Westinghouse 1.L. 41-963.22
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIOMNS

¥

TYPE TA-2.2 FREQUENCY-SHIFT AUDIO TONES

CAUTION: 1t is recommended that the user of this
equipment become thoroughly familiar with the
information in this instruction leaflet before ener-
gizing the tone assembly. Failure to observe this
precaution may result in damage to the equipment.

If the tone assembly is mounted in a cabinet, it
must be bolted down to the floor or otherwise se-
cured before swinging out the equipment rack to
prevent its tipping over.

Check polarity of battery supply connections before
applying power to the equipment.

APPLICATION

The type TA-2.2 tones are of the high speed®fre-
quency shift type that are used in conjunction with
a permissive relaying system. They are ,applied in
the dual-phase comparison system for the protectien
of atransmission line.

The TA-2.2 tone channel is availablewin(two band-
widths (340 Hz and 600 Hz). In order toj\provide a
high speed tripping system the 600 “Hzsband-width
tone should be used with dual phase comparison.
The only application whereftite 600 Hz tone can not
be used is when a three terminal power line is being
protected using a two wire auadio channel. In this
case, the 340 Hz band-width fone must be used in
order to provide the needed, frequencies.

The TA-2.2 equipment may be used directly over a
pilot wire pair ordmay be multiplexed on a microwave
or other camiér channel. When using the 600 Hz
band-width tones,fthe maximum channel delay (ex-
clusive of TA-2.2 delay)that can be tolerated is
3.5 ms. For the 340 Hz band-width tones this
maximum delay is 2 ms.

SECURITY MEASURES

The TA-2.2 tone system has been designed to
obtain maximum security against noise. The TA-2-2
takes advantage of the inherent noise rejection

NEW INFORMATION

characteristics of a frequenc¥eshift receiver so
that the relaying cang#bey, depended upon to trip
when needed. The tonel receiver is expected to
operate with a minimumsin-band signal-to-noise
ratio of 9 db. Sinee an increased noise level on the
pilot wire maygofténdbe concurrent with a trip
request, the_ noiseWelamps are adjusted at a level
based on the “above minimum signal-to-noise ratio
to avoid unnecessary clamping of the receiver.

The \_sSystem_4rovides a 300-1000 Hz band-pass
filter and“peceiver to sample the random noise level
of “the ‘pilot channel. This receiver will protect
against false tripping due to random noise. In con-
junction with the band-pass filter there is a line
level monitoring system which samples the total
frequency spectrum of the channel, and is set to
operate for an overall increase of energy on the
pilot channel. This monitoring feature will protect
against false trips due to impulse noise which may
have energy concentrated about frequencies not
seen by the 300-1000 Hz noise filter. When noise
has caused the blocking of a receiver, the drop-out
of the blocking is delayed by 10 msec. to override
the receiver response time.

Also available as an option is a frequency transla-
tion protection circuit. This is applied to protect
against tone frequency variations caused by a
pilot carrier frequency shift.

PILOT WIRE DESIGN

In applying a tone system for protection, the user
and the cooperating telephone company should
recognize the peculiar requirements of a tone pro-
tection channel. Preconceived notions and practices
based on experience with tones for other uses must
be re-examined in light of the following facts. The
period of usefulness during the lifetime of any given
installation will be very small. Yet this infinitesi-
mal period (compared to years) is precisely the time
when noise levels can be adnormally high and 60-
Hertz disturbing voltages will appear on the pilot
wire. The recommendations summarized in Figs. 1
and 2 have been formulated with the above facts in
mind.
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For a recommended installation:

a. Use a drainage reactor in all paths to ground.

b. The pilot-wire pair must be twisted separate-
ly from any other wires in the cable.

c. Do not use open pilot wires.

d. Shield any substantial length of wire between
pilot wire and tone equipment.

e. Use surge protection across tone connection.

To protect personnel, use an isolating transformer
(S#187TA995H01 serves the dual purpose of imped-
ance matching and isolation.) Mount it with the
drainage and neutralizing devices in an enclosure
marked ‘‘High Voltage’’.

Fig. 1 shows the recommended practices for pri-
vately owned cable installations. The best approach
is to make the cable self-protecting.The incremental
cost (installed) of better cable insulation is rela-
tively small. Good electromagnetic shielding by the
shield and by the messenger will keep induced
potential to reasonable levels. The shield should
provide a shielding factor of 50% or less (actual
induced voltage of 50% of calculated value ignoring
shielding effect).

CONSTRUCTION

Type TA-2.2 tone equipment has been desi d
protective relaying applications. Modt‘ar @

1S
used, and a system is assembled usi -in
modules to meet the requirements of & spe@ific ap-

plication. Figure 3 shows a typic S

In a typical relaying application, t one system
consists of the following m e (The basic
module construction is show igure 4).

