
Effectively R-1 is a remote transmitter output control.
This control isfobtained through varying the driver
stage (Q 10) emitter bias, and is effective over a 40-
db range ©f jtransmitter output. The detector is
switchled intof service by S 1. By adjusting R-1 for a
given receiverrelay current at the far end of the
channel, ayreldtive measure of the channel attenuation
may@gbe obtained. This is discussed further in the
seetion‘@n 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. 3, 4 and 5 show simplified diagrams of the
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and 5)

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
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
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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. 4 and 5) to terminal 15 of the carrier set.
This puts a potential on the driver stage in the trans-
mitter and al'so applies proper bias for the power am-
plifier.

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. 3)

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 the voltage
and current on the transmission line, detect {and
determine the direction of a line fault and thereby
control the carrier transmitter and receiver.

The control of the carrier set is such as\to/start
the transmission of catrier when fault power onwthe
transmission line is flowing out of #4he line sgction
being protected. Conversely, when fault “péwer is
flowing into this line section, the centrol i& such as
to block the transmitter and keep it frompbeing turned
on by secondary functions suchgpasWsleet detection
and communication, should these fufictions be in use
at the same time. Should carrier‘new’be received from
the remote station, the hold eoid and alarm coil will
energize through transistor'@-7 in the receiver.

When carriersstartfoperation occurs, the CARRIER
START contact ‘closesapplying the full battery
supply voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies preper bias for the power amplifier.

Whefima, carrier stop operation occurs, the CAR-
RIER4STOP contact opens. This applies a positive
voltage (see Fig. 3) 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 bloek%a
third receiver, would be of such amplitude, phase and
frequency as to cause the RRH coil currentsfto
‘‘pulsate’’. It would then be possible to have a false
trip.

In the case of the KR set for relaying 3-terminal
lines, the transmitter frequencies (tefavoid this pos-
sibility of false trip) should beyseparated by 100
cycles. All receivers and ome transmitter would be
for the desired center frequency. ‘One of the other
transmitters would be 100y.cyecles above, the other
100 cycles below this center frequency.

INSTACLATION

General

Upon receiptiofa unit, whether shipped separately
or in an 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.eeeeeeveieerennaeenns ... Fig. 11

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....ccieiieieeininnrecessseecennnnanens Ground
12 i, Coaxial Cable
13 and 19....... Supervisory Preference

Contacts
14......... B- ““CARRIER STOP’’ return
) & T Battery positive through
carrier start contacts
16..cciveinnnn. Battery positive for alarm
cutoff (used with com-
munication)
) PP PPN B-
18....... Carrier Stop for HZM Relaying
T B+
D R Relay Coil

CAUTION If the transmitter output load is removed
while the transmitter is energized, the transistors in

s
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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
coaxial cable to ground before changing tans on the
Line Tuner or matching transformer.

Internal

Necessary internal connections are generally
made at the factory, to customer order, beforesappara-
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

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

125-Volt K-DAR and GCY Relaying

125-Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GCY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca-
pacitors of the transmitter output filter are required
depending on the channel frequency. These afre tab-
ulated in Fig. 9.

Adjustments

This apparatus is generally tuned to)and tested
at the specified channel frequency before shipment.
Final adjustments must be made in the field and are
described in the following paragraphs. Fig. 6 shows
the locations of the various controls.

Transmitter

1. Disconnect the coaxial cable and replacd with
a 50, 60, or 70 ohm non=ifnductive resistor depending
on the characteristiciimpedance of the cable used.

2. Fig. 9 shows typieal output filter connections
for various €requencysranges. In some cases it may
be necessary towusegeither a higher or lower range to
tune the filter to resonance.

34 Insert fuses F- 1 and F-2 to apply power to
thegapparatus.

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-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. 12 and
13.) (Approximately 5.5volts 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 across
terminals 11 and 12. Energize the transmitter and
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-1in 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 Signal

When the maximum on-frequency, noise isGun-
known and cannot be conveniently measuredythe re-
ceiver may be adjusted for the remote{signal. First
determine the channel attenuationgusing a Sierra
voltmeter or some other convenient, method. Dis-
connect the coaxial cable and connect a 60-ohm
non-inductive resistor and a VIWWM across terminals
11 and 12. Add 15-db to gfheWchannel attenuation.
This compensates fop, average )variations such as
channel and voltagegvariations¥ For example, if the
channel attenuation isg5-db,y add this to the 15-db
making a total 0f),20-db. 4Taking this from 8 volts
output of the transmitter; the receiver should then
be set for a sensitivity of 0.8 volts. To do this, ad
just the transmitter output control R-42 for 0.8 volts
and then adjust the receiver input control so as to
obtain 10-majoutput current. If it is impossible to ob-
tain 10-ma“eutput current with control R-1 in the
maximumnelockwise position, clip out resistor R-74,
which Nis connected to the base of Q-4. If the gain
is stillNipsuf ficient, clip out resistor R-73, which is
connected to t he 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. KHor example, if the
adjustment is made per partfa.,“the noise may in-
crease due to various reasons such,as bad insulators,
which would require adjusting the receiver to be less
sensitive. In the adjustment of part b., the attenua-
tion may increase due togsleet or line switching,
which would necessitate increasing the sensitivity of
the receiver.

Reserve Signal Detector

Due o different”types of operation and supply
voltages, 1t is, notspractical to have a calibrated dial
for this unit. However, calibration may be made at
installationmby) recording transmitter output (either in
db or.volts), at various knob settings of the detector
unit. Theny by adjusting the knob so as to obtain 10
milljamperes relay current at a remote receiver, any
ineérease or decrease in line attenuation may be noted
as the difference between the original setting, and
the setting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 plus 20
kc. Figure 9 shows the connections for the trans-
mitter output filter. It is necessary to unsolder the
existing connections and make the new connections
per the chart. After completing the preceding, the
tuning procedure as described under Adjustments for
transmitter 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,#and, by
opening the CARRIER START circuit in theé 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 signal measurements for re-
ceiver, refer to Tablef4.

5. For t§picaly RF signal measurements for
transmitter,dreferfto Table 5.

6. Removal, of Printed Circuit Board from
Flexitest Case.

To remoye the printed circuit board, unplug J-15
and 4J-16 located near the output filter. Loosen the
twe, screws 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 plus.

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 filterqand,disconnect the coaxial

cable.

8. Receiver Filters

Fig. 15 shows"typical receiver selectivity curves
both RF and AF.If the filters are checked in a test
setup, it is Necessary to use an accurate signal gen-
erator orgpreferably a signal generator and a fre -
quency ¢ounter.

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)

Voltage 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. 17)



TYPE KR CARRIER SET

TABLE 1 C)

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

L4
CONDITION A CONDITION B N C
Tx-Blocked *1 Tx-Blocked cked
Description Jack Rx-No Signal Rx-With Signal -Ne Signal
129 VDC | 51VDC | 129 VDC 51 vDC DC | 51VvDC
RF Input J-2 0 0 0.3V 0.
DC Q-1 Base J-3 20V 20V 20V
DC R, B+ J-4 26V 20V 20V %
DC R, Osc J-5 (Y 7V 7 (Y

DC Q-5 Base J-6 20 V 20V Kx 20 V

DC-Q-T7 Base J-9 69 V 8V 2.3V 66 V 0.3V

B— J-7 (b
DC-P1-E J-8 110 V ?Q \% 32V 110 V 32V

DC Q-7 Emit J-10 0V & 78 V 1.4V 66 V 1.0V
v TV TV 7V 7V

DC T, Osc | J-11 TV

L 4
B+ J-12 1 \ 51V 129 V 51V 129 v 51V
DC @-10 Base J-13 \ 18 V 18 V

DC Q-10 Emit J-14 18V 18 v
RF ma out J- 130 ma 130 ma
DC ma RRH \
and *
AL ARM 18 ma 18 ma

L 4
tt Tx =tragsmitter, Rx = receiver
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TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

>

Condition A Condition B
Tx-Blocked Tx-Blocked
Rx-No Signal Rx-With Signal
Transistor (Volts) (Volts)
Et Bt Ct Et Bt
Q-1 20.0 20.0 0.38 20.0 20.0
Q-2 7 7.2 1.8 7.
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 110 110 114 129
51 VDC 32 32 32 51
Q-7
129 VDC 70 68 78 80 86
51 VDC 1.0 0 1.4 2.2 7.0
Q-8 6.2 @ 2 6.2 8 2
Q-9 7 7.2 1.8 7 7.2 1.8
Q-10tt
Q12ft O

tt With respec

L 4

ondition C
nblocked
-No Signal

olts)

Bt Ct
6.2 8 2
7 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

C-Collector.
m 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 Bt 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 nov 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 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, Rx4With 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. 0s1 0.1 0.1
Q1-E to Gnd. 0:05 0.05 0.05
Q1-C to Gnd. 0.07 0.07 0.07
T3-1 to 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
Q6-C toGnd. 13.0 10.0 8.0
T4-1toand. 13.0 10.0 8.0
T4-3,t0\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
T5-1to 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.
T17-5 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. 14)

This shows a typical curve offtheyoverall selec-
tivity of the receiver under ,steady sState condi-
tions.

2. Transmitter Output Selectivity (Fig. 10)

Typical curves arg™Shown so that approximate
bandwiths for keying purposes can be determined for
any carrier frequency, between 30-kc and 200-kc.

3. Minimdm Channel“Spacing (Fig.16)

This is a graph from which minimum channel
spacing can be obtained provided the signal strength
of theyinterfering transmitter and the sensitivity set-
ting of ‘the receiver are known. These can be obtained
fromiealeulations 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. 12)

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. 13)

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. 12.

6. Supervisory Control Connections (Fig. T)

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 1200-ohm
resistor R3 is connected in series with the contrnol
relay coil by removing the jumper across R3, as shéwn
in Fig. T In order to maintain proper mark space
ratio, the reldy bias current is adjusted forg9 milli-
amperes as indicated.

The receiver RF filter and“the TE filter limits
are shown on Fig. 15. Both filters ‘are of the plug-
in type and the test circuits withhpin connections
are shown at the top of eagh turve. The IF filter is
divided into two separate seetions. The selectivity
shown is for each sectiony, and the pin connections
for each section arefalse shown in the test circuit
sketch.

ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S
FUNCTION DESCRIPTION
SYMBOL DESIGNATION
CAPACILTORS
C-1 Rcvr. Bleeder 2.0 puf, +20%4 2009V DC, Paper 330C567 H11
tC-2 Rcvr. Osc. Feedback 140/270 ppf, +20%, 500 VDC, 330C566 H43
Mica or 330C566
H57
C-3 Rcvr. Osc. Bleeder 0.02 ufAMRC, 600 VDC, 330C569 H417
Bypass Dise
C-5 Q-6 Emitter Bypass 140 puf, +20%, 200 VDC Paper 330C567 HO9
C-6 Rcvr. Rectifier Same as C-5
Bypass
Cc-7 B— to B+ Bypass 2 uf, +10%, 600 VDC, Paper 14C9400 H18
C-8 B— to GND 1.0 uf, +10%, 1000 VDC, Paper 14C9400 H17
tC-9 Xmtrn, OsesFeedback Same as C-2
C-10 Xmtr .4Osc. Same as C-3
C-11 Key Filter 0.1 uf, +20%, 200 VDC, Paper 330C567 HO2
C-12 Q-10 Emitter Bypass 0.25 pf, +20%, 200 VDC, Paper 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.

14

270 puf for osc. freq. below 110-ke.
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ELECTRICAL PARTS LIST

—

CIRCUIT FUNCTION DESCRIPTION MANUFACTURER'S
SYMBOL DESIGNATION
CAPACITORS (Concluded) ' =
C-18 PA Bleeder 0.5 nf, +20%, Paper BN%
C-19 Output Filter Tuning 500 puf, Variable, Air 2 HO1
C-20 Output Filter 390 ppf, +5%, 2500 VDC, Mica 561 H15
C-21 Output Filter 680 uuf, +5%, 2500 VDC, Mi 30C561 H21
C-22 Output Filter 1200 ppf, +5%, 2500 VDE, 330C561 H27
Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 nfd, tzK DC 187A177 HO1
CR-1 Bridge Rectifier 584C433 HO2
CR-2 Bridge Rectifier
CR-3 Bridge Rectifier
CR-4 Bridge Rectifier
CR-5 Q-10 Colleetor Same as CR-1
CR-6 | Q7B se@ *Type 1N457A 184A855H07 *
CR-T Volt &tor Type 1INT768, 584C434 HO2
CR-8 qulator Type 1N1369 584C434 HO5
CR-9 llector *Type 1N3811 185A089H08
CRAIO * 0 Emitter * Type 1N3028A % 188A302H14 *
L 4

1

O
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ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION DESIGNATION
FUSE HOLDERS %
FH-1 B— For Type 3AGC Fuses 58402N
FH-2 B+ Same as FH-1 @
FUSES Q
F-1 B— 3AGC 3/4 amp. S#330C691 H12
F-2 B+ Same as F-1
FILTERS
FL-1 Rcvr. RF Bandpass 30 to 200 kc
Freq. to be
specifie
cu e
FL-2 Rcvr. IF Bandpass ixed Freq.
ONNECTORS
J-1 Printed Circuit inted Circuit Female 54-B-7125 HO3
L 4 Plug
J-2 RF Input K UG-185-U 584C292 HO7
J-3 RCVI. 0sc® Terminal Studs 330C592 HO1
J-4 Rcvr. Mixer- Same as J-3
pp
J-5 Rcuvr. . Supply Same as J-3
J-6 -5 Base Same as J-3
J-7 B— Same as J-3
»
Q-6 Supply Same as J-3




TYPE KR CARRIER SET

I.L. 41

ELECTRICAL PARTS LIST

O

MANUFACTUR ERO

S FUNCTION DESCRIPTION AT
CONNECTORS (Concluded) ¢

J-9 Q-7 Base Same as J-3 \%
J-10 Q-7 Emitter Same as J-3 N
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 328C093 HO1
J-16 Output Filter GND Bana ck 328C093 HO02
P-1 Printed Circuit Pri ircuit Male 54-B-7126 HO3

INDUCTORS
L-1 Core and Coil 11 MH Total — 6 MH 329C450
Assembly Tap (Part of FL-3)
L-2 Core and Qoil 2.5 MH (Part of FL-3) 329C449
Assembly \
L-3 RF C & 1.0 MH, 300 ma R-300
L-4 RF‘@ Same as L-3
@ TRANSISTORS

%\vr. Mixer Type 2N525 184A638H13
Q-2 Rcvr. Osc. Tyne 2N414 184A638H14
_&

17
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ELECTRICAL PARTS LIST

CIRCUIT MANUFACTURER’S
FUNCTION
SYMBOL DESCRIPTION DESIGNATION
TRANSISTORS (Concluded)
Q-3 Rcvr. Osc. Same as Q-2 \%
Q-4 Rcvr. IF Same as Q-1 @
Q-5 Recvr. IF Same as Q-1
Type 2N498 or 8H15
Q-6 Revr. IF * Type 2N657 Q 638H15
Q-7 Rcvr. Output Type 2N698 762A585H02
Q-8 Xmtr. Osc. Same as Q-2
Q-9 Xmtr. Osc.
Q-10 Xmtr. Amp.
Q-12 Xmtr. PA »x 184A638H07
184A638H15
Q-15 Xmtr. PA ;
\ESISTORS
R-1 Rec. Input , +20%, 1/4 W, Pot. 584C276 H23
L 4
R-2 Filter Matching 10 K, +10%, 1/2 W 330C595 H37
R-3 Filter Load \ Same as R-2
R-4 Rcvr. OSC.O 1K, +20%, 1/4 W, Pot. 584C276 H19
R-5 Rcvr. 6.2K, +5%, 1 W 330C666 H68
\
R-6 Q-2 Collector 1.2 K, +5%, 1/2 W 330C664 H51
R-8 Voltage 30K, +5%, 2 W 330C668 H84
Divider
L J
Rcvr. Voltage Same as R-8
Civider
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ELECTRICAL PARTS LIST O
CIRCUIT MANUFACTURER@

SYMBOL FUNCTION DESCRIPTION DESIGNATION
L
RESISTORS (Continued)

R-10 Q-2 Base Same as R-2 \%
R-11 Q-2 Base 100 K, 5%, 1/2 W 3 5 HO5
R-12 Q-3 Collector Same as R-6

R-13 Q-3 Emitter 390 Ohms, 5%, 1/2 W 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 2.2K, t1 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, t N 330C597 H40
R-18 Revr. Osc. 9.1 .&0,1/2 w 330C664 H72
R-19 Q-4 Bias , £ 0%, 1/2 W 330C664 H25
R-20 Q-4 Bias ame as R-2

R-21 Q-5 Bias 50 Ohms, * 5%, 1/2W 330C664 H29
R-22 Q-5 Bias Same as R-2

L 4

R-23 Q-6 Bias K\ 330 Ohms, * 5%, 1/2 W 330C664 H37

R-24 Q-6 Bi\ Same as R-2
R-25 Q-6 @ Same as R-19
e

R-26 \@ Same as R-6

7 Bias 20 Ohms, +5%, 1/2 W 330C664 HO8

mtr. Osc. Bleeder Same as R-18

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

R-30 Xmtr. Osc. Bleeder Same as R-16
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ELECTRICAL PARTS LIST

CIRCUIT FUNCTION DESCRIPTION MANUFACTURER’S
SYMBOL 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 Q
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-2?b
R-39 Buffer Voltage 36 K, 5%
Divider

330C668 H86

R-40 Buffer Voltage S
Divider \
R-41 Buffer Voltage eds R-2
Divider
R-42 Xmtr. Osc. Output 4 ame as R-4
R-43 Q-10 Bias Same as R-23
R-44 Q-10 Bias 33K, + 5%, 1/2 W 330C664 H85
Q 15K, £+ 10%, 1 W 330C596 H39

R-45 Buffer Voltc
Divider,

R-47 fen\ge 6.8 K, +5%, 1/2 W 330C664 H69
Di er

R-48 Bu oltage 15 K, 5%, 1/2 W 330C664 HTT

Divider

R- P.A Bias 2T K, +5%, 2 W 330C668 H83
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ELECTRICAL PARTS LIST

S

gﬁACBL(")lJ FUNCTION DESCRIPTION MAB‘EJ;QSXL#EENR'S
L 2
RESISTORS (Concluded) - %
R-50 Xmtr. PA Same as R-19 \
R-52 Q-12 Emitter 10 Ohms, * 5%, 1/2 W 664 HO1
R-55 Q-15 Emitter Same as R-52
R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 330C595 HO09
R-60 Recvr. Bleeder 1K, +5%, 256 W 584C416 H57
R-61 Recvr. Bleeder 600 Ohms, t 584C416 H47
R-62 Recvr. Bleedei 350 O , Te, 20 W 584C416 HS52
R-64 Xmtr. Bleeder 120(%&,%, 2% W 584C416 H64
R-66 T-7 Load 0 , ¥5%, 2 W 330C668 H43
R-67 Xmtr. Blocking 10 ms, + 5%, 2 W 330C668 HO1
R-68 Xmtr. Blocking 10 K, +10%, 10 W 3300577 HO1
R-69 Q-10 Emitter Same as R-19
R-70 FL2 De(gupl@ 470 Ohms, +10%, 1/2 W 330C595 H21
R-71 Q-4 Emh&\ 150 Ohms, +10%, 1/2 W 330C595 H15
R-T72 Q-5 & 68 Ohms, +10%, 1/2 W 330C595 H11
R-73 Q-@ 180 Ohms, +#10%, 1/2 W 330C595 H16
-4/Base 2.TK, +5%, 1/2 W 330C664 H59
-4 Collector 2K, +t10%, 1/2 W 330C595 H41
Q-5 Collector Same as R-T75

21
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RECV. EXTERNAL COMNNELTIONS
TERMINAL- CONMECTLON
1/ 6 ROUND
12 COAXIAL CABLE
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REQUIREMENTS FOR GCxX/GCYI RELAYING

SUPPLY VOLTAGE CARRIER START) CARRIER SToP

S/ voc + 37V .QIMA O voLrs
/29 vOC + /oo, SMA 0 VoLrs
258 voc ALOOVAEMA O voLrs
KR RELAYINGITRANSMITTER /
RECV, EXTERKAL,CONNECTIONS

TERMINAL- COUMNECTION
/7, GROUND

124 COAXIAL CABLE

3. SUPERV/SORY PREFEREMNCE CONMTACT
14 CAPRIER STOP B- RETURAM

ST CARRIER START (PoSITIVE)

/6. ALARM CUTOFF FOR COMMUMICATIONS
/7. B MINUS

/8. CARRIER STOP (HI/WZM)

/9 8 PLUS

20 RELAY cCOIL

R
2K
3.75K
/9-K

NOTES

X ForR ‘"R USE OHMITE VIFREOUS ENAMELED
DIVIDOHM ADJUSTABLE 4K OR 20K 25 W
RESISTOR, COMNECT § ADJUST FOR VALUES
SHow A

A TrrE IN305/

7+  FOR S1&£ 129 vDbC SUPPLY

FOR 258V DC SUPPLY USE
330CI9IHOI RESISTOR UMNIT
REF DWG 2238497

O FOR SUPERVISORY CONTROL
PREFERENCE CONTACTS

1

Fig. 5. Relaying Control Circuits ~GCX/GCY (Dwg. 2-329C704)
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% Fig. 6. Component [_ocation (Dwg. 540D781)
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ADJUST FOR ’2

9MA AT JI—\ sack-ui, 2+ KR
! P—RRH

| 20

2 D——NEG. DC

EQUIPMENT

|
|
|
ol
2N
6 : TO(SUPV.GONTROL
|
7
|

pos_ I ¢
SEE NOTE |
@ POS dge POS. DC (48 OR 125 )

R3 L

ELCO TERMS

NOTES: J2
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROL > 3 3
WITHOUT RELAYING. L2 &
2.POLARITY SHOWN CLOSES CONTACT BETWEEN 5 6 7 8
TERMINALS 4 8 6, I I

AS VIEWED FROM REAR OF PANEL 629A552

AL

5 wiDE x-g-DEEP-Two SLOTS

r 16
{ B
_cD
:J_ westinghouse — €= } ng
T
e IB%MTG.CENTERS
o 19 292B991

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERYISORY CONTROL APPLICATION
(CHANGES FROM JUMPERS SHOWN ON |NTERNAL SCHEMATIC, F1G-2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 IS
USED AS SHOWN ON APPLICATION DRAWING 329C704

FOR HZ/HIM OPERATION, THE JUMPER HAS BEEN REMQVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

0.15a.. STANDBY
[o.a o. TRANSMITTING

ouT (&> ¢

N O— 25— 75 {25 io60
R\ R2 R3 R4 lLlAMR

coM.O—I25 {25 {25425 -
R8 R7 RG RS

POWER CONSUMPTIONS- 303 WATTS AT 258 V. s
390" WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE WHLL BEyAPPROXIMATELY 144 VOLTS
UNDER STANDBY CONDMKT ION WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-VOLT H2/HIZM OPERATION
JUMPER TP=7, ANDuTP-8 IS REMOVED.

48 VOLT OPERATION

ON(PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TP5 AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TP4

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R64
AND DIODE CR8 IS REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CCNTROL,
R59 IS CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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L 2
TRANSMITTER OUTPUT FILTER FL-3 con@s
COIL PARALLEL
LINE FREQUENCY RANGE COIL CONNECTIONS CAPACITOR CONNECTIONS A

| — 27.7 KC=30.0 KC L-1 6-8-9-10-11
2— 29.8 KC-33.1 KC L-1 6-8-10-11
3— 31.8 KC-36.0 KC L-1 6-8-9-11
4 — 35.4 KC=39.0 KC L-1 6-8-11
5 — 38.0 KC~41.0 KC L-1 6 6-8-9-10~11
¢ — 0.3 KC-45.0 KC L-1 6 6-8-10-1
7 — 43.0 KC-49.0 KC L-1 3-6 6-8-9-11
8 — 47,7 KC-56.0 KC L-1 3-6 6-8-11
9 — 49,5 KC-58.5 KC L-1 2) (3-6 6-8-9-10
10— 57,0 KC-72.3 KC L-1 2) (3-6 6-8-10
It — 67.0 KC-76.0 KC L- 1-4) (6-7 6-8-9-11
12— 75.0 KC-88.0 KC 1-4) (6-7 6-8-11
13— 77.5 KC-93.0 KC 1-4) (6-7 6-8-9-10
14— 89.3 KC-114,5KC - 1-4) (6-7 6-8-10
IS— 102, 7TKC-147,0KC 1-4) (6-7 6-8-9
I6 —136,6KC-210.0KC @ 1-4) (6-7 6-8

Q. CONNECTION FROM 6470 @DE BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

N

® Fig. 9. Connections - Output Filter (Dwg. 149A420)
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DB ATTEMUAT ION
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FREQUENCY (KC)

Fig. 10. Transmitter Output Filter Selectivity (Dwag.
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TYPE KR CARRIER SET

QNNECT TO TRANS-

_.MAX. cCcW POSITION
PERMISBIBLE CONTROL
VARIATION *

OdE{IWATT @ G

0 OHMS)
To -40db (0.1 MILLIWATT)
i——@

i

e

APPLY B+

SCHEMATIC

! e 34,M|N!7CUTOUT |

Fig. 11. Reserve Signal Detector Outline (Dwg. 329C703)
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¢ 2
INCREASING OUTPUT
INCREASING SENSITIVITY /
+ /
V.8%
08 0

SUPAPLY VOLTAGE

Fig. 12. Transmitter Output and Receiver Sensitivity Variations with Voltage (Dwg.

V
RECEIVER SENSITIVITY = 40 MV AT /29 VOC
TRANSMITTER OUTPUT = /0 W AT /29 VDC
4| — (/OW=B8.0 VOLTS AT GO OHAMS)
FREQUENCY = /20 KC
TEMPERATURE ~ 2S5°C
I I | l l
700 /10 /20 /30 /40

377999)
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08 STEADY STATE ATIENUATION

S0

46

40

as

30

25

20

/S

10

FREQUENCY (kc)

.ve'%
Fig. 14. Receiver Selectivity (Dwg. 377993)
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1OK

I.L. 41-941.TE

O O
" 1 : @
OHMS
3
A

10K

20
IF FILTER ::1;' CIRCUIT ) % \ / ///
© 10 B 7
o ZR\I 7
- 74 . %
SEC ZG>- /; /
a Ov 13 20 2l

- %)
oums | @
5

RF FILTER TEST CIRCUIT

IOK

F (kC)

Each section FL-2 requirement
with typical selectivity curve
Insertion loss 26 DB max.
Including matching resistor.

08

\ 50 /

DAL REA TR AR

AR

0 NS
OHMS O
S ; 3 jorms V2 \ /
x ° 20
| I
/
| L IC ’:_‘a'
f
//g /g
/4,
-6 -4 -2 Fo +2 +14 +6
FREQUENCY (KC) )
FL-1 Requirement with typical selectivity
curve at 120 KC. Insertion loss 18 DB
max. Including matching resistor.
Fig. 15. Receiver Filter Limits (Dwg. 377995)

39



TYPE KR CARRIER SET
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Coaxial Lead...756D346 G02 @

=115 HITE
l J
T BLACKS
| L

Q@snsm G03

A

!

)

@

il

|

i
)

o SRR [a]0L

xm[

A7

@

S Main Harness... 756D346 G04

Fig. 17. Test Harness — (Complete Set)
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Westinghouse I.L. 41-941.1D
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Voige Adapter

Accessories.
Style
KR Reserve Signal Detector . . . . . ... ... ....... 470D167 GO2
250 Volt Resistor Unit . .. ... v vv v v o, . 9330C191 HO1
Test Hamess (Complete Set) .. .......... W % Ot 756D346 GO1
Coaxial Lead . ... ... vt i i it im .. o. . 756D346 G02
Output Lead ,................. o ). . . 756D346 GO3
Main Harness .. . v v v v v v v v v v v v o s NN 756D 346 G04
TABLE OF CONTENTS Adjustments
Transmitter.ciiviiiiiiiieiiiiiiiiieninnnns Page 7
Receiver....... N Page 7
Introduction ....iceveeviiiniieinenene. Y - Rager2 Reserve Signal Detector.............. Page 8
L . 250-Volt Resistor Unit ...coeeveeeennns Page 8
Specifications .iiiviiiiieriieiiinieeiieenenssmmmesslon Page 2 Frequency Change ..oovveeeseresessenss Page 8
Description MaintenancCe .iviieivieiieeeeeieninnsisssnenssnnsnnes Page 9
General...ciiiiiiiiiiiiiiiinee, 0 8 _ . AV Page 3 APPHCALION cvvveiiiiiiiiiiii Page 13
Mechanical cviiiiiiininiiiiniiteidioeeesslioeeeeenss Page 3 Electrical Part S LiSteeeeeerececeeeeeessesssasss Page 14
Electrical.ccccoviiiiiinnnnnn, G
Transmitter cveveeeees R ..... Weeeeeooossonnes Page 4 LIST OF TABLES
Receiver......... Porco0 I (U Page 4
Transmitter, Control’ Circuits.....oovuenn. Page 5 Table
(F;eserveislf.ns;lSDetector .................. ,gzgg 2 1 D-C Pin Jack Measurements with
ommMURICAtIONS e e eeeererrrrrrrreereeeennns
Relayifi Colntrol Circuits Paie 5 Reference to B-.ivvvieeis viveiinnnnnne Page 10
W 4 At 2 Transistor DC Measurements with
Reference to B-.ciiiiiiiiiiiinnnninnnns Page 11
. 3 D-C Bleeder Measurements with
Installation
Reference to B-.ovviieiniiniiennnnnnns Page 12
General.iiiiiiiiiiiiiiiiiiiiiiiiissnsiiseiesiossesons Page 6 4 Typical RF Signal Measurements
Cennegtions fOr RECEIVEr tivvviiiinnniiiieniiinennnns Page 12
Bxternal....coiviiviiiiiiiiiiiiiiiiiiiniineee, Page 6 5 Typical RF Signal Measurements
| 1917) 4 0 F-1 N Page 7 for Transmitter ..cccvvvveeriennnniennes Page 13
*SUPERSEDES I.L. 41-941.1C EFFECTIVE MARCH 1967

Denotes change from superseded issue.
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LIST OF ILLUSTRATIONS

Figure References
1 Outline — Flexitest Case .... 540D753
2 Intermnal Schematic ..c.cievivvnnniiiinnnne 540D780
3 Relaying Control Circuits

(HZ/HZM) +tevreiineiinninenesinnnnns 1-329C704
4 Relaying Control Circuits
(K-DAI) «ttereeresncesnecsannnntesnnnees 3-329C 1704
5 Relaying Control Circuits
(GCX/GCY)eerreeasnnnnns cevennaeeees 2-329CT04
6 Component Location.i.ceieiiiiiiinnnnnass 540D 781
7 Supervisory Control Receiver
ConnectioN.iiiiiiiiieieeeiinnnnnnnnnns 223B498
8 Connections, 48-250 volts
and Supervisory Control............ 407C971
9 Transmitter Output Filter
Connections ...viveeeeeeievenrennnnnes 149A420
10 Transmitter Output Filter
SeleCtivityiiiiiiiiiiiiiiiiiiinnnnnnnans C377996
11 Reserve Signal Detector — Outline and
Schematic ..ovvviiuviiiiiiineinann. 329C 1703
12 Transmitter Output and Receiver
Sensitivity Variations with
D-C Voltage ......ccccvevevenenenene.. C377999

13 Transmitter Output and Receiver
Sensitivity Variations with Frequency, C378000

15 Receiver Filter Limits ..ccvviiiiiiinnenns C377995
16 Minimum, Channel Spacing .............. C 347998
17 Test Harness 756D 346

...............................

