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LIST OF ILLUSTRATIONS O A,
. CAUTION The voltages encountered in this e -
Figure . . References ment are dangerous to life. To be safe, disco@
1 Outline —F‘lex1t.est Case .covvvieennne, 540D753 the power source and close the grounding sw
2 Internal Schematic ....ccevviiieiiennnnnnnn 540D 780 when servicing the equipment.
3 Relaying Control Circuits
(HZ/HZM) ciiiviiiiiiiiiiiiinian 1-329C1704 ¢
4 Relaying Control Circuits
(K-DAF) +ererererserereresesessssesesens 3-329C704 INTRODUC T@
5 Relaying Control Circuits . ) ) .
(GCX/GCY )eereeeeereereereerennens 2-329C1704 The Type KR Relaying TrgsynitRg-Receiver is
6 Component Liocation.......oeevvviiiinnnnnn 540D781 designfed for ~Distance Relgy] Telemetering,
7 Supervisory Control Receiver Supervisory Control and Sl tion. Facilities
Connection............. Cerreneraenenes 223B498 are provided for a plug-ig ty oice adapter. The
8 Connections, 48 250 volts basic design is for opera m 125-volt station
and Supervisory Control............ 407C971 batteries. However, th§"a atus may also be oper-
9 Transmitter Output Filter ated from 48-volt or 0-volt station batteries by
Connections ..iiivveiiiieiiineniennnns 149A420 means of various i onnections. These various
10 Transmitter Output Filter connections ost of the adjustments are
SCIECHVIEY ceverreereerereeeereeereeeen, C377996 made at the ough they can be changed in
11 Reserve Signal Detector — Outline and the fiel
Schematic .iovvvvviieiiiiiieniennnnnn, 329C1703 A designed primarily for operation with
12 Receiver Selectivity ...cocvcvveveninninens C377993 Westi otective relays, this apparatus may
also 1inated with other types of directional-
13 Receiver Filter Limits ....ooveiiiiinnnnns C377995 di elays and with most other contact keyed
14 Minimum, Channel Spacing .............. C377998 vi
15 Test HAMESS ...........ccevvvrseeeennnnnn. 756D 346

ICATIONS

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

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

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

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

Transmitter Output

r Selectivity covviiiiiiiiiiiiinininnnennnns DN

Transmitter and Receiver Oscillator and Frequency Stability ..... ..cccivennnnnne

supply. 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 +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...cccooveiiieiinnnnnnnnnn..

Ambient Temperature Range .....ccceeeeeeeeeesnneeeeeeeereecannnns

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

Receiver Maximum Sensitivity ...ccceeviiiiiiiiiiiiiiiiiniennnnn.. Feeeeeeeaanneteeereeeaanes .025 volts for 10 ma.

Receiver Selectivity cvviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiieennnes
Receiver Signal-to-Noise Ratio Requirements ...............
Minimum Channel Spacing ....c.ccevveeieieiiineinenieneeenenennns

) S0 2=) g 01 o] L s

Carrier On-Off KeYiNg .cciiiiiiiiiiiiiieeeeieneeeeernneecncnnnnns

Weight (With Flexitest Case) ciocevviiiiiiiiiiiiiiieeeniinneennns

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

DESCRIPTION

Mechanical

This apparatus is supplied in a_FleXitest case
and may be either flush or projection gmounted in

order to match other switchboar dqequipméent. The out-
line dimensions and also the_ drilling plan for flush
and projection mounting arepshown by Fig. 1. The
majority of the parts are mounted on a printed circuit
board. This board may befreadily removed as follows:

1. Remove the two.outputsplugs from the red and
black jacks.

2. Discomnectithe®receiver input coaxial cable
connector.

3. Loosenfthe 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.

9. 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

output.

............................ See Fig. 12
............................ 12-db
............................ SeeqFig. 14
............................ 115-ma at” 48 VDC, 200-ma

at), 1255WDC, 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.

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 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 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 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 @ 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
@Q-12and @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 impedgnce
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 isgtunables
and is provided to attenuate harmonics {and other
spurious outputs. It should be noted that thesfilter
contains no shunt elements, resulting in ‘ayreverse
impedance free of ‘‘across the line’»resenances.

Receiver

The receiver is a superheterodyne in order to
obtain constant selectivity‘régardless of the channel
frequency. (See Fig. 12)¥Lhe major stages include
an input filter, fattenuator,” oscillator, mixer, IF
filters, IFF amplifiefrs, détector and a D-C power
output stage.

The receiver sensitivity is adjusted by means of
the contindously variable input control R—l and by

connectifngyoridisconnecting resistors R-73 and R-74
in the ZF stages.

Theyreceiver 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 since both the filter
and the crystal are plug-in componentst

Mixing is accomplished by feedingwthe incoming
signal to the emitter and the receiver oscillator signal
to the base of the mixer Q:1./Mixer oscillator re-
quirements are met throughyadjustment of potentio-
meter R-4. Injection intogtwo separate elements, base
and emitter, provides_a citeuit capable of handling
greater signal level variations than one in which in-
jection is made into“enly a single element such as
the base.

This receiver ‘useés an IF frequency of 20-kHz.
The overall selectivity is determined primarily by the
IF filter,FI8=2. Typical characteristics of this filter
are shownin, 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
meihod 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



TYPE KR CARRIER SET

I.L. 41-947.1K

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 $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 diagramsg6fythe
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 normal standby
condition.

The K-DAR or GCY ,relays operating from the
voltage and current on thei{transmission line, detect
and determine the directionof ‘awline fault and there-
by control the carrier transmitter and receiver.

The contral, 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 protectéd. Conversely, when fault power is
flowing into thisdine 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
willienergize through transistor Q-7 in the receiver.

Whencarrierstart 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 stagejin the trans-
mitter and also applies proper bias for the power am-
plifier.

When a carrier stop goperation occurs, the
CARRIER STOP contact closés,\which removes B+
(terminal 15) from the driver and'the power amplifier
stages in the transmittén, CARRIER STOP, terminal
18, on the carrier set Ais ‘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
andypcurrent 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 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 ... 0o vt vttt v oo nens Ground
12 ....¢.¢¢¢.....Coaxial Cable

13 and 19 ... Supervisory Preference
Contacts
14 ...... ‘““CARRIER STOP’’ retumn

15....... Battery positive throtigh
carrier stargfeontaets

16 . . Battery positive for alarm cutoff
(used with communication)

) 4. ...Neg.DC

18 . .. .Carrier Stop for HZM Relaying
19 ... i i i e «+ee..Pos..DC
20 ... tceieeeeeee... Relay Coid

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

When tuning line coupling” equipment, short the
coaxial cable to ground before €¢hanging taps on the
Line Tuner or matching transformer.

Internal

NecessaryWintemnal connections are generally
made at the factony, to customer order, before appa-
ratus shipmient: For reference purposes, these are
outlined inythe 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-DAR4 HZM, and GCY Relaying,

Telemetering £and SUPEINISOTY « ¢ ¢ ¢« v ¢ o e e 0o v v o
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 . ... R-39, R-40, R-41, R-45, R-47 and R-48

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

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

.. R-41, R-45, R-47 and R-48
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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 ba ttery 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 coaxial
cable.

Receiver

1. The oscillator output centrol\R-4 is pre-set at
the factory. However, should qany, of “the oscillator
components be changed  (in€luding®the transistors
and the crystal) R-4 will require a@adjustment.

a. Connect an A-C VI'VM to jacks J-3 and J-4.
b. Adjust R-4 for a.0.3%elt reading on the meter.

2. The unitgis shipped to have a gain of approxi-
mately 250 millivelts (#6"produce 10 ma relay current)
with input{contsol R3l in maximum clockwise posi-
tion. About 40-dbdadditional gain or 80 millivolt
sensitivity cam be obtained by clipping out resistor
R-74, which is connected to the base of Q-4 and the
Pos supply for the IF. A further 10-db gain or addi-
tiopal 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.
ResSistors 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 (level4s known
or can be measured, the receiver can bejadjusted for
this level. Disconnect the coaxial cable and connect
a 60-ohm non-inductive resistor and a VITVM across
terminals 11 and 12. Energize the transmitter and
output control R-42 for thegsame output as the max-
imum noise. Then adjust thé€ receiver input control
R-1to obtain 1-ma output“eurrent. If it is impossible
to obtain 1-ma outputgeurrent“with control R-11in the
maximum clockwise ‘po§ition, then clip out resistor
R-74, which is connected’to the base of Q-4. If the
gain is still imsufficient, clip out resistor R-73,
which is connectedgto the base of Q-5. After com-
pleting the @djustment of R-1, restore the transmitter
to full output:

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
detérmine 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 r esistor 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 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 to unsolder the
existing connections and make the new connections
per the chart. After completing the précedingy the
tuning procedure as described under Adjustments for
transmitter and receiver should then bl followed.

Note also that capacitors/ C2 and C9 in the
transmitter and receiver crystal“escillator circuits,
respectively, may have t@ beé schanged. For fre-
quencies below 110 kHz, thésedscapacitors are 270
mmf. each. For frequenciesWef 110 kHz and above,
the capacitors are 440 mmf. each.

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

MAINTENANCE

Valtage, 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 differen€e in
these readings without the overall performance‘bheing
affected.

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

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

1. For D-C pimmjack“measurements with reference

€ to neg. d.c., refer to/Table 1.

2. Fortransister D-C measurements with reference
to neg.‘d.cmiefer to Table 2.

34 For, D-C bleeder measurements with reference
to nég, d.c., 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.

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 lower &nd of the board
and pull these screws out as far as they will extend,
Also remove the receiver coaxial cacie pois.

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 (Seg/Pig. 15)

APPLICATION

1. Reg¢eiverrSelectivity (Fig. 12)

This showsa@ 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 detemined for
any carrier frequency between 30-kHz and 200-kHz.

3. Minimum Channel Spacing (Fig.414)

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 calculations or byymeasurements.

For exampley, if the interfering transmitter volt-
age is meastured (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.9Theny if the receiver sensitivity were set to
operate omy 0.8 volts or 20-db, this point would be
located eon the left hand column. A line could then be
drawn through the two points as shown by the dotted
liney 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 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 ¢

CONDITION A CONDITION B
Tx-Blocked tt Tx-Blocked
Description Jack Rx-No Signal Rx-With Signal
129 VDC 51 vDC 129 VDC 51vDC C | 51VvDC
RF Input J-2 0 0 0.3V 0.3
DC Q-1 Base J-3 20V 20V 20V 2
DC R, B+ J-4 %V 20V 20V m
DC R, Osc J-5 7V 7V 7 7V
DC Q-5 Base J-6 20V 20 V 20V
B-— J-7 K
DC-P1-E J-8 110 v 32 % 32V 110 V 32V
DC-Q-7 Base J-9 69 V 18 Vv 23V 66 V 0.3V
DC Q-7 Emit J-10 0V \ Y 1.4V 66 V 1.0V
DC T, Osc J-11 v @ Vv mv v mv
B+ J-12 129. 1V 129 V 51v 129 V 51V
DC Q-10 Base J-13 \K 18V 18 V
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



TYPE KR CARRIER SET

L. 41-94&

TABLE 2

O

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO NEG. DC ©
——

ndition 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

Condition A Condition B
Tx-Blocked Tx-Blocked
Rx-No Signal Rx-With Signal
Transistor (Volts) (Volts)
Et Bt Ct Et Bt
Q1 20.0 20.0 0.38
Q-2 i 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 18 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 . 1.8 7 7.2 1.8
Q-101t
Q-12tt O
Q-15tt
t E-Emitt ase; C-Collector.
tt With respecttot F on printed board.