A. POWER SUPP
(See Figure 3

chematic)

1. HB25190 (48V d-c),

HB25200 (125V d-c)

The convert@r contains a saturable core in-
with two separate output windings
s to deliver positive and negative
oltages to the regulator. This module
plied for either 48 or 125V d-c, and

re is a 125V d-c external zener regulator
for use in conjunction with the 125V d-c

N

converter when a 250V d-c supply is use
There is a blown fuse indicator ligh
also a power-on light on the modules.

2. Voltage Regulator HB25210 (See Fig. ¢ for
Internal Schematic)

two reg’ulator
ssociated
a loss-of

panel and an
an optional relay

The regulater module consist
transistors with the nece
circuitry. In addition, e
regulator indicator on the

ed on the
will
which

module with vent holes
eficial for cooling of the

ight of the chassis.

B. ANSMITTER MODULES

ransmitter Module -HB-24335-26 (Fig. 6)

The transmitter module consists of a tran-
sistor keying circuit, an oscillator, an output
amplifier and an output band-pass filter. The
band-pass filter and oscillator are the
frequency determining components and are
contained in a separate plug-in enclosure
on the transmitter module.

2. Beat Frequency Oscillator And Demodulator
Module - HB.25640 (Fig. 7)

The beat frequency oscillator and demod-
ulator module consists of an oscillator, a
mixing circuit, and an amplifier. The tuned
circuits for the beat frequency oscillator
are contained in a sealed plug-in assembly.
The front panel provides controls for adjust-
ment of the output level frequency, and
includes test jacks for monitoring these
adjustments.

C. RECEIVER MODULES

1. Receiver Filter Module — HB58700

This module is a band-pass filter which
connects the demodulator to the receiver.
The sum frequencies of the demodulator
and the audio frequency carrier are selected
to be passed by the filter.
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2. Frequency Shift Receiver Module-HB19915-27

The receiver module consists of a limit-
ing amplifier,a specially tuned discriminator,
rectifying and filter circuitry and two d-c
amplifiers. A low signal squelch circuit is
also included in this module. In addition,
a carrier detector circuit is included for
driving an external relay on low signal for
alarm purposes.

D. NOISE SUPERVISORY MODULE

NOTE: One set is needed for every telephone
line used.

1. Noise Filter Module HB55187 or HB55283

(Fig. 11) (Notched for 425 Hz Transmitter)
(Some systems use 595 Hz Transmitter)
This module contains a filter (see Fig. 18)
that samples noise in the 300 to 1000 Hz
region. There are two different types of
filters. Filter module HB55283 has a rejec-
tion notch at 425 Hz and is used in con-
junction with a 425 Hz transmitter located
at the remote terminal for detection of cap~
rier drifts. This system is used on foufF=Wire
telephone channels where there is a poOs-
sibility of carrier shifting the, telephone
band, which affects the F'.S. receiver intel-
ligence by conditions existinggfoutside of
the transmitters and receivers.

2. Receiver Line Level and Noise Supervisory
Module HB25150 (Fig. 12)

This module consists ,Of twogreceivers (see
Figure 19). One of thém uses the output from
the noise filter modulepfor the Noise Super-
visory function. The line level receiver uses
the entire tone band t06 supervise the total
in-band level of .noise (this includes the
frequendies usédfor protectiveline relaying).

An dabnormal signal of sufficient strength on
eitherf the'receivers will cause an output
on theline level and noise supervisory mod-
ules which will clamp both mark and space
outputs on the tone receiver to 0V D.C. and
gives an indication on the front panel.

EN\425:HZ TRANSMITTER HB21050-12 (Fig. 13)

(Some systems use 595 Hz)

NOTE: One of these units is needed for each
telephone pair when used. This transmitter is

to be used in conjunction with HB55283 ngtch
filter. Its function is to block thefend through
the noise supervisory module whenjthere is fre-
quency deterioration between the transmitter
and the receivers in a telephone line. It con-
sists of a 425-Hz frequency-shift transmitter
with an output filter.

F. CARRIER DETERIORATION DETECTOR -
HB24030-3 (Fig. 9

This is an AM_recCelver available as an option.
The output is used to drive a microammeoter to
determine thelsignal level received from the
remote transmitter. It is connected to the output
of the wide-band’filter of the F'S receiver.

G. LOGIC/INTERFACE (Fig.19)

TheWlogic interface consists of zener diodes,
diodes, and resistors on the inputs to the tones
as insurance against random noise and high
voltage inputs to the tones causing misopera-
tion. In addition it contains transistors, diodes,
and resistors on the output of the tones to
provide proper output levels for interfacing with
solid state relays as well as protection against
misoperation due to random noise or high
voltage pickup.