CAUTION The voltages encountered in this equip-
ment are dangerous to life. To be safe, disconnect
the power source and close the grounding switch
when servicing the equipment.

INTRODUGTION
The Type KR Relaying Transmitter-Receiveris
designed for Distance “Relaying, Telemetering,

Supervisory Control and, Sleet’” Detection. Facilities
are provided for a plug-in®™ype voice adapter. The
basic design is fer operation from 125-volt station
batteries. Howeyer, the, apparatus may also be oper-
ated from 48-yolt omr,250-volt station batteries by
means of vapious internal connections. These various
connectionsjasihwell as most of the adjustments are
madefatithe factory, although they can be changed in
thepfigld.

Although designed primarily for operation with
Westinghouse protective relays, this apparatus may
alse be coordinated with other types of directional-
distance relays and with most other contact keyed

14 Receiver SelectiVity .ioevvevereereneennnns C374993 devices.
SPECIFICATIONS

Frequency RAnNge..cceeeeieeeesesracensaoaieatlne.. 7 30-kec to 200-kc

Channel Attenuation Rating ......s:. B PPN 1 ) o | o

Transmittel POWer OUtDUL ..ueete i eeee®ieereierneiaiieeninesaansnnanns Ceeterrenrarerenrnees 1.0 watt at standard condi-
tions (see Figs. 12 and 13).
0.5 watt with a 48-volt d-c
supply.

Transmitter Harmonic Qutput .....oovvvennees Ceeeerenneeaeaes ceerees Ceereereeeenaees cereeres At least 46-db below funda-
mental.

Transmitter Qutpudt Impédance........ cerereens Ceeeeeeetetteteeeeeeeetetetsastssnannns ceeereas Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter Output Filter Selectivity cecveveviiiieeeenns cereseneee Cerersenaeas veeerenensans See Fig, 10

Transmitter and Receiver Oscillator and Frequency Stability ........c.coieiiainens 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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l.L. 41-94.7D

Permissible Battery Voltage Ripple ....cccvveiiiinnnennnnnnn.

Ambient Temperature Range .....ccooieiiiiiiiiiiienieniennenennns

............................. T-Y2%
............................ —20°C to +50°C.

Non-Operating Temperature RANEE ..cuuueeiiieiiiieeeieeennseeeeeeeeesnseseeeeeesnnnnnnenens —40°C to +70°C

Receiver Sensitivity coveveiiiiiiiiiiiiiiiiii it i i ceeees e tteeneterenneeeennaaeaas 0.04 volts at standdrd
conditionsfSee Figs. 10 and
18).

ReECEIVET Sl IVl Y tevuiiiiiiiii ittt it ittt it eieeeatieeeneeeesnneeennnenes See Eig. 14

Receiver Signal-to-Noise Ratio Requirements .....c.cccvevieiiiiiiiiiiiiiiiernnennennnnes 12-db

Minimum Channel SPaCINE vttt ittt ittt et ittt et tee e e ereer e eresennanneeeenonnes SegyF'ig. 16

) S0} A=) d ¢ 10 Nl5ma at 48 VDC, 200-ma

Carrier ON-Off KeYINE oiiiiiiiiitiiiieitniiiieeeee s eeee eeeeenne oeoe oo oafie oo aolah odsnndason

Weight (With Flexitest Case) ccccvvviiiiiiiiiriiiiiiieieennennnns

CAUTION Refer application to Westinghouse when
other transmitters are to be connected to thegSame
coax cable as certain conditions may result infddamage
to the output transistors.

NOTE Standard conditions are taken as 4i29-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 reliabilit¥Fover~tubes. In addition, the
latest printed circuitiand filter techniques have im-
proved performancefandugreatly decreased the size.
The expected long life, of transistors as compared
with vacuumtubes will reduce maintenance costs,
and the low power fequirements will produce impor-
tant savings in battery and charger requirements.

Transistors perform the same functions as vacuum
tubes.W\However, tubes operate by the flow of elec-
trons®™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-
tien. Most transistors are made from either germanium

at 125 VDC, 1.28 amperes
at 250 VDC.

Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 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 ar e 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-disconnecting the coaxial cable.

Fig. 6. shows the location of major components
such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal temminals.

Provisions are made for plugging the, Voiee
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of gthe set
accommodates the adapter plug. A buckle t¥ype/strap
on each side of the adapter holds the unit inplace
after it has been plugged in. The normal projection
for a rear mounted Voice Adapter is, 3-inehes be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied withythe adapter, a patch
cord is available on separate order, This patch cord
plugs into the telephone jacks on the adapter andpro-
vides an extensionto a conveniently located terminal
board.

The panel cutout infermation necessary for mount-
ing the Sleet Deétecter isljshown by Fig. 11. This
unit consists €of 4 potentiometer and pushbutton
switch mounted onta small panel, itself suitable for
switchboard mounting.

For 250-volt eperation, separate auxiliary resis
tors are required, as shown in Fig. 8.
Electrichal
Transmitter

The transmitter is made of four main stages in -

cluding an oscillator, driver, power amplifier, and an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collectortef one
transistor and the base of the other. The feedback'is
supplied through a capacitor from the collector of the
second transistor to the base of the first transistor.
The frequency is independent of veltage or tempera-
ture changes of the transistors. Thu$ the frequency
stability is the stability of the crystals

The input to the driver StagepQ-10 is controlled
by potentiometer, R-42 which’ also/controls the trans-
mitter power output. In HZM%elaying CARRIER STOP
provides about +40 veolts for blocking. This is ap-
plied to Q 10 through™T-6. Diode CR-5 prevents dam-
age to the transistorwhenthis positive voltage is ap-
plied to the collectoripyFor CARRIER START (when
in the blocked poSitien) a small positive voltage is
applied to the calleetor of Q-10 by means of bleeder
resistors R-67and R-68.

The ‘pewer amplifier consists of two transistors
@ 12and Q 15, which are operated as class B ampli-
fiérs 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 keepthe source impedence
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 regar dless of the channel

frequency. (See Fig. 14.) The major stages include
an input filter, attenuator, oscillator, mixer, IF
filters, IF amplifiers, detector and a D-C power out-
put stage,

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
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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 1is 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 selectivity is determined primarily by the IF
filter FL-2. Typical characteristics of this filter are
shown in Fig. 15.

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

The detector is a full wave bridge rectifier,*This
rectifier in conjunction with the IFEg@mplifier Q-6,
provides the necessary power to,drive the \ID-C power
output stage Q-17.

The final output stage Qa7 willysupply approxi-
mately 18 milliamperes to agstandasd 1700 ohm dis-
tance relay RRH coil and its @ssociated 500 ohm
alarm coil. It may also be Wsedito drive other relay
coils such as is shown by Fig. 7, Supervisory Con-
trol Connections.

Transmitter Control Circuits

In the standby eondition, 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 stopped "in several \ways. The
method used with K-DAR relays is to remove the
positive voltage applied to 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 outputipOutput may also
be stopped by removal “of negative battery from
terminal 18.

Reserve Signal Detector

The Reserve Signal Detector is shown by Fig. 1i.
Effectively R-1 is_a remoefe transmitter output control.
This control i§ obtained through varying the driver
stage (Q10) emibter bias, and is effective over a 40-
db range fof/ transmitter output. The detector is
switched intd@ service by S-1. By adjusting R -1 for a
given ‘peceiver relay current at the far end of the
channel,'a relative measure of the channel attenuation
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. 3, 4 and 5 show simplified diagrams of the
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and 5)

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
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
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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. 4 and 5) to terminal 15 of the carrier set.
This puts a potential on the driver stage in the trans-
mitter and al'so applies proper bias for the poweram-
plifier.

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. 3)

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 the voltage
and current on the transmission line, detect 4and
determine the direction of a line fault and tHereby:
control the carrier transmitter and receiver.

The control of the carrier set is such as'to/start
the transmission of catrier when fault power onwthe
transmission line is flowing out of ¢he line section
being protected. Conversely, when fault péwer is
flowing into this line section, the caentrol i$ such as
to block the transmitter and keep it .frompbeing turned
on by secondary functions suchwas<sleet detection
and communication, should these fufictions be in use
at the same time. Should carrier‘newfbe received from
the remote station, the hold ¢oid and alarm coil will
energize through transistor'@-7 in the receiver.

When carriergstartéoperation occurs, the CARRIER
START contact elosesapplying the full battery
supply voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies preper bias for the power amplifier.

Whefima, carrier stop operation occurs, the CAR-
RIER4STOP contact opens. This applies a positive
voltage (see Fig. 3) 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 bléek &
third receiver, would be of such amplitude, phase and
frequency as to cause the RRH coil current®to
‘“‘pulsate’’. It would then be possible to have a false
trip.

In the case of the KR set for rélaying 3-terminal
lines, the transmitter frequencies (tefavoid this pos-
sibility of false trip) should beWyseparated by 100
cycles. All receivers and ome transmitter would be
for the desired center frequen€y. One of the other
transmitters would be 100%cyecles above, the other
100 cycles below this center frequency.

INSTACLATION

General

Upon receipt'of& unit, whether shipped separately
or in an assembly, an immediate inspection should be
made. “Caréfully check for damage or shortages.

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

Flexitest Case Mounting.............. Fig. 1
Sleet DeteCtor. . vuuiieeeeriereneennnnnns Fig. 11

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 Il..iiceeiieiiiiiiiiiiiiiieienenennnnns Ground
12 e, Coaxial Cable
13 and 19....... Supervisory Preference

Contacts
14......... B- ““CARRIER STOP”’ return
15, i Battery positive through
carrier start contacts
16..ccveennnne. Battery positive for alarm
cutoff (used with com-
munication)
) PPN B-
18....... Carrier Stop for HZM Relaying
10 e B+
20, i iiiiiiiiieiiiiiereeeeaeaaas Relay Coil

CAUTION If the transmitter output load is removed
while the transmitter is energized, the transistors in

At
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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
coaxial 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

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

125-Volt K-DAR and GCY Relaying

125Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GCY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca-
pacitors of the transmitter output filter are required
depending on the channel frequency. These are tab-
ulated in Fig. 9.

Adjustments

This apparatus is generally tuned toland tested
at the specified channel frequency before shipment.
Final adjustments must be made in the fieldland are
described in the following paragraphs. ‘Big. 6 shows
the locations of the various confrols.

Transmitter

1. Disconnect the coaxial cable and replacd with
a 50, 60, or 70 ohm nonginductive resistor depending
on the characteristic impeda@ance of the cable used.

2. Fig. 9 shows, typieal output filter connections
for various frequency ranges. In some cases it may
be necessary toluse gither a higher or lower range to
tune the filter to resonance.

3.lnsert fuses F- 1 and F- 2 to apply power to
the apparatus.

4. Connect an A-C Vacuum Tube Voltmeter
(VWTVM) 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-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. 12 and
13.) (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 across
terminals 11 and 12. Energize the transmitter and
output control R-42 for the same output as the max-
imum noise. Then adjust the receiver input control
R-1to 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 Signal

When the maximum on-frequency noisé is an-
known and cannot be conveniently measured;, the're-
ceiver may be adjusted for the remote signal. First
determine the channel attenuation uSing a"VSierra
voltmeter or some other convenient method. Dis-
connect the coaxial cable andg@onneef’ a 60-ohm
non-inductive resistor and a VTVM across terminals
11 and 12. Add 15-db to thegpchannel attenuation.
This compensates for average variations such as
channel and voltage variations. For example, if the
channel attenuationdis 5-dbj,add this to the 15-db
making a total off 20-db. Taking this from 8 volts
output of the transmitter, #4he receiver should then
be set for a sensitivity ‘of 0.8 volts. To do this, ad
just the transmitter output control R-42 for 0.8 volts
and then adjust the4receiver input control so as to
obtain 10-majoutput current. If it is impossible to ob-
tain 10-mamoutput 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 stillginsuf ficient, clip out resistor R-73, which is
connected to t he 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, cdses may
arise where conditions change. Forwexample, if the
adjustment is made per partga., {the®noise may in-
crease due to various reasons su¢h asab@ad insulators,
which would require adjustingfthe rec¢eiver to be less
sensitive. In the adjustment of part b., the attenua-
tion may increase due tOGysleetd or line switching,
which would necessitate increasing the sensitivity of
the receiver.

Reserye Signal Detector

Due to differentatypes of operation and supply
voltages, 1tWis not practical to have a calibrated dial
for this unit. Hewever, calibration may be made at
installation, by)recording transmitter output (either in
db arwolts) at various knob settings of the detector
unit® Then,, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
inerease or decrease in line attenuation may be noted
as the difference between the original setting, and
thesd setting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

Wwith the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 plus 20
kc. Figure 9 shows the connections for the trans-
mitter output filter. It is necessary to unsolder the
existing connections and make the new connections
per the chart. After completing the preceding, the
tuning procedure as described under Adjustments for
transmitter 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-

o
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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§ and by
opening the CARRIER START circuit in the case of
K-DAR and GCY relaying.

1. For D-C pin jack measurements withyreférence
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 measSurements with reference
to B-, refer to Table 3.

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

5. For gypicaly RF signal measurements for
transmitterd refer to Table 5.

6. Removal, ©f Printed Circuit Board from
Flexitest Case.

To remove the printed circuit board, unplug J-15
and‘WJ-16 located near the output filter. Loosen the
two, screws 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 oufside, of the case at the
bottom. Lift out filtefjyandw@disconnect the coaxial

cable.

8. Receiver Filters

Fig. 15 shows“typical receiver selectivity curves
both RF and/IF.QIf the filters are checked in a test
setup, it is necessary to use an accurate signal gen-
erator orfpreferably a signal generator and a fre -
quency ‘counter.

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 (VT VM). 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)

Voltage 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. 17)
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D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

TABLE 1

CONDITION A CONDITION B
Tx-Blocked tt Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal
129 VDC 51 vDC 129 VDC 51VvDC
RF Input J-2 0 0 0.3V 0.
DC Q-1 Base J-3 20V 20 V 20V \"
DC R, Bt J-4 2 V 20 V 20V
DC RX Osc J-5 TV TV v
DC Q-5 Base J-6 20V 20V 20V
B— J-7
DC-P1-E J-8 110 V 3 @V 32V
DC-Q-7 Base J-9 69 V 8 V 2.3V
DC Q-7 Emit J-10 0V \ 8 V 1.4V
DC T, Osc J-11 TV (B (Y
L 4
B+ J-12 12 51V 129 Vv 51V
DC Q-10 Base J-13 \
DC Q-10 Emit J-14
RF ma out J-
DC ma RRH \
and *
AL ARM 18 ma 18 ma

r'S

c NC
- ck ed

\> Signal

1 DC | 51VvDC

110 v 32V -
66 V 0.3V
66 V 1.0V
v TV

129 v 51V
18 Vv 18 V
18 Vv 18 v

130 ma 130 ma

tt Tx =tr smitter,’Rx = receiver

o,
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TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

»
Condition A Condition B ion C
Tx-Blocked Tx-Blocked - locked
Rx-No Signal Rx-With Signal -No Signal
Transistor (Volts) (Volts) (Volts)
Et Bt Ct Bt Bt Ct
Q-1 20.0 20.0 0.38
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
Q-6
129 VDC 110 110 114 129
51 VDC 32 32 2 32 51
Q-1
129 VDC 78 80 86
51 VDC 1 1.4 2.2 7.0
Q-8 2 6.2 8 2 6.2 8 2
Q-9 1.8 7 7.2 1.8 7 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

; C-Collector.
rm 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 Bt 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 nov 1.4V 1.0V
Junction R-27 and R-60 (P1-P) 69V YA 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, RxAWith 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
T1-1to Gnd. 041 0.1 0.1
Q1-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
Q6-C to'Gnd. 13.0 10.0 8.0
T4-1to%Gnd. 13.0 10.0 8.0
T4-33t0\T4-4 4.5 3.5 2.5
J9%o J10 (DC) 0.74 0.75 0.65

12
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TABLE S

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.
T17-5 to Gnd.

Output to Gnds

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. 14)

This shows a typical curve (of the overall selec-
tivity of the receiver undery steady state condi-
tions.

2. Transmitter Output SeleéGtivity (Fig. 10)

Typical curves are,shown so that approximate
bandwiths for keying purposes can be determined for
any carrier frequeney between 30-kc and 200-kc.

3. Minimum Lhannel Spacing (Fig.16)

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 ofiythe receiver are known. These can be obtained
from caleulations 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. 12)

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.13)

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. 12.

6. Supervisory Control Connections (Fig. T)

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 1200-ohm
resistor R3 is connected in series with the control
relay coil by removing the jumper across R3, as shéwn
in Fig. 7. In order to maintain proper mark space
ratio, the relay bias current is adjusted for 9 milli-
amperes as indicated.

The receiver RF filter and the IF filfer limits
are shown on Fig. 15. Both filters are,of the plug-
in type and the test circuits /with“pin connections
are shown at the top of each, curve./The IF filier is
divided into two separate sections. The selectivity
shown is for each sectiomjand/the pin connections
for each section are al'sgypshown in the test circuit
sketch.

ELECTRICAL PARTS LIST

CIRCUIT MER MANUFACTURER'S
FUNCTION DESCRIPTION .
SYMBOL SCRI 10 CODE DESIGNATION
CAPACITORS
C-1 Rcvr. Bleeder 2.0 pf, +20%, 200 VDCHPaper 1 330C567 H11
tC-2 Rcvr. Osc. Feedback 140/270 yf, 420%, 500.VDC, 1 330C566 H43
Mica or 330C566
H57
C-3 Rcvr. Osc. Bleeder 0.02 pf, MRC\600VDC, 1 330C569 H47
Bypass Disc
C-5 Q-6 Emitter Bypass 1.0 4if,"+20%3 200 VDC Paper 1 330C567 HO9
C-6 Rcvr. Rectifier Same as*C-5
Bypass
C-1 B— to B+ Bypass 2pf, +10%, 600 VDC, Paper 1 14C9400 H18
C-8 B— to GND 1.0 pf, +10%, 1000 VDC, Paper 1 14C9400 H17
tC-9 Xmtr. Oséy Feedback Same as C-2
C-10 Xmtr. 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 uf, +20%, 200 VDC, Paper 1 330C567 HO5
C-13 Q-10 Bleeder Bypass Same as C-12
C414 PA Base Bypass Same as C-12

14

tNOte) 140 ppf for osc. freq. 110-ke and above.
270 ppf for osc. freq. below 110-kc.

AR,
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ELECTRICAL PARTS LIST QO

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

CAPACITORS (Concluded)

C-18 PA Bleeder 0.5 uf, +20%, Paper 1 @7 HO06

C-19 Output Filter Tuning 500 ppuf, Variable, Air 1 8C092 HO1

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

Cc-21 Output Filter 680 upf, +5%, 2500 VDC, Mica 330C561 H21

C-22 Output Filter 1200 ppf, *5%, 2500 VDC, 330C561 H27
Mica

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

C-25 Q-7 Emitter N 1 187A177 HO1

CR-1 Bridge Rectifier 1 584C433 HO2

CR-2 Bridge Rectifier

CR-3 Bridge Rectifier a CR-1

CR-4 Bridge Rectifier. e as CR-1

CR-5 Q-10 Collector K Same as CR-1

CR-6 |*Q7 Base—E& *Type IN4574

CR-17 Voltage ulator Type 1NT68, 1 584C434 HO02

C

R-8 olt@ulator Type 1N1369 1 584C434 HOS
CR-9 4 Xfector *Type IN3811 1 *185A089H08
S .

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 1 584\
FH-2 B+ Same as FH-1 0
FUSES
F-1 B— 3AGC 3/4 amp. S#330C691 H12
F-2 B+ Same as F-1
FILTERS
*

FL-1 Rcvr. RF Bandpass 30 to 200 kc

Freq. to be 1

specified by 1

customer 1
FL-2 Rcvr. IF Bandpass 20-kc '\req. 1

CTORS
J-1 Printed Circuit Q\inte Circuit Female 1 54-B-7125 HO3
J-2 RF Input %IG-I%-U 1 584C292 HOT
J-3 Rcvr. Osc. Outpu Terminal Studs 1 330C592 HO1
J-4 Rcvr. Mixer- Same as J-3
Supply \

J-5 Rcvi. O Supply Same as J-3
J-6 Q-5 Bas Same as J-3
J-7 B- s Same as J-3
J-8 6 Supply Same as J-3




TYPE KR CARRIER SET

1.L. 41-

ELECTRICAL PARTS LIST

O

e FUNCTION DESCRIPTION HR | M ACTIRERS
&
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,Re 1 328C093 HO1
J-16 Output Filter GND Banana Tip Bla 1 328C093 HO2
P-1 Printed Circuit Printed C it' Male 1 54-B-7126 HO3
g
\Z DUCTORS
L-1 Core and Coil @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 \K 1.0 MH, 300 ma 2 R-300
L-4 RF ChokO Same as L-3
\@ TRANSISTORS
Q-1 %Mixer *Type 2N525 1 *184A638H13
Q-2 Rcvr. Osc. Type 2N414 1 * 184A638H14
“

17



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

O_ﬁ

MANUFACTUR ER"S0

CIRCUIT MFR.
FUNCTION
SYMBOL DESCRIPTION CODE DESIGNATION
L 4
TRANSISTORS (Concluded)
Q-3 Rcvr. Osc. Same as Q-2 \%
Q-4 Revr. IF Same as Q-1 @
Q-5 Rcvr. IF Same as Q-1
Q-6 Revr. IF * Type 2N657 1 184A638H15
Q-7 Revr. Output * Type 2N698 * 762A585H02
Q-8 Xmtr. Osc. Same as Q-2
Q9 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
\TORS
R-1 Rec. Input *20%, 1/4 W, Pot. 1 584C276 H23
9|
R-2 Filter Matching \ , +10%, 1/2 W 1 330C595 H3T
R-3 Filter Load Same as R-2
R-4 Rcvr. Osc. ‘ , 1K, +20%, 1/4 W, Pot. 1 584C276 H19
R-5 Revr. Volt @ 6.2 K, +5%, 1 W 1 330C666 H68
Di \
R-6 T 1.2 K, +5%, 1/2 W 1 330C664 H51
R-8 30 K, +5%, 2 W 1 330C668 H84
Divider
L 4
R-9 Rcvi. Voltage Same as R-8
Divider




TYPE KR CARRIER SET

LL. 41

ELECTRICAL PARTS LIST

>

T FUNCTION DESCRIPTION Wi ”‘Agg;éﬁgﬁm
RESISTORS (Continued) %
R-10 -2 Base Same as R-2
R-11 Q-2 Base 100 K, +5%, 1/2 W 1 330C665 HOS
R-12 Q-3 Collector Same as R-6
R-13 Q-3 Emitter 390 Ohms, *5%, 1/2 W 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, th‘?& 1 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, thQ 1 330C597 H40
R-18 Rcvr. Osc. : évz w 1 330C664 HT2
R-19 Q-4 Bias ms, + 5%, 1/2 W 1 330C664 H25
R-20 Q-4 Bias as R-2
R-21 Q-5 Bias @ Ohms, + 5%, 1/2W 1 330C664 H29
R-22 Q-5 Bias V'S O Same as R-2
R-23 Q-6 Bias K\ 330 Ohms, + 5%, 1/2 W 1 330C664 H37
R-24 Q-6 Bias \ Same as R-2
R-25 Q-6 Emib Same as R-19
Same as R-6
20 Ohms, *5%, 1/2 W 1 330C664 HO8
Same as R-18
R-29 ° Xmtr. Osc. Bleeder Same as R-17
-30 Xmtr. Osc. Bleeder Same as R-16

19



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

CIRCUIT MFR MANUFACTURER'S
FUNCTION DESCRIPTION .
SYMBOL CODE DESIGNATION S
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, 5%, 2 1 330C668 H86
Divider

R-40 Buffer Voltage Same, a
Divider \

R-41 Buffer Voltage Same 2
Divider

L 4

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

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

R-44 Q-10 Bias < , 33K, + 5%, 1/2 W 1 330C664 H85

R-45 Buffer Voltage 15K, + 10%, 1 W 1 330C596 H39
Divider

R-47 Buff oltage 6.8 K, 5%, 1/2 W 1 330C664 H69
Di

R-48 Buffer Voltage 15 K, 5%, 1/2 W 330C664 HTT
Divider

R-49 A Bias 27T K, 5%, 2 W 1 330C668 H83

O .



I.L. 419

O

TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

SvMoL | FUNCTION DESCRIPTION Cone | "DESIGNATION
b 4
RESISTORS (Concluded)
R-50 Xmtr. PA Same as R-19 @
g R-52 Q-12 Emitter 10 Ohms, * 5%, 1/2 W 1 330C664 HO1
},"' R-55 Q-15 Emitter Same as R-52
R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 W 330C595 HO9
R-60 Recvr. Bleeder 1K, +5%, 25 W 1 584C416 H57
R-61 Recvr. Bleeder 600 Ohms, +5%, 2 1 584C416 H47
R-62 Recvr. Bleeder 350 Ohms, 5 1 584C416 H52
R-64 Xmtr. Bleeder 1200 Ohms % w 1 584C416 H64
R-66 T-7 Load 560 Oh@%Z w 1 330C668 H43
R-67 Xmtr. Blocking ms, %, 2 W 1 330C668 HO1
R-68 Xmtr. Blocking 1 +10%, 10 W 1 330C577 HO1
R-69 Q-10 Emitter e as R-19
R-T70 FL2 Decouplin’g 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 Emitt% 68 Ohms, +10%, 1/2 W 1 330C595 H11
.B R-T73 Q-5 Baso 180 Ohms, *10%, 1/2 W 1 330C595 H16
b
’ R-T4 Q-4@ 2.7 K, +5%, 1/2 W 1 330C664 H59
R-75 xllector 22 K, £10%, 1/2 W 1 330C595 H41
R-T76 Q9 Collector Same as R-T75

L 4




TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

QO

CIRCUIT MFR. MANUFACTURER'’S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
_&

TRANSFORMERS %

T-1 Rcvr. Input Impedance Ratio 10 K; 1 S#IQEN 3005
10K

T-2 Rcvr. Osc. Impedance Ratio 10 K: 1 6 , L-633003
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 1 1962697, .-592171
300 ohms

T-4 IF Output Impedance Ratio 4 K: S#1962693, 1L.-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance Ratio 10K: S#1962698, L.-592170
400 ohms CT

T-7 Xmtr. Output Impedanc t 1 S#1962694, 1,-633000
60

TP-1 R-5 1 330C592 HO2

TP-2 R-8

TP-3 R-17

TP-4 R-18 Same as TP-1

TP-5 Same as TP-1

TP-6 Same as TP-1

TP-7 Same as TP-1

TP-8 Same as TP-1

TP-9 Rx47 Same as TP-1

—_—



TYPE KR CARRIER SET

L.L. 41

ELECTRICAL PARTS LIST

O

D

CIRCUIT MFR. MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
&»
SOCKETS Q
X-1 FL-1 Octal 1 689 HO1
X-2 FL-2 Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 1 584C606 HO1
XY-2 Xmtr. Y-2 Same as XY-1
CRYSTA
Y-1 Revr. Osc. Specify Cﬁigq. 1 328C083
Y-2 Xmtr. Osc. 1 328C083
R-1 Resistor, Level 1 51-D-1976 H17
Control . (S#1475074)
R-2 Resistor, L{ 2000 ohms, 2 tube. 1 1267296
S-1 Test Sw SPST Normally Open 1 327C854 HO1

Q>®

LIST OF MANUFACTURERS

. Westinghouse Electric Corporation

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

23
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TYPE KR CARRIER SET

1h g 2 g
B+ co ' tt m
ALARM
Ls } CUrorE AL CARRIER
CARRIER I» PB f IN 5 ']' ALARM
TEST § (RRH) _d J
) | |
{-——rt
Rx=/ CARRIER , ouUT |
SwiTCH
MA
2 .
= k&N 1M
| s 07 REVR v
| X ouTPUT |
115 /51v 0 7
6004 129V ' L <
12500/ 258v | '/(OAXML
l o+ 3 \| CABLE To
| I. VO/CE ADAPTER LINE TUNER
| OCTAL SOCKET
! {
I Qro Qs : RF GROUNDING
/KISy ' 7 Re carmier assy | | SwiTCH
aK1129v | K AR KR REF DWG 549 D780 | ' PROTECTOR UNIT
10K /258y N CE o730 €2 i ‘
25en/s5rv ECsP
1K1129V | 7
Ik {258y B
’FCSG ]
co
B‘ ) il - —_— - _(

“
REQUIREMENTS FoR HIM RELAYING
SUPPLY CARRIER

CARRIER
VOLTAGE START sTop STRAP
Sivoc +SIV. IMA +28v IN
/29 vbC +/29v. BMA +4ov N
258voC +258V.8MA +t4ov ouT

KR RELAYINGNIRANSMITTER /
RECY EXTERNAL CONNECTIONS
TERMINAY,- CONMECTION

1. GROUND
/2. COAXIAL CABLE
3. SUPERV/ISORY PREFERENCE CONTACT
/4. CARRIER STOP B- RETURN
5 CARRIER START (POSITIVE)
16 ALARM CUTOFE FOR. LOMMUMICATIONS
/7 8 MiInus
/8 CARRIER STOP (HZ /HZM)
9 8 PLUS
20 RELAY COIL

AMOTES

FOR S5/ € 129 vDC SUPPLY.