L 4

n



TYPE KR CARRIER SET

TABLE 3

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

129 VDC 51 vDC
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) 70V 8V 66V 1.0V 1.4V 1.0V
Junction R-27 and R-60 (P1-P) 69V v 65V 0 0 0
Junctior 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 Volf 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. 0.2 0.1 0.1
Q1-E to Gnd. 0.05 0.05 0.05
Q1-C to Gnd. 0.0% 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
T4-3to T4-4 4.5 3.5 2.5
J9 tow10 (DC) 0.74 0.75 0.65

12

st



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

TABLE 5 O

TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER 0

CHECK POINT VOLTS

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. 8

Q12-C to Gnd. 38.0
&

Q15-C to Gnd.

T7-5 to Gnd.

Output to Gnd. Q@ 8.0

&
O

L 4




TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

STA%‘(J)'LT FUNCTION DESCRIPTION MASE’;@SERENR'S 4
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, 3 6H43
Mica 9) 0C566H57
C-3 Rcvr. Osc. Bleeder 0.02 uf, MRC, 600 VDC, 0C569 H47
Bypass Disc
C-5 Q-6 Emitter Bypass 1.0 pf, +20%, 200 VDC 330C567 HO9
C-6 Rcvr. Rectifier Same as C-5
Bypass \
k) C-1 B~ to B+ Bypass 2 uf, +5%, 330 ‘%’aper 14C9400 H13
o C-8 B— to GND 1.0 uf, tlo@\c, Paper 1876999
tC-9 Xmtr. Osc. Feedback Sa.
C-10 Xmtr. Osc. Sam\
C-11 Key Filter ¥20%, 200 VDC, Paper 330C567 HO2
C-12 Q-10 Emitter Bypass 0.25 uf, +20%, 200 VDC, Paper 330C567 HOS
C-13 Q-10 Bleeder B Ss Same as C-12
C-14 PA Base B & Same as C-12
t Note: 140 puf for o@ 110-kHz and above.
. Q.

270 ppuf £

%

. below 110-kHz.



TYPE KR CARRIER SET

1.L.4

Svaar FUNCTION DESCRIPTION AL o
CAP ACITORS (Concluded)
L 4
C-18 P A Bleeder 0.5 uf, + 20%, Paper C567 HO06
C-19 Output Filter Tuning | 500 puf, Variable, Air \;%92 HO1
C-20 Output Filter 390 ppf, £5%, 2500 VDC, Mica 30C561 H15
C-21 Output Filter 680 ppf, +5%, 2500 VDC, Mica 330C561 H21
C-22 Output Filter 1200 ppuf, +5%, 2500 VIDC, 330C561 H27
Mica
C-24 FL-2 Decoupling Same as C-1
C-25 Q-7 Emitter 12 mfd, C 187A177 HO1
C-26 Q-7 Base Bypass .01 mfd, 2, 100 VDC T63A219 H15
ES
CR-1 Bridge Rectifier eneral Purpose, 1N63 584C433 HO2
CR-2 Bridge Rectifier me as CR-1
CR-3 Bridge Rectifi Same as CR-1
CR-4 Bridg® e@ Same as CR-1
CR-5 1 Q&mr Same as CR-1
CR-6 B Emitter Type 1N457A 184A855 HO7
CR-7 ge Regulator Type 1N3686 185A212 HO6
oltage Regulator Type 1N1369 584C434 HO5
Q-7 Collector Type 1N3811 185A089 HO8
Q-10 Emitter Type 1N3G28A 188A302 H14
4CR-11 Voltage Regulator Type 1N3024B 188A302 H12

15



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

el FUNCTION DESCRIPTION A A IRER'S
FUSE HOLDERS
FH-1 B-— For Type 3AGC Fuses 584C271\®
FH-2 B+ Same as FH-1 @
s )
F-1 B— 3AGC 3/4 amp. @:691 H12
F-2 B+ Same as F-1
FILTERS
FL-1 Rcvr. RF Bandpass 30 to 200 kHz
%) or Freq. to be sp%i
FL-201 by custome
FL-2 Rcvr. 1F Bandpass i . 541D086GO01
L) FL-3 Transmitter Output 407C772G01
NECTORS
J-1 Printed Circuit 0 d Circuit Female 54-B-7125 HO3
r's lug
J-2 RF Input UG-185-U 584C292 HO7
J-3 Rcvr. Osc. O Terminal Studs 330C592 HO1
J-4 Rcvr. Mixer- Same as J-3
Supply
J-5 vr\ upply Same as J-3
J-6 Ba, Same as J-3
J-7 B— Same as J-3
J- &6 Supply Same as J-3

P

R



TYPE KR CARRIER SET

I.L. 41-9

ELECTRICAL PARTS LIST

O

el FUNCTION DESCRIPTION MAggsﬁéSEFoENR()
CONNECTORS (Concluded) ¢
J-9 Q17 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 Q10 Supply
J-15 Output Filter 328C093 HO1
J-16 Output Filter GND 328C093 HO2
P-1 Printed Circuit Print 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 @ 2.5 MH (Part of FL-3) 329C449
Assemb’y O
L-3 RF &\ 1.0 MH, 300 ma R-300
L-4 RF‘G;K Same as L-3
TRANSISTORS
cvr. Mixer “Type 2N525 184A638H13
Rcvr. Gsc. Tyne 2N414 184A638H14

1K

17



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

e FUNCTION DESCRIPTION A A A IRERS
TRANSISTORS (Concluded)
Q3 Rcvr. Osc. Same as Q-2 \%
Q-4 Revr. IF Same as Q-1 @
Q-5 Rcevr. IF Same as Q-1
Q-6 Rcvr. IF Type 2N657 Q 8H15
Q-7 Revr. 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 2N63(D 184A638H15
Q-15 Xmtr. PA Sa @ R-1
ﬁSISTORS
R-1 Rec. Input @,120%, 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 tor 1.2 K, 5%, 1/2 W 330C664 H51
R-8 oltage 15K +1%, 3W 763A126H08
R-9 4Rcvr. Voltage Same as R-8
Divider

. ;&,a»:%#
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TYPE KR CARRIER SET

LLL. 41-941.1K

ELECTRICAL PARTS LIST

e FUNCTION DESCRIPTION MANUF ACTURERN
RESISTORS (Continued)

R-10 -2 Base Same as R-2

R-11 Q-2 Base 100 K, +5%, 1/2 W 330C6656 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%, 1/2\W 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, +10%, 2'W 330C597 H40
R-18 Rcvr. Osc. 9.1K, ¥8%, 1/2 W 330C664 HT72
R-19 Q-4 Bias 100 @hms, + 5%, 1/2 W 330C664 H25
R-20 Q-4 Bias Same as R-2

R-21 Q-5 Bias 150 Ohms, * 5%, 1/2W 330C664 H29
R-22 Q-5 Bias Same as R-2

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 Emitter Same as R-19

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

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

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

R230 Xmtr. Osc. Bleeder Same as R-16

19



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

;’(’;%%'LT FUNCTION DESCRIPTION MAB'E’;QS;?:%%R 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%, & 330C668 H86
Divider
R-40 Buffer Voltage
Divider
R-41 Buffer Voltage
Divider
R-42 Xmtr. Osc. Output e 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 VoltagO 15K, + 10%, 1 W 330C596 H39
Divider
R-47 @ 6.8 K, 5%, 1/2 W 330C664 H69
R-48 tage 15 K, 5%, 1/2 W 330C664 HTT
R-49 2T K, 5%, 2 W 330C668 H83

O™



TYPE KR CARRIER SET

LL. 414

ELECTRICAL PARTS LIST

O

oL FUNCTION DESCRIPTION MANUFAC TURER'
&
RESISTORS (Concluded)

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

R-52 Q-12 Emitter 10 Ohms, *+ 5%, 1/2 W 64 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 H62

R-61 Recvr. Bleeder 600 Ohms, *5 584C416 H57

R-62 Recvr. Bleeder 350 Ohms, 0 w 584C416 H52

R-64 | Xmtr. Bleeder 1200 :(&% 25 W 584C416 H64

R-66 T-7 Load 5 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 FL 2 Decoupli 470 Ohms, *10%, 1/2 W 330C595 H21

L 4

R-T1 Q-4 'EmittK\ Determined in test

R-T2 Q-5 % Determined in test

R-73 Q-@ 220 Ohms, +10%, 1/2 W 187A641H11
ase IK, +5%, 1/2 W 184AT63H27

Q-5 Collector

22K, t10%, 1/2 W

Same as R-75

330C595 H41

21
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ELECTRICAL PARTS LIST

et FUNCTION DESCRIPTION A A ATrER'S

TRANSFORMERS

T-1 Rcvr. Input Impedance Ratio 10 K; 714B677G @
10K \

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

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

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

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

T-6 Xmtr. Buffer Impedance Rat% '265C864G01
400 ohms CT.

T-7 Xmtr. Output Impedanc &301 S#196 2694, 1.-633000
60

\2 POINTS

TP-1 R-5 inal studs 330C592 HO2

TP-2 R-8 e 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 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

ELECTRICAL PARTS LIST

O

CIRCUIT MANUFACTURER'S
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 XY-1
o
S
/ Y-1 Rcvr. Osc. i annel Freq. 328C083
. P -kHz.
;’ ) Y-2 Xmtr. Osc. Specify Freq. Same as 328C083
\. Channel Frequency
ESERVE SIGNAL DETECTOR
(S#470D 167G02)
R-1 Reswor,@ 200 K, 2 W, Pot. 184A086H27
Con \
R-2 K Limiting 2000 ohms, 2’ tube. 1267296
S-1 <E:esjwitch SPST Normally Open 327C854 HO1

Q>®

23
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1.L. 41-941.1K
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¢ Fig. 5. Relayin.g Control Circuits ~GCX/GCY (Dwg. 2-329C704)
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ADJUST FOR

9MA AT JI Je2
JACK-J} =1 KR
‘ Z v
| | 20
' lb-——NEG. DC.
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P
[, |
i
KI be | | TofSuPucoNTROL
1o EQUIPMENT
| |
| |
|
POS. |=5
SEE NOTE |
’iE POS._l,g POS. DC (48 OR 125 )
R3 L
ELCO TERMS
NOTES: J2
REMOVE FOR KR CARRIER PLUS SUPV. CONTROL 2 3 2
WITHOUT RELAYING. - £ 2
2.POLARITY SHOWN CLOSES CONTACT BETWEEN ? GI I7 ?

TERMINALS 48 6.,
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Fig. 7. Supervisory Control Auxiliary Relay Connections (Dwg. 629A55£) and Outline (Dwg. 292B991).
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(x]

ONNECTIONS FOR 48-250 VOLT SERVICE AND
SUPERVISORY CONTROL APPLICAT:iON

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

250-VOLT OPERATION

FOR A 250 VOLT SUPPLY, RESISTOR UNIT 330C191HO1 1S
USED AS SHOWN 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 a.. STANDBY
[o.a a. TRANSMITTING

ouT O ¢

IN Q———(ES }———Lzs {—————LES{————{?%}———

R3 R4 lLlAMP

COM. O——Fzs {25 +—{25+%25 Q
R7 RG R5

POVER CONSUMPT I ONS- 303 WATTS AT 258 V.

390 WATTS AT 280 V.

NOTE: KR SUPPLY VOLTAGE WALL ‘BE, APPROXIMATELY 144 VOLTS

UNDER STANDBY CONDITTON WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-VOLT HZ/HZM OPERATION
JUMPER TP&7 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 R64
AND DIODE CR8 1S REMOVED.