H. HYBRID FOR TWO WIRE TERMINATION
HB35315 (Fig. 16)

This module is used for applications requiring
just two wire termination for both transmitter
and receivers. It is used to isolate the local
transmitter from the receiver when a single line
pair is used. It contains plug in jumpers for
selecting capacitor values for matching tele-
phone line characteristics along with adjustable
resistor R1. It also contains plug in jumpers for
selecting termination impedance of either 600
ohms or 900 ohms.

OPERATION

As shown in Figure 5, the output of a high frequency
oscillator in the TA-2 tone set is beat with the out-
put of a lower frequency oscillator. The difference
frequency or the translated frequency is applied
through a band-pass filter to the pilot channel. By
keying the transmitter with a voltage, the frequency
is shifted from one frequency to a second frequency.
At the receiving end of the channel, the incoming
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audio tone frequency is translated to the higher
frequency of the transmitter and is applied to the FS
receiver through a band-pass filter. The receiver
converts the frequency to a d-c voltage which is
applied to the relaying scheme.

In a dual phase comparison relaying system, the
phase relationship of square wave pulses are com-
pared to determine if a fault is internal or external
to the protective transmission line—a pulse derived
from the 60 Hertz current at one line terminal is
compared in phase relationship to a pulse received
from a remote line terminal. The transmitter is
shifted in frequency at a rate equal to the power
system frequency. On alternate half cycles, either
a mark or space frequency is applied to the pilot
channel and is received at the remote terminal. The
receiver converts the mark and space frequencies to
two d-c pulses which are applied to the dual phase
comparison relay for comparing to local pulsesatthe
remote terminal.

A. POWER SUPPLY MODULES
(See Figures 3 and 4 for Internal Schematics)

Converter (Fig.3)

The d-c to d-c converter contains a saturablé
core type multi-vibrator with Q1 and Q2 acting
as switching transistors for transformer T 1Win
series with the applied battery voltage. Starting
current is applied through R1 and oscillations
are maintained at a nominal 500 Hz by the "dfive
from the feedback windings in the basge cireult,
Capacitor C1 provides the high=surgeycurrent
which occurs during the switching Interval as
the magnetic field of T1 reversespand Q1 and
Q2 change their conducting ®tates.“Capacitor
C1l and the 6.38-mHy chokefprovide™a low-pass
filter section to reduce high-voltage transients
on the battery bus for prFétection of transistors
Ql and Q2. Oscillatoriswitching transients are
attenuated by R an@pC2mTwo secondary wind-
ings on T1 fged the Dbridge rectifier circuits,
C41 through “CR84 to develop separate positive
and negative output, voltages.

Regulator (Fig. 4)

Polar @utput voltages from the d-c to d-c con-
vertémgpare, applied to the Voltage Regulator
HB25210. Transistor Q3 is the series regulating
element“for the positive voltage input. Resistors
R6, 0WR7, and R8 comprise a voltage divider
aeross the emitter-follower output. A portion of

this output voltage is fed back to the base of Ql
and compared with a reference voltage agross
the zener diode CRI1 in the emitter circuit{iThe
difference voltage across the base-emitter
junction of Q1 controls the collector current
through load resistor R1. The voltage§drop
across Rl is coupled by emittergfollower Q2 to
the base of Q3. Any change,n the output voltage
at the emitter of Q3 is opposed byg@ change in
base voltage as a resul#™ef the controlling
current flow in R1. The (fegdba@ek voltage from
the voltage divider cir@uit isgmade variable by
resistor R7 to permit accurate setting of the
output voltage leyel.“Bransistors Q4, Q5 and
Q6 provide a similamyregulator circuit for the
negative voltage ‘output.

The regulation‘indicator circuit is essentially a
bridge cennected across the positive and nega-
tivemoutput, terminals of the polar power supply,
a span of"86 volts. One leg of the bridge is the
18-volt “Zener diode CR3. The output leg of the
bridgeni® between the zener diode and the center
arm, of potentiometer R19. R19 is adjusted for a
zero-volt output, or balance, at a total power-
supply output of 36 volts. A change in power
supply level after balance adjustment will
produce a * voltage change at the bridge output.
This is detected by a complementary Schmitt
trigger circuit consisting of Q7, Q8, Q10, and
Ql1. At balance, Q7 and Q10 are both cut off,
and transistors Q9 and Q12 are two closed
switches in series to energize the indicating
lamp plus a remote relay. An increase in one or
both of the supply output voltages will cause
Q7 to conduct, and a decrease in one or both
voltages will cause Q10 to conduct. Conduction
of either Q7 or Q10 will open the associated
series switching transistor, and the lamp and
relay will be de-energized.