FOR 2858 vDC SUPPLY USE
330C19/H0! RES)STOR UNIT
REF ODwG 2238497

O rFor suPsrvISORY CONTROL
PREFERENCE CONTACTS,

*t

% Fig. 3— Relaying Control Circuits — HZ/HZM (Dwg. 1-329C704)



I.L. 41-941.10

@ a b CARRICR
[j o AL ARM
on o |ALArm
CUraf:fd a

KR P oMM
% 20
b_ _ G20 . _ _ \
&0705'%& ; RF GRouwD
TRANSISTOR. . | SwWrTCH
1
{

Qe

Lss L3 [ '
(4d)  Tidd) csp

P /
" COAXIAL

—I_ ! CABLE
b | TOLInE
KR CARKIER ASSY : Tuuee
vk | ie r
L fa‘ & 7 _?f owGg _5_40 D780 %

col] 2L~ "I1ITdwN - -~ --T--~-- jff
“tr I - - -

H

REQUVIREMEAIJS FOR K- DAR PRPELAY ING
SUPPLY VOLTAGE CARRIER START CARRIER SToP y =

5/ vocC + 37V, 7MA C voLTS 2K
/129 voC +/00Vv 8mMA OoLTS 3.75K
258 voc t100v 8M4 o voLTs 19K

MNOTES

KR RELAYING TRANSMITTER /
RECY. EXTERNAL COMMECETIONS

TERMIMNAL- CONNECTION

/1 SROUND
12 COAXIAL CABLE

/3 SUPERVISORY PRE FERENCE COMTACT

/4 CARRIER STOP B- RETURN ; FOR 5/£129 VDC SUPPLY
15 CARRIER START (P2SITIV &)

/6 ALARM CUTOFE FOR COMMUNICATIONS 11 FOR 258vDcC SUPPLY USE
7 8 MINUS 330CI91HOI RESISTOR UNIT
/8 CARR/IER SToP (WX /HEM) REF DK/G 2238497

79 8 PLus

20 RELAY CoIL

% Fig 4-Relaying Control Circuits—K-Dar (Dwg. 3-329C704)
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TYPE KR CARRIER SET l.L. 41-94W1D

8+ _
H}
1
| l
7 ALARM RA RA CGARRIER
{ o % i CUTOFF T AL ARM
"IN > |
—
| (R) rcvR RELAY ColL
!
P RX-/ i ‘
— ourt |
A L,
" (8)
kR wr |5 kR (ke KR 0 Comm
CARRIER - - 3 /;3__(’_‘1_- Z"_____,
START 9 ! QrFcvr '
' F2 curPuT | RF GROUND
'S A TR S I Sy, 3 __ TRANSISTOR SWwWircH
N Y ' {PUSH To TALK 4 | N. |
S . vy : do—éu <! COAXIAL
oA WD #SC | VorcE ADAPTERLL _ X | g CABLE
| x Y | (OCTAL SOCKER) — - — ~ 0 roE
SC == . | H LiN
S T:; I ' TUMER
J © g
L N -
g Y ) = X
BCA = =
CK PG Lo X
[ Ay !
: AR CAPRIER 455Y |
R
| T‘;g I REF PW&S40D780 | 1
a- - - N f

REQUIREMENTS KFOR GCx/GCY) RELAY ING

SUPPLY VOLTAGE CARRIER START, CARRIER SToP R
S/ voc +37v, 7MA O voLTS 2K
/29 vDC + lo0Vp BMA 0 VoLT s 3.75K
258 voc +. 100V 8MA O voLrs /9. K
NOTES

KR RELAYINGFRANSMITTER /

L) "
RECY. EXTERNAL \COMMNECTIONS H FOR "R" USE OHMITE VITREOUS ENAMELED

O/VIDOMM ADJUSTABSLE 4K OR 20K 25W

TERMIMNALTCOINECTION RES/ISTOR, COMNECT £ ADJUST FOR VALUES
/7. SROUND SHow N
2, CCAKIAL CABLE A TrpE IN305I
/3. SUPERV/SORY PREFEREMCE COMTALT
(14 CAPRIER STOP B- RETURN
/5. CARRIER START (PoSITIVEY 7 FOR S/ £ 129 VDC SUPPLY
/6. ALARM CUTOFE FOR COMMUNICATIONS

1+ FOR 258vDC SUPPLY (USE

. B MINU
//; CARRIER ;TOP (HZ/”ZM) 330CI?IHO’ RESISTOR UNI!T
5. B PLUS REE DWG 223B497

20 RELAY COIL O FOR SUPERVISORY CONTROL
PREFERENCE CONTACTS

Fig. 5. Relaying Control Circuits —.GCX/GCY (Dwg. 2-329C704)

29



0€

(18LA0rS BmQ) uoios07] jusuodwo) 9 614

S

&7

ALIDOIDD

TPS

CJez

o T4
x|
o

Te
6 @ro
@@J’
;
‘—;42 Jio
9 9, o
£}

e
2 EY) sodkers

Xy ez

@3

|

e p——

!
Fo-——m - |
) J |
| ot cezo
{IRST 1 -
|
! |‘L_: :l’ - r7
1 I W—c 27
L ) | : :
r—-—— === ! )
| =
siml I | .
F : i rL/c zz ve
! 1 g
!
o s & ) T
| 1 , H 1 STINT T ) ST
(_] U é czs €7 :j

13S ¥ 1WAV 4N 3dAL




TYPE KR CARRIER SET I.L. 4941.1D

9ADJUST FOR i
MA AT JI
JACK-Ji =9 KR
\ z 0 <
A} ™
| 20
2 b——NEG. D¢

|
|
!
- |
| >4 ‘
I '
Ky @ @ Iye | | TofSupucoNTROL
| Lo EQUIPMENT
| |
1 |
8 |
POS. 135
SEE NOTE |
’jE_—l POS _1,g POS. DC (48 OR 125 )
R3 e
ELCO TERMS
NOTES' J2
{REMOVE FOR KR CARRIER PLUS SUPV. CONTROL —2 3 3
WITHOUT RELAYING. —-£=z =
2.POLARITY SHOWN CLOSES CONTACT BETWEEN 56 7 ?
TERMINALS 48 6. ol
AS VIEWED FROM REAR OF PANEL 629A552

e

3 3
“'3“ L_‘ 24—
3 wipe x-g—DEEP-TWO SLOTS

r
{ s

W Mghoust s * ng

J
3

18 -g- MTG.CENTERS
| 19 292B991

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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TYPE KR CARRIER SET

32

CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERYISORY CONTROL APPLICATION
(CHANGES FROM JUMPERS SHOWN ON INTERNAL SCHEMATIC, F1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191H01 18
USED AS SHOWN ON APPLICATION DRAWING 329C704

FOR HZ/HIM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

0.15 o.. STANDBY
[o.a a. TRANSMITTING

ouT O— ¢
IN O 25 [25 fé‘SLLr

R R2  R3  JR4 lI.IAMP.
COM. 25 25 25 (25—

R8 R7 RG R5

POWER CONSUMPTIONS- 303 WATTS AT 258 V.
390UWATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE WiLL BE, APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDLT I'ON, WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-VOLT HZ/HZM OPERATION
JUMPER TP-2 AND, TP-8 1S REMOVED.

48 VOLT OPERATION

ON PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TPB AND TP9
BETWEEN TPS AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TP4

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R64
AND DIODE CR8 1S REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CCNTROL,
R59 IS CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)



TYPE KR CARRIER SET LL. 4

4
TRANSMITTER OUTPUT FILTER FL-3 CONNECTIONS
COIL PARALLEL
LINE FREQUENCY RANGE COIL CONNECTION ACITOR CONNECTIONS A

t — 27.7 KC=30.0 KC L-1 6-8-9-10-11
2— 29,8 KC-33.1 KC L-1 6-8-10-11
3 —31.8 KC-36.0 KC L-1 - 6-8-9-11
4 — 35,4 KC~39.0 KC L-1 6-8-11
5 — 38.0 KC-41.0 KC L-1 - 6-8-9-10-11
e — 10.3 KC-45.0 KC L-1 6 6-8-10-11
7 — 43.0 KC-49.0 KC L-1 3-6 6-8-9-11
8 — 47,7 KC-56.0 KC L-1 3-6 6-8-11
9 — 49,5 KC-58.5 KC L-1 3-6 6-8-9-10
10— 57.0 KC-72.3 KC L-1 3-6 6-8-10
It — 67.0 KC-76.0 KC L- -4) (6-7 6-8-9-11
12— 75.0 KC-88.0 KC L 1-4) (6-7 6-8-11
13— 77.5 KC-93.0 KC 1-4) (6-7 6-8-9-10
14— 89.3 KC-114,5KC 1-4) (6-7 6-8-10
IS — 102.7KC-147.0KC - 1-4) (6-7 6-8-9
16 — 136,6KC-210.0KC 1-4) (6-7 6-8
Q. CONNECTION FROM 6 TO 8 IS BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

4

N

®® Fig. 9. Connections - Output Filter (Dwg. 149A420)

L 4



TYPE KR CARRIER SET

DB ATTEMUAT ION

34

10

)

\Il/

-200 A1S -10 -5 Fc S

FREQUENCY (KC)

Fig. 10. Transmitter Output Filter Selectivity (Dwg.

10 1S

377996)
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TYPE KR CARRIER SET L. 41

START TERMINAL

_aMAX. CCW POSITION
T
PERMISS|BLE CONTROL
VARIATION ¢
O dB(I WATT @ GO OHMS)

To ~40db (0.1 MILLIWATT)
1——’\33

"D

—— APPLY B+
C::[‘_%Fj SCHEMATIC
e OJ
[]
O

L 4
33
g —~— GWMIN. CUTOUT

T c..»{?

L

ZWMIN. CUTOUT

_‘_3*

&

Fig. 11. Reserve Signal Detector Outline (Dwg. 329C703)
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TYPE KR CARRIER SET

+ 2
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36

-~

* INCREASING OUTPUT

INCREASING SENSITIVITY

4
RECEIVER SENSITIVITY = 40 MV AT /29 VDC
TRANSMITTER OUTPUT = /O W AT /29 VDC

| (/OW= 8.0 VOLTS AT ©O OHMS )
FREQUENCY = /20 KC
TEMPERATURE = 2S5°C
| | ] I |
100 /70 120 /30 /40

SUPPLY VOLTAGE

Fig. 12. Transmitter Output and Receiver Sensitivity Variations with Voltage (Dwg. 377999)
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TYPE KR CARRIER SET

38

08 STEADY STATE ATIENUATION

50

46

40

30

25

20

/5

10

-2 -/ Fo */

FREQUENCY (kc)

Fig. 14. Receiver Sel ectivity (Dwg. 377993)
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TYPE KR CARRIER SET

1.L. 41:941,1D

IF FILTER TEST CIRCUSIT

oK

>
SEC .1

HO O~

oHms |t Z:300
s 3| oMM
‘ Q

oK

VI oHMS

| I

sec”2

(o0
Lo®

RF FILTER TEST CIRCUIT

10K

OHMS

oK
OHMS

oWl 1o

.O 5
e 4 300
oHMS

20 J
71
2, Z/\ o] Z/
Ay

> 77|
049 \/ 2?

F (kC)

Each section FL-2 requirement
with typical selectivity curve
Insertion loss 26 DB max.
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Westinghouse 1.L. 417941.1D
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Veice Adapter
Accessories.

Style
KR Reserve Signal Detector . . . . ... ..... &. . .° 470D167 GO2
250 Volt ResistorUnit ... ... .... ... 4.8 .... 330C 191 HO1
Test Harness (Complete Set) .. .... QG W% . fud. ... .. 756D346 GO1
Coaxial Lead . .. ...t e it Qe e oo v v v 756D346 G02
Output Lead . .......... G "W, . ... ... 756D346 GO3
MainHarness. ... ...... 00 Q. v 756D 346 G04
TABLE OF CONTENTS Adjustments
Transmitter.cccoieiiiiiiiiiiiiiiiiiiiennn, Page 7
Receiver..iiiviiiiiiiiiiiiiiiiiiiiiiinnn, Page 7
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Description MaintenancCe ......ceeeeveiiieeiiiieieeieneceeneans Page 9
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Electrical.........g®%... .00,
Transmitter L .....leiiiiiiiiiiiiiiiiiiienne. Page 4
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2 Transistor DC Measurements with
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Installation 3 D-C Bleeder Measurements with
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LIST OF ILLUSTRATIONS

Figure References
1 Outline — Flexitest Case ............... 540D753
2 Intemal Schematic .....covvvvviiiiiinnnes 540D780
3 Relaying Control Circuits

(HZ/HZM) woervinriisiiiineiinneisnnn 1-329C704
4 Relaying Control Circuits

(K-Dar) «ceeeeeeiiiiiiiiinnnnineiieiines 3-329C704
5 Relaying Control Circuits

(GCX/GCY) ittieirinnniresnniessnnnns 2-329C704
6 Component Location..iceceeiieernnnneanen 540D 781
7 Supervisory Control Receiver

Connection........ Cerereereeiianeeeens 223B498
8 Connections, 48-250 volts

and Supervisory Control............ 407C971
9 Transmitter Output Filter

Connections ..ceeveivsieiienenaniens 149A420
10 Transmitter Output Filter

SeleCtivity vviiiiiiiiiiiiiiiiiiiinniens C377996
11 Reserve Signal Detector — Outline and

Schematic ...ivvviiiiiiiiiiiiiiiiinnnns 329C1703
12 Transmitter Output and Receiver

Sensitivity Variations with

D-C Voltage ..... ereerarenrereeae C377999

13 Transmitter Output and Receiver
Sensitivity Variations with Frequency, C378000

15 Receiver Filter Limits ......... tereeranee C377995
16 Minimum, Channel Spacing .............. C377998
17 Test Hammess 756D346

CAUTION The voltages encountered in this equip-
ment are dangerous to life. To be safe, disconnect
the power source and close the grounding switch
when servicing the equipment.

INTRODUCTION
The Type KR Relaying Transmitter-Receiveris
designed for Distance Relayingy, Telemetering,

Supervisory Control and Sleet“Betection. Facilities
are provided for a plug-in t¢fpe voiee adapter. The
basic design is for operation from 125-volt station
batteries. However, the apparatus may also be oper-
ated from 48-volt or 250/volt, station batteries by
means of various internal(connections. These various
connections as wellfasimost of the adjustments are
made at the fatory, although they can be changed in
the field.

Although” designed primarily for operation with
Westinghouseyprotective relays, this apparatus may
also befcoordinated with other types of directional~
distance grelays and with most other contact keyed

14 Receiver Selectivity ..........cceevuenenn C377993 devices.
SPECLWFICATIONS
- 200-kc
Frequency Range....ccceoeevvenens veesanees ceeransey N Jy e eieesnrinenesiisnnsassnacenas 30-kc to
Channel Attenuation Rating ..... Ceeeeseseane L. ... N e eessessesesesansrestsssrasaneenseese 40-db
1.0 watt at standard condi-
i 14010 | AR Bes e o sl e e eennnnnaneesonsasanateennnasstssens
Transmitter Power Outps tions (see Figs. 12 and 13).
0.5 watt with a 48-volt d-c
supply.
At least 46-db below funda-
Transmitter Harmonic Outputy,. . ets... PP PP PPITR TP
mental.
i Matches one 60-ohm coax.
Output IMNPEAAN CE. e einiiieiiniiieiiitiieeaniantiaittsssiasentsntencsssssnnes
Transmitfer Ouip ) cable. (Suitable for 50-70 ohm
cable.)
Transmitter Output Filter Selectivity .......... vereee ceaeeeenees e eeseeeeennteisasisenaaens See Fig. 10

Transmitter and‘Receiver Oscillator and Frequency Stability ......covcieeeiaeeens

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 RipDI€ civvviirrrriiiiiiiiinnnenens

Ambient Temperature RaNge .....cviieiiiieiiieeiieeeniienneeennns

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

Non-Operating Temperature RaANZE cuuuiiiiiiiiietiiietiiittieierseeessaessesecssssscensnnns —40°C to +70°C

Receiver Sensitivity «oooviviiiiiiiiiiiii i eereeeeeteetteeteeennnnnas 0.04 volts at standard
conditions™see Figs. 10 and
18).

| SATIY RS JISTS) U=Tel 3 R0 1 A A PP PP PP See Eig. 14

Receiver Signal-to-Noise Ratio Requirements ....ciiiieiiiiiiiiiiiiiiiieeienreniinnnnnns 12-db

Minimum Channel SDPACIIE «.vvvvtiiirtiiiirttiiirtetirertenseatssaseesnreeereresseeesereennnnes See, Fig. 16

P OW AT DU tititiiiiiiiiie it eiiieetittenteeeaeeeaeeeaneesesseesssseennsesssseessnseeesssnnmmes bl5ma at 48 VDC, 200-ma

Carrier On-Off KeYiNg ..cvviviiiiiriiiiiinnieerenrerernnnresons

Weight (With Flexitest Case) .ccvviiiiiiiiiiiiiiiiiiiiiiiiinennns

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

NOTE Standard conditions are taken as _29-velts,
120-kc and 25°C.

DESCRIPTION

General

This completely transisterized¥carrier-apparatus
is a result of extensive gfield and laboratory tests.
From these tests, it was\proven that transistors pro-
vide superior reliabilitymever®tubes. In addition, the
latest printed circuit. and filter techniques have im-
proved performance, andggreatly decreased the size.
The expected long life of transistors as compared
with vacuum, tubes will reduce maintenance costs,
and the low powerdrequirements 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-
tronsyiny a vacuum between elements, while transis-
tors “depend 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

at 125 VDC, 1.28 amperes
at 250 VDC.

Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 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 asfollows:

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 disconnecting the coaxial cable.

Fig. 6. shows the location of major components
such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal termminals.

Provisions are made for plugging the Voiee
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of  the set
accommodates the adapter plug. A buckle typestrap
on each side of the adapter holds the unit inplace
after it has been plugged in. The normal projection
for a rear mounted Voice Adapter is, 3-incheés be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied withithe adapter, a patch
cord is available on separate orderyThis patch cord
plugs into the telephone jacksfon the adapter and pro-
vides an extensionto a conveniently located terminal
board.

The panel cutout infermatien necessary for mount-
ing the Sleet Dgtfector isijshown by Fig. 11. This
unit consists ©f af potentiometer and pushbutton
switch mounted on‘a sm@all panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis-
tors are required, as shown in Fig. 8.
Electrical
Transmitter

The transmitter is made of four main stages in -

cluding an oscillator, driver, power amplifier, and‘an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector “of one
transistor and the base of the other. The feedback'is
supplied through a capacitor from the collector of the
second transistor to the base of the first trafisistor.
The frequency is independent of voltage or tempera
ture changes of the transistors. Thus“the frequency
stability is the stability of the crystals

The input to the driver stagenQ-10 is controlled
by potentiometer, R-42 whichvalso controls the trans-
mitter power output. In HZMrelaying CARRIER STOP
provides about +40 velts forblocking. This is ap-
plied to Q 10 through#T-6. Diode CR-5 prevents dam-
age to the transister whenthis positive voltage is ap-
plied to the colleetor:yFor CARRIER START (when
in the blocked/position) a small positive voltage is
applied tothe collegtor of Q-10 by means of bleeder
resistors R-67and R-68.

The power amplifier consists of two transistors
G-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 keepthe source impedence
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. 14.) The major stages include
an input filter, atteriuator, oscillator, mixer, IF
filters, IF amplifiers, detector and a D-C power out-
put stage.

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
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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 selectivity is determined primarily by the IF
filter FL-2. Typical characteristics of this filter arg
shown in Fig. 15.

The IF amplifier consists of transistors Q24,/Q- 5
and Q-6.

The detector is a full wave bridge rectifierr This
rectifier in conjunction with the IEmamplifier Q-6,
provides the necessary power to drive thé \D-C power
output stage Q-17.

The final output stage @7 Will supply approxi-
mately 18 milliamperes to a standard 1700 ohm dis-
tance relay RRH coil and itsgassociated 500 ohm
alarm coil. It may also bejused to drive other relay
coils such as is shown by Fig. 7, Supervisory Con-
trol Connectionsd

Transmitter Control Circuits

In the standby ondition, 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 stopped "in several ways. The
method used with K-DAR relays is to ‘remove the
positive voltage applied to 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 outputs Output may also
be stopped by removal™%ef “negative battery from
terminal 18.

Reserve'Signal Detector

The Reserve Signal"Betector is shown by Fig. 11i.
Effectively R-1 is a‘remote transmitter output control.
This control is obtained through varying the driver
stage (@ 10) emitter bias, and is effective over a 40-
db rangef of §transmitter output. The detector is
switéhed Into service by S-1. By adjusting R-1 for a
given\reeeiver relay current at the far end of the
ehannelja relative measure of the channel attenuation
may,, be®abtained. This is discussed further in the
sectiomon 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. 3, 4 and 5 show simplified diagrams of the
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and 5)

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
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
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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. 4 and 5) to t erminal 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 am-
plifier.

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. 3)

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 the voltageé
and current on the transmission line, detect and
determine the direction of a line fault and thereby:
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 out of the line section
being protected. Conversely, when fdult poewer is
flowing into this line section, the control isysuch as
to block the transmitter and keep ft/fromybeing turned
on by secondary functions such_as“sleet detection
and communication, should these funeétions be in use
at the same time. Should carrier ‘new _be received from
the remote station, the hold ceil,and alarm coil will
energize through transiStor Q47 in the receiver.

When carrier start operation occurs, the CARRIER
START contact cleSes Aapplying the full battery
supply voltage to termindl 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

Whenga, carrier stop operation occurs, the CAR-
RIER STOP ceontact opens. This applies a positive
voltage (see)Fig. 3) 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 bloek ‘@
third receiver, would be of such amplitude, phase and
frequency as to cause the RRH coil currentmto
‘“‘pulsate’’. It would then be possible to have a false
trip.

In the case of the KR set for rel@ying 3-terminal
lines, the transmitter frequencies (tegavoid this pos-
sibility of false trip) should beWseparated by 100
cycles. All receivers and oné transmitter would be
for the desired center frequengy. One of the other
transmitters would be 100%cycles above, the other
100 cycles below this center fréguency.

INSTALLATION

General

Upon receipt of a’unit, whether shipped separately
or in an assembly;, an immediate inspection should be
made. ‘Carefully,check for damage or shortages.

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

Flexitest Case Mounting.............. Fig. 1
Sleet DeteCtor.cceeeeiieiinniiiiieennnnns Fig. 11

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 . iiiiiiiiiiiiiiinieieiinineennnannes Ground
12 s Coaxial Cable
13 and 19....... Supervisory Preference
Contacts
14......... B- ““CARRIER STOP" return
)b T Battery positive through
carrier start contacts
16.cciiinninnnns Battery positive for alarm
cutoff (used with com-
munication)
) PN B-
18....... Carrier Stop for HZM Relaying
10 it ittt ee e rn e B+
20, i, Relay Coil
CAUTION If the transmitter output load is removed

while the transmitter is energized, the transistors in



TYPE KR CARRIER SET

1.L. 41-940.1D

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
coaxial 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, befores@appara-
tus shipment. For reference purposes, these are
outlined in the following tabulation. Check the proper
bieeder resistors before applying voltage to the
equipment.

OPERATION

BLEEDER RESISTORS IN THE CIRCUIT

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

125-Volt K-DAR and GCY Relaying

125 Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GCY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca-
pacitors of the transmitter output filter are required
depending on the channel frequency. These are tab-
ulated in Fig. 9.

Adjustments

This apparatus is generally tuned to and tested

at the specified channel frequency befére shipment.
Final adjustments must be made in the fieldland are

described in the following paragraphs. ‘Fig. 6 shows
the locations of the various controls.

Transmitter

1. Disconnect the coaxial cable and replacd with
a 50, 60, or 70 ohm nonsinductive resistor depending
on the characteristic (impedance of the cable used.

2. Fig. 9 shows, typieal output filter connections
for various frequéncy sganges. In some cases it may
be necessary to.use£ither a higher or lower range to
tune the filter to resonance.

3aInsert fuses F-1 and F-2 to apply power to
the apparatus.

4, Connect an A-C Vacuum Tube Voltmeter
(WI'VM) 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-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. 12 and
13.) (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 across
terminals 11 and 12. Energize the transmitter and
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-11in 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 Signal

When the maximum on-frequency noisg is an-
known and cannot be conveniently measured)the re-
ceiver may be adjusted for the remote signal. First
determine the channel attenuation using a “Sierra
voltmeter or some other convenient, method. Dis-
connect the coaxial cable andg€6nneet’ a 60-ohm
non-inductive resistor and a VTIVM across terminals
11 and 12. Add 15-db to themchannel attenuation.
This compensates for averagé variations such as
channel and voltage variationss For example, if the
channel attenuationdis 5-dbjpadd this to the 15-db
making a total off 20-db. Taking this from 8 volts
output of the transmitter, ##4he receiver should then
be set for a sensitivity of 0.8 volts. To do this, ad
just the transmitter output control R-42 for 0.8 volts
and then adjust thedreceiver input control so as to
obtain 10-ma‘eutput current. If it is impossible to ob-
tain 10-maWeutput current with control R-1 in the
maximumyclockwise position, clip out resistor R-74,
which 1s connected to the base of Q-4. If the gain
is stillminsuf ficient, clip out resistor R-73, which is
connected to t he 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. Forf“example, if the
adjustment is made per part ¢a., the" noise may in-
crease due to various reasons suchyasébad insulators,
which would require adjustingfthe,receiver to be less
sensitive. In the adjustment of part’ b., the attenua-
tion may increase due toWgsleetsfor line switching,
which would necessitate, increasing the sensitivity of
the receiver.

Reserve Signal Detector

Due to differént Wwypes of operation and supply
voltages, it'is, not\practical to have a calibrated dial
for this unity Hoewever, calibration may be made at
installationgbysrecording transmitter output (either in
db omolts) at various knob settings of the detector
unit¢® Then,, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
increase or decrease in line attenuation may be noted
as the difference between the original setting, and
thessetting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 plus 20
ke. Figure 9 shows the connections for the trans-
mitter output filter. It is necessary to unsolder the
existing connections and make the new connections
per the chart. After completing the preceding, the
tuning procedure as described under Adjustments for
transmitter 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-

o
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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 ma¥
be unblocked (transmitting) by closing the CARRIER
START circuit in the case of HZM relaying, and by
opening the CARRIER START circuit in the case of
K-DAR and GCY relaying.

1. For D-C pin jack measurements aithyreference
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 RE. signal measurements for re-
ceiver, refer to Table 4¢

5. For @Mypicaly, RFF signal measurements for
transmitter, refer to Table 5.

6. Removal, fof Printed Circuit Board from
Flexitest Case.

To remoyve the printed circuit board, unplug J-15
and“WJ-16 located near the output filter. Loosen the
tWo,screws 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 filtefjyandwdisconnect the coaxial

cable.

8. Receiver Filters

Fig. 15 shows“typical receiver selectivity curves
both RF and/IF.9If the filters are checked in a test
setup, it is necessary to use an accurate signal gen-
erator of preferably a signal generator and a fre -
quency ‘eounter.