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

s

Fig. 8. Connections, 48-250 Volts and Supervisory Control (Dwg. 407C971)
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TRANSMITTER OUTPUT FILTER FL—3 CONNECT
COIL PARALLEL

LINE FREQUENCY RANGE CcolL CONNECTION CAPACITOR CONNECTIONS A
1 27.7 KHZ-30.0 KHZ L1 (1- 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 L1 —6) 6—8-11
5 38.0 KHZ—-41.0 KHZ L1 (3-6) 6-8-9-10-11
6 40.3 KHZ-45.0 KHZ L1 1-2) (3-6) 6-8-10-11
7 43.0 KHZ—49.0 KHZ L1 N —2) (3-6) 6-8-9-11
8 47.7 KHZ-56.0 KHZ L-1 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 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 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 - (1-4) (6-7) 6-8-9

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

N

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

%\Z Fig. 9. Connections - Output Filter (Dwg. 149A420)
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10

DB ATTENUAT ION
)

-20%-10 -5 Fe S 10 15 20 25
O FREQUENCY (KNZ)

Fig. 10. Transmitter Qutput Filter Selectivity (Dwg. 377996)
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Fig. 12. Receiver Selectivity (Curve #377993)
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s U

£

Coaxial Lead...756D346 G02

Output Lead

D346 GO3

COLOR CODE
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YELLOW

~
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YUE —t
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i

SR RPERAF RS

Main Harness... 756D346 G04

Fig. 15. Test Harness — (Complete Set)
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Westinghouse I.L. 4194141
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE KR CARRIER RELAYING
TRANSMITTER-RECEIVER

Flexitest Case Mounted —with provision for rear-mounter Voice Adapter
Accessories.

Styile
KR Sleet Detector . ... ............c00.uu.. . 470D)167 GO1
250 Volt ResistorUnit . ..... ... i 330C 191 HO1
Test Harness (Complete Set) . ..........QC% . .(. .4 756D346 GO1
Coaxial Lead ... ...t ittt in e e, . 756D346 G02
Output Lead . ............... &% .0 ... 756D346 G03
Main Harness . . v v v v v v v v v v v v v Buese ol o oe 0 a0 756D 346 G04
TABLE OF CONTENTS Adjustments
Transmitter...ccceeiiiiiiiiiiiieeniennnnnes Page 7
RecCeiver .iiiiiiiiiiiiiiiiiiiiiiiniiiiiines Page 7
Introduction ....iiiiiiiiiiiiiiiiiinnnn teeeeoaseg an. Page 2 Sleet Detector civvvveiiiiiiiiiiiiiiinnns Page 8
L. . 250-Volt Resistor Unit ..ccceveiienenn. Page 8
Specifications .iiiiiiiiiiiiiiiiiiiiiiiienaiieit e Bage 2 T ey —— Page 8
Description MaintenancCe ....c.ieevieiieieeieereennenceeneenennns Page 9
(€75 01<) - ) A AT ST Page 3 ADPPHCAtION wovviiiiiiiiii s Page 13
Mechanical ....covvveinininn S 0 tesenes Page 3 Electrical Parts LiSt..eeeeeeeeeeeeeeenennsnns Page 14
Electrical...ccoviiiiiiiiinnnns .
Transmitter cooovveiidiiii i eceeiiiiinnnns Page 4 LIST OF TABLES
) 31T R T) R S . Page 4
Transmitter Control Circuits.............. Page 5 Table
Sleet De.tect.or ............................... ,Page 5 1 D-C Pin Jack Measurements with
CommuniCationNS ..veeeeeeerrrnieeiienrannnnnes Page 5
Relaying Control“Circuits ......ccovvuuvennn Page 5 Reference to B-..oocooe veeeninnenn Page 10
2 Transistor DC Measurements with
Reference to B-.iiivvviiiiiiiiiiiinnnns Page 11
- 3 D-C Bleeder Measurements with
Installation
Reference to B-...cciiiiiiiiiniinnnnnns Page 12
(€15)12) - 1 N ... Page 6 4 Typical RF Signal Measurements
Connections for Receiver ciiiiiiiiiiiiinieiiiinennnns Page 12
Bxternal .. ..ooiiiiiiiiiiiiiiiiiire Page 6 5 Typical RF Signal Measurements
Internal ..cociiiiiiiiiiiiiiiiiinianennecnanenes Page 7 for Transmitter ..c.cceevvviiiiennnnnnn, Page 13

NEW INFORMATION EFFECTIVE SEPTEMBER 1962
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LIST OF ILLUSTRATIONS

Figure References
1 Outline — Flexitest Case ..covvvvnnennn. 540D753
2 Internal Schematic ..ccievviiiiiiiinnnnnnn. 540D780
3 Relaying Control Circuits

(HZ/HZM) terreriiriirininiinnsennnsn, 1-329C704
4 Relaying Control Circuits
(K-Dar) .eeeeees tereereneeeeaeaeea, 3-329C704
5 Relaying Control Circuits
(GCX/GCY )uttteetesssnnnnnnnnsonanes 2-329C704
6 Component Location......ccovvviiiinnnnens 540D 1781
7 Supervisory Control Receiver
Connection...iiveeeiiieiieiiinnnnnnnes 223B498
8 Connections, 48250 volts
and Supervisory Control............ 407C971
9 Transmitter Output Filter
Connections ....... Cereeseseeiiiienans 149A420
10 Transmitter Output Filter
Selectivity.iiiiiiiiiiiiiiniiiiininnnns C377996
11 Sleet Det ector — Outline and
Schematic ..iiviiiiiiiiiiiiiniiinnnnns 329C1703

12 Transmitter Output and Receiver
Sensitivity Variations with
D-C Voltage .....ccceevenenneninennns C377999
13 Transmitter Output and Receiver
Sensitivity Variations with Frequency, C378000

15 Receiver Filter Limits ....ccevveneeeennes C377995
16 Minimum, Channel Spacing .............. C377998
17 Test HAMESS | ... ciiiiiiirerennienernnnnes 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.

INTRODUCTION

The Type KR Relaying \Transniitter-Receiveris
designed for Distance ‘4Relaying, Telemetering,
Supervisory Control and Sleety Detection. Facilities
are provided for a plug-impt#ype voice 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/nternal connections. These various
connections)as,well as most of the adjustments are
made atythe factory, although they can be changed in
the fieldy

Altheugh” 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 ....vvvviiiiiiiinnnns C377993 devices.
SPECIFICATIONS

FrequenCy RaNZe . .ucieeiiieieereneeeafisese-theceaeahoceeesoenssessssesensnsossssesssessscersns 30-kc to 200-kc

Channel Attenuation Rating ........ .. R e e cccetntnctinntttanctsanctssntcasanne teeeeseens 40-db

Transmitter Power Output.....05% A, PP PPN 1.0 watt at standard condi-
tions (see Figs. 12 and 13).
0.5 watt with a 48-volt d-c
supply.

Transmitter Harmonic QUEPUL L iiiiiiiiiiiiiiiiiiiiiiiiiiiesanneeeeetsernsscecessssssnnns At least 46-db below funda-
mental.

Transmitter QUEDULIMPEAANCE, . . viieeiriiireeeeereerreeeeerseeseessneeenas Ceerrensetraseens Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)

Transmitter Output Filter Selectivity coiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiciiissiesiienes See Fig. 10

Transniitter and Receiver Oscillator and Frequency Stability .......cccccvveenneen From-20°C to +50°C with si-

multaneous voltage variations
from 100 to 140 VDC, the fre-
quency remains with 0.01%.
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I.L. 41-941.1

Permissible Battery Voltage Ripple..cccvviiiiiiiiiiiinnnnnn.

Ambient Temperature RanNge ....covvvvviieiiiiiiiiienieenneennns

Non-Operating Temperature Range ........cccvvvviiviiivnnnannn.

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

............................. —40°C to +70°C

Receiver Sensitivity .oocoviiiiiiiiiiiiiiiiiii i iiiiiiii i, e eeeareeieraneeraneaaanen 0.04 volts at standazd

Receiver SeleCtivity cooviiiiiiiiiiiiiii it iiii i ciee s
Receiver Signal-to-Noise Ratio Requirements ..............
Minimum Channel SpacCing .....ccvevveiiiiiiiiiiiiiienierenneenns

) 0N =) i 00 o]

Carrier On-Off KeYing ..oviiiiiiiiiiiiiiiiiiiiiieeiinnneeenneens

Weight (With Flexitest Case) coovveiiiiiiiiiiiiiiiiiiiiiieennenn.

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 as 1292voltsy
120-kc and 25°C.

DESCRIPTION

General

This completely transistorized, carrier-apparatus
is a result of extensive field “and, laboratory tests.
From these tests, it was proven,that transistors pro-
vide superior reliability over tubes. In addition, the
latest printed circuitfand filter techniques have im-
proved performan@e and greatly decreased the size.
The expectedflong “life of transistors as compared
with vacuum{'tubes will' reduce maintenance costs,
and the low “pewer réquirements will produce impor-
tant savings in battéry and charger requirements.

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

conditions (see Figs. 10 and
18).

............................. See Figyl4
............................. 12.db
............................. See Figd 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.

omy 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 teminals.

Provisions are made for plugging the Vaoice
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 type strap
on each side of the adapter holds the unitVin(place
after it has been plugged in. The nomad projeetion
for a rear mounted Voice Adapteryis '3-inches be-
yond that of the relaying equipment.“When“the KR
Relaying Unit is supplied with theyadapter, a patch
cord is available on separate order. This patch cord
plugs into the telephone jacks on, thepyadapter and pro-
vides an extensionto a convenientl$) located terminal
board.

The panel cutoutdnformation necessary for mount-
ing the Sleet Det€ctordis shown by Fig. 11. This
unit consists ©0f adpotentiometer and pushbutton
switch mounted“onsa smdll panel, itself suitable for
switchboard mounting.

For 250-volt operation, separate auxiliary resis-
tors are required,das shown in Fig. 8.
Electfical
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 collectorfof ofie
transistor and the base of the other. The feedbagkgds
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. Thusgthe frequency
stability is the stability of thé%erystal.

The input to the driver stage @410 is controlled
by potentiometer, R-42 which also eoentrols the trans-
mitter power output. In HZM, relaying CARRIER STOP
provides about + 40 volts for blocking. This is ap-
plied to @ 10 through T-63%Diode CR-5 prevents dam-
age to the transistorwhenthis positive voltage is ap-
plied to the collector, For CARRIER START (when
in the blocked gosition) a small positive voltage is
applied topthe ‘eollector of Q-10 by means of bleeder
resistors R=6%andsR-68.

Theypoweriamplifier consists of two transistors
@ 12and @15, which are operated as class B ampli-
fiers inWpush-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

Pt
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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 @=4,&-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-1T.

The final output stage Q7 Will supply approxi-
mately 18 milliamperes to a“standard 1700 ohm dis-
tance relay RRH coil and its_,associated 500 ohm
alarm coil. It may also bejused to drive other relay
coils such as is showA By Fig. 7, Supervisory Con-
trol Connectionsy

Transmittep 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 wags. 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 gutput. Output may also
be stopped by removal9of“negative battery from
terminal 18.

Sleet Detector

The Sleet Detectords shown by Fig. 11. Effec-
tively R-1 is a remote,transmitter output control. This
control is obtained,through varying the driver stage
(Q10) emitteribias, ‘and is effective over a 40- db
range of ffansmitter output. The Sleet Detector is
switched into serfvice by S-1. By adjusting R-1 for a
given\receiver‘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 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 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 afnd
determine the direction of a line fault and thereby:
control the carrier transmitter and receiver.

The control of the carrier set is such as tg start
the transmission of catrier when fault poweryon the
transmission line is flowing out of the line se¢tion
being protected. Conversely, when fatlt ‘pewer is
flowing into this line section, the conftrol isysuch as
to block the transmitter and keep it frompbeing turned
on by secondary functions such_as“sleet detection
and communication, should thesé funetions be in use
at the same time. Should carrier new be received from
the remote station, the holdfcoil .and alarm coil will
energize through transistor @7 in/the receiver.

When carrier start operation occurs, the CARRIER
START contact cleses applying the full battery
supply voltage to terminad 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 (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 bleck ‘&
third receiver, would be of such amplitude, phase and
frequency as to cause the RRH coil currenty,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.@void this pos-
sibility of false trip) should beWseparated by 100
cycles. All receivers and oneffransmitter would be
for the desired center frequency. One of the other
transmitters would be 100§cycles’ above, the other
100 cycles below this center frequency.