FS TRANSMITTER - HB-24335-26

The oscillator shown schematically in Figure 6
is tuned to a high frequency relative to the
audio tone channel frequency. The output of the
oscillator is applied to a balanced modulator
circuit which is driven by a beat frequency
to produce a difference frequency equal to that
of the audio tone channel. Both sidebands thus
generated are applied to an amplifier having a
band-pass filter in the output circuit. The
filter rejects the upper sideband and passes
the lower sideband to the line. A shift in the
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frequency of the oscillator when keyed will
prcince the same amount cf shift in cycles of
the audic _...c vutpuc.

The oscillator stage includes transistor Ql and
associated circuit components. The tuned cir-
cuit consists of inductance L andthe Capacitor
Cm Cg and C, are the frequency shifting
capacitors.

Oscillations from the tuned circuit are coupled
to the base of Ql by capacitor C3. Feedback to
the tuned circuit from the collector of Q1 is
through resistor R3. The network consisting of
C2, R6 and variable resistor R7 allows fre-
quency adjustment by variation of the effective
capacity of C2 across a portion of the tuned
circuit.

The secondary winding on L is center-tapped
and serves as a part of the balanced modulator
which includes switching transistors Q3 and
Q4. The bases of Q3 and Q4 are driven with the
beat frequency voltage from a center-tapped
winding on the BF Oscillator module. Both
sidebands appear across the LEVEL control
R10 from which they are coupled to thie“base
of the output amplifier Q2. The band-pass filter
in the collector circuit of Q2 rejects thefupper
sideband and passes the lower sideband toithe
line.

Capacitors C, and Cg are strappedin’ parallel
on the circuit board andyclamped by Q5, for-
ward biased at the emitter, 8&€g0SS¥E ' to generate
a Space frequency. A negativeWoltage applied
to“the base of Q5 throdgh divider R17 and R18
will increase the collectoremitter impedance to
effectively remove([Cg dnd C, from L, This
will leave C) only“across L and the carrier
frequency will shift te Mark.

BF Oscillator'and Demodulator — HB-25640

Threedfunetions’are provided in this module.
1. A beatifrequency voltage is generated.

2. The received audio tone signal is mixed
witdy the output of the beat frequency oscil-
lator in a balanced modulation circuit for
frequency translation.

3. The received audio tone signal is amplified
before translation to compensate for losses
in the modulator circuit and impedance
improving pads.

BF Oscillator

The BF oscillator stage includes [transistor Q1
and a tuned LC circuit. Oscillations from the
tuned circuit are coupled to the base of Ql by
capacitor C2. Feedback from the collector of
Q1 to the tuned circuit is through resistor R1.
An RC network consisting“of Cl1, R2, and R3 is
connected across agportion of the tuned circuit
for frequency trimmingdpurpéses; R3 is variable
and controls the effective“¢capacity of C1.

Voltage from theéytunéd circuit is also coupled
by capacitofyC4 tathe base of Q2 which oper-
ates as ag@€lasswA output amplifier. The tuned
transformer in“ghe collector circuit has a center-
tappeds se@endary for applying the switching
volt@ge/topthe bases of the modulator transistors
Q3 and Q4.

Line Amplifier and Demodulator

The audio tone line amplifier consists of trans-
formers T2 and T1, transistors Q5 and Q6 with
associated components, a LEVEL control R20,
and impedance improving pads R24 through R29.
The audio tone signal to the amplifier is applied
through a 3-db pad and line isolating transformer
T2. The secondary winding of T2 is terminated
with R21 and the LEVEL control which applies
a base-to-base input signal to Q5 and Q6. Q5
and Q6 are biased to Class A operation. Q5
and Q6 are an emitter-coupled pair with a push-
pull output transformer T1 in the collector
circuit. The secondary winding of T1 is center-
tapped to serve as part of the balanced de-

modulator circuit which includes switching
transistors Q3 and Q4. The load on the second-

ary winding is a3-db pad and the receiver band-
pass filter. This load is in effect switched
across each half of the secondary winding by
alternate half cycles of the beat frequency
voltage. Thus the amplified audio tone signal
T1 will appear across the load in modulated
form as two sideband frequencies; the beat
frequency oscillator frequency minus the audio
tone frequency, the beat frequency being sup-
pressed to a low value by balanced modulator
action. The lower sideband will be rejected
by the receiver band-pass filter, and the upper
sideband will be passed to the receiver.

C. RECEIVER MODULES

1. Receiver Input Filter HB58700
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This filter is provided so that only the
specified channel frequency comes into each
receiver.

2. FS Receiver — HB-19915-27

Limiter Amplifier

In the schematic diagram of Figure 8, the
limiting amplifier consists of three direct
coupled stages. The first stage is an emitter
coupled pair of transistors, Ql and Q2, as a
differential amplifier which provides a push-
pull signal to the second stage. The second
stage includes an emitter-coupled pair,
Q3 and Q4, to provide a single-ended output
to the third stage Q5. A feedback network
from the collector of Q5 to the inverting
input of the first stage yields d-c and a-c
stability to the amplifier. The signal from
the band-pass filter and sensitivity control
in parallel is applied to the non-inverting
input which has a high impedance char-
acteristic.