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)

Voltage 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. 17)
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TABLE 1! 0

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

CONDITION A CONDITION B
Tx-Blocked 11 Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal
129 VDC | 51VDC | 129 vDC 51 VDC DC | 51VDC

RF Input J-2 0 0 0.3V 0.
DC Q-1 Base J-3 20V 20V 20V
DC R, Bt J-4 20V 20V 20V %
DC Rx Osc J-5 v TV v
DC Q-5 Base J-6 20V 20V 20V

B— J-T

DC-P1-E J-8 110 V 3 v 32V 110 v 32V
DC-Q-7 Base J-9 69 V 0\ 78 V 2.3V 66 V 0.3V
DC Q-7 Emit J-10 70 V @ 78 v 1.4V 66 V 1.0V
DC T, Osc J-11 TV v 7V 7V 7V TV

! Y3

B+ J-12 1 51V 129 v 51V 129 v 51V
DC Q-10 Base J-13 \ 18 V 18 V

DC Q-10 Emit J-14 18V 18 Vv
RF ma out J- 130 ma 130 ma
DC ma RRH \
and *
ALARM 18 ma 18 ma

tt Tx =tr smitter,’Rx = receiver
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LL. 41-

TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

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 0.4
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 110 110 114 129
51 VDC 32 32 2 32 51
Q-1
129 VDC 78 80 86
51 VDC 1 1.4 2.2 7.0
Q-8 2 6.2 8 2
Q-9 1.8 i 7.2 1.8

Bt ct
6.2 8 2
7 7.2 1.8

18 18 0.4
0.27 0.20 50
0.27 0.20 50

; C-Collector.
rm F on printed board.

n



TYPE KR CARRIER SET

TABLE 3

D-C BLEEDER MEASUREMENTS WITH REFERENCE TO B-

129 VDC 51 vDC
Measurement

At Bt Ct At BT 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 nov 1.4V 1.0V
Junction R-27 and R-60 (P1-P) 69V v 65V ] 0 0
Junction CR-8 and R-64 (P1-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, Rx-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. 0491 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
Q6-C to'Gnd. 13.0 10.0 8.0
T4-1to"Gnd. 13.0 10.0 8.0
T4-3t0T4-4 4.5 3.5 2.5
J9%o 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.

J 13 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. 14)

This shows a typical curve ©f the overall selec-
tivity of the receiver under, “steady state condi-
tions.

2. Transmitter Output Seleétivity (Fig. 10)

Typical curves aré@shown so that approximate
bandwiths for keying purposes can be determined for
any carrier frequeney between 30-kc and 200-kc.

3. Minimum €hannel Spacing (Fig.16)

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 of,the receiver are known. These can be obtained
from caleulations 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. 12)

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.13)

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. 12.

6. Supervisory Control Connections (Fig. 7)

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 1200=ohm
resistor R3 is connected in series with the eontrol
relay coil by removing the jumper across R3, as Shewn
in Fig. 7. In order to maintain proper mark space
ratio, the relay bias current is adjusted for 9 milli-
amperes as indicated.

The receiver RF filter and “the TF filfer limits
are shown on Fig. 15. Both filters are of the plug-
in type and the test circuits #vith9pin  connections
are shown at the top of each curge. The IF filicr is
divided into two separate sections. The selectivity
shown is for each sectiofj.and)the pin connections
for each section are alSp, shown in the test circuit
sketch.

ELECTRICAL PARTS LIST

CIRCUIT MER MANUFACTURER’S
FUNCTION :
SYMBOL ¢ DESCRIPTION GODE DESIGNATION
CAPACITORS

C-1 Rcvr. Bleeder 2.0 uf, +20%, 200 VDE;, Paper 1 330C567 H11

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

Mica or 330C566

H57

C-3 Rcvr. Osc. Bleeder 0.02 uf, MRG;, 6000VDC, 1 330C569 H47

Bypass Disc

C-5 Q-6 Emitter Bypass 1.0 uf+20%;¢ 200 VDC Paper 1 330C567 HO09

C-6 Rcvr. Rectifier Same assC-5
Bypass

C-17 B— to B+ Bypass 2 uf, +10%, 600 VDC, Paper 1 14C9400 H 18

C-8 B— to GND 1.0 pf, £10%, 1000 VDC, Paper 1 14C9400 H17
tC-9 Xmtr. Ose. Feedback Same as C-2
C-10 Xmtr. Ose: Same as C-3

C-11 Key Filter 0.1 uf, +20%, 200 VDC, Paper 1 330C567 HO02

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<l4 PA Base Bypass Same as C-12

TNote: 140 puf for osc. freq. 110-kc and above.
270 ppf for osc. freq. below 110-kc.

14
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L.L. 41-

ELECTRICAL PARTS LIST

QO

*Type IN3811

CIRCUIT FUNCTION DESCRIPTION MFR. MANUFACTURER'S
SYMBOL CODE DESIGNA;ION
CAPACITORS (Concluded) %
C-18 PA Bleeder 0.5 pf, +20%, Paper 1 \ 67 HO6
C-19 Output Filter Tuning 500 ppf, Variable, Air 1 8C092 HO1
C-20 Output Filter 390 ppf, +5%, 2500 VDC, Mica 330C561 H15
c-21 Output Filter 680 puf, *5%, 2500 VDC, Mica 330C561 H21
C-22 Output Filter 1200 ppf, 5%, 2500 VDC, 330C561 H27
Mica
C-24 FL-2 Decoupling Same as C-12 @
C-25 Q-7 Emitter 12 wfd, *20%, Zm 1 187A177 HO1
CRYSTAL 'DIODES
CR-1 Bridge Rectifier Ge rpose, IN63 1 584C433 HO2
CR-2 Bridge Rectifier SN -1
CR-3 Bridge Rectifier a CR-1
CR-4 Bridge Rectifier’ e as CR-1
CR-5 Q-10 Collector& Same as CR-1
CR6 |*Q-7 Base-E& *Type IN4574
CR-1 Voltage ulator Type 1INT68, 1 584C434 HO02
C olt@ulator Type 1IN1369 1 584C434 HOS

*185A089H08

R-8
CR-9 <! f’? ector
§ ’

15
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ELECTRICAL PARTS LIST

O

CIRCUIT MFR. MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
FUSE HOLDERS
FH-1 B— For Type 3AGC Fuses 1 584\
FH-2 B+ Same as F'H-1
FUSES 0
F-1 B~— 3AGC 3/4 amp. 1 S#330C691 H12
F-2 B+ Same as F-1
FILTERS
*

FL-1 Rcvr. RF' Bandpass 30 to 200 kc

F'req. to be 1

specified by 1

customer 1
FL-2 Rcvr. IF Bandpass 20-kc 'x\req. 1

%&S
J-1 Printed Circuit . @ Circuit Female 1 54-B-T125 HO3
J-2 RF Input \&JG-IBS—U 1 584C292 HO7
J-3 Revr. Osc. Outpubo Terminal Studs 1 330C592 HO1
J-4 Rcvr. Mixer- Same as J-3
Supply \
J-5 Revr, Osg.” Supply Same as J-3
J-6 Q-5 Bas Same as J-3
- - J-3

J-7 B ¢ Same as
J-8 6 Supply Same as J-3
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ELECTRICAL PARTS LIST

O

el FUNCTION DESCRIPTION PR, | MANUPACTURER'S
&
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 Re 1 328C093 HO1

J-16 Output Filter GND Banana Tié 1 328C093 HO2

P-1 Printed Circuit Printe it Male 1 54-B-7126 HO3

QM%
L-1 Core and Coil H 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 \K 1.0 MH, 300 ma 2 R-300
L-4 RF ChokQ Same as L-3
\@ TRANSISTORS
Q1 %ﬁxer *Type 2N525 1 *184A638H13
Q-2 Revr. Osc. Type 2N414 1 * 184A638H14

17
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ELECTRICAL PARTS LIST

GReuT | runcrio sescrprion | 5%, | wEACTURER
L 4
TRANSISTORS (Concluded)
Q-3 Rcvr. Osc. Same as Q-2 \@
Q-4 Revr. IF Same as Q-1 @
Q-5 Rcvr. IF Same as Q-1
Q-6 Rcvr. IF *TYDe 2N657 1 184A638H15
Q-7 Rcvr. Output * Type 2N698 * 762A585H02
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 Sam 2
\TORS
R-1 Rec. Input T%20%, 1/4 W, Pot. 1 584C276 H23
R-2 Filter Matching ¢ , 210%, 1/2 W 1 330C595 H37
R-3 Filter Load &ame as R-2
R-4 Rcvr. Osc. O 1K, +20%, 1/4 W, Pot. 1 584C276 H19
R-5 Rcvr. Vol 6.2 K, +5%, 1 W 1 330C666 H68
Divi
R-6 @o 12K, £5%, 1/2 W 1 330C664 H51
R-8 Recvr. tage 30 K, +5%, 2 W 1 330C668 H84
Divider
R-9 Rc.vr. Voltage Same as R-8

Civider
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ELECTRICAL PARTS LIST

QO

T FUNCTION DESCRIP TION o MAl')\lIlEJSFIéEl,TSLI'JFC)EI\lR'S
RESISTORS (Continued) %

R-10 -2 Base Same as R-2
R-11 Q-2 Base 100 K, 5%, 1/2 W 1 330C665 HOS
R-12 Q-3 Collector Same as R-6 0
R-13 Q-3 Emitter 390 Ohms, +5%, 1/2 W 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 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, ilo% 1 330C597 H40
R-18 Rcvr. Osc. . 5 W 1 330C664 HT2
R-19 Q-4 Bias ms, + 5%, 1/2 W 1 330C664 H25
R-20 Q-4 Bias s R-2
R-21 Q-5 Bias Ohms, *+ 5%, 1/2W 1 330C664 H29
R-22 Q-5 Bias S Same as R-2
R-23 Q-6 Bias Ks 330 Ohms, * 5%, 1/2 W 1 330C664 H37
R-24 Q-6 Bias \ Same as R-2
R-25 Q-6 EmitO Same as R-19
R-26 -7@ Same as R-6
R-27 s 20 Ohms, +5%, 1/2 W 1 330C664 HO8
R-28 1. Osc. Bleeder Same as R-18
R-29 . Xmtr. Osc. Bleeder Same as R-17

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

19
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ELECTRICAL PARTS LIST

CIRCUIT MFR MANUFACTURER'S
FUNCTION DESCRIPTION .
SYMBOL CODE 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, +5%, 2 1 330C668 H86
Divider
R-40 Buffer Voltage Same a
Divider \
R-41 Buffer Voltage Same 2
Divider
R-42 Xmtr. Osc. Output ¢ Qas R-4
R-43 Q-10 Bias \K\lme as R-23
R-44 Q-10 Bias O 33K, + 5%, 1/2 W 1 330C664 H85
R-45 Buffer Voltage 15K, + 10%, 1 W 1 330C596 H39
Divider
R-47 6.8 K, 5%, 1/2 W 1 330C664 H69
R-48 15 K, £5%, 1/2 W 330C664 HTT
Divider
L 4
R-49 A Bias 27T K, 5%, 2 W 1 330C668 H83

O\,

v s~
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ELECTRICAL PARTS LIST

O

SReuT | runcrion vescprion | 5%, | MUTACTUTER
¢
RESISTORS (Concluded)
R-50 Xmtr. PA Same as R-19 %
! R-52 Q-12 Emitter 10 Ohms, + 5%, 1/2 W 1 30C664 HO1
’ R-55 Q-15 Emitter Same as R-52
R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 W 330C595 HO9
R-60 Recvr. Bleeder 1K, 5%, 26 W 1 584C416 H57
R-61 Recvr. Bleeder 600 Ohms, +5%, 25 1 584C416 H4T7
R-62 Recvr. Bleeder 350 Ohms, +5%, 1 584C416 H52
R-64 Xmtr. Bleeder 1200 Ohms&xw 1 584C416 H64
R-66 T-7 Load 560 Ohpis, 0,72 W 1 330C668 H43
R-67 Xmtr. Blocking S, %, 2 W 1 330C668 HO1
R-68 Xmtr. Blocking 1 +10%, 10 W 1 330C577 HO1
R-69 Q-10 Emitter me as R-19
R-70 FL2 Decouplini 70 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 Emitte% 68 Ohms, +10%, 1/2 W 1 330C595 H11
% R-T73 180 Ohms, +10%, 1/2 W 1 330C595 H16
‘ R-T4 2.TK, +5%, 1/2 W 1 330C664 H59
R-T75 22 K, *10%, 1/2 W 1 330C595 H41
R-76 Same as R-75
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ELECTRICAL PARTS LIST

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

TRANSFORMERS %

T-1 Rcvr. Input Impedance Ratio 10 K; 1 S#IQN 3005
10K

T-2 Rcvr. Osc. Impedance Ratio 10 K: 1 7, L-633003
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 1 1962697, .-592171
300 ohms

T-4 IF' Output Impedance Ratio 4 K: 1 S#1962693, L-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance Ratio 1 \ 1 S#1962698, .-592170
400 ohms CT

T-7 Xmtr. Output Impedan 1 S#196 2694, 1.-633000

NTS

TP-1 R-5 studs 1 330C592 HO2

TP-2 R-8 as TP-1

TP-3 R-17 ame as TP-1

TP-4 R-18 Same as TP-1

TP-5 R-28 Same as TP-1

TP-6 Same as TP-1

TP-7 - Same as TP-1

TP-8 R-4 Same as TP-1

TP-9 R-47 Same as TP-1

C)O
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ELECTRICAL PARTS LIST CO
CIRCUIT MFR. MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
SOCKETS a
X-1 FL-1 Octal 1 \ 689 HO1
X-2 FL-2 Same as X-1 @
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 1 584C606 HO1
XY-2 Xmtr. Y-2 Same as XY-1
CRYS
Y-1 Rcvr. Osc. Specify C nel q. 1 328C083
Plus 20-K
Y-2 Xmtr. Osc. Same as 1 328C083
requency
SIGNAL DETECTOR
#470D167G02)
R-1 Resistor, Level 0 K, 2 W, Pot. 1 51-D-1976 H17
Control P (S#1475074)
R-2 Resistor, L( 2000 ohms, 2’ tube. 1 1267296
S-1 Tesl S SPST Normally Open 1 327C854 HO1
\ LIST OF MANUFACTURERS
1. Westinghouse Electric Corporation
2. National Co., Inc., Malden, Mass.
L 4
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% Fig. 3— Relaying Control Circuits ~ HZ/HZM (Dwg. 1-329C704)
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TYPE KR CARRIER SET L.L. 1594110

9ADJUST FOR '2
MA AT JI
JACK-dl=y =1 KR
2 @0
| 20
2 |t>——m~:a DC
|
|
-— ¢ - |
' |
|
KI @ @ || To/SupvigoNTROL
| | i | EQUIPMENT
| 7 | |
(N S, - |>7 I
8 |
POS. |=5
SEE NOTE |
’@ POS. lyg POS. DC (48 OR 125 )
R3 22
€ £CO/ TERMS
NOTES: J2
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROL 3 3 3
WITHOUT RELAYING. - = =
2 POLARITY SHOWN CLOSES CONTACT BETWEEN 56 7 "’
TERMINALS 48 6, L
AS VIEWED FROM REAR OF PANEL 620A552

ﬂ

..Iq)
r 3 wine x-%DEEP—TWO SLOTS
¥
o
WedIngholist o
— : —€ ‘ QSI)
i ")
IS%MTG.CENTERS
19 292B991

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERVISORY CONTROL APPLICATION
(CHANGES FROM JUMPERS SHOWN ON |NTERNAL SCHEMATIC, F1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO01 IS
USED AS SHOWN ON APPLICATION DRAWING 329C704

FOR HZ/HIM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

0.15 . STANDBY
[o.a a. TRANSMITTING

ouT (O ¢
IN O—[25}— (35} {25}« [Par=>-

R\ R2 R3 R4 lL,AMR
COM.O———25 {25125 +25 —

R8 R7 RG RS

POWER CONSUMPTLONS~ 303 WATTS AT 258 V.
390°WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE WILL BE, APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDLT ION,WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-VOLT HZ/HZM OPERATION
JUMPER TP-Z AND,.TP-8 |S REMOVED.

48 VOLT OPERATION

ON (PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TP5 AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TPY

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R64
AND DIODE CR8 1S REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CCONTROL,
R59 13 CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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LINE FREQUENCY RANGE

| —27.

2 — 29.

3— 31.8
4 —35.4
5 — 38.0
6 — 40.3
7 — 43.0
a -—4707
9— 4905
It —67.0
12— 175.0
1I3—77.5
14— 89.3

IS — 102.7KC-147,0KC
16 — 136.6KC-210.0KC

.
TRANSMITTER OUTPUT FILTER FL-3 CONNECTIONS
COIL PARALLEL
COIL CONNECTION ACITOR CONNECTIONS A
KC-30.0 KC L-1 6-8-9-10-11
KC-33.1 KC L-1 6-8-10-11
KC-36.0 KC L-1 6-8-9-11
KC-39.0 KC L-1 6-8-11
KC-41.0 KC L-1 6-8-9-10-11
KC-45.0 KC L-1 6 6-8-10-11
KC-49.0 KC L-1 3-6 6-8-9-11
KC-56.0 KC L-1 3-6 6-8-11
KC-58.5 KC L-1 3-6 6-8-9-10
KC-72.3 KC L-1 3-6 6-8-10
KC-76.0 KC L- -4) (6-7 6-8-9-11
KC-88.0 KC L 1-4) (6-7 6-8-11
KC-93.0 KC 1-4) (6-7 6-8-9-10
KC-114,5KC 1-4) (6-7 6-8-10
1-4) (6-7 6-8-9
L 1-4) (6-7 6-8

Q. CONMECTION FROM 6 TO 8 IS

L 4

N

BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

®® Fig. 9. Connections - Output Filter (Dwg. 149A420)

L 4
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D8 ATTENUATION
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L 4

QNNECT TO TRANS-
VTTER CARRIER
START TERMINAL

- _aMAX. CCW POSITION
v
PERMISSIBLE CONTROL
VARIATION

O 461 WATT @ GO

OHMS,
To -40db (0.I MILLIWATT)
l—@

i

— APPLY B+

SCHEMATIC

gl

-/

3
“) '
(e L ] B
J;%—i ] g - 3,,m~.w_cg./'m_uT,Jl
| GZ |2L e ,,,,,.3*_—;

Fig. 11. Reserve Signal Detector Outline (Dwg. 329C703)
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+ 2
INCREASING OUTPUT
INCREASING SENSITIVITY /
+ /) - /
7
o8 o

—4}— (/1OW=8.0 VOLTS AT O OHAIS)

36

FREQUENCY = /20 KC
TEMPERATURE = 25°C

RECE/IVER SENSITIVITY = 40 MV AT /29 VOC
TRANSMITTER OUTPUT = /O W AT /29 VDC

/00 //0 /20

SUPPLY VOLTAGE

/30

/40

Fig. 12. Transmitter Output and Receiver Sensitivity Variations with Voltage (Dwg. 377999)
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38

08 STEADY STATE ATTENUATION

S0

46 ’

40

a5

30

25

20

/5

/0

-2 -/ Fo w/

FREQUENCY (kcC)

Fig. 14. Receiver Selectivity (Dwg. 377993)
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1.L. 41:941.1D

IF FILTER TEST CIRCUIT

10K

HO O~
oHms ! Z 300
s RELS
< s
Jj
10 K SEC..Z
O log
oHms |©@ 4300
vy oHM S
S 8
' s
L

20

N

15

"1
NN

DB
[~—
N

1C

AR
CRNWY
BN

3 20 2
F (KC)

Each section FL-2 requirement
with typical selectivity curve
Insertion loss 26 DB max.
Including matching resistor.

o8

50 /

RF FILTER TEST CIRCUIT

10K

OHMS 10 K

oHms S (V2

X
N -0
RN

+2 +4

FREQUENCY (KC)

Fig. 15. Receiver Filter Limits (Dwg. 377995)

AN RN

FL-1 Requirement with typical selectivity
curve at 120 KC. Insertion loss 18 DB
max. Including matching resistor.
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50

(8omv) 40

RECEIVER SENSI/TIVITY (D5)

(8v)

30

20

Jo

4dKC

1
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n “T- 34AC
—-—
B
om—

- L
-——-—"””"1
-..u-—"'-’"‘
-
- /1KC
Q\< ’
\ .

ZERO D8 = 8VvoLTS

\® MINIMUM CHANNEL SPACING
N % FOR KEYED CARRIER 15PPS

Fig. 16. Minimum Channel Spacing (Dwg. 377998)
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1= i = <

Coaxial Lead...756D346 G02 @

Q

G
-~

) e 756D346 GO3

®

N
NN SNSRENER.

7

Main Harness... 756D346 G04

Fig. 17. Test Harness — (Complete Set)
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Westinghouse I.L. 41-941.0C
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Voice Adapter

Accessories. st¥fe
KR Reserve Signal Detector . . . . . ... ... ... ... /! 470D167 GO2
250 Volt Resistor Unit .. ....... . oo a0 330C191 HO1
Test Hamess (Complete Set) . .......... ool e .756D346 GO1
Coaxial Lead . . v v v v vttt e e vt o v s o oo he o ». . 156D346 G02
Output Lead . ............... Q. Wy ... 756D346 G03
Main Hamess . . v v v v v v v v v v oo o e o o 00 756D 346 G04
TABLE OF CONTENTS Adjustments
Transmitter.iiiiieiiiiiiiiiiiiiiiiiinnnnns Page 7
) 3=Ye1= A=) PPN Page 7
Introduction ....ccceiiiiiiiiiiiieiinen. teeneens .. wPage 2 Reserve Signal Detector.............. Page 8
o 250-Volt Resistor Unit ................ Page 8
Specifications ciiciiiiiiiiiiiiieiiiieennnes wowe oo bu . Page 2 Frequency Change ...oeevveeeersesennss Page 8
Description Maintenance ...cevviiiiiiiiiiiiiiiiiiiiiieeieeees Page 9
General..coviiiiiinnnnniengeee s A oo o eennnes Page 3 APPHCALION cuvvrveerernernnsinrrsnnsieniiesennineees Page 13
Mechanical .iiveveeiiiiiiine i o c®eciiinnnnes Page 3 Electrical Parts LiSt.eeeeeeeeeeeeeseeeseannens Page 14
Electricaliiiiiiiiiiiiiieees @ie
Transmitter ciovvvcidbeiiiidihiiiiiiiiiiinnnns Page 4 LIST OF TABLES
Receiver........ Pocoo Ty AR Page 4
Transmitter Contrdl Circuits......ceouu... Page 5 Table
gsiizsi(f:?:;sl)etecwr “““““““““ 'gzgz g 1 D-C Pin Jack Measurements with
Relaging £ontrel Circuits ...ooeeeveeeeene. Paie 5 R.eference €0 B-ueeienenn o e Page 10
2 Transistor DC Measurements with
Reference to B-.iiieiieieiieernneennnes Page 11
. 3 D-C Bleeder Measurements with
Installation
Reference to B-.ivieiiiieiieneniecnenns Page 12
(€ 12) 112 -1 PPN Page 6 4 Typical RF Signal Measurements
Connections for RECEIVEr ivvvvnnnnnnnnnniiiaiinnnnns Page 12
EXternal ... .cciiiiiiiiiiiiiiiiiiiiiinieeneens Page 6 5 Typical RF Signal Measurements
Internal ..oiviiiiiiiiiiiiiiiiiiiiiiiiiiiiienn Page 7 for Transmitter ...cociiiiiiiiiiiiiennns Page 13

*SUPERSEDES I.L. 41-941.1B
Denotes change from superseded issue. EFFECTIVE DECEMBER 1965
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LIST OF ILLUSTRATIONS

Figure References
1 Outline — Flexitest Case ..ccovvvvvernns 540D753
2 Internal Schematic .....ccvvvviiiiiiiinnnns 540D780
3 Relaying Control Circuits

(HZ/HZM) tieiiriiiniiniiinnneeceenens 1-329C 704
4 Relaying Control Circuits

(K-DAr) teeernsacrrereensinnecccssnanans 3-329C 1704
5 Relaying Control Circuits

(GCX/GCY) eertiettnteiaersssansnennns 2-329C1704
6 Component Location..iveeeeeinieerennannen 540D781
7 Supervisory Control Receiver

Connection.icivveiieiiinnieseinnnennes 223B498
8 Connections, 48-250 volts

and Supervisory Control............ 407C971
9 Transmitter Output Filter

Connections ..i..vvveineiieiinnnnnnes 149A420
10 Transmitter Output Filter

Selectivity.iviiiiiiiiiiiiiiiiiinnnienn, C377996
11 Reserve Signal Detector — Outline and

Schematic .iiviiiiiiiiiiiiiiiiiiiiinnn, 329C1703

12 Transmitter Output and Receiver
Sensitivity Variations with
D-C Voltage ........ccovveunennennnn.
13 Transmitter Output and Receiver
Sensitivity Variations with Frequency, C378000

C377999

15 Receiver Filter Limits ....ccocveiiiiennnn C377995
16 Minimum, Channel Spacing .............. C371998
17 Test Harness . .. ........ceocevvenenennns 756D346
CAUTION The voltages encountered in this equip-
ment are dangerous to life. To be safe, disconnect
the power source and close the grounding switch
when servicing the equipment.

INTRODUGHRION

The Type KR Relaying ‘Transmitter-Receiveris
designed for Distance “Relaying, Telemetering,
Supervisory Control andySleet®Detection. Facilities
are provided for a plug-in“type voice adapter. The
basic design is for'operation from 125-volt station
batteries. However, th€yapparatus may also be oper-
ated from 48-volt /otp250-volt station batteries by
means of various internal connections. These various
connections‘as“well as most of the adjustments are
made dt'the factory, although they can be changed in
the field.

Although designed primarily for operation with
Westinghouse protective relays, this apparatus may
also, be¥coordinated with other types of directional-
distance relays and with most other contact keyed

14 Receiver Selectivity ....c..ccvvvunenn. C377993 deviCes.
SPECIFICATIONS

Frequency RANEZE..ceveeveeeeeeeeneeene it Beintseiiiiiitiineiieieneinneeneenneennennes 30-kc to 200-kc

Channel Attenuation Rating ......... ¥..... s ¢ ¢ oottt teenaanetenatracresnactteonsssateneos 40-db

Transmitter Power Output......4. . ST PP 1.0 watt at standard condi-
tions (see Figs. 12 and 13).
0.5 watt with a 48-volt d-c
supply.

Transmitter HAarmofic OUHOUL /v-«eeeeeeeneriniiieeiinieinteiiiieiitiiaiiiiiiitiieiiiesiaenns At least 46-db below funda-
mental.

Transmitter OULPUIMPEAANCE. cvivieiiiiiiieriiiieiintiiseiisesiaieneanns Creeerrereeriaas Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter Output Filter SElectiVIity vuviiiiiiiiiiiiiiiiiiiiiieiiiiiiiiisiinesieeenenns See Fig. 10

Transmitter and Receiver Oscillator and Frequency Stability .......c.ccovieinnes From-20°C to +50°C with si-

multaneous voltage variations
from 100 to 140 VDC, the fre-
quency remains with 0.01%.

R



TYPE KR CARRIER SET

L.L. 41-941.1C

Permissible Battery Voltage RipDle ciivvivvieiiiiiiiiinnnennns

Ambient Temperature RANEe ..cccvevvreriiernneeieneeeenneenneanns

Non-Operating Temperature Range ...ccocvevvieeiiieneninnnnnn.

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

............................. —40°C to +70°C

Receiver Sensitivity cooovieiiiiiiiiiiiiii it i e eas L etieieeeeeeeteeeetatesnnes 0.04 volts at standard

Receiver Selectivity cvvvvveiiiiiiiiiiiiiiiiiiiiiii i i
Receiver Signal-to-Noise Ratio Requirements ..............
Minimum Channel Spacing ......ccvviviiiiiiiiiiiieieiiniinnannnns

| 20N =) B 601 10 1 A

Carrier On-Off KeYINE .ivvviurirnneiieeieieneeesesnnseeeeeensnorenoneees bl

Weight (With Flexitest Case) .ccevvviiiiiiiiiiiiiiiiaeiiinnnnnn.

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

NOTE Standard conditions are taken agf 129-volts,
120-kc and 25°C.

DESCRIPTION

General

This completely transistorized carrier-apparatus
is a result of extensivel fieldfand laboratory tests.
From these tests, it was proven that transistors pro-
vide superior reliability/over tubes. In addition, the
latest printed citeuithéand/filter techniques have im-
proved performance“and greatly decreased the size.
The expecteéd lang life of transistors as compared
with vacuumitubes£will reduce maintenance costs,
and the low powef requirements will produce impor-
tant savings in battery and charger requirements.

Transistors perform the same functions as vacuum
tubes.WHowever, tubes operate by the flow of elec-
trons, inva vacuum between elements, while transis-
torsmdepend 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

conditions (see Figs. 10 and
18).

............................. SeefRig. 14
............................. 12-db
............................. SeedFig. 16
............................. 115-ma at 48 VDC, 200-ma

at 125 VDC, 1.28 amperes
at 250 VDC.

Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 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 disconnecting the coaxial cable.

Fig. 6. shows the location of major components
such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal teminals.

Provisions are made for plugging theqVoice
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of#theset
accommodates the adapter plug. A buckle typefstrap
on each side of the adapter holds the ufiit’ in‘place
after it has been plugged in. The nermal,projection
for a rear mounted Voice Adapter is%3-in€éhes be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied with the adapter, a patch
cord is available on separate opder.“Bhis patch cord
plugs into the telephone jacksfon th@ adapter andpro-
vides an extensionto a conveniently located terminal
board.

The panel cutout’ information necessary for mount-
ing the Sleet Deétector is “shown by Fig. 11. This
unit consists ofy.4 poténtiometer and pushbutton
switch mounted on ajsmall panel, itself suitable for
switchboard mounting.

For 250-volt aperation, separate auxiliary resis-
tors are required, as shown in Fig. 8.
Electhrical
Transmitter

The transmitter is made of four main stages in -

cluding an oscillator, driver, power amplifier, and ‘an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector of, one
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of the first transistor.
The frequency is independent of veltage or tempera-
ture changes of the transistor§., ThuS the frequency
stability is the stability of the crystals

The input to the driver stage @ 10 is controlled
by potentiometer, R-42 whigeh also/controls the trans-
mitter power output. In HZM relaying CARRIER STOP
provides about +40 volts for blocking. This is ap-
plied to @ 10 through T-6. Diode CR-5 prevents dam-
age to the transistorwhenthis positive voltage is ap-
plied to the collector. " Por CARRIER START (when
in the blogked (position) a small positive voltage is
applied to theycolle¢tor of Q-10 by means of bleeder
resistors R-67 and R-68.