INSTALLATION

General

Upon receipt of amunit, 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, seethe following illustrations:

Flexitest Case Mounting.............. Fig. 1
Sleet DetecCtor.coivieieniieeiiennnnnnns 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 11l...iiiiiiiiiiiiiiiiiiniiiieiiiennanss Ground
12 e, Coaxial Cable
13 and 19....... Supervisory Preference

Contacts
14......... B- ‘““‘CARRIER STOP’’ return
15, iiiiiiiinne. Battery positive through
carrier start contacts
16.cceiennnnnn.. Battery positive for alarm
cutoff (used with com-
munication)
L PP B-
18....... Carrier Stop for HZM Relaying
) B+
D T 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 afe 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 arétab-
ulated in Fig. 9.

Adjustments

This apparatus is generally tuned t@ anditested
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 controlsk

Transmitfer

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

2. Fig. 9 shows “typical output filter connections
for various frequeficy ranges. In some cases it may
be necessaryjtofuse either a higher or lower range to
tune the filter todresonance.

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

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

R-47 and R=48

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

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

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

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

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

7. While increasing R-42, tune the output filter
for maximum output until the output across the re-
sistor is approximately 8 volts. (See Figs. 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 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-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 4isy un-
known and cannot be conveniently measured, the ‘te-
ceiver may be adjusted for the remote sighal.WEirst
determine the channel attenuation using aW%Sierra
voltmeter or some other conveniént 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 i 5-db, add this to the 15-db
making a total of 20-db$ Taking this from 8 volts
output of the transmittér, the receiver should then
be set for a sensitivity9ef£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_ output current with control R-1 in the
maximum cleckwise position, clip out resistor R-74,
which ds “Gennected to the base of Q4. If the gain
is still insufficient, clip out resistor R-73, which is
conneetedto 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. For example, if the
adjustment is made per part a., the neise may in-
crease due to various reasons sueh as'bad insulators,
which would require adjusting the reeeiver to be less
sensitive. In the adjustment ©f part b., the attenua-
tion may increase due to, sleéet or line switching,
which would necessitate increasing the sensitivity of
the receiver.

Sleet Detector

Due to différentytypes of operation and supply
voltages, ifais 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 sleet
detector unity, Then, by adjusting the sleet detector
so a§'to obtain 10 milliamperes relay current at a re-
mote“receiver, any increase or decrease in line at-
tenuatiom may be noted as the difference between the
original setting, and the setting required to obtain the
given 10 milliamperes.

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-
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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 réference
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 measarements with reference
to B-, refer to Table 3.

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

5. For typical “RFE¢ signal measurements for
transmitter, £efer.to Table 5.

6. Removal of Printed Circuit Board from
Flexitest Case:

To remove the printed circuit board, unplug J-15
and J-16 loc¢ated 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 diSeonnect the coaxial
cable.

8. Receiver Filters

Fig. 15 show§ytypical receiver selectivity curves
both RF and JEs If'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 counter.

95 Minimum Test Equipment for Installation

a. Milliammeter 0-25 ma DC.

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

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

d. D-C Vacuum Tube Voltmeter (VTVM)

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

10. Desirable Test Equipment for Apparatus
Maintenance

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

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

c. Oscilloscope
d. Ohmmeter
e. Capacitor checker

f. Test harness (See Fig. 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 51vDC 129 vDC 51VDC 1 DC | 51VvDC
RF Input J-2 0 0 0.3V 0.3
DC Q-1 Base J-3 20V 20V 20V
DC R, B+ J-4 20V 20V 20V
DC R, Osc 3-5 7V 7V 1 v
DC Q-5 Base J-6 20 V 20 v & 20 V
B- J-7 \
fﬁ;:
DC-P1-E J-8 110 vV 32 @V 2V 110 V 32v
DC-Q-7 Base J-9 69 V Vv 23V 66 V 0.3V
DC Q-7 Emit J-10 0V N 8V 14V 66 V 1.0V
DCTXOSC J-11 mv % v mv TV Vv
B+ J-12 ﬂQV\C)m \" 129 V 51V 129 V 51V
DC Q-10 Base J-13 \K 18V 18V
DC Q-10 Emit J-14 18 V 18V
RF ma out J- 130 ma 130 ma
DC ma RRH
and
AL ARM 18 ma 13 mat

t With 2000 ohm resistor and Sigma relay.
1t Tx = transmitterpRx = receiver
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TABLE 2

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

Condition A Condition B Céndition C
Tx-Blocked Tx-Blocked TxfUnblocked
Rx-No Signal Rx-With Signal Rx:No Signal
Transistor (Volts) (Volts) (Volts)
Ef Bt Ct 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 7 7.2 1.8
Q-3 6.2 8.0 2 6.2 8 2.0
Q-4 20.0 20.0 2.6 20.0 20.0 2.8
Q-5 20.0 20.0 2.6 20.0 20.0 2.8
Q-6
129 VDC 110 110 129 115 114 129
51 VDC 32 32 ol 32 32 51
Q-7
129 VDC 70 68 129 78 80 86
51 VDC 1.0 0 o1 1.4 2.2 7.0
Q-8 6.2 8 2 6.2 8 2 6.2 8 2
Q-9 7 772 1.8 7 7.2 1.8 7 7.2 1.8
Q-10tt 18 18 0.4
Q-12tt 0.27 0.20 50
Q-15tt 0.27 0.20 50
t E-Emittef; BsBase; " C-Collector.

11 With respeetfto tefm 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 (P1-K) 58V 58V 58V SV 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 Voltfat Termindl 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. 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 t0,Gnd. 13.0 10.0 8.0
T4-1}yto Gnd. 13.0 10.0 8.0
T4-3 te T4-4 4.5 3.5 2.5
J9 to " J10 (DC) 0.74 0.75 0.65

12
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TABLE 5

TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER

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

Output to Gnd.

VOLTS

5.5

1.0

0.085

6.0

6.0

028

0.8

38.0

38.0

9.8

8.0

APPLICATION

1. Receiver Selectivity (Fig. 14)

This shows a typical curve of‘the owerall selec-
tivity of the receiver under steadyWstate condi-
tions.

2. Transmitter Output Selectivity (Fig. 10)

Typical curves are_shoewniso that approximate
bandwiths for keying/purposes can be determined for
any carrier frequency ‘between 30-kc and 200-kc.

3. Minimdm Channel, Spacing (F'ig.16)

This is a graph from which minimum channel
spacing can be obtained provided the signal strength
of the interfeting transmitter and the sensitivity set-
ting of the receiver are known. These can be obtained
fromncalculations 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 2000-ehm
5-watt resistor is to be connected in series with the
control relay coil. In order to maintain proper<mark
space ratio, the relay bias current is adjusted for 9
milliamperes as indicated.

7. Receiver Filter Limits (Fig. 15)

The receiver RF filter andqthe "EF filter limits
are shown on Fig. 15. Both filters“are ‘0f the plug-
in type and the test circuits #withy, pin’ connections
are shown at the top of each curye.The IF filter is
divided into two separate seetions. The selectivity
shown is for each sectiom, and the pin connections
for each section are also shewn in the test circuit
sketch.

ELECTRICAL PARTS LIST

CIRCUIT MER. MANUFACTURER’S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
CAPACITORS

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

tC-2 Rcvr. Osc. Feedback 140/ 270 puf, £20%,°500 VDC, 1 330C566 H43

Mica or 330C566

H57

C-3 Rcvr. Osc. Bleeder 0.02 uf, MRE, 600, VDC, 1 330C569 H47

Bypass Disc

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

C-6 Rcvr. Rectifier Sameyas C-5
Bypass

C-7 B— to B+ Bypass 2 pf, +10%, 600 VDC, Paper 1 330C573 HO7

C-8 B—to GND 1.0 pf, +10%, 1000 VDC, Paper 1 330C573 H21
tC-9 Xmtr. Osc. Feedbatck Same as C-2
C-10 Xmtr4 Ose. Same as C-3

C-11 Key Filter 0.1 uf, +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
C-14 PA Base Bypass Same as C-12

fiNote: 140 puf for osc. freq. 110-kc and above.
270 ppf for osc. freq. below 110-ke.

L

P
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ELECTRICAL PARTS LIST

O

&
S

R-8 Volta@lator
CR-9 5-’7 3 or

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 puf, Variable, Air 1 C092 HO1
C-20 Output Filter 390 puf, +5%, 2500 VDC, Mica 1 330C561 H15
Cc-21 Output Filter 680 uuf, +5%, 2500 VDC, Mica 330C561 H21
C-22 Output Filter 1200 pupf, +5%, 2500 VDC, 330C561 H27
Mica
C-24 FL-2 Decoupling Same as C-12
C-25 Q-7 Emitter 2.0 mfd, +20%, 20& 1 330C567 HO1
CRYST I S
CR-1 Bridge Rectifier Gener: o) 63 1 584C433 HO02
CR-2 Bridge Rectifier S -
CR-3 Bridge Rectifier Sa\R-l
CR-4 Bridge Rectifier mCR-I
CR-5 Q-10 Collector ¢ e as CR-1
CR-6 Q-7 COHECt(\K Same as CR-1
CR-7 Voltage Regula Type INT68, 1 584C434 HO02
o) Type 1N1369 1 584C434 HO5
Type 1N1789 1 584C434 HO8

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 54-1%\
GH-2 B+ Same as FH-1 @
FUSES 0
F-1 B— 3AGC 3/4 amp. 1 #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 110-kc to 2 c 1 468D341
FL-2 Rcvr. IF Bandpass 20-kc Fi q. 1 468D338

ORS
J-1 Printed Circuit inte rcuit Female 1 54-B-7125 HO3
L 4 ug
J-2 RF Input @85-0 1 584C292 HO7
J-3 Rcvr. Osc. Output O&Terminal Studs 1 330C592 HO1
J-4 Rcvr. Mixer-A Same as J-3
Supply @
J-5 Revr. sm Same as J-3
J-6 Q-5 Same as J-3
J-7 B— Same as J-3
L 4

J-8 Q-6 Supply Same as J-3

O




TYPE KR CARRIER SET

LL. 41

ELECTRICAL PARTS LIST

O

MANU FACTLIQS

CIRCUIT MFR
DESCRIP .
SYMBOL FUNCTION CRIPTION CODE DESIGNATION
@
CONNECTORS (Concluded)
J-9 Q-7 Base Same as J-3 \@
J-10 Q-7 Emitter Same as J-3 (b
J-11 Xmtr. Osc. Supply Same as J-3 0
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 HO2
P-1 Printed Circuit Printe irc ale 1 54-B-7126 HO03
Plu
\‘ QINDUCTORS
L-1 Core and Coil 11'"MH Total — 6 MH 1 329C450
Assembly ap (Part of FL-3)
L-2 Core and Coil V'S 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 vr. Mixer Type 2N43 or Type 1 330C587 HOT
2N525
Q-2 Rcvr. Osc. Type 2N414 1 330C587 HO9

17
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TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

SRy FUNCTION DESCRIPTION o | M e ATion
TRANSISTORS (Concluded)
Q-3 Rcvr. Osc. Same as Q-2
Q-4 Revr. IF Same as Q-1
Q-5 Revr. IF Same as Q-1
Q-6 Rcvr. IF Type 2N332, or 1 330C587 HO04
2N 1149
Q-7 Rcvr. Output Type 2N 1156 1 330C587 HO1
Q-8 Xmtr. Osc. Same as Q-2
Q-9 Xmtr. Osc. Same as Q-2
Q-10 Xmtr. Amp. Same as Q-1
Q12 Xmtr. PA Type 2N498 1 330C587 H12
Q-15 Xmtr. PA Same as Q-12
RESISTORS
R-1 Rec. Input 250K, t20%, 1/4 W, Pot. 1 584C276 H23
R-2 Filter Matching 100K, #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
Divider
R-6 Q-2 Colleetor 1.2 K, +56%, 1/2 W 1 330C664 H51
R-8 Rcvr. Voltage 30 K, +5%, 2 W 1 330C668 H84
Divider
R-9 Rcvr."Voltage Same as R-8
L e Divider