Discriminator

The output signal from Q5 is coupled to the
base of Q8 by resistors R18 and R21 which als
serve to provide a d-c bias voltage to Q8. Wi

full limiting, Q8 is switched on and off at“the
translated frequency rate, allowing 40 MA pea
U

pulses to energize the tuned discriminator
collector circuit. The discriminator consis
two parallel tuned circuits resonant at
Space respectively. A secondary wi

each tuned circuit yields a d-c o \

of full wave rectifier diodes, THe\d-c “6utputs

are connected in series a%} applied

across series resistors R2 2 R24, the
a

combination in effect bei ridge circuit.

Output from the bridgei between the
center arm of the BI trol R25 and the
center connections condary windings.
As the discrimifrator i ergized with alternate
ignals, the output will be
approximately * s, and zero volts in the
absence of the tr lated tone signal. C7, L1
and C8 filter the translated tone component from

the discriminat@r output which is applied to the
output amplifier.

Squelch Circuit

AWsquelch circuit on the discriminator is pro-
by Q6, C7 and associated components. In

absence of a carrier signal, Q7 is clamped

by a forward base bias through R20; this shun
the base of Q8 the discriminator driver. n
the limiter amplifier is coupled to the rectifier
diodes CR1 and CR2 by the emitter followe

a reverse bias voltage is applied through R19
to the base of Q7, causing Q7 to unclamp, The
carrier output from Q5 can then drive Q8 to
energize the discriminator. T ifeuit is de-
signed so that the carrier a level
high enough to yield a output with
unclamps and
e the output d<
amplifier. Hence when t eceiver carrier falls
below this level, the“discriminator is squelched
and receiver out ignals cease. This thres-
hold level is d mined by the setting of the

ece

SENSITIVIT t R2.The value of capacitor
C5 de i speed of operation of the
squelc . Charging is less rapid than
dischargeni is circuit. As C5 becomes larger,
th ng action of Q7 is delayed while

u turn-on time of the receiver can be
ayed to make the circuit less vulnerable to
1 when the carrier falls below a predeter-
ed level setting of the SENSITIVITY control.
e band-width, carrier frequency and level
of a channel are also determining factors in
the speed of operation of the squelch circuit.

Carrier Detector

A carrier detector feature is derived as follows.
The voltage appearing at the collector of Q8 the
discriminator driver is 17 volts peak to peak. A
lead frem this point to the module edge con-
nector permits this signal to be coupled to the
HB-27330 carrier detector alarm card where
it is rectified and amplified to produce an output
voltage which can operate an indicating light or
relay. The presence or absence of this signal
is controlled by the operation of the squelch
circuit on the discriminator. Carrier detector
HR-27330 is mounted directly cn the HB-19915
board and strapped to the collector of Q8
(HB-19915-27), as shown.

Output D-C Amplifier

In the d-c amplifier the output transistors Q14
and Q13 provide push-pull output. They are
driven by a two-stage push-pull regenerative
circuit consisting of Q10, Q9, Q12 and Q11. The
regenerative circuit is monostable due to the
unequal resistances in the emitter circuits of




TYPE TA-2.2 FREQUENCY - SHIFT AUDIO TONES

1.L.. 41963222

Q10 and Q9; Q10 on- Q12 off, and Q9 off-Ql1
on. Thus in absence of discriminator output
Ql4 is saturated and Q13 is cut off. A Mark
signal from the discriminator will maintain
the above condition. A Space signal from the
discriminator will reverse the conducting
states, and Q12 will be saturated while Q14 is
cut off. The trigger type of switching action
due to regeneration yields fast rise and fall
time to the output pulses.

3. Carrier Deterioration Detector — HB24030-3

(When Supplied)

Across the output of the F'S Receiver filter
is this AM Receiver’s sensitivity control
R1 (see Figure 9). This control provides
the means by which the receiver sensitivity
is adjusted. Two RC coupled stages of
amplification using Ql and Q2 as the active
elements follow this control. R3 and R2 set
the DC biasing for the base of Ql while
R5 and R6 provide emitter self-biasing. C3
acts as a bypass for R6. R5 is not bypassed
and introduces degeneration into the stage
for greater stability of the circuit under
varying conditions. R4 is the collégtor
load for the stage. The operation of/the
second stage involvirg Q2 is the,same. R12
and C4 act as a decoupling networkypto
prevent self-oscillation in th@%highsgain
receiver.

The third stage acts, as {an amplifier and
driver for the full-wave@Qgectifier stage. T1
is the collector load for Q3'and also matches
the impedance of €h€ reetifier circuit to the
transistor Q3. The, other, components of the
stage have similar purposes to those des-
cribed for Q1 or Q2.