The power amplifier consists of two transistors
Q- 12andyQs15, which are operated as class B ampli-
fiershin push-pull. Resistors R-52 and R-55 are for
stabil 1zation.

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

Resistor R-66 tends to keepthe source impedence
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. 14.) The major stages include
an input filter, attenuator, oscillator, mixer, IF
filters, IF amplifiers, detector and a D-C power out-
put stage.

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
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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 selectivity is determined primarily by the IE
filter FL-2. Typical characteristics of this filter are
shown in Fig. 15.

The IF amplifier consists of transistofis, @-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 power to drive the D-C power
output stage Q-1.

The final output stage @=% willysupply approxi-
mately 18 milliamperes tog@?standard 1700 ohm dis-
tance relay RRH coil and its)associated 500 ohm
alarm coil. It may alsembe Wse€d to drive other relay
coils such as is_showngby{\F'ig. 7, Supervisory Con-
trol 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
thisybias 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 stopped "in several, ways. The
method used with K-DAR relays is to remove the
positive voltage applied to terminal 15. In the case
of distance relaying with Westinghotise HZ/HZM
relays, application of a positiwe voltage to terminal
18 will stop the transmitter loutput. Output may also
be stopped by removal “of negative battery from
terminal 18.

Resenve Signal Detector

The Reserve Signal \Detector is shown by Fig. 11.
Effectively R- lgisya rémote transmitter output control.
This controleis obtained through varying the driver
stage (Q- 10)emitter bias, and is effective over a 40-
db rangé of “transmitter output. The 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 attenuation
may@be obtained. This is discussed further in the
seetion 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. 3, 4 and 5 show simplified diagrams of the
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and 5)

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
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
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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. 4 and 5) 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 poweram-
plifier.

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. 3)

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 the voltage
and current on the transmission line, detect and
determine the direction of a line fault and théreby
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 out of the, line section
being protected. Conversely, when faultypower 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®@s sleet detection
and communication, should these functions be in use
at the same time. Should carrier,nowsbe received from
the remote station, the_hold coilfand alarm coil will
energize through transistor, Q-%in"the receiver.

When carrier start gperation occurs, the CARRIER
START contact closes @pplying the full battery
supply voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

When“a%earrier stop operation occurs, the CAR-
RIER /STOP) contact opens. This applies a positive
voltagey(see Fig. 3) 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 amplitude, phase and
frequency as to cause the RRH coil current™ to
‘‘pulsate’’. It would then be possible 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) 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 “eycles above, the other
100 cycles below this center frequency.

INSTALLATION

General

Upon receipt ofid’unit, whether shipped separately
or in anyassembly,»an immediate inspection should be
made. Carefully check for damage or shortages.

For ‘neecessary clearances and mounting dimen-
sions,ysee the following illustrations:

Flexitest Case Mounting.............. Fig. 1
Sleet Detector...eeeeiereieernnneencenes Fig. 11

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..ueiieeiiinnneiennrenssnnnnonnannes Ground
12, i, Coaxial Cable
13 and 19....... Supervisory Preference

Contacts
14......... B- ““CARRIER STOP’’ return
15, i, Battery positive through
carrier start contacts
16..cccennnnnn.s Battery positive for alarm
cutoff (used with com-
munication)
B PPN B-
18....... Carrier Stop for HZM Relaying
D T B+
/| N Relay Coil

CAUTION If the transmitter output load is removed
while the transmitter is energized, the transistors in

N

i
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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
coaxial cable to ground before changing taps on the
Line Tuner or matching transformer.

Internal

Necessary internal connections are géenerally
made at the factory, to customer order, beforefappara-
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

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

125-Volt K-DAR and GCY Relaying

125 Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GCY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca+
pacitors of the transmitter output filter are required
depending on the channel frequency. These are tab-
ulated in Fig. 9.

Adjustments

This apparatus is generally tuned to andtésted
at the specified channel frequency befére ‘shipment.
Final adjustments must be madegin the field and are
described in the following paragraphs.“Big. 6shows
the locations of the various controls.

Transmitter

1. Disconnect the coaxial cable and replacd with
a 50, 60, or 70 ohm nop=induétive resistor depending
on the characteristic inmipedance of the cable used.

2. Fig. 9 shows typical output filter connections
for variousdfrequencygranges. In some cases it may
be necessary to.usedeither a higher or lower range to
tune the filter to resonance.

3. Insert fuses F'-1 and F- 2 to apply power to
the,apparatus.

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

R-4T%and R-48

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

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. 12 and
13.) (Approximately 5.5volts 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 across
terminals 11 and 12. Energize the transmitter and
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 Signal

When the maximum on-frequency noisefis un=
known and cannot be conveniently measured,\the re-
ceiver may be adjusted for the remote signal. Pirst
determine the channel attenuation using a “Sierra
voltmeter or some other convenient, method. Dis-
connect the coaxial cable and .eennee¢i#a 60-ohm
non-inductive resistor and a VTVM across terminals
11 and 12. Add 15-db to the,channel attenuation.
This compensates for averagegvariations such as
channel and voltage variations. Eor example, if the
channel attenuation s 5-dbjjadd 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, ad
just the transmitter output control R-42 for 0.8 volts
and then adjust the peceiver input control so as to
obtain 10-ma‘eutput current. If it is impossible to ob-
tain 10-mameutput current with control R-1 in the
maximum,clockwise position, clip out resistor R-74,
which 1s comnected to the base of Q-4. If the gain
is stillginsufficient, clip out resistor R-73, which is
connected to t he 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. Forgexample, if the
adjustment is made per part a., theghioilse may in-
crease due to various reasons such,as badl insulators,
which would require adjusting the, receiver to be less
sensitive. In the adjustment (of /partyb., the attenua-
tion may increase due to§sleet_©r line switching,
which would necessitate, increasing the sensitivity of
the receiver.

ResefVe Signal Detector

Due to differentQtypes of operation and supply
voltages, it is, not/prdactical to have a calibrated dial
for this unity, However, calibration may be made at
installation, byWrecording transmitter output (either in
db onyvelts), at various knob settings of the detector
unit.<Then, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
imereaseyor decrease in line attenuation may be noted
as/therdifference between the original setting, and
the,sSetting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 plus 20
kc. Figure 9 shows the connections for the trans-
mitter output filter. It is necessary to unsolder the
existing connections and make the new connections
per the chart. After completing the preceding, the
tuning procedure as described under Adjustments for
transmitter 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-

A
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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; and by
opening the CARRIER START circuit in the case of
K-DAR and GCY relaying.

1. For D-C pin jack measurements with,reference
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 ‘signal measurements for re-
ceiver, refer to Table 4

5. For #ypicaly, RF signal measurements for
transmitter) refer’'to Table 5.

6. Removal 4of Printed Circuit Board from
Flexitest Case.

To remgye the printed circuit board, unplug J-15
and®J-16 located near the output filter. Loosen the
twe. serews 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 filtefjyandwdisconnect the coaxial

cable.

8. Receiver Filters

Fig. 15 shows%ypical receiver selectivity curves
both RF and/IFIf the filters are checked in a test
setup, it is necessary to use an accurate signal gen-
erator or preferably a signal generator and a fre -
quency ‘eounter:

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)

Voltage 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. 17)
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D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

TABLE 1

CONDITION A CONDITION B
Tx-Blocked 1t Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal
129 VDC 51vDC 129 VvDC 51vDC DC | 51VvDC
RF Input J-2 0 0 0.3V 0.3
DC Q-1 Base J-3 20 V 20V 20V
DC R, B+ J-4 20V 20 V 20V %
DC Ry Osc J-5 v v 7 v
DC Q-5 Base J-6 20V 20V 20V
B— J1
DC-P 1-E J-8 110 v 32 {Dv 32V 110 V 32V
DC-Q-7 Base J-9 69 V 78 V 2.3V 66 V 0.3V
DC Q-7 Emit J-10 70 V \ 78 V 1.4V 66 V 1.0 V
DC T, Osc J-11 (Y TV TV TV TV
B+ J-12 1;\ 51V 129 v 51V 129 V 51V
DC Q-10 Base J-13 \{ 18 V 18V
DC Q-10 Emit J-14 18 V 18 V
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 =tr mitter,

X = receiver
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TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

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 0.4
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 110 110 114 129
51 VDC 32 32 2 32 51
Q-1
129 VDC 70 68 18 80 86
51 VDC 1.0 1 1.4 2.2 7.0
Q-8 2 6.2 8 2
Q-9 1.8 7 7.2 1.8

1 With respe

L 4

2

locked
-No Signal
(Volts)
Bt Ct
6.2 8 2
7 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

; C-Collector.
rm 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 Bt 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 LoV 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, Rx-With Signal;” C — Tx-Unblocked,
Rx-No Signal.
TABLE 4
TYPICAL RF SIGNAL MEASUREMENTS FOR RECEIVER R
(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. 0.07 0.07 0.07
T3-1 to Gnd. 0.07 0.07 0.07
Q4-C to Gnd. 007 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 to'Gnd. 13.0 10.0 8.0
T4-1to"Gnd. 13.0 10.0 8.0
T423,t0\T4-4 4.5 3.5 2.5
J9%o0 J10 (DC) 0.74 0.75 0.65 A,

| V4
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TABLE S

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. 14)

This shows a typical curve gf the overall selec-
tivity of the receiver under “steady “state condi-
tions.

2. Transmitter Output/Selectivity (Fig. 10)

Typical curves apemshown so that approximate
bandwiths for keying purposes can be determined for
any carrier frequeney between 30-kc and 200-kc.

3. Minimum Channe¥ Spacing (Fig.16)

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 of\the receiver are known. These can be obtained
from €alculations 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. 12)

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. 13)

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. 12.

6. Supervisory Control Connections (Fig. T)

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 1200<6hm
resistor R3 is connected in series with thecontrol
relay coil by removing the jumper across R3, as shewn
in Fig. 7. In order to maintain proper mark space
ratio, the relay bias current is adjusted for O milli-
amperes as indicated.

The receiver RF filter and the TF filler limits
are shown on Fig. 15. Both filters are of the plug-
in type and the test circuits/withpin connections
are shown at the top of each curve./The IF filier is
divided into two separate sections. The selectivity
shown is for each sectionjpand the pin connections
for each section are @Alse, shown in the test circuit
sketch.

ELECTRICAL PARTS LIST

CIRCUIT MER MANUFACTURER'S
FUN N :
SYMBOL UNCTIO DESCRIPTION GODE DESIGNATION
CAPACITORS

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

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

Mica or 330C566

H57

C-3 Rcvr. Osc. Bleeder 0.02 uf, MRG;, 6000VDC, 1 330C569 H47

Bypass Disc

C-5 Q-6 Emitter Bypass 1.0 pf¥+20%¢ 200 VDC Paper 1 330C567 HO09

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

C-17 B— to B+ Bypass 2,uf, +10%, 600 VDC, Paper 1 14C9400 H 18

C-8 B— to GND 1.0 pf, +10%, 1000 VDC, Paper 1 14C9400 H17
tC-9 Xmtr. Ose. F'eedback Same as C-2
C-10 Xmtr. 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 uf, +20%, 200 VDC, Paper 1 330C567 HOS

C-13 Q-10 Bleeder Bypass Same as C-12
Cél4 PA Base Bypass Same as C-12

14

fNate: 140 puf for osc. freq. 110-kc and above.
270 ppf for osc. freq. below 110-kc.



TYPE KR CARRIER SET

l.L. 41-94

ELECTRICAL PARTS LIST

o

CIRCUIT FUNCTION DESCRIPTION MFR. MANUF ACTURER'S
SYMBOL CODE DESIGNATDN
CAPACITORS (Concluded)

C-18 PA Bleeder 0.5 pf, +20%, Paper 1 \ T HO6

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

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

C-21 Output Filter 680 uuf, +5%, 2500 VDC, Mica 1 330C561 H21

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

Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 wfd, *20%, 2@ 1 187A177 HO1
CRYS I‘: iE?gES

CR-1 Bridge Rectifier Gene @ pose, IN63 1 584C433 HO02

CR-2 Bridge Rectifier SaN

CR-3 Bridge Rectifier %R-l

CR-4 Bridge Rectifier P Same as CR-1

CR-5 Q-10 Collector K ame as CR-1

CR-6 Q-7 Collecto\ Same as CR-1

CR-7 Voltage Re@ Type INT68, 1 584C434 HO2

CR-8 Velta ator Type 1IN1369 1 584C434 HOS
Q-] ctor Type 1N1789 1 584C434 HO8

15



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST OO

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

FUSE HOLDERS %
FH-1 B— For Type 3AGC Fuses 1 5%2

FH-2 B+ Same as FH-1 0

FUSES
F-1 B— 3AGC 3/4 amp. S#330C691 H12
F-2 B+ Same as F-1

FILTERS

FL-1 Rcvr. RF Bandpass \

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

specified by 60-kc to 110-Kk 1 pe

customer 110-kc to 1
FL-2 Rcvr. IF Bandpass 20-kc eq. 1

CTORS

J-1 Printed Circuit L 4 inted Circuit Female 1 54-B-7125 HO3

J-2 RF Input \&IG-ISS-U 1 584C292 HO7

J-3 Rcvr. Osc. OutputO Terminal Studs 1 330C592 HO1
J-4 Rcvr. Mixer- Same as J-3
y Same as J-3

J-5 Rc@
J-6 Q-5 Base Same as J-3

J-7 B- & Same as J-3

J-8 6 Supply Same as J-3

P
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I.L. 41-

ELECTRICAL PARTS LIST

S

T FUNCTION DESCRIPTION Jfiss MAB‘E’;QSZ;T’EENR'S
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 1 328C093 HO1
J-16 Output Filter GND Banana Ti & 1 328C093 H02
P-1 Printed Circuit Printed Circuit Male 1 54-B-7126 HO3
\ZDUCTORS
L-1 Core and Coil 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 \K 1.0 MH, 300 ma 2 R-300
L-4 RF ChokO Same as L-3
\Q TRANSISTORS
Q1 cv ixer Type 2843 or Type 1 330C587 HOT (2N525)
2N525 330C587 HO2 (2N 43)
Q-2 Revr. Osc. Tyne 2N414 1 330C587 HO9

17



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST O

CIRCUIT MER. | MANUFACTUR ER's:T'i
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION

TRANSISTORS (Concluded)

4
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 2N332, 1 330C587 HO6

Q-7 Rcvr. Output Type 2N1156 @ 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 e

Q-15 Xmtr. PA Same 2

TORS
R-1 Rec. Input +20%, 1/4 W, Pot. 1 584C276 H23
R-2 Filter Matching \ , 110%, 1/2 W 1 330C595 H37
R-3 Filter Load Same as R-2

—

584C276 H19

R-4 Rcvr. Osc. ‘ , 1K, +20%, 1/4 W, Pot.
R-5 Rcvr. Volt 6.2 K, +5%, 1 W
DIV\

—

330C666 H68

R-6 r 1.2 K, +5%, 1/2 W 1 330C664 H51
R-8 Rcvr. tage 30 K, +5%, 2 W 1 330C668 H84
Divider
L 4
R-9 Rcvr. Voltage Same as R-8
Divider

iy,
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LL. 41-

ELECTRICAL PARTS LIST

O

C

MANUFACTURER'S
DESIGNATION

el FUNCTION DESCRIPTION IR
RESISTORS (Continued)
R-10 Q-2 Base Same as R-2
R-11 Q-2 Base 100 K, +5%, 1/2 W 1
R-12 Q-3 Collector Same as R-6
R-13 Q-3 Emitter 390 Ohms, #5%, 1/2 W
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 1
R-17 Rcvr. Osc. Bleeder 18 K, th‘V& 1
R-18 Rcvr. Osc. 9.1K, W 1
R-19 Q-4 Bias @' hms,™% 5%, 1/2 W 1
R-20 Q-4 Bias & as R-2
R-21 Q-5 Bias @ Ohms, * 5%, 1/2W 1
R-22 Q-5 Bias Same as R-2
L 4
R-23 Q-6 Bias K\ 330 Ohms, + 5%, 1/2 W 1
R-24 Q-6 Bias \ Same as R-2
R-25 Q-6 Emi@ Same as R-19
R-26 Q-7 e Same as R-6
x 20 Ohms, +5%, 1/2 W 1
Same as R-18
R-29 Xmtr. Osc. Bleeder Same as R-17
L 4
-30 Xmtr. Osc. Bleeder Same as R-16

Py
330C665 HO5
330C664 H39
330C595 H41
330C597 H40
330C664 H72
330C664 H25

330C664 H29

330C664 H37

330C664 HO8

19
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ELECTRICAL PARTS LIST

CIRCUIT MFR. MANUFACTURER'S
FUNCTION DESCRIPTION
SYMBOL CODE 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, 5%, 2 W, 1 330C668 H86
Divider
R-40 Buffer Voltage Same
Divider \
R-41 Buffer Voltage Sa -
Divider
R-42 Xmtr. Osc. Output ame as R-4
R-43 Q-10 Bias K\me as R-23
R-44 Q-10 Bias \ 33K, +5%, 1/2 W 1 330C664 H85
R-45 Buffer Voltage 15K, + 10%, 1 W 1 330C596 H39
Divider @
R-47 6.8 K, 5%, 1/2 W 1 330C664 H69
R-48 15 K, 5%, 1/2 W 330C664 HTT
Divider
L 4
R-49 A Bias 2T K, +5%, 2 W 1 330C668 H83

O
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l.L. 41-94

ELECTRICAL PARTS LIST

O

MANUFACT@S

SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
RESISTORS (Concluded) v

R-50 Xmtr. PA Same as R-19 \@

R-52 Q-12 Emitter 10 Ohms, + 5%, 1/2 W 1 ®BOC664 HO1
R-55 Q-15 Emitter Same as R-52

R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 W 330C595 H09
R-60 Recvr. Bleeder 1K, +5%, 25 W § 584C416 H57
R-61 Recvr. Bleeder 600 Ohms, +5%, 25 1 584C416 H47
R-62 Recvr. Bleeder 350 Ohms, #5 1 584C416 H52
R-64 Xmtr. Bleeder 1200 Ohms, 1 584C416 H64
R-66 T-7 Load 1 330C668 H43
R-67 Xmtr. Blocking 1 330C668 HO1
R-68 Xmtr. Blocking 1 +10%, 10 W 1 330C577 HO1
R-69 Q-10 Emitter \as R-19

R-T70 FL2 Decoupling 0 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 Emitte\& 68 Ohms, +10%, 1/2 W 1 330C595 H11
R-T73 Q-5 Bas 180 Ohms, *10%, 1/2 W 1 330C595 H16
R-T74 Q-4 @ 2.TK, t5%, 1/2 W 1 330C664 H59
R-75 Nector 22 K, +10%, 1/2 W 1 330C595 H41
R-76 Q-5/Collector Same as R-T5

2]
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ELECTRICAL PARTS LIST

MANUFACTURER’S ';l

CIRCUIT FUNCTION DESCRIPTION MFR.
SYMBOL CODE DESIGNATION
. 4

TRANSFORMERS

T-1 Recvr. Input Impedance Ratio 10 K; 1 S#19 @3005
10K

T-2 Rcvr. Osc. Impedance Ratio 10 K: 1 9 7, L-633003
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 1 S#1962697, L-592171
300 ohms

T-4 IF' Output Impedance Ratio 4 K: S#1962693, 1.-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance Ratio 10fK: 1 S#1962698, L-592170
400 ohms CT

T-17 Xmtr. Output Impedance_Ratio : 1 S#1962694, 1.-633000
60

TE TS

TP-1 R-5 T tuds 1 330C592 HO2

TP-2 R-8 @ as TP-1

TP-3 R-17 \ame as TP-1

TP-4 R-18 Same as TP-1

TP-5 R-28 Same as TP-1

TP-6 \@ Same as TP-1

TP-7 Same as TP-1

TP-8 Same as TP-1

TP-9 Same as TP-1
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l.L. 41

ELECTRICAL PARTS LIST

O

O

CIRCUIT MFR. MANUFACTURER'S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNAUON
SOCKETS
X-1 FL-1 Octal 1 \ 689 HO1
X-2 FL-2 Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 584C606 HO1
XY-2 Xmtr, Y-2 Same as XY-1
CRYST
Y-1 Rcvr. Osc. Specify Ch el q. 1 328C083
Plus 2
Y-2 Xmtr. Osc. F Same as 1 328C083
nel Frequency
SIGNAL DETECTOR
#470D167G02) )
R-1 Resistor, Level 0 K, 2 W, Pot. 1 51-D-1976 H17
Control r's (S#1475074)
R-2 Resistor, L( 2000 ohms, 2’ tube. 1 1267296
S-1 Tesl Switc SPST Normally Open 1 327C854 HO1
\ LIST OF MANUFACTURERS
1. Westinghouse Electric Corporation
2. National Co., Inc., Malden, Mass.
L 4
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TYPE KR CARRIER SET

— ' *
B+ co ! tF
ALARM
L3 COrors AL CARRIER
CARRIER |»P,s -t N "' ALARM
rest 9 _.J
! &,
A
Rx-/ CARRIER ; OUT
SwiTCcH 1 |
(SA
Y
| X
115 {51v »
600 |29V [ 1-7
12504/ 258y | /O_‘_]—r- , COAXIAL
| \I ;" CABLE ToO
| _ VOICE ADAPTER) LINE TUNER
i OCTAL SOCKET
' f
| Qo Q5 . RF GROUNDING
Kisve | F KR CARRIER ASSY | | SwiTcH
4K 129V | KR AR G &R REF OWG 540 D780 | | PROTECTOR UNIT
10K/ 258V B 77 Bt &rF - Sl .
25eYs51v = F P
1K 1129 I cso +t
Ik {258v Je
@ 1 asq |
co
B- | 1 ) _ - ...)

#
REQUIREMENTS FOR %ZM RELAYING
CARRIER

SUPPLY (ARRIER

VOLTAGE START srop STRAP

Sivoe +SIv. IMA *28v IN
/129 vDC +/2%v, BMA +4ov N
258voC + 258V.8MA +4ov ouT

KR RELAYINGYTRANSMITTER /
RECY EXTERMNAL CONNECTIONS
TERMINAL - COMMECTION
/1, GROUNMD

/2] COAXIAL CABLE

(3. SUPERVISORY PREFERENCE CONTACT
x5 CARRIER STOP B- RETURN

5 CARRIER START (POSITIVE)

16 ALARM CUTOFF FOR. COMMUNICATIONS
7 8 MinuS

/8 CARR/ER STOP (HZ /HZM)

9 8 PLUS

20 RELAY COIL

AMOTES

# FOR S/ € 129 vDC SUPPLY.

FOR 258 vDC SupPPLY USE

330C19/1H01I RESISTOR UAMIT
REF ODwG 2238497

O For suP&ErVISORY CONTROL
PREFERENCE CONTACTS.

+t

% Fig. 3— Relaying Control Circuits ~ HZ/HZM (Dwg. 1-329C704)
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T T piswro raca” ¢~ ~ 7 ' T‘?A”S’Jn’f— : SWITCH
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(89)  Trdd) csp i /
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Tese b — 4 e ! = coAxIAL
Q }
bt ' CABLE
—— 4 TodtlLInE
| (JF/
i KR CARKIER ASSY ! TuwER
| k2 |08 |ie REF DWG 540 D780 J'
2% et N 54
g 1S : S
REQUIREME[I—TS FOR K-DAR PELAY ING
SuPPLY VOLTAGE CARRIER START CArrRIER STOP £
5/ vbC + 37V, 7MA C VOLUTS 2K
/129 voc +/00v 8MA awocLrs 3.75K
258 voc +100v 8MA4 O voLrs 19K
NOTES

KR RELAYING TRANSMITTER /
RECV. EXTERNAL COMMECTIONS
TERMINAL CONNECTION

// SROUND

12 COAXIAL CABLE

/3 SUPERVISORY PRE FE RENCE COMTACT
/4 CARRIER STOP B- RETURN

15 CARRIER START (POSITIva)

/6 A LARM CUTOFF FOR COMMUNICATIONS
77 8 MINUS

/8 CARRIER STOP (HET/HEM)

/9. 8 POUS

20 RELAY CoIL

28

+ FOR 5/£&129VDC SUPPLY

t+ FOR 258V DC SUPPLY USE
330C191401 RESISTOR UNIT
REF DWG 2238497

% Fig. 4—Relaying Control Circuits—K-Dar (Dwg. 3-329C704)
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I.L. 41:94121C

8+ )
fr:}w
I l
A ALARM RA ‘[RA 2 &
L]R* | l CUTOFF AL AR
' IN , |
| (R) RcvR, RELAY CoIL
.;
qr_ﬁx-/ i -
' A our
tr "
kR 0O «e s o
KR R comm
15 19 /3 20
CARRIER. | 9= - — — _ﬁ _____ -
START % QrecvR '
i F2 ourPUT | RF GRouwnD
______ 3 __ TRANSISTOR SWITCH
N b | \PUSH To TALK | b
N | 6l 92 5 CoAXIAL
= ¥> #£5C . YoicE ApDAPTERLL CArg‘-‘:
_] oV I (OCTAL SOCKED) L
S¢ = by l TUNER
Vo ] |
4 kL
7 Taca! !
CKPG i t |
¢ | F l
| KR CAPPIER A55Y |
bR |, JKR con |
I - 2 REF pwassovieo |
s- - S

REQUIREMENTS FOR GCx/GICY) RELAYING

SUPPLY VOLTAGE CARRIER START) CARRIER STOP R
S/ voc + 37V, 7IMA O voLTS 2K
129 vDC + loovg SMA 0 voLrs 3.75K
258 vocC +./00VAEMA O voLrs /19 K

KR RELAYINGTRANSMITTER /
RECV. EXTERNAL JCONMNECTIOM S
TERMINALTCOUYNECTION
/1. GROUND

Z, COAX/IAL CABLE

/3. SUPERV/SORY PREFEREICE CONTACT
14 CAPRIER STOP B- RETURA

ns., CARRIER START (POSITIVE)

/6% ALARM CUTOFF FOR COMMUMICATIONS
/7. B M/INUS

/8. CARRIER STOP (HI/HZM)

/9. 8 ALUS

20 RELAY CO/IL

NOTES
X FOR 'R"USE OWMITE VIIREOUS ENAMELED

O/IVIDOMM ADJUSTABLE 4K OR 20K 25W

RESISTOR, COMNECT § ADJUST FOR VALUES
SHoww

A TypE IN305/

7  FOR S51& 129 vDC SUPPLY

1+ FOR 258V DOC SUPPLY USE
330CI9IHOI RESISTOR UNIT
REF DWG 2238497

FOR SUPERVISORY CONTROL
PREFERENCE CONTACTS

% Fig. 5. Relaying Control Circuits —=GCX/GCY (Dwg. 2-329C704)



TYPE KR CARRIER SET

cs

)

TF3

C_D
7r/
SICHE TS
@2

n@ T4

P

G

-
T
[

(o

Qo
?3

—_—

&

c7

cz2s

ONIC)
.w@ © i MAX
2@ <O
s©
A@ \© cAPRCITYT
© © Fr3

N
o TR v
, ]
© S
Y
(XY «
L) ~
oy
05
0 NI CAN .
¢ ¢ ¢ 9
o oL
]
.Mm
N - x
RORONE
LN R W I
[ 3
o
P
Lo ]
_ —— H
©
P)

a

Fig. 6. Component Location (Dwg. 540D781)

30

e ===
P

X 4

o N



TYPE KR CARRIER SET

l.L. 41594}).1C

ADJUST FOR

9MA AT JI
_\

2 neh.
7>| @

2 @
| O
20

2 b——NEG bC.

i
1s4

2.POLARITY SHOWN CLOSES CONTACT BETWEEN

|
!
|
-4 - |
' |
|
KI 4 @ 6 136 | | To slPvionTROL
i | | EQUIPMENT
| 7 [
[ S S >7
()
[
SEE NOTE | "
QEJ POS. 1~ POS.DC (48 OR 125 )
R3
ELCO TERMS
NOTES: 42
LREMOVE FOR KR CARRIER PLUS SUPV. CONTROU — 3 %
WITHOUT RELAYING. -— e .-
56 7 8
I I

TERMINALS 48 6,

AS VIEWED FROM REAR OF PANEL

629A552

T

5 wioe x—g-DEEP-TWO SLOTS

[' [
| 4]
= westinghouse - ‘ o
=5 —fﬁ “—:L
18 -g- MTG. CENTERS
19

292B991

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).

31



TYPE KR CARRIER SET

CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERVISORY CONTROL APPLICATION
(CHANGES FROM JUMPERS SHOWN ON INTERNAL SCHEMATIC, F1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 IS
USED AS SHOWM ON APPLICATION DRAWING 329C704

FOR HZ/HZM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYIRG).

RESISTOR UNIT SCHEMATIC:

0.15 a.. STANDBY
[o.a a. TRANSMITTING

ouT &> &

IN O—25 }—25 {25 —{@5t=
R\ R4

R2 R3 ll.lAMP.

CM.O——{25 {25 }—{25F=q25 —
R8 R7 RG RS

POWER CONSUMPTIONS= 303 WATTS AT 258 V.

390/WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE“WILL'BE APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDITHON WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-VOLT HZ/HZM OPERATION
JUMPER TP-7 'AND TP-8 1S REMOVED.