18




TYPE KR CARRIER SET

LL. 41.941.1

ELECTRICAL PARTS LIST

SvMeoL |  FUNCTION DESCRIPTION CODE | " 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 2.2 K, *10%, 1/2.W 1 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, +10%f 2 W 1 330C597 H40
R-18 Rcvr. Osc. 9.1 K, £5%01/2W 1 330C664 H74
R-19 Q-4 Bias 100 Ohms*10%, 1/2 W 1 330C595 H13
R-20 Q-4 Bias Same as R-2

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

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

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

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

R-27 Q-T'Bias 20 Ohms, *5%, 1/2 W 1 330C664 HO8
R-28 Xnitr. 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



TYPE KR CARRIER SET

ELECTRICAL PARTS LIST

CIRCUIT MFR MANUFACTURER’S
FUNCTION DESCRIPTION .
SYMBOL CODE DESIGNATION
L |
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
Divider
R-41 Buffer Voltage Same -
Divider
R-42 Xmtr. Osc. Output L 4 @as R-4
R-43 Q-10 Bias K\me 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 Buffe \ 6.8 K, 5%, 1/2 W 1 330C664 H69
Di
R-48 Buffer Vo Same as R-45
Divider
L 4
R-49 P A Bias 27T K, 5%, 2 W 1 330C668 H83

S




TYPE KR CARRIER SET

LL. 41-

ELECTRICAL PARTS LIST

O

oL FUNCTION DESCRIPTION s MAS'E’;QSI&JS
RESISTORS (Concluded) ¢

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

R-52 Q-12 Emitter 10 Ohms, +10%, 1/2 W 1 0C595 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 H62
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, 2 1 584C416 H64
R-66 T-T7 Load 560 Oh + 2w 1 330C668 H43
R-67 Xmtr. Blocking s, o, 2 W 1 330C668 HO1
R-68 Xmtr. Blocking +10%, 10 W 1 330C577 HO1
R-69 Q-10 Emitter \ as R-19

R-70 FL2 Decoupling 0 Ohms, *10%, 1/2 W 1 330C595 H21
R-T1 Q-4 Emitter ’G) 150 Ohms, *10%, 1/2 W 1 330C595 H15
R-72 Q-5 Emitte\& 68 Ohms, +10%, 1/2 W 1 330C595 H11
R-73 Q-5 BasO 180 Ohms, +10%, 1/2 W 1 330C595 H16
R-74 Q-4 @ 2.7 K, 5%, 1/2 W 1 330C664 H59
R-75 N ctor 22K, +10%, 1/2 W 1 330C595 H41
R-76 -5 Lollector Same as R-T75
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TYPE KR CARRIER SET

ELECTRICAL PARTS LIST Q .
e MFR. MANUFACTURER'S@

SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
L 2

TRANSFORMERS

T-1 Rcvr. Input Impedance Ratio 10 K; 1 L @
10K

T-2 Rcvr. Osc. Impedance Ratio 10 K: 1 @3
400 ohms

T-3 Rcvr. Mixer Impedance Ratio 25 K: 1 5921171
300 ohms

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

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

T-6 Xmtr. Buffer Impedance Ratio 10 K: 1 L-592170
400 ohms CT

T-7 Xmtr. Output Impedance Rat 1 L-633000
60

T P TS
TP-1 R-5 Te@uds 1 330C592 HO2
-2 R-8 TP-1
TP . %s
TP-3 R-17 \me as TP-1

TP-4 R-18 Same as TP-1
TP-5 R-28 Same as TP-1
TP-6 R-3 F@ Same as TP-1
TP-7 4& Same as TP-1
TP-8 R- Same as TP-1
TP-9 R-417 Same as TP-1

—=



TYPE KR CARRIER SET

l.L, 41-

ELECTRICAL PARTS LIST

O

CIRCUIT MFR. MANUFACTUR
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
\ 4
SOCKETS
X-1 FL-1 Octal 1 \%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 1 50-D-9790 HO1
XY-2 Xmtr. Y-2 Same as XY-1
CRYSTAL
Y-1 Rcvr. Osc. Specify Channel . 1 328C083
Plus 20-kc
Y-2 Xmtr. Osc. v@ Same as 1 328C083
el Frequency
DETECTOR
R-1 Resistor, Level K, 2 W, Pot. 1 51-D-1976 H17
Control (S#1475074)
L 4
R-2 Resistor, Limi 2000 ohms, 2’ tube. 1 1267296
S-1 Switch S SPST Normally Open 1 327C854 HO1
\ LIST OF MANUFACTURERS
1. Westinghouse Electric Corporation
2. National Co., Inc., Malden, Mass.

23
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TYPE KR CARRIER SET

i ‘ T
B+ co ' tt (3D
Las Crone " CARRIER.
2 CARRIER FPB 4(7‘ ~N ‘|; ALARM
resr 9
]
A
P
RX-1 CARRIER ; ouT
SWITCH | |
| (n8)
) /5 /6 20
- —QRR™ """ FQRR T YRR T QRRAAG 80 com
- Q1 RCVR ]
| 'E ~ ouTAPUT & |
5o 51v (7 Lpusk ro TALK | | <-~
6004 |/29V Vo | 2 KR ’
12500/ 258y | o7 25 4 " CoAxaL
| 7 W /" CABLE TO
| _ VOICE ADAPTER LINE TUNER
' OCTAL SOCKET
' |
| Qio Qs | = \RF GROUNDING
mm/siv || F KR CARRIER ASSY | SwiTCH
4K 1129V | KR KR KR REF DWG 549 D780 | PROTECTOR LNIT
roxjzsey L) T 0 RN T |
25¢ /sy ECSP +t
1K 1125y
Ik |258v 4
T (sSG f
co - l
B- b —_- —_— - —

VT

Az
REQUIREMENTS FOR, HHIM RELAYING MOTES

P CAR caARRIER. ~ DW
e SARER{ AR e RS A A A
Sivoc +S1v. TMA +28Vv IN
/29 voc +/29v. 8MA v 4ov N * FoOR S/ & /129 vOC SUPPLY.
258vDC +258v.8MA +40v ouT
KR RELAYING TRANSMITTER / rt ’;"f ZfGHVf’CR-;‘;”:‘-: l:JSUE
30CI9/HO ISTO r
RECY EXTERKMAL CONNECTIONS REF DwG 2238497
TERMINAL NACOMIKECTIO AL
/14 GROUND O FoR SuP&ERVISoRY CONTROL
/8. COAYIAL CABLE PREFERENCE CONTACTS.
13 SUPERVISORY PREFERENCE CONTACT
! 4. CARRIER STOP B- RETURN
5 CARRIER START (POSITIVE)
/6 ALARM CUTOFE FOR COMMUNICATIONS
/7 8 MINUS
/8 CARRIER STOP (HZ /HZM)
9 8 PLUS
20 RELAY COIL

Fig. 3~ Relaying Control Circuits — HZ/HZM (Dwg. 1-329C704)
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I.L.41-941.1

—
.t
> t
CARRIER
[Jﬁ * ALARM
"w
—
CARRIER
START
Lorxr
R3 A T
44
CARRIER
| @ SToP ont
e KR .
T10s S V.4 Sy ¥ 2
T \
csp | 2z |' RF GRouwnD
4= SW/ITCH
) [~ Tcse i
231 l2s| | l l
(3¢) [ 7_'(31) |
— Z3 4123 f (S
(1) 77 \
( (44 !cs,o:L : )
= /
’ESG i "~ COAXIAL
| | cCABLE
y i 2/’/ TO Ling
; o~ A KR CARRIER ASSY : TunER
o 552__ w17 REF DWG 590D 780 I .
do - +
& f
- fi— - - -
REQUIREMENTS FOR K- DAR RELAY ING
SUPPLY VOLTAGE CARRIER START CARRIER _SToP e
S/ voc + 37V, 7MA O VoLTS 2k
/29 voc +/00Vv 8MA ovoLTs 3.75K
258 vbc +100v 8MA O voLTS 19K
NOTES

KR RELAYING TRANSMITTER /
RECY. EXTERNAL CONNECTIONS
TERMINAL CONNELCTION

// SROUND A

A COAXIALICABLE
/3 SUPERVISORY PRE FERENCE COMTACT
/4 CARRIERSTOP B- RETURN r
/15 CARR|ER START #POSITIVA)
/8 ALARM CUTOFF FOR COMMUNICATIONS
7 B MINUS
18 CARRIER STOP (HZ/HEM)
]9 8 PLUS
RELAY COIL

Fig 4-Relaying Control C

ircuits—-K-

X FOR'"R" USE OMMITE VITREOUS ENAMELED
OIVIDOHM ADUUSTABLE 4K OR 26K 25W
RESISTOR .CONNELT & ADJUST FOR VALUES
SHOWAN

CONNECT R¥-/ (OW6 228 5605
S¥ /595821) AS SHowwN

FOR 5/& 129 VDC SUPPLY

t+ FOR 258VDC SUPPLY USE

330CI9HOI RESISTOR UNIT
REF OWG 223 B497

Dar (Dwa. 3-329C704)



l.L. 4159411

TYPE KR CARRIER SET

8+
:
”}
—
e ! J.
+.4 ALARM RA RA CARRIER
U’e* l curoﬁ ALARM
"IN
(R) RcVR REWAWCOIL
()
kR O ComMmMmM
20
CARRIER T T T T T T e — 0~ — —o— e — — -
START % Q£ VR '
! OUFPUT ‘ RF GRounD
I | TRANS/ISTOR SwiiTcH
N LY
S . QE l COAXIAL
T ‘i‘ S # 5¢ | voicE AOAPTER' CABLE
eV ! (OCTAL SOCKET) leo“___
Y= = L ; TUNER
o |
* 5 & |
i Tac
kP B A| !
| 74
! R KR
L__ s e rerowes4odniso
E -
REQUIREMENTS FOR GCx/[/GCY RELAYING
SUPPLY VOLTAGE CARRIER START CARRIER SToP R
S/ voc +37v, AMA O voLrs 2K
/129 vOC + looV, SMA 0 VoLTS 3.75K
258 voc + /00V. EMA O voirs /9. K
MOTES
KR RELAYING TREISMIWIER / ¥ FOR "R" USE OHMITE VITREOUS ENAMELED
/
RECQV. EXTERNAR COMNMNECTIOM S DIVIDOHM ADJUSTABLE 4K OR 20k 25W
TERMINAL- COUNECTION RESISTOR., CONNECT ¢ ADJUST FOR VALUES
/1, CROUND SHown
/2. CoAXIAL CABLE A CowneEer RX-/ (SILICON RECTIFIER
/3. SURERV/SORY PRE FERENCE COMTACT TYPE 352F OR EQUIVALENT)
! 4. CARRIER STOP B- RETURAN A H
/s, CARRIER START (POSITIVEY S SHOWN
/6. ALARM CUTOFF FOR COMMUMICATIONS +  FOR S/ & 129 vOC SuPPLY
/7. B MINUS
/g- CARRIER STOP (HZ/#ZM) ++ FOR 258V OC SUPPLY (SE
/9. 8 PLUS 330CI9IHOI RESISTOR UMIT
20 RELAY co/IL REE DWG 223B497

O FOR SUPERVISORY CONTROL
PREFERENCE CONTACTS

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

N\

L <

Zs

5‘!

Sy

' o

CONNECTION FOR o

SUPERVISORY CO ” L

Q-7 : “CONNECT TO SAME : g

___@955 ) BATTERY SUPPLY

N a?s 20R0%H0CH(;:; A'S TRANS-REC.UNIT g é
2N 1)

?QREszilngR 190 M/5 CONTROL -;

DK
_ 2w COMPONENTS
r— - 1 MOUNTED IN
! —d4  SUPERVISORY
i 1000 OHMS % CABINET
)
- - - 2

ALARM CoiL SIGMA RELAY -TYPE
B+ NOT INCIRCUIT TAOZT-1000T-TCP

R EQUIVALENT.