Voltageéy, outpit smay be obtained for end
equipment“if the load is a resistance. The
regtifier’’circuit produces a positive voltage
output. C8§ C9 and R17 form a low pass
RC filter’to remove the carrier components.
This filter is capable of passing 10 cycles
per second but cuts off somewhat above this
frequency.

D), NOISE SUPERVISORY MODULES

(Internal Schematic Fig. 12)

1. Line Level & Noise Supervisory Module
HB25150.

The output of Noise Filter EBS§5187 or
HB55283 is amplified by anfoperational
amplifier IC1 with a gain determined by
resistors R5 and R6. Resistor“R71 at the
NOISE IN test point is a voltage divider
for applying the test signal when adjusting
the trip block threshold for a specific
signal-to-noise ratio asgd@scribed in the set-
tings section. The input’ to the line level
amplifier is amplified, by IC2 with a gain
determined by R21IMhand R20. Resistor R19
is shunted4across R20 to increase the gain
for trip block threshold adjustment.

The o@itputs“ef IC1 and IC2 are amplified by
Ql and Q2 respectively. Full-wave rectifica-
tiom, foryeach of these noise circuits is
employed with diodes CR7 through CRI10,
actoss a common load resistor R28 and
capacitor Cll. The resultant voltage is
applied to a Schmitt trigger circuit, Q3 and
Q4, which in turn operates a trip blocking
circuit. Figure 18 shows the operating
region for this circuit. The block and block
release points are at a relatively low value
of the maximum possible voltage due to
rectified noise. Thus, C11 will delay block
release for a longer period of time after
high-level noise bursts.

During normal communication circuit opera-
tion, Q4 is conducting, Q5 and Q6 are cut
off, and capacitor C12 is charged to a
negative voltage. Emitter follower Q7 de-
livers this negative voltage to a clamping
transistor in each of the trip output cir—
cuits of the system, effectively removing
the clamp. Rectified noise applied to the
base of Q3 will reverse the conducting
states of these transistors instantly. Cap-
acitor C12 discharges to a positive potential
through Q6, and emitter follower Q7 delivers
a positive clamping voltage to all receiver
trip output circuits.

After a block, the block release is delayed
by C12 which must charge to a negative
potential through R38. The delay time is
approximately 10 milliseconds.

425-HZ Transmitter HB21050-12 (Fig. 13)
(Some Systems use 595 Hz)

With reference to the schematic diagram of
Figure 20, an LC oscillator is employed to
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generate the carrier frequency. (Keying cir-
cuits are provided to shift the carrier to a
lower frequency for checking the operation
of the clamp.) The output of the oscillator
is amplified and coupled to the line through
a bandpass filter which provides d-c isola-
tion and minimizes adjacent channelloading.
The tuned circuits for the oscillator and
filter are contained in one plug-in hermet-
ically-sealed assembly.

The oscillator stage includes transistor Q1
and associated circuit components. The
tuned circuit consists of inductance Lg and
capacitor CM; Cg and C, are the frequency
shifting capacitors. Oscillations from the
tuned circuit are coupled to the base of Q1
by capacitor C3. Feedback to the tuned
circuit from the collector of Q1 is through
resistor R3. The network consisting of C2,
R6 and variable resistor R7 allows fre-
quency adjustment by variation of the ef-
fective capacitance of C2 across a portion
of the tuned circuit. Note that the oscillator
circuit voltages are referenced to a keying
bias voltage level of approximately —1.2
volts d-c with respect to the circuit commo
which is developed across R2.

A secondary winding or L, couples the
put of the oscillator to the LEVEL control

R10. This winding provides d-c isol
between the oscillator circuit and the o
amplifier Q2 which operates from e

C

0
—12V d-c. supply. Transistor Q2 is lass
A common-emitter stage with t % put
signal coupled from the LEV control by
d-c blocking capacitor C5. %' r band-
pass filter is the collecto d

This transmitter, toget}gh HB55283

filter at the remote used to prevent
adverse effects equency translation.
When a tele e 1s multiplexed with
other telepHone dines, “sometimes there is a
es due to the receivers
d in multiplexing. These
conditions, although lying beyond the con-
trol of the tone channels, are detected at
the eiving end by applying the 425-cycle
tr ted frequency to the noise filter. The
oi er HB55283 together with the noise
isory module do not tolerate a fre-
ncy translation (due to line multiplexing)
0 ore than *40 Hz without blocking the
ceivers.

Operating

Temp ure:
n @

T rature:

CHARACTERISTICS

General

Audio Tone Center 600 Hz Band-width— 1500, 2
Frequencies (Hz): 340 HzBand-width— 1500, 2180,
and 2860. @

Shift in Frequency: 300 Hz (600 nd-width)

or
+170 Hz (N and-width)
13.5 kH @

500 Hz Tone Channel
8 kHz For 2180 Hz Tone

ha 1
@i kHz For 2700 Hz Tone
annel

16.36 kHz For 2860 Hz Tone
Channel .