48 VOLT OPERATION

ON/PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TPS5 AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TPY

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R6Y
AND DIODE CR8 IS REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CONTROL,
R59 1S CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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LINE FREQUENCY RA

TRANSMITTER OUTPUT FILTER FL-3 CON@

NGE

| — 27.7 KC=30.0
2— 29.8 KC-33.1
3 — 31.8 KC-36.0
4‘ —35.)4 KC-3900
5— 38,0 KC=41.0
e — 40.3 KC-45.0
T — 43,0 KC-49.0
8 — 47,7 KC-56.0
9 — 49.5 KC-58.5
10— 57.0 KC-72.3

It — 67.0 KC-76.0
12— 75.0 KC-88.0
13— 77.5 KC-93.0
14— 89.3 KC-114,
1§ — 102,7KC-147.

KC
KC
KC
KC
KC
KC
KC
KC
KC
KC

KC
KC
KC
5KC
OKC

16 — 136.6KC-210,0KC

Q. CONNECTION FROM 6

T0

L 4

N

IS M

-
>

COIL PARALLEL
COIL CONNECTIONS CAPACITOR CONNECTIONS A
L-1 6-8-9-10-11
L-1 6-8-10-11
L-1 6 6-8-9-11
L-1 6-8-11
L~1l 6 6-8-9-10-11
L-1 6-8-10-11
L-1 6 6-8-9-11
L-1 3-6 6-8-11
L-1 3-6 6-8-9-10
L-1 3-6 6-8-10
L- =4) (6-7 6-8-9-11
L 1-4) (6-7 6-8-11
1-4) (6-7 6-8-9-10
- 1-4) (6-7 6-8-10
1-4) (6-7 6-8-9
- 1-4) (6-7 6-8

BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

® Fig. 9. Connections - Output Filter (Dwg. 149A420)

L 4
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DB ATTEMUATION
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ART TERMINAL

- _aMAX. Tcw POBITION

S

PERMISSIBLE. CONTROL
VARIATION

O dB(IWATT @ GO OWMS)
To -Sodb(o.l MILLIWAT

o

b

)

APPLY B+

SCHEMATIC

O s ,,?
\
S o
! i |
A

o o o+
x Q g 3w MIN. CUTOUT

Fig. 11. Reserve Signal Detector Outline (Dwg. 329C703)
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+ 2

08 o0

36

A

INCREASING OUTPUT
INCREASING SENSITIVITY

r4
RECEIVER SENSITIVITY = 40 MV AT /29 VOC
TRANSMITTER OUTPUT = fO W AT /29 VDC

L (/OW = 8.0 VOLTS AT @O OHAMIS)
FREQUENCY = /20 KC
TEMPERATURE = 25°C
| I I | l
100 /10 /120 /30 /40

SUPAPLY VOLTAGE

Fig. 12. Transmitter Output and Receiver Sensitivity Variations with Voltage (Dwg. 377999)
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08 STEADY STATE ATIENUATION

5o

46

40
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30
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/5

/10
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-2 - Fo -/

FREQUENCY (KkcC)

Fig. 14. Receiver Selectivity (Dwg. 377993)
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20

15 & 4
SIRINFENC AN
10K sec™2 //7 \j é

(o)

3 20 2
F (KC)

- O log
Vi) OHmS 6 4 300
] s a oHMS o
Q@ @

Each section FL-2 requirement
with typical selectivity curve
Insertion loss 26 DB max.
Including matching resistor.

08

\ i /

RF FILTER TEST CIRCUIT

IOK
g

OHMS oK

OHMS V2

0
IR
TAMEARNANR NN

FREQUENCY (KC)

FL-1 Requirement with typical selectivity
curve at 120 KC. Insertion loss 18 DB
max. Including matching resistor.

Fig. 15. Receiver Filter Limits (Dwg. 377995)
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Fig. 16. Minimum Channel Spacing (Dwg. 377998)
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L.L. 21-9
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Westinghouse I.L. 41-941.1C
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Voiee Adapter

Accessories.
Style
KR Reserve Signal Detector . . . . .. ... .. ..... . 470D167 GO2
250 Volt ResistorUnit . ................. L 4 330C191 HO1
Test Hamess (Complete Set) ............ W%, 756D346 GO1
Coaxial Lead . . . v v v v v v vt v vttt s s s o 756D346 G02
Output Lead .................. . W), .. 756D346 GO3
Main HamesS. . v v v v v v v v v v v R V& U 756D346 G04
TABLE OF CONTENTS Adjustments
Transmitter...oiviieiiiieiiiinniiieinnnns Page 7
ST 13 A=) R Page 7
Introduction ...cciiiiiiiiiiiiiiiiiinnen vesseeany 4...Rager2 Reserve Signal Detector.............. Page 8
e . 250-Volt Resistor Unit...cevvvnnnnnnns Page 8
Specifications ivviieiieriiiiiiiereieereneeessmmedlon Page 2 Frequency CHANge .oovvevveerereessrens Page 8
Description Maintenance .ivvviiiiiiiiinneeiiisnnnnsnessssnnnees Page 9
General.iiiciiiieiieriiiierireeimersitabacssecsasaraes Page 3 APPICALION woouvviiiiiiiii Page 13
Mechanical ..coviiiiiiiiiii i@ i eeneennes Page 3 Electrical Parts LiSt..eeeeeeeeeeereesenseneenes Page 14
Electrical.iiiiiiieiiiiiiennns %G
Transmitter ovveeviiimbeeniiihborissisisssnnns Page 4 LIST OF TABLES
Receiver......... T Y S T A Page 4
Transmitter Control Circuits.............. Page 5 Table
Reserve.slg.nal Detector ....covvvviennnns .Page 5 1 D-C Pin Jack Measurements with
CommundCationS . ..essssssssssssssssssnnnss Page 5
< s Reference t0 B-.iciiiiier vevivinnnnnns Page 10
Relaying Control, Circuits ....ccveveevneenns Page 5 R i
2 Transistor DC Measurements with
Reference to B-..ivviiiiiiiiininnnnnnss Page 11
. 3 D-C Bleeder Measurements with
Installation
Reference to B-.ivveiiiiiiiienienennns Page 12
(1) o T= - O N Page 6 4 Typical RF Signal Measurements
Connegtions for RECEIVEr ivvviiinnneiiieiiiiiiiinnnns Page 12
BExternal.......cociviiiiiiiiiiiiiiiiiiiinnnen, Page 6 5 Typical RF Signal Measurements
INternal ..ovvieiieiiiiiiiieeeineneeeneeneennnes Page 7 for Transmitter ......co.ceevinnennnenn. Page 13

*SUPERSEDES I.L. 41-941.1B
Denotes change from superseded issue. EFFECTIVE DECEMBER 1965
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LIST OF ILLUSTRATIONS

Figure References
1 Outline — Flexitest Case ....cecvvvinenn 540D 753
2 Internal Schematic ....cccvviiiiiiennnennns 540D 780
3 Relaying Control Circuits

(HZ/HZM) teirevrorenniimeinniininnns 1-329C1704
4 Relaying Control Circuits
(K-DAr) teeterententtrsanssssssasssansas 3-329C704
5 Relaying Control Circuits
(GCX/GCY) titreneenneenneeenenenanns 2-329C1704
6 Component Location....cecvvvnennnannnnnns 540D 1781
T Supervisory Control Receiver
Connection .. civiiiiiiiiiiiieniennnns 223B498
8 Connections, 48-250 volts
and Supervisory Control............ 407C971
9 Transmitter Output Filter
Connections ...iiveeiiiieiiiiiiennens 149A420
10 Transmitter Output Filter
Selectivityieeeiiiiiiierieeennnnnnnnn. C377996
11 Reserve Signal Detector — Outline and
Schematic ...civviiiiiiiiiiiianianne. 329C1703
12 Transmitter Output and Receiver
Sensitivity Variations with
D-C Voltage .......cceeeeenenennnnn. C377999

13 Transmitter Output and Receiver
Sensitivity Variations with Frequency, C378000

15 Receiver Filter Limits ccccovviiiinnnnnn. C377995
16 Minimum, Channel Spacing .............. C377998
17 Test HAMNEeSS | ... i iiiiiiieieniiinnninnons 756D 346
CAUTION The voltages encountered in this equip-
ment are dangerous to life. To be safe, digsconnect
the power source and close the grounding switch
when servicing the equipment.

INTRODUCTION

The Type KR Relaying Transmitter-Receiveris
designed for Distance "Relaying, Telemetering,
Supervisory Control andySlegt Detection. Facilities
are provided for a gplug-in " type voice adapter. The
basic design is foryoperation from 125-volt station
batteries. Howeyer;, theyapparatus may also be oper-
ated from, 48-Wolt’ orw250-volt station batteries by
means of various internal connections. These various
connectionsfas“well as most of the adjustments are
made“ag theyfactory, although they can be changed in
thelfield.

Although designed primarily for operation with
Westinghouse protective relays, this apparatus may
als@, be coordinated with other types of directional-
distance relays and with most other contact keyed

14 Receiver Selectivity .....cvvevvevinvnnnnn. C377993 devices.
SPECIFICATIONS

FrequencCy RaN . iiueeieiiiirieeeeenefineestlimandssceeeetoseesttonnsasessesssansessssossnsonns 30-kc to 200-kc

Channel Attenuation Rating ......4e......." ettt iate et tebesettattatittasirestecntne 40-db

Transmitter Power Output ... .o ittt iiintieeeetttienneeennesansannnns 1.0 watt at standard condi-
tions (see Figs. 12 and 13).
0.5 watt with a 48-volt d-c
supply.

Transmitter HAMOMEC OQUEDUL ....iiiiiiiiiiiiiieiiiiiiiitieeietietereraneseessenessacesnsens At least 46-db below funda-
mental.

Transmitter Ouipldt IMDPEAaNCE. . vvuuiiiiiiiietiiiiiietttttiieettenserssensnasecssnnsecsssnes Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter Output Filter SelecCtivity viieiviiiiiiiiiiiiiiiiiieiiniiienneettenneasneneens See Fig. 10

Transmitter and Receiver Oscillator and Frequency Stability ..... . ccevviiveveennns 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 .ccooviiiiiiiiiininiinnnnns

Ambient TemperatuUre RANZE v e iieen et tete et eetueeenone sesrnessncensensnesesonoeone e

Non-Operating Temperature Range ....ccevveeeenneeeeeennnnnns

—20°C to +50°C.

............................. —40°C to +70°C

Receiver Sensitivity .oooviiiiiiiiiiiiiiiiiiiiiiii i e eteeteeeenneteenteeeannnn 0.04 volts at standard

Receiver SeleCtivity . ciieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiennnnne.
Receiver Signal-to-Noise Ratio Requirements ..............
Minimum Channel SpacCing ....ccceeiiieiiiiiiiiieeeieeeeeeneenenns

POWeEr INPUL ceiiiiiiiiiiiiiiiiiieiietaeteeeeeenceececcencenncnncnnes

Carrier On-Off KeYINE ... cicieie et iee cieeeeceneeeneesecneene oo oeee oo ool

Weight (With Flexitest Case) ccvvviiiiiiiiiiiiiiiiiiiiiiiennnns

CAUTION Refer application to Westinghouse when
other transmitters are to be connected to thé same
coax cable as certain conditions may result indamage
to the output transistors.

NOTE Standard conditions are taken asf129-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 preven that transistors pro-
vide superior reliability/over tubes. In addition, the
latest printed citeuit\dand /filter techniques have im-
proved performance“and greatly decreased the size.
The expectéd long life of transistors as compared
with vacuumytstbes #4will 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, ina 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

conditiods (see Figs. 10 and
18).

............................. SeesFig. 14
............................. 12-db
............................. See)Fig. 16
............................. 115ma at 48 VDC, 200-ma

at 125 VDC, 1.28 amperes
at 250 VDC.

Requires one pair of con-
tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 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 asfollows:

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 disconnecting the coaxial cable.

Fig. 6. shows the location of major components
such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal terminals.

Provisions are made for plugging the@yoice
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear offtheiset
accommodates the adapter plug. A buckle type strap
on each side of the adapter holds the unit in'place
after it has been plugged in. The nermal\projection
for a rear mounted Voice AdapterdsW8-inches be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied with the adapter, a patch
cord is available on separate @rfder. Bhis patch cord
plugs into the telephone jacks on the adapter and pro-
vides an extensionto a conveniently located terminal
board.

The panel cutodt information necessary for mount-
ing the Sleet Detector is ‘shown by Fig. 11. This
unit consists ofgy@ potentiometer and pushbutton
switch mounted on afysmall panel, itself suitable for
switchboard mounting.

For 250-volt dperation, separate auxiliary resis-
tors are required, as shown in Fig. 8.
El eétricol
Transmitter

The transmitter is made of four main stages in -

cluding an oscillator, driver, power amplifier, and an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector ofyone
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of the first transistor.
The frequency is independent of v@ltage or tempera-
fure changes of the transistorsy Thus the frequency
stability is the stability of the crystal.

The input to the driver stage @ 10 is controlled
by potentiometer, R-42 whieh alsofcontrols the trans-
mitter power output. In HZM relaying CARRIER STOP
provides about + 40 _volts, fer blocking. This is ap-
plied to Q10 through T-6s Diode CR-5 prevents dam-
age to the transistorwhen this positive voltage is ap-
plied to the collecter. For CARRIER START (when
in the bloeked"pgsition) a small positive voltage is
applied to theycollector of Q-10 by means of bleeder
resisters R-67 and R-68.

The power amplifier consists of two transistors
G- 12'andy@>15, which are operated as class B ampli-
fiershin 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 impedence
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 regar dless of the channel

frequency. (See Fig. 14.) The major stages include
an input filter, atteriuator, oscillator, mixer, IF
filters, IF amplifiers, detector and a D-C power out-
put stage.

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
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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 selectivity is determined primarily by the IE
filter FL-2. Typical characteristics of this filter are
shown ‘in Fig. 15.

The IF amplifier consists of transistots Q4 Q5
and Q6.

The detector is a full wave bridge rectifier. This
rectifier in conjunction with the IF amplifier Q-6,
provides the necessary power to drive the D-C power
output stage Q-1.

The final output stage @7 willy supply approxi-
mately 18 milliamperes togavstandard 1700 ohm dis-
tance relay RRH coil and its\lassociated 500 ohm
alarm coil. It may alsogbe“used to drive other relay
coils such as is showngbyfFig. 7, Supervisory Con-
trol 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
thisyblas 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 stopped "in several, ways. The
method used with K-DAR relays is to remove the
positive voltage applied to terminal 15. In the case
of distance relaying with Westinghduse HZ/HZM
relays, application of a positiwe voltage to terminal
18 will stop the transmitter (output: Output may also
be stopped by removal “of negative battery from
terminal 18.

Resenpve Signal Detector

The Reserve8ignal |Detector is shown by Fig. 11i.
Effectively R- lgi's, a remote transmitter output control.
This controlgis obtained through varying the driver
stage (Q- 10, emitter bias, and is effective over a 40-
db rangé of \transmitter output. The detector is
switehed into sService by S-1. By adjusting R-1for a
given\receiver relay current at the far end of the
channel)ja relative measure of the channel attenuation
mayabe 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. 3, 4 and 5 show simplified diagrams of the
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and 5)

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
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
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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. 4 and 5) 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 poweram-
plifier.

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. 3)

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 the voltagé
and current on the transmission line, detect and
determine the direction of a line fault and théreby
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 out of the line segction
being protected. Conversely, when faulty 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®@s sleéet detection
and communication, should these functions be in use
at the same time. Should carrier,nowsbe received from
the remote station, the hold coilfand alarm coil will
energize through transistor, Q-=%.in'the receiver.

When carrier start gperation occurs, the CARRIER
START contact closes «applying the full battery
supply voltage to terminal 15 of the carrier set. This
puts a potential on the driver stage in the transmitter
and also applies proper bias for the power amplifier.

When “@%earrier stop operation occurs, the CAR-
RIER STOP) contact opens. This applies a positive
voltagei(see Fig. 3) 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 bl@cK a
third receiver, would be of such amplitude, phase and
frequency as to cause the RRH coil current™to
‘‘pulsate’’. It would then be possible 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) should be “separated by 100
cycles. All receivers and oné fransmitter would be
for the desired center frequency. /One of the other
transmitters would be 100 “eycles above, the other
100 cycles below this cefiter frequency.

INSTALLATION

General

Upon receipt ofia‘unit, whether shipped separately
or in an,assembly,ban 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..ccveeiieeiiinniiiiienns Fig. 11

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..iiiiiiiiiiiiiiiiiinnnneeererreeenss Ground
12, e Coaxial Cable
13 and 19....... Supervisory Preference

Contacts
14......... B- ‘““CARRIER STOP’’ return
15, i, Battery positive through
carrier start contacts
16....ccue..e.e. Battery positive for alarm
cutoff (used with com-
munication)
D B-
18....... Carrier Stop for HZM Relaying
19 e B+
D Relay Coil

CAUTION If the transmitter output load is removed
while the transmitter is energized, the transistors in
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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
coaxial 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

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

125-Volt K-DAR and GCY Relaying

125 Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GCY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca#
pacitors of the transmitter output filter are reguired
depending on the channel frequency. Theseare tab-
ulated in Fig. 9.

Adjustments

This apparatus is generally tuned to andtested
at the specified channel frequency béfore ‘shipment.
Final adjustments must be madegin the field and are
described in the following par agraphs.“Fig. 6 shows
the locations of the various coafrols.

Transmitter

1. Disconnect the coaxial cable and replacd with
a 50, 60, or 70 ohm nof=inductive resistor depending
on the charactepistic \impedance of the cable used.

2. Fig. 9shows typical output filter connections
for various“freqencydranges. In some cases it may
be necessary toyuseeither a higher or lower range to
tune the filter to r'esonance.

3. Insert fuses F-1 and F- 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-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. 12 and
13.) (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 across
terminals 11 and 12. Energize the transmitter and
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 Signal

When the maximum on-frequency noisel is un-
known and cannot be conveniently measured,jthe se-
ceiver may be adjusted for the remote signaly, First
determine the channel attenuation, using a Sierra
voltmeter or some other convenientymethod. Dis-
connect the coaxial cable and géonnecta 60-ohm
non-inductive resistor and a VTVM across terminals
11 and 12. Add 15-db to themehanmel attenuation.
This compensates for averagef variations such as
channel and voltage variationsglor example, if the
channel attenuationds 5-db,%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, ad
just the transmitter output control R-42 for 0.8 volts
and then adjust the feceiver input control so as to
obtain 10-ma Qutput current. If it is impossible to ob-
tain 10-ma ‘eutput current with control R-1 in the
maximumneloekwise position, clip out resistor R-74,
which Is), connected to the base of Q4. If the gain
is stillinsuf ficient, clip out resistor R-73, which is
connected to the base of @-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. Forg@xample, if the
adjustment is made per part a., theg#noise may in-
crease due to various reasons suchpas bad insulators,
which would require adjusting ghéyreceiver to be less
sensitive. In the adjustment (of /part¥b., the attenua-
tion may increase due to“sleeby0r line switching,
which would necessitategincreasing the sensitivity of
the receiver.

Reserve,Signal Detector

Due to, different \types of operation and supply
voltages, itiisynotipractical to have a calibrated dial
for this unit;jyHowever, calibration may be made at
installationmby ‘tecording transmitter output (either in
db orjvolts)hat various knob settings of the detector
unit.#Then, by adjusting the knob so as to obtain 10
milliamperes relay current at a remote receiver, any
increasedor decrease in line attenuation may be noted
as(the difference between the original setting, and
thewssetting required to obtain the given 10 milli-
amperes.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 plus 20
kc. Figure 9 shows the connections for the trans-
mitter output filter. It is necessary to unsolder the
existing connections and make the new connections
per the chart. After completing the preceding, the
tuning procedure as described under Adjustments for
transmitter 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§ and by
opening the CARRIER START circuit in the 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 measarements 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 RE._signal measurements for re-
ceiver, refer to Table 44

5. For gypicaly, RF signal measurements for
transmitterf refef to Table 5.

6. Removal, ©f Printed Circuit Board from
Flexitest Case.

To remoye the printed circuit board, unplug J-15
and“WJ-16 located near the output filter. Loosen the
tWwo,screws 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 filteryandwdisconnect the coaxial

cable.

8. Receiver Filters

Fig. 15 showstypical receiver selectivity curves
both RF and/IF.9If the filters are checked in a test
setup, it is neecessary to use an accurate signal gen-
erator orfpreferably a signal generator and a fre -
quency ‘counter.

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)

Voltage 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. 17)
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TABLE 1

S

D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

L 4
CONDITION A CONDITION B o] NC
Tx-Blocked tt Tx-Blocked cked
Description Jack Rx-No Signal Rx-With Signal -No Signal
129 vDC 51 vDC 129 VDC 51 vDC DC | 51VvDC
RF Input J-2 0 0 0.3V 0.3
DC Q-1 Base J-3 20V 20V 20V
DC Rx B+ J-4 20V 20V 20V m
DC R, Osc J-5 (Y 7V 7 (Y
DC Q-5 Base J-6 20V 20V \ 20 V
B- J-1 (b\
i,
DC-P1-E J-8 110 V 3 A% 32V 110 V 32V
DC-Q-7 Base J-9 69 V \ 8V 2.3V 66 V 0.3V
DC Q-7 Emit J-10 Vv 18 Vv 1.4V 66 V 1.0V
DCTXOSC J-11 v v v Y (Y v
B+ J-12 1.\ 51V 129 v 51V 129 V 51V
DC Q-10 Base J-13 \( 18 V 18V
DC Q-10 Emit J-14 18V 18 Vv
RF ma out J- 130 ma 130 ma
DC ma RRH \
and

AL ARM l 18 ma 13 mat

t With 2000 ohm registor and Sigma relay.
t+ Tx = trafismitter, Rx = receiver
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TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

Condition A Condition B
Tx-Blocked Tx-Blocked
Rx-No Signal Rx-With Signal
Transistor (Volts) (Volts)
Et Bt Ct Et Bf ct
Q-1 20.0 20.0 0.38 20.0 20.0 0.4
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 110 110 114 129
51 VDC 32 32 2 32 51
Q-7
129 VDC 70 68 78 80 86
51 VDC 1.0 1 1.4 2.2 7.0
Q-8 2 6.2 8 2
1.8 7 7.2 1.8

tt With respe

L 4

Z

Unblocked
-No Signal
(Volts)
BY Ct
6.2 8 2
7 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

; C-Collector.
rm 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 Bt Ct
Junction R-61 and R-62 (J-8) 110V 110V 110V 32v 32v 32v
Junction R-61 and R-27 (J-10) ov 8V 66V nov 1.4V 1.0V
Junction R-27 and R-60 (P1-P) 69V v 65V 0 0 0
Junction CR-8 and R-64 (P1-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, Rx<éWith 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. 001 0.1 0.1
Q1-E to Gnd. 0.05 0.05 0.05
Q1-C to Gnd. 0.07 0.07 0.07
T3-1 to 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 tg Gnd. 2.0 0.5 0.4
Q6-C to'Gnd. 13.0 10.0 8.0
T4-1t0"'Gnd. 13.0 10.0 8.0
T4-3to T4-4 4.5 3.5 2.5
J9%0 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 Gndy

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. 14)

This shows a typical curve of “the overall selec-
tivity of the receiver under “4steady” state condi-
tions.

2. Transmitter Outputf Seleetivity (Fig. 10)

Typical curves apegpshewn so that approximate
bandwiths for keying purposes can be determined for
any carrier frequency ‘between 30-kc and 200-kc.

3. Minimum Ghannel Spacing (Fig.16)

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 of the receiver are known. These can be obtained
from*ealculations 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. 12)

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.13)

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. 12.

6. Supervisory Control Connections (Fig. 7)

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 1200=ohm
resistor R3 is connected in series with the (eontrol
relay coil by removing the jumper across R3, as shewn
in Fig. 7. In order to maintain proper mark space
ratio, the relay bias current is adjusted for 9 milli-
amperes as indicated.

The receiver RF filter and the TF filfer limits
are shown on Fig. 15. Both filters are of the plug-
in type and the test circuits /with@pin connections
are shown at the top of each curnve./The IF filier is
divided into two separate seetions. The selectivity
shown is for each sectionjand/the pin connections
for each section are dlse, shown in the test circuit
sketch.

ELECTRICAL PARTS LIST

CIRCUIT MER MANUFACTURER'S
FUNCTION '
SYMBOL UNCTIO DESCRIPTION GODE DESIGNATION
CAPACITORS

C-1 Rcvr. Bleeder 2.0 uf, +20%, 200 VD@;, Paper 1 330C567 H11

tc-2 Rcvr. Osc. Feedback 140/270 ppf, £20%, 500 VDC, 1 330C566 H43

Mica or 330C566

H57

C-3 Rcvr. Osc. Bleeder 0.02 uf, MRGCy, 6000VDC, 1 330C569 H47

Bypass Disc

C-5 Q-6 Emitter Bypass 1.0 pfv+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 14C9400 H 18

C-8 B— to GND 1.0 pf, £10%, 1000 VDC, Paper 1 14C9400 H17
tCc-9 Xmtr. Ose. Feefback Same as C-2
C-10 Xmtr. Ose. 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 uf, +20%, 200 VDC, Paper 1 330C567 HO5

C-13 Q-10 Bleeder Bypass Same as C-12
Cél4 PA Base Bypass Same as C-12

14

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

A
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ELECTRICAL PARTS LIST

O

@)

VX@ator

Type 1N1789

CIRCUIT FUNCTION DESCRIPTION MFR. MANUFACTURER'S
SYMBOL CODE DESIGNATIQN
CAPACITORS (Concluded)
C-18 PA Bleeder 0.5 uf, +20%, Paper 1 \ HO6
C-19 Output Filter Tuning 500 puf, Variable, Air 1 C092 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 puf, +5%, 2500 VDC, 330C561 H27
Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 12 fd, *20%, 200\\ 1 187A177 HO1
CR-1 Bridge Rectifier 1 584C433 HO2
CR-2 Bridge Rectifier
CR-3 Bridge Rectifier
CR-4 Bridge Rectifier P Same as CR-1
CR-5 Q-10 Collector ame as CR-1
CR-6 Q-7 Collector Same as CR-1
CR-7 Voltage Re@ Type INTE8, 1 584C434 HO02
CR-8 Type 1IN1369 1 584C434 HO5

584C434 HO8

15
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ELECTRICAL PARTS LIST

O

el FUNCTION DESCRIPTION i MADNé’;éﬁILT’fBENR'S’
FUSE HOLDERS %
FH-1 B— For Type 3AGC Fuses 1 5 xoz
FH-2 B+ Same as FH-1 5@
FUSES
F-1 B— 3AGC 3/4 amp. S#330C691 H12
F-2 B+ Same as F-1
FILTERS

FL-1 Rcvr. RF Bandpass \

Freq. to be 30-kc to 60-kc (b 1

specified by 60-kc to 110-kc 1

customer 110-kc t 1
FL-2 Recvr. IF Bandpass 20-k req. 1

CTORS
J-1 Printed Circuit L 4 @) Circuit Female 1 54-B-7125 HO3
Nt
J-2 RF Input UG-185-U 1 584C292 HO7
J-3 Rcvr. Osc. Outpu Terminal Studs 1 330C592 HO1
J-4 Rcvr. Mixer-@ Same as J-3
Suppl \

J-5 R Supply Same as J-3
J-6 Q-5 Bas Same as J-3
J-1 B- ¢ Same as J-3
J-8 -6 Supply Same as J-3
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ELECTRICAL PARTS LIST

X

T FUNCTION DESCRIPTION PR, | MANUFACTURER'S
&

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 Re 1 328C093 HO1

J-16 Output Filter GND Banana Tié 1 328C093 HO2

P-1 Printed Circuit Printe@ ale 1 54-B-7126 HO3
\ZDUCTORS

L-1 Core and Coil H Total — 6 MH 1 329C450

Assembly ap (Part of FL-3)
L-2 Core and Coil ¢ 2.5 MH (Part of FL-3) 1 329C449
Assembly
L-3 RF Choke \K 1.0 MH, 300 ma 2 R-300
L-4 RF Chokeo Same as L-3
\@ TRANSISTORS
Q1 %/ixer Type 2N43 or Type 1 330C587 HO7 (2N525)
2N525 330C587 HO2 (2N43)
Q-2 Revr. Osc Type 2N414 1 330C587 H09
T

17
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ELECTRICAL PARTS LIST

e FUNCTION DESCRIPTION OFR. | MANDEAC TURER'S
TRANSISTORS (Concluded)
Q-3 Recvr. 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 2N332, 1 330C587 HO6
Q-7 Rcvr. Output Type 2N1156 1 330C58T7 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 a8, Q12
RESISTORS
R-1 Rec. Input 25 K, *20%, 1/4 W, Pot. 1 584C276 H23
R-2 Filter Matching 10K, +10%, 1/2 W 1 330C595 H37
R-3 Filter Load Same as R-2
R-4 Rcvr. Osc. 1K, +20%, 1/4 W, Pot. 1 584C276 H19
R-5 Rcvr. Voltage 6.2 K, +5%, 1 W 1 330C666 H68
Diyider
R-6 Q-2 Cdllector 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
Divider