Fig. 7. Supervisory Control Connections (Dwg. 223B498)
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TYPE KR CARRIER SET

CONN

ECTIONS FOR 48-250 VOLT SERVICE AND

S

UPERVISORY CONTROL APPLICATION

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

250-VOLT OPERATION

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

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

RESISTOR UNIT SCHEMATIC:

OlJT'(:}
IN O—[251—{75}— {25425

CoM.O—25 —25 {25 H{25+——
R8

NOTE:

0.15 &. STANDBY
/raaawTRANSNMTTWG

R R2  R3 GRA lLlAMP

R7 R& R5

POWER CONSUMPTIONS-(303 WATTS AT 258 V.
390 WATTS AT 280 V.

KR SUPPLY VOLTAGE W |LLWBE APPROXIMATELY 144 VOLTS
UNDER STANDBY CONDITW,ON WHEN BATTERY VOLTAGE IS
280 VOLTS.

125-VOlTr HZ/HZM OPERATION
JUMPER TR-7 AND TP-8 IS REMOVED.

48 VOLT OPERATION

ON PRIYNTED¥CIRCUIT BOARD ADDITICNAL JUMPERS ARE
CONNECTED AS FOLLOWS:

BETWEEN"TP8 AND TP9
BETWEEN TPS AND J12
BETWEEN TP1 AND TP2
BETWEEN TP3 AND TPV

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 CONTROL,
RS9 1S CONNECTED INTO THE CIRCUIT.

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

N

TRANSMITTER OUTPUT FILTER FL-3 CON&
COIL PARALLEL

LINE FREQUENCY RANGE

| —— 27.7 KC=30.0 KC
2— 29.8 KC-33.1 KC
3 — 31.8 KC-36.0 KC
4 — 35,4 KC-39,0 KC
5 — 38.0 KC=41.0 KC
¢ — Lo.3 KC-45.0 KC
7 — 43.0 KC-49.0 KC
8 — 47.7 KC-56.0 KC
9 — 49,5 KC-58.5 KC
10— 57.0 KC-72.3 KC
It — 67.0 KC-76.0 KC
12— 75.0 KC-88.0 KC
13— 77.5 KC-93.0 KC
14— 89,3 KC-114,.5KC

1§ — 102.7KC-147.0KC
16 — 136,6KC-210.0KC

Q. CONNECTION FROM 6 TO

N

L 4

COIL CONNECTION ACITOR CONNECTIONS A
L-1 6-8-9-10-11
L-1 6-8-10-11
L-1 6-8-9-11
L-1 6-8-11
L-1 6-8-9-10-11
L-1 6 6-8-%0-11
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-2 =4y (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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TYPE KR CARRIER SET

DB ATTEMUAT ION

34

10

"
Q0%
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A\l

l/

=20 =18+ =10 -5

Fig. 10. Transmitter Output Filter Selectivity (Dwg.

F
c
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377996)
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TYPE KR CARRIER SET LL. 4).

L 4

CONNECT 7O TRANS-
MITTER CARRIER

START TERMINAL ——

__.Max. ccw PoSITION
i
PERMISSIBLE CONTROL

Odb an"r @
To - odb(ovwx.uwrr )

"

A\

|
l_l
7!

2z

APPLY B+

SCHEMATIC

i
73

r—/

TYPE KR
SLEET
DETECTOR

STYLE
470D167GO1

Q .219 DIA.(4HOLES)
[ |o 5 e
WE STINGHOUSE '

3-———»&

i3 31~MIN. CuUTOUT

[
.~ —3
8
o
|
1
I

LN
Ta

/
‘7

5

PUSN FO!
SLEET

O O

|
|
|
i
a/yMlN CUTOUT j (?
S, ,_35_ ,7_1

Fig. 11. Sleet Detector Outline (Dwg. 329C703)
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TYPE KR CARRIER SET

+ 2
* INCREASING OUTPUT
INCREASING SENSITIVITY /
+ /| /
A oK
L7
o8 o

RECEIVER SENSITIVITY = 40 MV AT /29 vODC
TRANSMITTER OUTPUT = /O W AT /29 VDC
-4 (/oW = 8.0 VOLTS AT @O OHMS )
FREQUENCY = /20 KC
TEMPERATURE =~ 25°C

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

D8 STEADY STATE ATTENUATION

50

46

40

as

30

25

20

S

/10

-2 -1 Fo  *!

FREQUENCY (kcC)

Fig. 14. Receiver Selectivity (Dwg. 377993)
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TYPE KR CARRIER SET

l.L. 41-941.1

20
15 Z/ /Z//
IF FILTER TEST CIRCUIT 1
10K sec % © % \ / »/
5 3| oMM // /
5 3 5 /4 \Z//‘ 7
. 5 a|oH™s 5 5 ” .
i F ()

Each 'section FL-2 requirement
with typical selectivity curve
Insertion loss 26 DB max.
Including matching resistor.

08

50 /

Ko
RF FILTER TEST CIRCUWT
10K 30
ARG T
OHMS 10K
& - 4|OHMS \ /
X 20

it

-2 F 2 +4

FREQUENCY (KC)

5 MMM

Fig.

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

15. Receiver Filter Limits (Dwg. 377995)
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LIST OF ILLUSTRATIONS 18 Transmitter Output and Receiver
Sensitivity Variations with
Figure References FIEQUENCY . enueneneeeneenenannnnnn €378000
1 Outline (Flexitest Case)........ue..... 470D033 19 Test Hamness........ccccooveniininnn, 756D346
2 Schematic Difgram.......ccceveeeennnn. 470D593 20  Voice Adapter Extensions............. 757D650
3 Modified KR Transmitter-Receiver
(Case Mounting) for Rear . 4 .
. . % CAUTION Before working on this e@uipment, close
Mounting Voice Adaptor.......... 756D204 the external grounding switch inthe " RF output circuit
4 Component Location..........ceenenen.. 470D214 & & P )
5 Supervisory Control Connections.... 223B498
6 Connections 51 V-258 V-HZM
K-DAR or GCY Operation........ 223B497
7 Connections-Output Filter ............ 149A420 INTRQDUGTION
8 Transmitter Output Filter The Type KR RelayingsfTransmitter-Receiver is
Selectivity ceevveererieniiiieennnnnes C377996 designed for Distance Wy Relaying, Telemetering,
9 Sleet Detector Outline ........cc........ 329C1703 Supervisory Contrel and Sleet Detection. Facilities
10 Transmitter Output and Receiver are provided for a ‘plug-in type voice adapter. The
Sensitivity Variations with basic design, is for/operation from 129-volt station
Voltage civeeeieiiiiiiiiienneeneennes C377999 batteries. However, the apparatus may also be oper-
11 Receiver Selectivity..ccooeveeveennnnnn. C377993 ated fromyS51-volt or 258-volt station batteries by
12 Receiver Filter LimitS......ccccueunee.s C377995 means ,ofWwarious internal connections. These various
13 Minimum Channel Spacing............. C377998 connections “as well as most of the adjustments are
14  Wiring Diagram.........cocveevinvnnnenes 470D596 made at the factory, although they can be changed in
15 Relaying Control Circuits the field,
(HZ/HZM) ceeiiiiiiiiiiinnannnn. 1-329C1704 Although designed primarily for operation with
16 Relaying Control Circuits Westinghouse protective relays, this apparatus may
(GCX/GCY) ceriiiriinanneananannnns 2-329Q704 also be coordinated with other types of directional-
17 Relaying Control Circuits distance relays and with most other contact keyed
(K-DAR).euiiieiiiiiiietenninnenennnns 3-329C704 devices.
SPECIFICATIONS
Frequency Range ..........ooveevvenennnen T, P 30-kc to 200-kc
Channel Attenuation Rating ........0 . . i, 40-db
Transmitter POWer OUtPUL «..vvebieeeee e iiiiiiiiiiiiiiiiei it eieerenaraneeanncannens 1.0 watt at standard condi-
tions (see Figs. 10 and 18).
0.5 watt with a 51-volt d-c
supply.
Transmitter HarmoniC OBt pUL . .eeeeiieiiiiinereetiiiereeeeeerernnneeeeeecesensnnnnnseeens At least 46-db below funda-
mental.
Transmitter Output IMPEAANCE. .cciveitiiietititiieennntieetionnesstesseesssesnensessssnsenons Matches one 60-ohm coax.
cable. (Suitable for 50-70 ohm
cable.)
Transmitter Qutput Filter Selectivity..oiieeiiiiiiiiriiiiiiiiiiiiiiiiiiiiiiiiireeeneeees See Fig. 8.
Transmitter and Receiver Oscillator and Frequency Stability....ccccoeeeeeennnnnnn.. From-20°C to +50°C with si-

multaneous voltage variations
from 100 to 140 VDC, the fre-
quency remains with 0.01%.

,J%'
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Permissible Battery Voltage Ripple.....coevvviviiiiiiinnnen..

Ambient Temperature RaNge ..vcuveuveiirierneneeneeneeneeneeanes

Non-Operating Temperature Range ......coovevvennneeeeennnnnns

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

—40°C to +70°C

Receiver Sensitivity ...cvvviiiiiiiiiiiiiiiiiiiiiiiiiiiieieinineaenns eeereteerntittateereeaeaas 0.04 volts atystandard

Receiver Selectivity ..uveiiiiiiiiiiiiiiiiiiiiiiiiiiiiiineenns
Receiver Signal-to-Noise Ratio Requirements ..............
Minimum Channel SpacCing .....viviiiiiiiiiiiiiiiiiriiieenieennnns

POWET INPUL etiitiiii ittt iiieiiieietetieneraneesenereneennennens

Carrier ON-Off KeYINE iivuuetrniiiieueene st otaeeeoeesoeaeoeeennnennseeoeesssionile

Weight (With Flexitest Case) ...ccvvvviiiiiiiiiiniiiiiiieennnn.

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

NOTE Standard conditions are taken as 129-volts,
120-kc and 25°C.

DESCRIPTION

General

This completely transi@torized” carrier-apparatus
is a result of extensive field and laboratory tests.
From these tests, it was"proven that transistors pro-
vide superior reliability #ver tubes. In addition, the
latest printed circuit, andwfilter techniques have im-
proved perform@ance, andygreatly decreased the size.
The expected, long life of transistors as compared
with vacuum tubes 4vill 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
tubesmHowever, tubes operate by the flow of elec-
trons_in a vacuum between elements, while transis-
tors depend upon the movement of electrons in a
sobkid, This leads to a more rugged type of construc-
tion. Most transistors are made from either germanium

conditions (see Figs. 10 and
18).

............................. SeefFighll.

1@2-db

............................. See Fig. 13.
............................. 115-ma at 51 VDC, 200-ma

at 129 VDC, 1.28 amperes
at 258 VDC.

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

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

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

Provisions are made for plugging the Vaice
Adapter Unit in the front or the rear of the relaying
equipment. When front mounting is utilized, it will be
necessary to remove the cover of the KR case before
plugging in the Adapter Unit. In the cdse ofjrear
mounting, the Adapter Unit may be plugged,into the
relaying equipment directly without @femoyval of the
cover. Octal sockets marked X-3,and X-4 (the latter
for rear mounting) on the relaying ‘equipment accom-
modate the adapter plug. A buckle type“strap on each
side of the adapter holds the unit in place after it has
been plugged in. The normad®prejection for a front or
rear mounted Voice Adapter is 3-inches beyond that
of the relaying equipmenty Whensthe KR Relaying Unit
is supplied for reaf mounting,of the adapter, a patch
cord is available®en gSeparate order. This patch cord
plugs into the telephone jacks on the adapter and pro-
vides an extension to a‘conveniently located terminal
board. The Wiring Diagram for rear mounting of the
adapter is shown in“Fig. 3.