Frequency BF
Oscillator:

Transmitter Center
Frequencies: 1

-10° to +60°C

- 60°C to +75°C

Operating Time: Two terminal line 2 to 2.5 MS

Three terminal line 3.5 to 4 MS

Energy

Requirements: 110 milliamperes at 12 volts d-c
Approximate

Weight: 14 lb.

D-C TO D-C CONVERTER AND VOLTAGE
REGULATOR

Converter HB25190and HB25200, Regulator HB25210

Power Output:

Model HB25210 Voltage Regulator with one of the
D-C to D-C Converter Modules, HB25190 or HB25200-
7.5 watts maximum; +18 volts at 20Q ma. and —18
volts at 200 ma.

Power Input:

Approximately 15 to 23 watts for above output power
over the following converter input voltage ranges,
HB25190 — 42to 56 V d-c¢, 48 v.d.c. nominal.
HB25200 — 105 to 144 V d-c, 125 v.d.c. nominal.
See Figure 3 for 250V d-c battery input.
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Regulation:

+18 and -18 v.d.c. within 0.1 veit,

Regulation Indicator:

Indicates changes greater than 2 volts in + 18 V d-c
output; module panel lamp extinguishes and remote
relay is de-energized. Recommended alarm relay is
HA18574; two Form-C 5-ampere contacts,2000-ohm
coil.

Ripple:
1 mv RMS maximum on +18 v.d.c. and —18 v.d.c.
outputs.

Converter Frequency:

Nominal 500 Hz; 380 Hz to 600 Hz over rated input
and output ranges.

Overloads:

No overload protective circuitry. Input to converter
is fused; effective only for short-circuit loads.
Operation above maximum rated levels should be
avoided to prevent damage due to excessive hgat
generation.

Isolation:

Output circuits are d-c isolated from_ground "and
the converter input battery supply. A gransient volt-
age filtering capacitor, C3, in the converter module
is connected between the output /COMMON and the
positive battery input and has,a 2000WV d-c rating.
(See schematic diagram, Figuné 3.9

FS Transmitter — HB-24335-26

Adjustable from -30 dbm to +2
dbm

Output Level:

Output Impedancest, 600 ohms nominal, isolated and

balanced
Output Sgability: £ 1.5 db from -10°C to +60°C

Frequency

Stability: +.25%

FS, Receiver — HB-19915-27

Adjustable from —45 dbm to +6
dbm

Sensitivity:

Band-pass filter, 600 ohms nom-
inal

Input Impedance:

D-C output assumes a'0@, VDC on
both mark and space ,outputs,
when level falls\yto the sen-
sitivity setting of recelver.

Squelch Circuit:

Carrier Detector: Contained on module 12V output

D-C Output: Push-pudly -10 volt pulses at 5
t0 440 Mad Rise and fall times

eachless#ban 5 microseconds.

B.F. Oscillator & Demodulator

Carrier Input

Input impedance 600 ohms, isolated. Input levels in
the range, of9=45dBm to +6dBm, adjustable with
LEVEL{ contrel for proper demodulation operation.

Demedulatof Output

Outputyimpedance 600 ohms. Zero loss from carrier
input to'demodulator output (one sideband) for single
ehannel operation at a maximum carrier level of
0dBm. For multiplexed channels see Operation
Section.

BF Oscillator:

Frequency stability +0.25% from -30°C to +70°C.

LINE LEVEL AND NOISE SUPERVISORY HB25150
AND FILTERS HB55283 AND HB55187

Output:

Clamping voltage for block circuits in up to 3 F'.S.
Receiver modules. +13V to +17V at 2 to 3 mA block,
—3.4V at 0 mA block release. Block release delay
time is 10 milliseconds. D-C amplifier capable of
delivering up to 100 mA at 36V to an indicating
device, or voltage pulses to logic circuitry. Amplifier
is conducting for a block, collector at +18V; non-
conducting for block release, collector at —18V.

Noise Filters HB55187 and HB55283

300 to 1000 Hz passband, 600-ohm input impedance
in passband, out-of-band rising impedance char-
acteristic. 600-ohm output impedance. Noise filter
HB55283 is the same as HB55187 except for a
25-db rejection notch at 425 Hz.

Noise Filter Amplifier:

600-ohm input impedance. Sensitivity adjustable:
Maximum sensitivity for a trip block is —52 dBm,
+0.5 dB —1 dB.
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Line Level Amplifier:

11.2K input impedance. Sensitivity adjustable;
maximum sensitivity for a trip block is —27 dBm;
+0.5 dB —1 dB.