18
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ELECTRICAL PARTS LIST

O

C

SvmeoL | FUNCTION DESCRIPTION Cone | DESIGNATION.
&
RESISTORS (Continued) %
R-10 -2 Base Same as R-2
R-11 Q-2 Base 100 K, *5%, 1/2 W 1 330C665 HOS
R-12 Q-3 Collector Same as R-6
R-13 Q-3 Emitter 390 Ohms, +5%, 1/2 W 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 2.2K, +10% 1 330C595 H41
R-17 Revr. Osc. Bleeder 18 K, +10K& 1 330C597 H40
R-18 | Revr. Osc. 9.1 K,@ W 1 330C664 HT2
R-19 Q-4 Bias hms, + 5%, 1/2 W 1 330C664 H25
R-20 Q-4 Bias as R-2
R-21 Q-5 Bias Ohms, + 5%, 1/2W 1 330C664 H29
R-22 Q-5 Bias . Same as R-2
R-23 Q-6 Bias K\ 330 Ohms, + 5%, 1/2 W 1 330C664 H37
R-24 Q-6 Bias \ Same as R-2
R-25 Q-6 Emi@ Same as R-19
R-26 Q—@ Same as R-6
R-27 Xas 20 Ohms, +5%, 1/2 W 1 330C664 HO8
R-28 . Osc. Bleeder Same as R-18
R-29 Xmtr. Osc. Bleeder Same as R-17
L 4
-30 Xmtr. Osc. Bleeder Same as R-16

19
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ELECTRICAL PARTS LIST

CIRCUIT MFR. MANUFACTURER'S
FUNCTION DESCRIPTION
SYMBOL CODE 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, +5%, 2 1 330C668 H86
Divider
R-40 Buffer Voltage Same a
Divider \
R-41 Buffer Voltage Same -2
Divider
R-42 Xmtr. Osc. Output 1 4 Qas R-4
R-43 Q-10 Bias \\ame as R-23
R-44 Q-10 Bias O 33K, + 5%, 1/2 W 1 330C664 H85
R-45 Buffer Voltage 15K, + 10%, 1 W 1 330C596 H39
Divider
R-47 6.8 K, +5%, 1/2 W 1 330C664 H69
R-48 15 K, #5%, 1/2 W 330C664 HTT
Divider
) L 4
R-49 A Bias 27T K, +5%, 2 W 1 330C668 H83

QO
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I.L. 41-9

ELECTRICAL PARTS LIST

O

Same as R-75

et | roncron ocscrmon | M8 | WATACTURERS
L g
RESISTORS (Concluded)
R-50 Xmtr. PA Same as R-19 @
R-52 Q-12 Emitter 10 Ohms, *+ 5%, 1/2 W 1 30C664 HO1
R-55 Q-15 Emitter Same as R-52
R-59 Xmtr. Bleeder 47 Ohms, +10%, 1/2 W 330C595 HO9
R-60 Recvr. Bleeder 1K, 5%, 25 W 584C416 H57
R-61 Recvr. Bleeder 600 Ohms, +5%, 25 1 584C416 H47
R-62 Recvr. Bleeder 350 Ohms, *5%, 1 584C416 H52
R-64 Xmtr. Bleeder 1200 Ohms&éy»w 1 584C416 H64
R-66 T-T7 Load 560 Ohmis, o, 2 W 1 330C668 H43
R-67 Xmtr. Blocking S, %, 2 W 1 330C668 HO1
R-68 Xmtr. Blocking 0 +10%, 10 W 1 330C577 HO1
R-69 Q-10 Emitter as R-19
R-70 FL2 Decoupling’ 70 Ohms, +10%, 1/2 W 1 330C595 H21
R-T1 Q-4 Emitter 150 Ohms, *10%, 1/2 W 1 330C595 H15
R-T2 Q-5 Emitte% 68 Ohms, +10%, 1/2 W 1 330C595 H11
0 180 Ohms, +10%, 1/2 W 1 330C595 H16
@ 2.TK, +5%, 1/2 W 1 330C664 H59
lector 22K, +10%, 1/2 W 1 330C595 H41
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TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

<

CIRCUIT MFR. MANUFACTURER'
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
L

TRANSFORMERS %

T-1 Revr. Input Impedance Ratio 10 K; 1 S#IN 33005
10K

T-2 Rcvr. Osc. Impedance Ratio 10 K: 1 1 97, L.-633003
400 ohms

T-3 Rcvr., Mixer Impedance Ratio 25 K: 1 #1962697, L-592171
300 ohms

T-4 IF Output Impedance Ratio 4 K: S#1962693, 1.-592289
500 ohms

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

T-6 Xmtr. Buffer Impedance Ratio x 1 S#1962698, 1.-592170
400 ohms CT

T-7 Xmtr. Output Impedan i @ 0: 1 S#196 2694, 1.-633000
60

NTS

TP-1 R-5 T studs 1 330C592 HO2

TP-2 R-8 @ as TP-1

TP-3 R-17 \ame as TP-1

TP-4 R-18 Same as TP-1

TP-5 Same as TP-1

TP-6 Same as TP-1

TP-7 Same as TP-1

TP-8 Same as TP-1

TP-9 Same as TP-1




TYPE KR CARRIER SET

I.L. 41-

ELECTRICAL PARTS LIST

O

O

CIRCUIT MFR. MANUFACTURER’S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNAT‘ON
SOCKETS
X-1 FL-1 Octal 1 \ 689 HO1
X-2 FL-2 Same as X-1 m
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 584C606 HO1
XY-2 Xmtr. Y-2 Same as XY-1
CRYST*
Y-1 Rcvr. Osc. Specify Ch 1 Freq. 1 328C083
Plus 2
Y-2 Xmtr. Osc. S F ame as 1 328C083
el Frequency
R SIGNAL DETECTOR
#470D167G02)

R-1 Resistor, Level K, 2 W, Pot. 1 51-D-1976 H17

Control 4 (S#1475074)
R-2 Resistor, LiQ 2000 ohms, 2"’ tube. 1 1267296
S-1 Tesl Swi SPST Normally Open 1 327C854 HO1

Q>®

LIST OF MANUFACTURERS

1. Westinghouse Electric Corporation

2. National Co., Inc., Malden, Mass.
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TYPE KR CARRIER SET

1 he
- - | " 4[‘
ALARM
La3 CororE A CARRIER
T CARRIER },pﬂ 6| LJ ALARM
resr
| |
A
Rx-1 CARRIER Y ouT |
SwiTCcH i \ A
(SA 20
_ BEEY, i | com
w i
15/ 51v ! 5 7 -~
6004|129V ! : i
12502/ 258y | /0_1_[—3—- .| COAXIAL
| /' CABLE TO
{ _ VOICE ADAPTER LINE TUNER
| OCTAL SOCKET
' |
L Qo @5 : , RF GRoUNDING
IK/51Iv I £/ KR CARRIER ASSY | | SWITCH
4K/ 129v I KR BKR KR REF DWG 540 D780 _| | PROTECTOR UNIT
10K/ 258y T T 1—8__1 4 Y T T T ‘
z5en/s, v = #csp
11125V I ¢so [
/K[258v #
@ Tasa6 |
. |
B- 1t J - —_ - —

HE
REQUIREMENTS FoR /f/ZM RELAYING

CARRIER

SuPPLY CARRIER

VOLTAGE START Srop STRAP

Sivoc +SIv. IMA +28V IN
/29 vDC +/129v. BMA +4ov N
258voC + 258v.8MA +4ov ouT

KR RELAYINGTRANSMITTER /
PECY. EXTERNAL COMNECTIONS
TERMINALY: COMMECT IO AL
/7. GRoOUND

AMOTES

+  FOR 5/ €& 129 vDC SUPPLY.

FOR 258 vDC SUPPLY USE
330Cr9/Ha! RES/ISTOR UMNIT
REF ODwG 223 8497

O FoR SuPERVIScRY CONTROL
PREFERENCE CONTACTS.

e

/2. COANIAL CABLE

13, SUPERV/ISORY PREFERENCE CONTACT
/4. CARRIER STOP B- RETURK

/s CARRIER START (POSITIVE)

16 ALARM CUTOFE FOR. COMMUMICATIONS
/17 8 MINUS

/8 CARRIER STOP (HZ /HZM)

9 B8 PLUS

20 RELAY COIL

% Fig. 3— Relaying Control Circuits ~ HZ/HZM (Dwg. 1-329C704)

27



I.L. 41-941.1C

R a
&t
CAR, e
@ ' e AA AE’/E
CARRIER U/? L ARM
TEST VNG |ALARM
8 CUTOF_F"’ @
85 8 CARRIER
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LJ-‘ RX'/ !
R3 ouT
+
1t
CARRIER @
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=+ KR | KR AR KR (oMM
F KR
705 B PRYC RN %+ A i
Q47 RCVR. '
csP | ~2 3 ZUS'PU { RF GRouwnpD
o= = (Pism 7o 14069 ~ 71 JIRANSSTOR. SwiTcH
j €56 | 1y ~i— J3 i
Z3 k23 | -
GHT  Asé) » ' - 77
L3 ! olYRE LT Ry I
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1 b £/ ! To L1NnE
| KR CARKIER 4SSy ! TUnER
| ‘2 |8 |5 REF DWG 540 D780 J' ‘
2 D G B 2l 17
f.h . |
| - — -
REQUIREMENTS FOR K-DAR RELAY NG
SUPPLY VOLTAGE CARRIER START  CARrRIER SToP A
s/ voe + 37TV, 2MA4 £ VOLTS 2K
/129 vbC +/00Vv 8MmA avoLTs 375K
258 vbc +/100v 8mM4 O voLrs 19K
NOTES

KR RELAYING TRANSMITTER /
RECYV. EXTERNAL COMNMECTIONS

TERMIMNAL- CONNECTION

/11
12
/3
/4
/s
6
/7
/18
/9.
20

SROUND
COAXIAL CABLE

SUPERVISORY PREFERENCE CONTACT
CARRIER STOP A- RETURN

CARRER START (PoSITIv &)

ALARM CUTOFF FOR COMMUMNICATIONS
8 MI/NUS

CARR/IER STOP (HT/HEM)

8 PLuUs

RELAY CoIL

% Fig. 4-Re

laying Control Circuits—K-

F  FOR 5/&129VDC SUPPLY

tt FOR 258VvODC SUPPLY USE
330CI9440! RESISTOR UNIT
REF DWG 2238497

Dar (Dwag. 3-329C704)



TYPE KR CARRIER SET

l.L. 41494%:1C

B8+ R
”}
1
, |
4 ALARM RA =RA ‘K&
CUToOFF ALA
I IEC A
VN |
—
| (R) RevR REEAY COIL
!
WRX-/ ¢
A ouT 1|
0
KR KR KR KR kR O ComMMm
/ o
CARRIER. il e 2 =
START ™5
| RF GROUND
\ SWiTCH
q i l
SN L ¥
E L un | COAXIAL
o a- R ;F SC  voscE ApAPTERN CA,.B“‘
Y | (OCTAL SOCKET) L/MOE
sS¢ =— tg | TUNER
HER
- ‘b) J: 1
ckPe &164|
|
|
G- A VA e
5 -
REQUIREMENTS FOR GCx/GCY |RELAYING
SUPPLY VOLTAGE CARRIER START “CAKRRIER SToP R
St voc + 37wy 7MA O voLrs 2K
/29 vDC + ooV, . OMA 0 VoLTs 3.75K
258 voc + 100¥ BMmA O voLrs /9. K
NOTES
KR RELAYING TRANSMITTER / X FOR "R" USE OMWMITE VITREOUS ENAMELED
RECY, EXTERNAL CONNECT/OMS DIVIDOMM ADJUSTABLE 4K OR 20K 25 W
TERMIMNAL- COURIECT T ION RESISTOR, COMNECT € ADJUST FOR VALUES
SHoww
/1. GROUND
/2. COAXIAL CABLE A TrpE IN30S)
134 SUPERV/ISORY PREFERENCE CONTACT
14 CARRIER STOP B- RETURM 7 FOR S51£129 vbC SuUPPL
15 . CARRIER START (PoSITIVE) R SI¢ 4
/6% ALARM CUTOFF FOR COMMUNMICATIONS 11 rpp 258V DC SUPPLY USE
/17. B M/MUS
/8. CARRIER STOP (WI/HWZM) ggg%&g%’z fgi’;;o‘z vkir
/9. 8 PLUS
20 RELAY COrIL O FOR SUPERVISORY CONTROL

PREFERENCE CONTACTS

% Fig. 5 Relaying Control Circuits —-GCX/GCY (Dwg. 2-329C704)
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TYPE KR CARRIER SET
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TYPE KR CARRIER SET

LL. 4)-941C

4 204UST FOR i
MA AT JI
' \ JACK-JI> [ =7 KR
\ 2ot O
| 20
2 P——NEG. DC

b — — ] — ]

2.POLARITY SHOWN CLOSES CONTACT BETWEEN
TERMINALS 48 6,

|
|
|

-— -—— -q4 -~

: ‘[._}' "‘ |

KI @ @ 6 lye | | TO SUPvEONTROL

| X [ ] EQUIPMENT

! Lo

Y SR S - 7

° |
POS. s
SEE NOTE |
TEE POS. lgg POS. DC (48 OR 125)
R3 Lo
ELCO TERMS
NOTES' J2
IREMOVE FOR KR CARRIER PLUS SUPV. CONTROL — 5 2

WITHOUT RELAYING. 123 4
56 7 8
I I

AS VIEWED FROM REAR OF PANEL 629A552
—|~
<
L | %4 — 3 41 T
_ICD
[_ 2 wioe x%DEEP-TWO SLOTS
¥
"lo
— wedinghoust P ‘ ‘nlm
— € pdd 1o
L2}
na% MTG. CENTERS
9 2928991

Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A552) and Outline (Dwg. 292B991).
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TYPE KR CARRIER SET

CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERVISORY CONTROL APPLICATION
(CHANGES FROM JUMPERS SHOWN ON |NTERNAL SCHEMATIC, FI1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 1S
USED AS SHOWM ON APPLICATION DRAWING 329C704

FOR HZ/HZM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYING).

RESISTOR UNIT SCHEMATIC:

0.15 Q. STANDBY
[o.a a. TRANSMITTING

ouT (- ¢

N O— 175} — 35} {25} oot
R R2 R3 R ll.lAMP.

com.O 282525 = {25+
R8 R7 RIG RS

POWER CONSUMPTIONS= 303 |WATTS AT 258 V.
390" WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE“WILLWBE APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDITUHON WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-YOLT HZ/HZM OPERATION
JUMPER TP=7 AND TP-8 |S REMOVED.

48 VOLT OPERATION

ON PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TPS AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TPY

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R6Y
AND DIODE CR8 IS REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CONTROL,
R59 1S CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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TYPE KR CARRIER SET

lL.L. 81

LINE FREQUENCY RA

| — 27.7 KC=30.0
2— 29.8 KC-33.1
3 — 31.8 KC-36.0
4 —35.4 KC-39.0
5 — 38.0 KC-41.0

¢ — 40.3 KC-45.0
7 — 43.0 KC-49.0
8 — 47,7 KC-56.0
9 — 49.5 KC-58.5
10— 57.0 KC-72.3
It — 67.0 KC-76.0
12— 75.0 KC-88.0
13— 77.5 KC-93.0
14— 89.3 KC-114,

IS — 102.7KC-147,
16 — 136.6KC-210.

Q. CONNECTION FROM 6

L
TRANSMITTER OUTPUT FILTER FL-3 CONNEETIO
COIL PARALLEL

NGE COIL CONNECTIONS CAPACITOR CONNECTIONS A
KC L-1 6-8-9-10-11

KC L-1 6-8-10-11

KC L-1 6-8-9-11

KC L-1 6-8-11

KC L-1 6-8-9-10-11

KC L-1 6-8-10-11

KC L-1 6 6-8-9-11

KC L-1 3-6 6-8-11

KC L-1 3-6 6-8-9-10

KC L-1 3-6 6-8-1

KC L- 6-7 6-8-9-11

KC L 6-7 6-8-11

KC L 6-7 6-8-9-10

5KC - 6-7 6-8-10

OKC L 6-7 6-8-9

OKC 6-7 6-8

S

p S@E BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

N

Fig. 9. Connections - Output Filter (Dwg. 149A420)
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TYPE KR CARRIER SET

DB ATTEMUATION

34
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=25 -20 /=15 -10 -5\”/5 10 1S 20 25

F
c
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Fig. 10. Transmitter Output Filter Selectivity (Dwg. 377996)
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TYPE KR CARRIER SET LL. 41-941

L 4

INECT TO TRANS-
TER CARRIER
RT TERMINAL

. _MAX. CCW POSITION
g
PERMISSIBLE CONTROL
VARIATION
0 d6(IWATY @ GOOH

To -40db (0.t MILLIWATT)
l——@

i

—— APPLY B¢

SCHEMATIC

\
T

1
F o

-3 3WMIN. CUTOUT

3w MIN. CUTOUT
_ﬁ3*

Fig. 11. Reserve Signal Detector Outline (Dwg. 329C703)
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TYPE KR CARRIER SET

36

o8

+ 2
INCREASING OUTPUT
INCREASING SENSITIVITY /
+ /- /
//'
o

7
RECEIVER SENSITIVITY = 40 MV AT /29 VDC
TRANSMITTER OUTPUT = /O W AT /29 VDC

— 4 }— (/1OW=n8.0VOLTS AT @O OHAIS)

FREQUENCY = /20 KC
TEMPERATURE =~ 25°C
| | I | |
100 110 /20 /30 /40

SUPAPLY VOLTAGE

Fig. 12. Transmitter Output and Receiver Sensitivity Variations with Voltage (Dwg.

377999)
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TYPE KR CARRIER SET

38

08 STEADY STATE ATITENUATION

50

46

40

as

30

25

20

]

/10

-2 -/ Fo */

FREQUENCY (kcC)

Fig. 14. Receiver Selectivity (Dwg. 377993)
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TYPE KR CARRIER SET I.L. 41-9414C

20
ve

IF FILTER TEST CIRCUIT 15 2//‘ /?
10K ;EC;—E@ g 1o g/) / ?

~) (v, ) orMs . 3303&3 // /
§ g RN
ec’2 7 . 7
@‘g e zr.a@ ZMA\VARY

‘ ! s 8 oHM S QNT9 20 21

F (kC)

Fach’section FL-2 requirement
with typical selectivity curve
Insertion loss 26 DB max.
Including matching resistor.

08

\ i /

NRRMMINN

80
RF FILTER TEST CIRCUIT
IOK
O O
OHMs |t Silaoxr

OHMS V2

”)
~
(1)

v
N
o

[

,

AR

AR RN

-6 -4 -2 F +2 +4
FREQUENCY (kC)

FL-1 Requirement with typical selectivity
curve at 120 KC. Insertion loss 18 DB
max. Including matching resistor.

Fig. 15. Receiver Filter Limits (Dwg. 377995)
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ZERO DB = 8voLTS

MINIMUA CHANNEL SPACING

FOR KEYED CARRIER 15PPS

Fig. 16. Minimum Channel Spacing (Dwg. 377998)
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TYPE KR CARRIER SET I.L. 41-948.

Coaxial Lead...756D346 G02

l )
F x BLACK”
Ou e@DMG G03

) .

@

> [ufo o= x[r[xfz] v]a[o

r

Main Harness... 756D346 G04

Fig. 17. Test Harness — (Complete Set)

41



IS
STINGHOUSE ELECTRIC CORPORATION (
S lllllllllllllllllllllll J

NEWARK, N. J.



Westinghouse 1.L. 41-941.1
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Voice Adapter

Accessories.
Style
KR Sleet Detector . ... ................... %, 470D167 GO1
250 Volt ResistorUnit ... ... ... fi 330C 191 HO1
Test Hamness (Complete Set) .. ... ..... % . oed . 756D346 GO1
Coaxial Lead . ... ... ..ttt n. W. . . 156D346 G02
Output Lead . ............... 0% . .. 1756D346 GO3
Main Harmess . . . v v v v v v v v v v oW VI U 756D 346 G04
TABLE OF CONTENTS Adjustments
Transmitter.iiiiieiiiiiiiiiinneeeennnneens Page 7
Receiver civiiiiiiiiiiiiiiiiiiiiiiiiinnnnns Page 7
Introduction ....cciiiiiiiiiiiiiiiiinen. Y . W Page 2 Sleet Detector ..viveeieerienniinnnneenss Page 8
. 250-Volt Resistor Unit ....covcvnneeenn Page 8
Specifications ...cceeviiiiiiiiiiiinnirnnnenenciadanes Page 2 Frequency Change .........ooveesenns. Page 8
Description Maintenance ..iviiiiiiiiiiiiiinnnneiiineiiesnenieees Page 9
GONETAL oo . Page 3 P2¥0) o] S Te: 15 10) o N Page 13
Mechanical ...........oooiiin. . 0 N+ - eaerns Page 3 Electrical Parts LiSt.eeeeee oo eeeieinnnnnn, Page 14
Electrical...cccovviiinnes. o
Transmitter ........ . Page 4 LIST OF TABLES
Receiver....ooe ammee o limiheeeenneeeeeeenenns Page ¢4
Transmitter COntrol €ircuits.............. Page 5 Table
Sleet Detect.or ............................... ,Page 5 1 D-C Pin Jack Measurements with
CommunicationS.....cccevvveennnnnennnnnnnens Page 5
RelayingLControl Circuits................. Page 5 R.eference €0 B-oevenene Trentereren Page 10
2 Transistor DC Measurements with
Reference to B-.iiiiiiiiiiiinninnnnnnns Page 11
. 3 D-C Bleeder Measurements with
Installation
Reference to B-..cvveeieiennnnnneeens Page 12
(€12391) -1 [ A, ... Page 6 4 Typical RF Signal Measurements
Connections for Receiver civiiviiiinnneecininnnnens Page 12
External........cociiiiiiniiiiiiininiinininnn Page 6 5 Typical RF Signal Measurements
Internal c.iievieiiiiiiiiiiiiiniiiieieienniennns Page 7 for Transmitter ....cccevviiiieeiennennns Page 13
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TYPE KR CARRIER SET

LIST OF ILLUSTRATIONS

Figure References
1 OQutline — Flexitest Case ..covvvvinnnns 540D753
2 Internal Schematic ..iveveiiiiiiiiiiniennns 540D780
3 Relaying Control Circuits

(HZ/HZM) tovvriininnniinnnns Cereasees 1-329C1704
4 Relaying Control Circuits

(K-Dar) «oeeeeees Cetetecaticeecttesannns 3-329C1704
5 Relaying Control Circuits

[(c10).91¢]0) 4 T 2-329C1704
6 Component Locationiiiceeiieiiieiiieeinnns 540D 1781
7 Supervisory Control Receiver

Connectionciviviiieiiiiiiiinessennnnes 223B498
8 Connections, 48-250 volts

and Supervisory Control............ 407C971
9 Transmitter Output Filter

Connections ....... Cresreersettantnane 149A420
10 Transmitter Output Filter

SeleCtivityiiiiiiiiiiiiiiiiiiiiiiiinnnns C377996
11 Sleet Detector — Outline and

Schematic ......covveeeees 329C1703
12 Transmitter Output and Receiver

Sensitivity Variations with

D-C Voltage ......cccoeveveeenennnnnen C377999

13 Transmitter Output and Receiver
Sensitivity Variations with Frequency, C378000

15 Receiver Filter Limits ..cciviiiiieiinnnn, C377995
16 Minimum, Channel Spacing .............. C371998
17 Test Harness 756D 346

CAUTION The voltages encountered in this equip-
ment are dangerous to life. To be safe, disconnect
the power source and close the grounding switch
when servicing the equipment.

INTRODUGTION
The Type KR Relaying Transmitter-Receiveris
designed for Distance Relaying, Telemetering,

Supervisory Control and@Sleet “Detection. Facilities
are provided for a pligsin t%pe voice adapter. The
basic design is formoperation from 125-volt station
batteries. Howevery thejapparatus may also be oper-
ated from 48-volt /ora250-volt station batteries by
means of varieus internal connections. These various
connections ‘as“well as most of the adjustments are
made at theyfactory, although they can be changed in
the field.

Although designed primarily for operation with
Westinghouse protective relays, this apparatus may
alsopbe“coordinated with other types of directional-
distance relays and with most other contact keyed

14 Receiver SelectivVity wueievevevenenenenens C377993 devices.
SPECIFICATIONS

FreqUENCY RANZE.iuiiieeeereeeerasensessnoneesaliessdssssssessssessssesssssesssssssssesssssssnne 30-kc to 200-kc

Channel Attenuation Rating ...ceeismeeceeiatlieeieeieiecisiectstesrssesrsssstsssssssssssnans 40-db

Transmitter Power OutpUb .. ...t @i iiiiiiiiiiineiiitiennttesneesnsesnsesnsennsennss 1.0 watt at standard condi-
tions (see Figs. 12 and 13).
0.5 watt with a 48-volt d-c
supply.

Transmitter HArmonie OUEPUL At eeeieeeeeeerreeerareeeeeersnnssssssseecsssssseseesssssssecsnns At least 46-db below funda-
mental.

Transmitter OUPUIMDPEAANCE. vt vviiiiiiertttettsesessssossssssssssessssessssssssssssssosnne Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter Output Filter Selectivity ciiiiiiiiiiiiiiiiiiiiiiiiiiiiiinrierinriieeernnnsees See Fig. 10

Transmititer and Receiver Oscillator and Frequency Stability .....veveviisuennenes 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 RipDIe ciivuiiiiiiiiiiiiiiiiiiiiiiiiiiieiiietienerennnecenenes 7-%%

Ambient TemperatUre RANZe cuviiuiiiiiiiiiiititiiiieetiieeeeeerseeeseossseesssesssessnneens —20°C to +50°C.

Non-Operating Temperature RaANEe ...ocveiiiiiiiiiieiiiiienreieeneeeeserenseesneessnncesnns —40°C to +70°C

Receiver Sensitivity .oviviiiiiiiiiiiiiiiiiiiiiiiii i i teverressacretcocaressacere 0.04 volts at standard
conditions™see Figs. 10 and
18).

) TSI RILE) Y=Y LYol 5 8T U A P See Fig. 14

Receiver Signal-to-Noise Ratio Requirements ........eiviviiiiiiiiiiriiiiiiriennnnnnne. 12-db

Minimum Channel SPaCIIE covui ittt iiiittiiiertaeeeneeeeseesssncessssesssseenes See F'ig. 16

POWET IIIDUL tettiiiieiietiiiiiitteiiiiieeeenieeeeessneeseessssssseeesssnssecesssnssssnnnseessnsmes bl ma at 48 VDC, 200-ma
at 125 VDC, 1.28 amperes
at 250 VDC.

Carrier On-Off KeYINg ..iiiiiiiiiiiiiiiierreentennnerseeseneeoseeeseeseeesaiiesesdahodoecdadio. Requires one pair of con-

Weight (With Flexitest Case) c.cvvviieeiiiiiiiiiiiieeeninnnnne.

CAUTION Refer application to Westinghouse when
other transmitters are to be connected to thegsame
coax cable as certain conditions may result infdamage
to the output transistors.

NOTE Standard conditions are taken as _29-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 reliabilit¥mever®tubes. In addition, the
latest printed circuiti and filter techniques have im-
proved performanceypandmpgreatly decreased the size.
The expected long life of transistors as compared
with vacuum, tubes will reduce maintenance costs,
and the low powergrequirements will produce impor-
tant savings in battery and charger requirements.

Transistdrs perform the same functions as vacuum
tubes:), However, tubes operate by the flow of elec-
tronswin)a vacuum between elements, while transis-
tors “depend 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

tacts capable of keying 8-ma
DC at an open circuit voltage
of 125 VDC.

............................. Approximately 16-l1bs.

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 asfollows:

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 disconnecting the coaxial cable.

Fig. 6. shows the location of major components
such as potentiometers, jack, test points, crystals,
transistors, etc. External connections and the
Schematic Diagram are shown by Fig. 2. The num-
bered terminals shown as squares apply to the ex-
ternal termminals.

Provisions are made for plugging the  Voice
Adapter Unit in the rear of the relaying equipment.
Octal socket marked X-4 on the rear of  heset
accommodates the adapter plug. A buckle type Strap
on each side of the adapter holds the unityin‘place
after it has been plugged in. The normmal projection
for a rear mounted Voice Adapter isy3-ineh€s be-
yond that of the relaying equipment. When the KR
Relaying Unit is supplied with‘the adapter, a patch
cord is available on separate order:yThis patch cord
plugs into the telephone jacks/on the adapter andpro-
vides an extensionto a conveniently/ located terminal
board.

The panel cutout,information necessary for mount-
ing the Sleet Degtector isWshown by Fig. 11. This
unit consists ‘of, a’ potentiometer and pushbutton
switch mounted on“ansmall panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis
tors are réquired, as shown in Fig. 8.
Electrical
Transmitter

The transmitter is made of four main stages in -

cluding an oscillator, driver, power amplifier, and ‘an
output filter. In the oscillator, the crystal is operated
as a resonant circuit between the collector ‘0f one
transistor and the base of the other. The feedback is
supplied through a capacitor from the collector of the
second transistor to the base of the first trafsistor.
The frequency is independent of volfage or tempera-
ture changes of the transistors. Thus the frequency
stability is the stability of the crystals

The input to the driver gtagedQ-10 is controlled
by potentiometer, R-42 which"also ontrols the trans-
mitter power output. In HZM relaying CARRIER STOP
provides about +40 volts for blocking. This is ap-
plied to @ 10 throughT=6. Diode CR-5 prevents dam-
age to the transistorwhenthis positive voltage is ap-
plied to the colleetor.9For CARRIER START (when
in the blocked (pogition) 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-
fiets, 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 impedence
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. 14.) The major stages include
an input filter, attenuator, oscillator, mixer, IF
filters, IF amplifiers, detector and a D-C power out-
put stage.

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

P
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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 selectivity is determined primarily by the IE
filter FL-2. Typical characteristics of this filter are
shown in Fig. 15.

The IF amplifier consists of transistors Q¥4 Q5
and Q6.

The detector is a full wave bridge tectifier. This
rectifier in conjunction with the IF“amplifier Q-6,
provides the necessary power teo drive the D-C power
output stage Q-7.