The“ . panel cutout information necessary for
mounting,the Sleet Detector is shown by Fig. 9. This
unit censists of a potentiometer and pushbutton
switchmmounted on a small panel, itself suitable for
switchboard mounting.

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

Electrical
Transmitter

The transmitter is made of four main stages in-
cluding an oscillator, driver, powers@mplifier, and an
output filter. In the oscillator, thejerystal is operated
as a resonant circuit between;the “collector of one
transistor and the base of the other. The feedback is
supplied through a capacitonfrom the collector of the
second transistor to theybase ‘of the first transistor.
The frequency is indeépendent 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't6,Q- 10°through T-6. Diode CR-5 prevents damage
toqthe transistor when this positive voltage is ap-
plied“te the collector. For CARRIER START (when
in/ the, blocked position) a small positive voltage is
applied to the collector of Q-10 by means of bleeder
resistors R-67 and R-68.

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

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

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

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

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

Receiver

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

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

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

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

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

This receiver uses an IF frequency of 20<kc. The
overall seléctivity is determined primarily*by the IF
filter FL-2. Typical characteristics of this/filter are
shown by Fig. 12.

The IF amplifier consists of tfansistors 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-17.

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

Transmitter Control Circuits

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

Positive voltage applied to terminal 18 Supplies
this bias through a voltage dividing netwotk, and
transmitter output results. The actual configuration of
the network is a function of supply voltage and ap-
plication (Relaying, Telemetering, etc.) and is
discussed in the Adjustments section.

Output may be stoppedSin several ways. The
method used with K-DAR Trelays is to remove the
positive voltage applied toaterminal 15. In the case
of distance relaying ‘with |Westinghouse HZ/HZM
relays, application of%a, positive voltage to terminal
18 will stop the tfansmitfer output. Output may also
be stopped bygmremoval of negative battery from
terminal 18.

Sleet Detector

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

Communications

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

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

Relaying Control Circuits

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

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

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

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

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

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

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

2. HZM Relaying (Fig. 15)

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

The HZ-HZM relays operating from the, voltage
and current on the transmission line, (detect and
determine the direction of a line fault, and,thereby
control the carrier transmitter and recéiver.

The control of the carrier set“Isysuch’as to start
the transmission of catrier whegn fault“power on the
transmission line is flowing oug of the line section
being protected. Conversely, »when fault power is
flowing into this line gection, the control is such as
to block the transmitter and k€ep it from being turned
on by secondary #unctdions“such as sleet detection
and communicationy, shouldfthese functions be in use
at the same time. Shouldécarrier now be received from
the remote station, the hold coil and alarm coil will
energize through transistor Q-7 in the receiver.

When carrier start operation occurs, the CARRIER
START ‘“econtaet closes applying the full battery
supply veltage to terminal 15 of the carrier set. This
puts a‘potential on the driver stage in the transmitter
andialse applies proper bias for the power amplifier.

When a carrier stop operation occurs, the
CARRIER STOP contact opens. This applies ¢a
positive voltage (see Fig. 15) to terminal 189which
blocks the driver stage and the power amplifier stage.

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

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

INSTALLATION

Generdl

Uponieceipt 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
Sleet Detector ..vvvvvreiiiiiiiieiinennns Fig. 9

Connections
External

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

Terminals 1l.iiiiiiiiiiiiiiiieiiennnnnssesennnnnns 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..cccnnnnnenn. Battery positive for alarm
cutoff (used with com-
munication)
D B-
18....... Carrier Stop for HZM Relaying
D PN B+
D Relay Coil
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CAUTION If the transmitter output load is removed
while the transmitter is energized, the transistors in
the power amplifier will be permanently damaged. A
dummy load should be connected to the transmitter
output if the coax is disconnected and the transmitter
is to be energized.

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

Tuner or matching transformer.
Internal

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

OPERATION

BLEEDER RESISTORS IN THE CIRCUIT

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

129-Volt K-DAR and GCY Relaying

129-Volt HZM Relaying, Telemetering,
and Supervisory

258-Volt K-DAR and GCY Relaying

258-Volt HZM Relaying, Telemetering,
and Supervisory

Various combinations of the inducters “and
capacitors of the transmitter output filter, arefre-
quired depending on the channel frequencyaThese are
tabulated in Fig. 7.

Adjustments

This apparatus is generally tuned tohand tested
at the specified channel frequeney before shipment.
Final adjustments must be made in the field and are
described in the following ‘paragraphs. Fig. 4 shows
the locations of the various_controls.

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. Tshows 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 filtepto resonance.

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

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

R-47,and R-48

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

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

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

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

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

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

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

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

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

a. Sensitivity Adjustment for Noise

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

b. Sensitivity Adjustment for Remote Signal

When the maximum on-frequency nolse,is‘unknown
and cannot be conveniently measuredg’theypreceiver
may be adjusted for the remote signal.)First deter-
mine the channel attenuation using @a“Sierra’voltmeter
or some other convenient methéd. Diseonnect the
coaxial cable and connect a 60-ohm) non-inductive
resistor and a VTVM (HP 400C%or equivalent) across
terminals 11 and 12. Add 15-dbftojthe channel atten-
uation. This compensatesfer average variations such
as channel and voltage gvariations. For example, if
the channel attenuationfis 5-.@b, add this to the 15-db
making a total of 20-db./Taking this from 8 volts
output of the transmitter, the receiver should then be
set for a sensitivity of 0.8 volts. To do this, adjust
the transmitter output control R-42 for 0.8 volts and
then adjust the receiver input control so as to obtain
10-ma outputwcurrent. If it is impossible to obtain
10-ma g@utputicurrent with control R-1 in the maximum
clockwise position, clip out resistor R-74, which is
connected 'to the base of Q-4. If the gain is still in-
suffieient, 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, casés may
arise where conditions change. Forg@xample, if the
adjustment is made per part a., thegnmoise may in-
crease due to various reasons suchyjas bad insulators,
which would require adjusting ghéyreceiver to be less
sensitive. In the adjustment \of /part¥b., the attenua-
tion may increase due to“SsleetyOr line switching,
which would necessitategincreasing the sensitivity of
the receiver.

Sleet Detector

Due to, different \types of operation and supply
voltages, it\isynotipractical to have a calibrated dial
for this unit.\ However, calibration may be made at
installationmby ‘tecording transmitter output (either in
db ofypwolts), at various knob settings of the sleet
detectorfunit.” Then, by adjusting the sleet detector
so as\to obtain 10 milliamperes relay current at a re-
mote, receiver, any increase or decrease in line at-
tenuation may be noted as the difference between the
original setting, and the setting required to obtain the
given 10 milliamperes.

258-Volt Resistor Unit

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

Frequency Change

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

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

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

P,
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I.L. 41:94%A

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, andiby
opening the CARRIER START circuit in thedcase/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 withireference
to B-, refer to Table 2.

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

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

5. For typical @RF" signal measurements for
transmitter, réfer to Table 5.

6. Removalyoff Printed Circuit Board from
Flexitest Case.

To remove, the printed circuit board, unplug J-15
and J416 located near the output filter. Loosen the
twogscrews inside the case near the top. Loosen the
stotted 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. 12 shows typical receiver selectivity curves
both RF and IF. Ifythe filters are checked in a test
setup, it is necessary to use an accurate signal gen-
erator or preferably’a signal generator and a frequency

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

9. Minimum Test Equipment for Installation

a.’Milliammeter 0-25 ma DC.

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

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

d. D-C Vacuum Tube Voltmeter (VTVM)

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. 19)
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TABLE 1

D-C PIN JACK MEASUREMENTS WiTH REFERENCE TO B-

CONDITION A CONDITION B CONDITION C
Tx-Blocked t1 Tx-Blocked I x-Unblock ed
Description Jack Rx-No Signal Rx-With Signal RxzNo Signal
129 VvDC 51vDC 129 VvDC 51vDC 129°'vDC | 51VDC
RF Input J-2 0 0 0.3V 0.3V,
DC Q-1 Base J-3 20V 20V 20V 20 V
DC Rx B+ J-4 20V 20V 20V 204V
DC Ry Osc J-5 TV ' Vv TV
DC Q-5 Base J-6 20V 20V 20°W. 20V
B- J-7
DC-P1-E J-8 110 V 32V ¥io v 32V 110 v 32V
DC-Q-T7 Base J-9 69 V oWV Vv 23V 66 V 0.3V
DC Q-7 Emit J-10 0V 1.0W v 1.4V 66 Vv 1.0V
DCTXOSC J-11 TV mv v v v v
B+ J-12 129,V 51V 129 v 51V 129 v 51V
DC Q-10 Base J-13 18V 18V
DC Q-10 Emit J-14 18V 18V
RF ma out J:#15 130 ma 130 ma
DC ma RRH
and
ALARM 18 ma 13 mat

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

10
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TABLE 2

C)O

TYPICAL TRANSISTOR DC MEASUREMENTS WITH REFERENCE TO B-

4
Condition A Condition B ndition C
Tx-Blocked Tx-Blocked locked
Rx-No Signal Rx-With Signal Signal
Transistor (Volts) (Volts) (Volts)
Et Bt Ct Et Bt Ct Bt Ct
Q1 20.0 20.0 0.38 20.0 20.0
Q-2 7 7.2 1.8
Q-3 6.2 8.0 2
Q-4 20.0 20.0 2.6
Q-5 20.0 20.0 2.6
Q-6
129 VDC 110 110 129 114 129
51 VDC 32 32 32 51
Q-7
129 VDC 70 68 78 80 86
51 VDC 1.0 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
Q-10tt 18 18 0.4
Q-12tt 0.27 0.20 50
Q-15%t 0.27 0.20 50
t E-Emitter; ase; C-Collector.

11 With resp to térm F on printed board.

N
&
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TABLE 3

D-C BLEEDER MEASUREMENTS WITH REFERENCE TO B-

129 VDC 514,vDC
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) mov 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 oW 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, ‘RXx*With Signal; C — Tx-Unblocked,

Rx-No Signal.

TABLE 4
TYPICAL RF SIGNAL MEASUREMENTS FOR RECEIVER
(Made with 0.1{Yolt 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. 0205 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-Byto Gnd. 2.0 0.5 0.4
Q6-C te Gnd. 13.0 10.0 8.0
T4-1 to"Gnd. 13.0 10.0 8.0
T4-3to T4-4 4.5 3.5 2.5
J9 to J10 (DC) 0.74 0.75 0.65

12
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TABLE 5

TYPICAL RF SIGNAL MEASUREMENTS FOR TRANSMITTER

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

Output to Gnd.

VOLTS

5.5

1.0

0.085

6.0

6.0

0.8

0.8

38.0

38.0

9.8

8.0

APPLICATION

1. Receiver Selectivity (Fig. 11)

This shows a typical curvey of the overall
selectivity of the receiver“under™ steady state
conditions.

2. Transmitter Output Selectivity (Fig. 8)

Typical curves (are’ shown so that approximate
bandwidths for ke¥ing purposes can be determined for
any carrier fréquency between 30-kc and 200-kc.

3. Minimum.Channel Spacing (Fig. 13)

This is a graph from which minimum channel
spacing can be obtained provided the signal strength
of theyinterfering transmitter and the sensitivity set-
tingwef 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. 10)

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

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

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

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

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

6. Supervisory Control Connections (Fig. 5)

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

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

7. Receiver Filter Limits (Fig.A42)

The receiver RF filter andWthe IEffilter limits
are shown on Fig. 12. Both filters ‘are of the plug-in
type and the test circuits with{piny connections are
shown at the top of each, curve; The IF filter is
divided into two separate seetions. The selectivity
shown is for each sectiony, and the pin connections
for each section aré alse, shown in the test circuit
sketch. '

ELECTRICAL PARTS LJST

CIRCUIT MER MANUFACTURER’S
FUNCTION DESCRIPTION .
SYMBOL CODE DESIGNATION
CAPACITORS

C-1 Rcvr. Bleeder 2.0 pf, +20%, 200 ¥DCy Paper 1 330C567 H11

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

Mica or 330C566

H57

C-3 Rcvr. Osc. Bleeder 0.02 uf, MR@3,600 VDC, 1 330C569 H47

Bypass Disc

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

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

C-7 B~ to B+ Bypass 2 uf, +10%, 600 VDC, Paper 1 330C573 HO7

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

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

C-12 Q-10pEmitter Bypass 0.25 uf, +20%, 200 VDC, Paper 1 330C567 HOS

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

iNote: 140 puf for osc. freq. 110-kec and above.
270 puf for osc. freq. below 110-kc.

14
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ELECTRICAL PARTS LIST

C)O

CIRCUIT FUNCTION DESCRIPTION MFR. MANUFACTURER’S
SYMBOL CODE DESIGNATION
CAPACITORS (Concluded)

C-18 PA Bleeder 0.5 uf, +20%, Paper 1 C567 HO06

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

C-20 Output Filter 390 ppuf, 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, 1 330C561 H27

Mica

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

C-25 Q-7 Emitter 2.0 mfd, +20%, 1 330C567 HO1

CR-1 Bridge Rectifier 1 584C433 HO2

CR-2 Bridge Rectifier

CR-3 Bridge Rectifier s CR-1

CR-4 Bridge Rectifier me as CR-1

CR-5 Q-10 Collecto \ Same as CR-1

CR-6 Q-7 Collegctor Same as CR-1

CR-7 Volta tor Type SV18, General Purpose 1 584C434 HO02

CR-8 1 gulator Type 1N1369 1 584C434 HO05
xuector Type 1N1789 1 584C434 HO8

15
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ELECTRICAL PARTS LIST

oL FUNCTION DESCRIPTION PR | MANUEACTURER'S
FUSE HOLDERS
FH-1 B— For Type 3AGC Fuses 1 54-B=6903 HO03
GH-2 B+ Same as FH-1
FUSES
F-1 B— 3AGC 3/4 amp. 1 S#1474993
F-2 B+ Same as F-1
FILTERS

FL-1 Rcvr. RF Bandpass

F'req. to be 30-kc to 60-kc 1 468D339

specified by 60-kc to 1d0=kc 1 468D 340

customer 110-kc go 200-kc 1 468D341
FL-2 Rcvr. IF Bandpass 20-kc FixedFreq. 1 468D338

LCONNECTORS
J-1 Printed Circuit Prinfed Circuit Female 1 54-B-7125 HO3
Plug
J-2 RF Input UG-185-U 1 584C292 HO7
J-3 Rcvr. Osc. Output Terminal Studs 1 330C592 HO1
J-4 Revr. Mixer-Amp Same as J-3
Supply

J-5 Rcvr, Osc. Supply Same as J-3
J-6 Q-5 Base Same as J-3
J-17 B— Same as J-3
J-8 Q-6 Supply Same as J-3

16
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ELECTRICAL PARTS LIST

SreuT | runcrion vescrPToN | ME: | WuTACTURER'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 TipyRed 1 328C093 HO1
J-16 Output Filter GND Banana TipyBlack 1 328C093 HO2
P-1 Printed Circuit Printed/(Circuit Male 1 54-B-7126 HO3
Plug
INDUCTORS
L-1 Core and Coil 11 ME Total ~ 6 MH 1 329C450
Assembly Tap (Part of FL-3)
L-2 Core and Coil 2.5 MH (Part of FL-3) 1 329C449
Assembly
L-3 RF Choke 1.0 MH, 300 ma 2 R-300
L-4 RF @hoke Same as L-3
TRANSISTORS
Q-1 Révr. Mixer Type 2N43 or Type 1 330C587 HO7
2N525
Q-2 Rcvr. Osc. Type 2N112 or Type 1 330C587 HO9
2N414

17
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ELECTRICAL PARTS LIST C)O )

MFR. MANUFACTURER'S
CODE DESIGNATION &

TRANSISTORS (Concluded) %
Q-3 Rcvr. Osc. Same as Q-2 \
Q-4 Revr, IF Same as Q-1

CIRCUIT

SYMBOL FUNCTION DESCRIPTION

Q-5 Revr. IF Same as Q-1
Q-6 Revr., TIF Type 903, 2N332, or 1 330C587 HO4
2N1149
Q-7 Rcvr. Output Type 2N1156 1 330C587 HO1
Q-8 Xmtr. Osc. Same as Q-2
Q-9 Xmtr. Osc. Same as Q-2 \\
Q-10 Xmtr. Amp. Same as Q-1 @
Q-12 Xmtr. PA 9 1 330C587 H12 ”
Q-15 Xmtr. PA
STORS
R-1 Rec. Input * Q)zo%, 1/4 W, Pot. 1 584C276 H23
R-2 Filter Matching XK, +10%, 1/2 W 2 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 Q 6.2K, t5%, 1 W 1 330C666 HE8
R-6 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 cvr. Voltage Same as R-8

L Divider
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ELECTRICAL PARTS LIST

el FUNCTION DESCRIPTION MR | MANUFACTURER'S
RESISTORS (Continued)

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

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

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

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

R-16 Rcvr. Osc. Bleeder 2.2 K, +10%, 1/2 W 1 330C595 H41
R-17 Rcvr. Osc. Bleeder 18 K, +10%, W 1 330C597 H40
R-18 Rcvr. Osc. 9.1sK, ¥5%, 1/2 W 1 330C664 H74
R-19 Q-4 Bias 100/0Ohms, +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-TyBase Same as R-6

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

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

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

19
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ELECTRICAL PARTS LIST

O

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 0
R-33 Q-8 Emitter Same as R-13
R-34 Q-8 Collector Same as R-6
R-35 Q-9 Base Same as R-11
R-36 Q-9 Base Same as R-2
R-37 Q-9 Collector Same as R-6 \
R-38 Key Filter Same as R-23 \
R-39 Buffer Voltage 36 K, * 2 1 330C668 H86
Divider
R-40 Buffer Voltage Sa S 9
Divider
R-41 Buffer Voltage a R-2
Divider
1
R-42 Xmtr. Osc. Output \Same as R-4
R-43 Q-10 Bias Same as R-23
R-44 Q-10 Bias 33 K, t10%, 1/2 W 1 330C595 H43
R-45 Buffer lta@ 15 K, 5%, 1 W 1 330C666 HTT
ivider
R-47 B 6.8 K, +5%, 1/2 W 1 330C664 H69
R-48 Buffer Voltage Same as R-46
Divider
R-49 A Bias 27T K, +5%, 2 W 1 330C668 H83
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ELECTRICAL PARTS LIST

SvwpoL | 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 Revr. Bleeder 1K, 5%, 25 W 1 584C416 H62
R-61 Revr. Bleeder 600 Ohms, *+5%, 25 W 1 584C416 H47
R-62 Revr. Bleeder 350 Ohms, *5%¢ 25W. 1 584C416 H52
R-64 Xmtr. Bleeder 1200 Ohms, *8%, 25 W 1 584C416 H64
R-66 T-7 Load 560 Ohms,#5%y 2 W 1 330C668 H43
R-67 Xmtr. Blocking 10 Ohms, +10%, 2 W 1 330C668 HO1
R-68 Xmtr. Blocking 10\K, +10%, 10 W 1 330C577 HO1
R-69 Q-10 Emitter Same as R-19

R-T70 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-T72 Q-5 Emitter 68 Ohms, +10%, 1/2 W 1 330C595 H11
R-73 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-T75 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 o

CIRCUIT MFR. MANUFACTURER'’S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
TRANSFORMERS %
T-1 Revr. Input Impedance Ratio 10 K; 1 xs
10K
T-2 Rcvr. Osc. Impedance Ratio 10 K: 1 -633003
400 ohms
T-3 Rcvr. Mixer Impedance Ratio 25 K: 1 L-592171
300 ohms
T-4 IF' Output Impedance Ratio 4 K: 1.-592289
500 ohms
T-5 Xmtr. Osc. Same as T-2
T-6 Xmtr. Buffer Impedance Ratio : 1 L.-592170
400 ohms CT,
T-7 Xmtr. Output Impeda ti 0: 1 L.-633000 o
60
\OINTS

TP-1 R-5 Cer) studs 1 330C592 HO2
TP-2 R-8 \ e as TP-1

TP-3 R-17 Same as TP-1
TP-4 R-18 Same as TP-1
TP-5 R-28 Same as TP-1
TP-6 -39 - Same as TP-1
TP-7 1 Same as TP-1
TP-8 R-45 Same as TP-1
TP-9 %-47 Same as TP-1
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ELECTRICAL PARTS LIST

C)O

CIRCUIT MFR. MANUFACTURER'’S
SYMBOL FUNCTION DESCRIPTION CODE DESIGNATION
SOCKETS %
X-1 FL-1 Octal 1 \mcssg HO1
X-2 FL-2 Same as X-1
X-3 Voice Adaptor Same as X-1
X-4 Rear Mounted Same as X-1
Voice Adaptor
XY-1 Rec. Y-1 Crystal 1 50-D-9790 HO1
XY-2 Xmtr., Y-2 Same as XY-1
Y-1 Rcvr. Osc. 1 328C083
Y-2 Xmtr. Osc. Speeify Freq. Same as 1 328C083
annel Frequency
LEET DETECTOR
L 4
R-1 Resistor, Leve 100 K, 2 W, Pot. 1 51-D-1976 H17
Contr&& (S#1475074)
S-1 Swite ee st SPST Normally Open 1 327C854 HO1

LIST OF MANUFACTURERS

1. Westinghouse Electric Corporation

2. National Co., Inc., Malden, Mass.
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I.LL. 41-941A
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TYPE KR CARRIER SET
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TYPE KR CARRIER SET

TRANSMITTER OUTPUT FILTER FL-3 CONNI@
COIL PARALLEL

LINE FREQUENCY RANGE CITOR CONNECTIONS

| — 27.7 KC=30.0 KC 6-8-9-10-11
2— 29.8 KC-33.1 KC 6-8-10-11
3 — 31.8 KC-36.0 KC 6-8-9-11

4 — 35,4 KC-39,0 KC 6-8-11

5 — 38.0 KC-41.0 KC 6-8-9-10-11
6 — 40.3 KC=45,0 KC 6-8-10-11
7 — 43,0 KC=49,0 KC 6-8-9-11

8 — 47,7 KC-56.0 KC 6-8-11

9 — 49.5 KC-58.5 KC 6-8-9-10
to— 57.0 KC=-72.3 KC 6-8-10

Il — 67.0 KC-76.0 KC 6-8-9-11
12— 75.0 KC-88.0 KC 6-8-11

13— 77.5 KC-93.0 KC 6-8-9-10
14— 89.3 KC-114,5KC 6-8-10

IS — 102,7KC-147,0KC 6-8-9

16 — 136.6KC-210.0KC 6-8
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TYPE KR CARRIER SET L. 41-947A
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Fig. 8. Transmitter Output Filter Selectivity (Dwg. 377996)
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TYPE KR CARRIER SET

I.L. 41.947A
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RECEIVER SENSITIVITY = 40 MV AT /29 VOC
TRANSMITTER OUTPUT = /O W AT /29 VDC
—4}— (/OW=nB8.0 VOLTS AT ©O OHAIS)
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Fig. 10. Transmitter Output and Receiver Sensitivity Variations with Voltage (Dwg. C377999)
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TYPE KR CARRIER SET

36

OB STEADY STATE ATTENUATION

S0

46

40

as

30

25

20

/5

/10

-2 -/ Fo *~/ +2

FREQUENCY (kC)
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TYPE KR CARRIER SET LL. 4194TA
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37



TYPE KR CARRIER SET
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% Fig. 20.

Voice Adapter Extension — Mounting Assembly (Dwg. 757D650 ~ Sub. 3)
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