The final output stage @7 will supply approxi-
mately 18 milliamperes toga, standard 1700 ohm dis-
tance relay RRH coil and its)associated 500 ohm
alarm coil. It may also_bedused to drive other relay
coils such as is showngbwy Fig. 7, Supervisory Con-
trol Connection$s.

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, bia’s 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 stopped "in several ways. The
method used with K-DAR relays is to remove the
positive voltage applied to terminal 15. In the case
of distance relaying with Westingheuse HZ/HZM
relays, application of a positive voltage to terminal
18 will stop the transmitterf output. Output may also
be stopped by removal“ef negative battery from
terminal 18.

Sleet Dgtector

The Sleet Detectoriis shown by Fig. 11. Effec-
tively R-1 is a_gemoteatfansmitter output control. This
control is obtainedythrough varying the driver stage
(Q-10) emitter“bias, and is effective over a 40- db
range offtransmitter output. The Sleet Detector is
switched into service by S-1. By adjusting R-1 for a
givenyreeeiver relay current at the far end of the
channely, a Telative measure of the channel attenua-
tion, may~be obtained. This is discussed further in
the seetion 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. 3, 4 and 5 show simplified diagrams of the
relaying control circuits.

1. K-DAR and GCY Relaying (Figs. 4 and 5)

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
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
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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. 4 and 5) to terminal 15 of the carrier set.
This puts a potential on the driver stage in the trans-
mitter and al'so applies proper bias for the power am-
plifier.

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. 3)

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 the voltage
and current on the transmission line, detect and
determine the direction of a line fault and thereby
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 out of the line section
being protected. Conversely, when faultyjpower 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 suchg@s sleét detection
and communication, should these functions be in use
at the same time. Should carrier,nowsbe received from
the remote station, the hold coil @nd alarm coil will
energize through transiston Q-7.indthe receiver.

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

When @%earrier stop operation occurs, the CAR-
RIER STOP\contact opens. This applies a positive
voltagei(see Fig. 3) 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 bldck a
third receiver, would be of such amplitude, phase and
frequency as to cause the RRH coil current to
‘‘pulsate’’. It would then be possible 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) should be ‘separated by 100
cycles. All receivers and ong transmitter would be
for the desired center frequency. One of the other
transmitters would be 100 “eycles above, the other
100 cycles below this center frequency.

INSTALLATION

General

Upon receipt ofiafunit, whether shipped separately
or in an,assembly,%an immediate inspection should be
made. Carefullypeheck for damage or shortages.

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

Flexitest Case Mounting.............. Fig. 1
Sleet Detector...veeeviieennnicnnennnns Fig. 11

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.iiiiiiiiiiiiiiiiiiiiiiininnineenns Ground
12 it Coaxial Cable
13 and 19....... Supervisory Preference

Contacts
14......... B- ‘“CARRIER STOP’’ return
) T Battery positive through
carrier start contacts
16, ciiiiinn.. Battery positive for alarm
cutoff (used with com-
munication)
1 ettt B-
18....... Carrier Stop for HZM Relaying
10 ittt e e B+
N Relay Coil

CAUTION If the transmitter output load is removed
while the transmitter is energized, the transistors in

L

LR
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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
coaxial 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

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

125-Volt K-DAR and GCY Relaying

125-Volt HZM Relaying, Telemetering,
and Supervisory

250-Volt K-DAR and GCY Relaying

250-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inductors and ca<
pacitors of the transmitter output filter are required
depending on the channel frequency. These Are tab-
ulated in Fig. 9.

Adjustments

This apparatus is generally tuned to anditested
at the specified channel frequency befere shipment.
Final adjustments must be made in the field and are

described in the following par agraphsy Eig. 6 shows
the locations of the various controlsy

Transmitter

1. Disconnect the codxial éable and replacd with
a 50, 60, or 70 ohm non-induetive resistor depending
on the characteristi¢ impedance of the cable used.

2. Fig. 98hows typical output filter connections
for variousffrequency, ranges. In some cases it may
be necessar yit0 usefeither a higher or lower range to
tune the filter to‘r@sonance.

3. InsertVfuses F'-1 and F-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. 12 and
13.) (Approximately 5.5volts 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 across
terminals 11 and 12. Energize the transmitter and
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 Signal

When the maximum on-frequency noise fis un-
known and cannot be conveniently meastired, the re-
ceiver may be adjusted for the remote signals First
determine the channel attenuation using a “Sierra
voltmeter or some other convenient,methed. Dis-
connect the coaxial cable and cemnnectyda 60-ohm
non-inductive resistor and a VTVM across terminals
11 and 12. Add 15-db to the_chanmel” attenuation.
This compensates for average 4vagiations such as
channel and voltage variations{ For example, if the
channel attenuation i§ 5-db,%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 off0.8 volts. To do this, ad
just the transmitter output control R-42 for 0.8 volts
and then adjust the receiver input control so as to
obtain 10-ma Qutput current. If it is impossible to ob-
tain 10-ma@eutput current with control R-1 in the
maximumycloekwise position, clip out resistor R-74,
which is)connected to the base of Q-4. If the gain
is stillminsuf ficient, clip out resistor R-73, which is
connected to t he 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, casés may
arise where conditions change. For .example, if the
adjustment is made per part a., the noise may in-
crease due to various reasons suchpas bad'insulators,
which would require adjusting theyreceiver to be less
sensitive. In the adjustment of partwb., the attenua-
tion may increase due to 4sleet, or line switching,
which would necessitate increasing the sensitivity of
the receiver.

Sleet Detector

Due to difféerent“types of operation and supply
voltages, it{is,not practical to have a calibrated dial
for this unit;yHowever, calibration may be made at
installation,by ‘tecording transmitter output (either in
db on, volts) at“various knob settings of the sleet
detectoryunit.:9Then, by adjusting the sleet detector
so as to obtain 10 milliamperes relay current at a re-
mote reeeiver, 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.

250-Volt Resistor Unit

With the apparatus energized, adjust R-4 in the
250-volt resistor unit so as to obtain 125-volts 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 plus 20
kc. Figure 9 shows the connections for the trans-
mitter output filter. It is necessary to unsolder the
existing connections and make the new connections
per the chart. After completing the preceding, the
tuning procedure as described under Adjustments for
transmitter 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-

AT
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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 relayingj and by
opening the CARRIER START circuit in the case of
K-DAR and GCY relaying.

1. For D-C pin jack measurements with reference
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 ‘signal measurements for re-
ceiver, refer to Table 4.

5. For sypical RF signal measurements for
transmittery refepr to Table 5.

6. Removal 4of Printed Circuit Board from
Flexitest Case.

To remove the printed circuit board, unplug J-15
and) J-16 located near the output filter. Loosen the
two secrews 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 filtet, andgdisconnect the coaxial

cable.

8. Receiver Filters

Fig. 15 showsytypical receiver selectivity curves
both RF andiTFaIf the filters are checked in a test
setup, it is“mecessary to use an accurate signal gen-
erator offpreferably a signal generator and a fre -
quencyl cotinter.

9XMinimum 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)

Voltage 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. 17)
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D-C PIN JACK MEASUREMENTS WITH REFERENCE TO B-

TABLE 1 C):
P

CONDITION A - CONDITION B
Tx-Blocked tt Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal
129 vDC 51vDC 129 VvDC 51 vDC C | 51vDC
RF Input J-2 0 0 0.3V 0.3
DC Q-1 Base J-3 20V 20V 20V
DC RX B+ J-4 20V 20V 20V %
DC R, Osc J-5 v v 7 v
DC Q-5 Base J-6 20V 20V 2 20V
B-— J-1
DC-P1-E J-8 110 V 32 % 32V 110 V 32V
DC-Q-T7 Base J-9 69 V 0 8V 23V 66 V 0.3V
DC Q-7 Emit J-10 0V \ Vv 14V 66 V 1.0V
DC T, Osc J-11 7V @ 7V (Y (s (A
B+ J-12 12’9 1V 129 v 51V 129 Vv 51V
DC Q-10 Base J-13 \K 18 V 18 V
DC Q-10 Emit J-14 O 18V 18V
RF ma out J-@ 130 ma | 130 ma
DC ma RRH 1\
and
AL ARM 18 ma 13 mat

t With 2000 ohm resistor and Sigma relay.
tt Tx =tra mitter,%x =receiver
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I.L. 4] 941.)

TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

*

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 0.4
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 110 110 114 129
51 VDC 32 32 2 32 51
Q-1
129 VDC 70 68 78 80 86
51 VDC 1.0 1 1.4 2.2 7.0
Q-8 2 6.2 8 2
Q-9 1.8 i 7.2 1.8

ition C
\ locked

-No Signal

(Volts)

Bt Ct
6.2 8 2
1 7.2 1.8
18 18 0.4
0.27 0.20 50
0.27 0.20 50

; C-Collector.
rm 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 Bt 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 nov 1.4V 1.0V
Junction R-27 and R-60 (P1-P) 69V v 65V 0 0 0
Junction CR-8 and R-64 (P1-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, RxsWith 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. 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
Q6-C to'Gnd. 13.0 10.0 8.0
T4-1"to"Gnd. 13.0 10.0 8.0
T4-3,t0\T4-4 4.5 3.5 2,5
J9%o J10 (DC) 0.74 0.75 0.65

12



TYPE KR CARRIER SET

I.L. 41-94%.1

TABLE S

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 Gndi

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. 14)

This shows a typical curvegofithe overall selec-
tivity of the receiver under @ steady’ state condi-
tions.

2. Transmitter Output Selectivity (Fig. 10)

Typical curves ame, shown so that approximate
bandwiths for keying purp0ses can be determined for
any carrier frequency between 30-kc and 200-kc.

3. Minimum @£hannel Spacing (Fig.16)

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 ‘of the receiver are known. These can be obtained
fromicalculations 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. 12)

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.13)

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. 12.

6. Supervisory Control Connections (Fig. 7)

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 0hm
5-watt resistor is to be connected in series with the
control relay coil. In order to maintain proper mank
space ratio, the relay bias current is adjusted for 9
milliamperes as indicated.

7. Receiver Filter Limits (Fig. 15)

The receiver RF filter and the IF filter limits
are shown on Fig. 15. Both filters areyof the plug-
in type and the test circuits with/ pin connections
are shown at the top of each curve. The IF filter is
divided into two separate sectiens.  The selectivity
shown is for each sectior;jand the pin connections
for each section are alSéyshown in the test circuit
sketch.

ELECTRICAL PARTS LIST

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

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

tC-2 Rcvr. Osc. Feedback 140/270 ppf, £20%) 500 VDC, 1 330C566 H43

Mica or 330C566

H57

C-3 Rcvr. Osc. Bleeder 0.02 pf, MRCZ600°“¥DC, 1 330C569 H47

Bypass Disc

C-5 Q-6 Emitter Bypass 1.0 pfyp*20%,4200 VDC Paper 1 330C567 H09

C-6 Rcvr. Rectifier Same asp€-5
Bypass

C-17 B— to B+ Bypass 2 uf, +10%, 600 VDC, Paper 1 330C573 HO7

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

C-11 Key Filfer 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

14

fNoted) 140 ppf for osc. freq. 110-kc and above.
270 ppf for osc. freq. below 110-kc.
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l.L. 41-94%31

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 H27
Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 2.0 mfd, +20%, 2000V DC 1 330C567 HO1
CRYSTAL BIODES
CR-1 Bridge Rectifier Genéral Purpose, IN63 1 584C433 H02
CR-2 Bridge Rectifier Same as‘€R-1
CR-3 Bridge Rectifier Sameas 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 1N768, 1 584C434 HO2
CR-8 VoltagefRegulator Type 1N1369 1 584C434 HO5
CR-9 Q-7 Callector Type 1N1789 1 584C434 HO08

15
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ELECTRICAL PARTS LIST

Grcar | runcrio oescrpTon | MEF | WAWTCTURERS
FUSE HOLDERS
FH-1 B— For Type 3AGC Fuses 1 54-B-0\J
GH-2 B+ Same as FH-1 @
- &
F-1 B— 3AGC 3/4 amp. 1 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-kc 1 468D340

customer 1 468D341
FL-2 Rcvr. IF Bandpass 1 468D338
J-1 Printed Circuit 4 Printed)Circuit Female 1 54-B-7125 HO3

NN
J-2 RF Input %-IBS-U 1 584C292 HO7
J-3 Rcvr. Osc. Output él‘erminal Studs 1 330C592 HO1
J-4 Revr. Mixer-An@ Same as J-3
Supply

J-5 Rcvr/Osc4Sup Same as J-3
J-6 Q-5 Base Same as J-3
J-1 B— s Same as J-3
J-8 6 Supply Same as J-3




TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

O

Q

v FUNCTION DESCRIP TION iy MAg‘gsFléﬁET’:BENR'S
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 Ti 1 328C093 HO1
J-16 Output Filter GND Banana & 1 328C093 HO2
P-1 Printed Circuit Printed it Male 1 54-B-7126 HO3
u
\ NDUCTORS
L-1 Core and Coil @l MH Total — 6 MH 1 329C450
Assembly Tap (Part of FL-3)
L-2 Core and Coil’ O 2.5 MH (Part of FL-3) 1 329C449
Assembly K\
L-3 RF Choke\ 1.0 MH, 300 ma 2 R-300
L-4 RF ChoO Same as L-3
\Q TRANSISTORS
Ql@. Mixer Type 2N43 or Type 1 330C587 HO7
2N525
Q-2 . Rcvr. Osc. Type 2N414 1 330C587 H09

17
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ELECTRICAL PARTS LIST

QQ

&

| e FUNCTION DESCRIPTION UFR. | MANUFACTURER'S
TRANSISTORS (Concluded)
Q-3 Rcvr. Osc. Same as Q-2 \%
Q4 Revr. IF Same as Q-1 @
Q-5 Rcvr. IF Same as Q-1 0
Q-6 Revr. IF Type 2N332, or 1 30C587 HO4
2N 1149
Q-7 Rcvr. Output Type 2N1156 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 \
Q12 Xmtr. PA Type 2N498 @ 1 330C587 H12
Q-15 Xmtr. PA Same as
RS
R-1 Rec. Input N 25 K, +20%, i/4 W, Pot. 1 584C276 H23
R-2 Filter Matching +10%, 1/2 W 1 330C595 H37
R-3 Filter Load &me as R-2
R-4 Rcvr. Osc. 1K, +20%, 1/4 W, Pot. 1 584C276 H19
R-5 Rcvr. Vol age@ 6.2K, 5%, 1 W 1 330C666 H68
Divide
R-6 Q-2 1.2 K, +5%, 1/2 W 1 330C664 H51
R-8 Rcvr. Vol 30 K, 5%, 2 W 1 330C668 H84
Divider
L 4
R-9 cvi. Voltage Same as R-8
Divider

i
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LL. 41-941.1

ELECTRICAL PARTS LIST

SvwgoL | FUNCTION DESCRIPTION Cook | " DESIGNATION
RESISTORS (Continued)

R-10 -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 2.2K, *10%, 172 W 1 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, *10%, 2 W 1 330C597 H40
R-18 Rcvr. Osc. 9.1 Kf*5%n1/2 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-T Base Same as R-6

R-27 Q-T'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

CIRCUIT MFR MANUFACTURER'S
FUNCTION DESCRIPTION .
SYMBOL CODE DESIGNATION
o
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, 5%, 2 W 1 330C668 H86
Divider
R-40 Buffer Voltage Same a
Divider \
R-41 Buffer Voltage Sa
Divider
R-42 Xmtr. Osc. Output * @as R-4
R-43 Q-10 Bias Qme as R-23
R-44 Q-10 Bias 33K, *10%, 1/2 W 1 330C595 H43
R-45 Buffer Voltage 15K, +5%, 1 W 1 330C666 HT7
Divider @
R-47 Buffer lk 6.8 K, +5%, 1/2 W 1 330C664 H69
Div
R-48 Buffer Volt Same as R-45
Divider
L 4
R-49 A Bias 27T K, 5%, 2 W 1 330C668 H83

pesh
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LL. 419411

ELECTRICAL PARTS LIST

SvMeoL |  FUNCTION DESCRIPTION Cont | " DESIGNATION
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 Recvr. Bleeder 1K, 5%, 25 W 1 584C416 H62
R-61 Recvr. Bleeder 600 Ohms, *+5%, 25W 1 584C416 H417
R-62 Recvr. Bleeder 350 Ohms, +5%, 25, W 1 584C416 H52
R-64 Xmtr. Bleeder 1200 Ohmsg+5%, 25°'W 1 584C416 H64
R-66 T-7 Load 560 Ohmss;, +5%, 2 W 1 330C668 H43
R-67 Xmtr. Blocking 10 Ohms, , x40%, 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 FL 2 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-T73 Q-5 Base 180 Ohms, +10%, 1/2 W 1 330C595 H16
R-74 Q-4(Base 2.7TK, +5%, 1/2 W 1 330C664 H59
R-75 Q-4 Collector 22K, +10%, 1/2 W 1 330C595 H41
R-76 Q-5 Collector Same as R-75

21
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ELECTRICAL PARTS LIST

;O B
CIRCUIT MFR. MANUFACTURER'S

SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
) ¢
TRANSFORMERS
T-1 Rcvr. Input Impedance Ratio 10 K; 1 L-6 @
10K
T-2 Rcvr. Osc. Impedance Ratio 10 K: 1 - 3
400 ohms
T-3 Rcvr. Mixer Impedance Ratio 25 K: 1 L-5921171
300 ohms
T-4 IF Output Impedance Ratio 4 K: 1.-592289
500 ohms
T-5 Xmtr. Osc. Same as T-2
T-6 Xmtr. Buffer Impedance Ratio 10 1 L-592170
400 ohms CT
T-7 Xmtr. Output Impedance Ratid 1 1 L.-633000 -
60
TES S
TP-1 R-5 Termi ds 1 330C592 HO2

TP-2 R-8 . @s TP-1
TP-3 R-17 Qne as TP-1

TP-4 R-18 NSame as TP-1
TP-5 R-28 Q Same as TP-1

TP-6 R-39\® Same as TP-1

TP-7 41 Same as TP-1
TP-8 R-4 Same as TP-1
TP-9 R-"I Same as TP-1
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l.L.

ELECTRICAL PARTS LIST

QO

’
Seal | roncrion oescreTion | AT | MpLEACTUER
SOCKETS a
X-1 FL-1 Octal 1 C689 HO1
X-2 FL-2 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-1
CRYS
Y-1 Rcvr. Osc. Specify C% eq. 1 328C083
Plus
Y-2 Xmtr. Osc. . Same as 1 328C083
nnel Frequency
XEET DETECTOR
R-1 Resistor, Level 00 K, 2 W, Pot. 1 51-D-1976 H17
Control P (S#1475074)
R-2 Resistor, N 2000 ohms, 2’ tube. 1 1267296
S-1 Switch t Test SPST Normally Open 1 327C854 HO1

Q>®

LIST OF MANUFACTURERS

1. Westinghouse Electric Corporation

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

23
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i CARRIER |—PB - N L ALARM
resr 9
|
a
P —
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%
AIM RELAYING
CARRIER

REQUIREMENTS FOR
SUPPLY CARRIER:

VOLTAGE START: STop STRAP
Sivoe +SIv, TIMA +28v IN
129 voc +129v. 8MA +4ov 7Y
258vocC + 258ViEMA t4ov ouT

KR RELAY NG, TRANSMITTER /
RECY EXTERNAL CONNECTIONS
TERM I NAL - COMNMECTION
/" GROUNMD

(2. COAXIAL CABLE

/3 SUPERVISORY PREFERENCE CON TACT
/4. CARRIER STOP B- RETURA/

15 CARRIER START (POSITIVE)

/16 ALARM CUTOFF FOR LOMMUMICATION S
/7 8 MINUS

/8 CARRIER STOP (HZ /HZM)

9 8 PLUS

20 RELAY CoOIL

AOTES

A CONNECT RX-1 (OWG 2285605
S¥ /59582/) AS SHoww

+  FOR S/ € /29 VvDC SUPPLY.

tt FOR 2358 VDC SUPPLY USE
330C/9/H0! RESISTOR UNIT
REF DwG 223 8497

O FoR supsrvISORY CONTROL

PREFERENCE CONTACTS.

Fig. 3~ Relaying Control Circuits — HZ/HZM (Dwg, ). 29C70 4/
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S/ voc
/29 voC
258 vocC

CARRIER START ‘CAFRRIER SToPRP

+ 37V . 4TMA O VYoLTS
+ loov, SM4 0 VoLTs
+ 100V, 98mA O voLrs

KR RELAYING TRANSMITTER /
RECV., EXTERNAL CONNECT/IONS
TERM/IMNAL- COUNIECT/ION

//.
/2.
/3.
1 44
! 5,
/6.
/7.
/8.
/9.
20

GROUND
COAXIAL CABLE
SUPERV/SORY PREFERENCE CONTACT
CARRIER STOP B- RETURM
GARR/ER START (POSITIVE)
ALARM CUTOFF FOR COMMUNMICATIONS
B MINUS
CARRIER STOP (HI/HZA)
8 PLUS
RELAY Corc

R
2K

3.75K

/9. K

MOTES
X FOR "R" USE OHMITE VITREOUS ENAMELED

DIVIDOHM ADJUSTABLE 4K OR 20k 25 W
RES/STOR, COMNECT € ADJUST FOR VALUES
SHow ut

A COMNECT RX-/ (SILICON RECTIFIER

+

TYPE 352F OR EQUIVALENT)

AS SHOWN
FOR S51¢& 129 vDC SUPPLY

1+ FOR 258VOC SUPPLY (ISE

O

330CI91HOI RESISTOR UMIT
REF DWG 2238497

FOR SUPERVISORY CONTROL
PREFERENCE CONTACTS

Fig. 5. Relaying Control Circuits —-GCX/GCY (Dwg. 2-329C704)
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TYPE KR CARRIER SET LL. 419411

N\

k4

Zs

WO

2

(o]

CONNECTION FOR 21

SUPERVISORY CONTROL: e

Q-7 \ <CONNECT TO SAME :g
953 BATTERY SUPPLY

@? RRH coil ASSTRANS-REC.UNIT W3

2N 156 2000 OHMSS wo

OR 2K 5 NS
RESISTOR 00K M/5 CONTROL

3K

_ w COMPONENTS
— - - - R MOUNTED IN
‘ Z —b4  SUPERVISORY
I 1000 OUMS G_; CABINET
i
[

ALARM CoOlIL SIGMA RELAY -TYPE
Bt NOT INCIRCUIT TAO0ZXT-1000T-TCP

oe EQU/IVALENT.

Fig. 7. Supervisory Control Connections (Dwg. 223B498)
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TYPE KR CARRIER SET

CONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERYVISORY CONTROL APPLICATION
(CHANGES FROM JUMPERS SHOWN ON |NTERNAL SCHEMATIC, F1G.2)

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 IS
USED AS SHOWN ON APPLICATION DRAWING 329C704

FOR HZ/HIM OPERATION, THE JUMPER HAS BEEN REMOVED
FROM TP-6 TO TP-7. (NOT REMOVED FOR K-DAR REEAYIRG).

RESISTOR UNIT SCHEMATIC:

0.15 o.. STANDBY
[o.z o. TRANSMITTING

ouT O— ¢
IN 25 25 25 259}»—

21 R2 R3 R4 ll.lAMP.
CoM.O——3E}—{ZE—{75 Jg5}—

R8 R7 RG RE5

POWER CONSUMPT|ONS=, 303 WATTS AT 258 V.
390“WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE WItL, BETAPPROXIMATELY 144 VOLTS
UNDER STANDBY COND Il ONOWHEN BATTERY VOLTAGE IS
280 VOLTS.

125-VOLT HZ/HZM OPERATION
JUMPER TP-74ANDNT.P#8 IS REMOVED.

48 VOLT OPERATION

ON PRINTED CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED 'AS FOLLOWS:

BETWEEN TP8 AND TP9
BETWEEN TPS AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TP4

IN THE FT CASE, JUMPERS ARE CONNECTED ACROSS
R60 AND R64, AND THE CONNECTION BETWEEN R6Y
AND DIODE CR8 IS REMOVED.

IN ADDITION, FOR 48-VOLT SUPERVISORY CONTROL,
R59 IS CONNECTED INTO THE CIRCUIT.

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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TYPE KR CARRIER SET LL

L 2
TRANSMITTER OUTPUT FILTER FL-3 CONNECTIONS
COIL PARALLEL
LINE FREQUENCY RANGE COIL CONNECTIO PACITOR CONNECTIONS A

| — 27.7 KC=30.0 KC L-1 6-8-9-10-11
2— 29.8 KC-33.1 KC L-1 6-8-10-11
3 — 31.8 KC-36.0 KC L-1 6-8-9-11
4 —35.4 KC=39,0 KC L-1 6-8-11
5 — 38.0 KC-41.0 KC L-1 6-8-9-10-11
6 — 40,3 KC-45.0 KC L-1 6 6-8-10-11
7 — 43.0 KC-49.0 KC L-1 3-6 6-8-9-11
8 — 47,7 KC-56.0 KC L-1 3-6 6-8-11
9 — 49,5 KC-58.5 KC L-1 3-6 6-8-9-10
10— 57,0 KC-72.3 KC L-1 3-6 6-8-10
It — 67.0 KC-76.0 KC L 1-4) (6-7 6-8-9-11
{2 — 75.0 KC-88.0 KC 1-4) (6-7 6-8-11
13— 77.5 KC-93.0 KC 1-4) (6-7 6-8-9-10
14— 89.3 KC-114.5KC 1-4) (6-7 6-8-10
15— 102.7KC-147,.0KC - 1-4) (6-7 6-8-9
16 — 136,6KC-210,0KC 1-4) (6-7 6-8

. CONNECTION FRONg TO/8 IS E BENEATH TERMINAL PLATE ON ALL SETS AT THE FACTORY.

S
&

%\E Fig. 9. Connections - Output Filter (Dwg. 149A420)



TYPE KR CARRIER SET

DB ATTEMUAT ION

34

10

ALY

)

A/

-20( #2156 -10 -5 Fc S

FREQUENCY (KC)

Fig. 10. Transmitter Output Filter Selectivity (Dwg.

10 1S

377996)
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TYPE KR CARRIER SET

I.L. 41

! RI DIAGRAM
E [}

4-- r I T 3 W OF PANEL

C
Jli ] -
O
WE STINGHOUSE

TYPE KR
SLEET
DETECTOR

STYLE
470D167GOI

-
Lt}

OO

CONNECT TO TRANS-
MITTER CARRIER

START TEW

__aMAX.. €cw POSITION
PERMISSIBLE CONTRoOL
VARIATION :

O db(IWATT @ eooumgl)
TO -40db (0.1 MILLIWATT)

APPLY B+

SCHEMATIC

‘3£

% Q .29 DIA.(4HOLES)

EY 3WMIN. CUTOUT
O

3WMIN. CUTOUT

!

Fig. 11. Sleet Detector Outline (Dwg. 329C703)

- e — e — 3 i [ ——
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TYPE KR CARRIER SET

+ 2
INCREASING OUTPUT
INCREASING SENSITIVITY /
+/ /
/
08 o0

36

SUPALY VOLTAGE

y
RECEIVER SENSITIVITY = 40 MV AT /29 vOC
TRANSMITTER OUTPUT =[O W AT /29 VDC
4| — (/1OW=nB8.0VOLTS AT ©O OHAIS)
FREQUENCY = /20 KC
TEMPERATURE = 25°C
| I I l |
200 110 /20 /30 /40

Fig. 12. Transmitter Output and Receiver Sensitivity Variations with Voltage (Dwg. 377999)
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TYPE KR CARRIER SET

38

08 STEADY STATE ATTENUATION

5o

46

40

a5

30

25

20

/'S

10

-2 - Fo -/

FREQUENCY ([kcC)

Fig. 14. Receiver Selectivity (Dwg. 377993)
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TYPE KR CARRIER SET

I.L. 4294]1.1

IF FILTER TEST CIRCUIT

o SEC !
? 9
HM 300

5 3
Q
L1
owx sec’z
. o o

R M

»
5 8
- QN

RF FILTER TEST CIRCUIT

10K
< A % é
OHMS 1O K
& , 3 |oMMs
¥ i < 4
W

Fig.

15. Receiver Filter Limits (Dwg.

20

15

DB

1C

> .
7
s,

\/

3 20 2
F (KxC)

W

AR
AR

o)

Each section FL-2 requirement
with typical selectivity curve
Insertion loss 26 DB max.
Including matching resistor.

S .
| A7
Z

NN\

o
W
o
*&&\
N
\\

R RRRIIARIIRN

AN

-2 2 +4

FREQUENCY (KC)

FL-1 Requirement with typical selectivity
curve at 120 KC. Insertion loss 18 DB
max. Including matching resistor.

377995)
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TYPE KR CARRIER SET

50

(80mv) 40

RECEIVER SENSITIVITY (D8)

(8v)

Jo

20

l0

+/0

. ‘-[- sxC
. + 4xc Q
: | D
——
| .-——""M/ {
-_——

4

| O

(o

&

$ L

ZERO DB = 8VoLTS

Co

~ 0(8v)

F/O

-~ 20

~ 30

INTERFERING TRANSMITTER (08)

- <0 (8omv)

] \QM/A//MUM CHANNEL SPACING
% FOR KEYED CARRIER /5PPS

Fig. 16. Minimum Channel Spacing (Dwg. 377998)
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TYPE KR CARRIER SET I.L. 41-941,

Coaxial Lead...756D346 G02 0

HITE

]
- BLACKS
| {S@ |
0) &SDS‘W GO03

®
S
[ <]
P
V]
L
+ 1L
r—‘r L é%‘
I\ A
L~ ]
| £ ]
[ O]
1 C |
8
n
+
& ra
e Main Harness... 756D346 G04

Fig. 17. Test Harness — (Complete Set)
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