425-HZ TRANSMITTER HB21050-12 (Some Systems

Use 595 Hz)

Output Level:

600 ohms nominal, isolated and balanced.

Output Stability:
+1.5 dB from —30°C to +70°C.

Frequency Stability:

HB21050-12 +.25% from —30°C to +70°C.

Keying Inputs:

Neutral voltage pulses, —10V nominal. Input resist-
ance approx. 5K to 15K.

AM RECEIVER 24030-3

Sensitivity: Adjustable from 0dBm to —35dBm.

Input Impedance: 600 ohms nominal.

LOGIC INTERFACE
Input Keying: +10V Min. to +20V Max.

Output Voltage: +18V D.C.

INSTALLATION
(Outline and Drilling Plan, “Fligure 14)

The tone assemblies should be mounted on relay
racks or in suitable cabinetg"when the eleven-module
chassis is used. Thegmountdng/location should be
free from dirt, moistufe, eXeesstve vibration, or heat.
All electrical comnections are made through a 24-
terminal connectompont thefrear of the chassis per
CR drawing which applies to the particular order
and appears on the nameplate.

SETTINGS

Transmitters"HB24335-26

Only @ene setting is required on the tone transmitter
and thathis the output level. This setting is made by
usinghthe screwdriver type adjuster marked ‘‘gain”’

10

on the transmitter module. In general, the tone trans-
mitters are set to the maximum level allowed #ythe
telephone company on the pilot wire or teléphone
pair. For example, in protective relaying applica-
tions, generally only one or two tone transmitters
will be connected to the pilot channel at afy one
terminal. If zero dBm is the maximum allowable
level, a single tone transmitter willgbeiset to that
level (0.775 volt). If more than“ene #r@nsmitter is
used at one terminal, the telephone @empany should
be consulated as to the fallowable transmitting
level.

The audio output levelgef thegtransmitter is measured
by connecting a 600-ohm fesistor or load across the
signal output terminals. No other signal should be
present on the ling ifyit is used. The level can be
measured <@t the ouitput terminals using an a-c
vacuum-tubeWvolimeter. The level control is then
adjusted®fer the desired output. After all the trans-
mitters, are adjusted properly and multiplexed, a
VTVM“peading should be taken at the ‘‘OUT’’ pin
jack'on the“front panel and recorded for maintenance
and check-out purposes. This avoids the necessity
offdiseonnecting the transmitter from the line when
lewels are to be checked or readjusted. The 425-Hz
transmitter should be set the same as any other
transmitter.

Demodulator — Level Control

After the remote transmitter has been adjusted, pull
out the local transmitter. Check the received signal
at top two terminals of the beat frequency oscillator
and demodulator module (H1, Lo). Pull out the local
F/S receiver filter and connect a 600-ohm load
across demodulator out and Lo (white) terminals.
Connect a VTVM across the 600-ohm, load and
adjust the level control for 3-dbm above the received
signal.

FS Receiver HB19915.27

Plug a d-c voltmeter (at least 20 volt range) into TP
norm. and TP comm. of receiver. (The tone trans-
mitters must be previously set to their desired out-
put levels.) Connect a VTVM across the tone re-
ceiver input terminals (TP Lo and TP Hi) and note
the normal received voltage (preferably in db). Now
connect a calibrated attenuator(such as the Hewlett-
Packard Model 350B Attenuator) between the tele-
phone line and the terminal equipment. Set the
attenuator for 6 db attenuation. This value can be
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checked on the VIVM. If such an attenuator is not
available, connect a variable resistor, 500 ohms
maximum is adequate, across the incoming line and
reduce the resistance until the incoming signal level
drops 6 db.

With the level of the incoming tone now set 6 db
below normal, advance the sensitivity control of the
tone receiver by adjusting sensitivity control on the
receiver module until the receiver output increases
suddenly to zero from approximately —10 volts, at
this point the squelch has operated to clamp the
receiver in a zero state. When the attenuator is
removed from the circuit, the tone receiver will
have a normal operating point 6 db above the pickup
signal level.

Line Level and Noise Supervisory Module
(Refer to Fig. 18 for Levels)

NOTE: If a HB55283 notch filter is used, the cali~
brating procedure should not be altered.

The sensitivity of both noise detecting circuits is
adjustable with all channel signals present on the
line at their nominal levels for the system. Adjudst
the noise-filter amplifier sensitivity as follows:
first turn the NOISE SENSITIVITY congfol t@ its
extreme counterclockwise position (if the ling‘level
sensitivity has not been adjusted, turn this serew
to its extreme counterclockwise po§ition “@lso).
Remove the noise filter from the chassjis. \Gonnect
the CARRIER IN test point ofg"a@ny“eonvenient
HB19916-27 Receiver modulegto the NOISE IN test
point on the HB25150 Noise_ ‘Superwvisory Module.
Slowly turn the NOISE SENSITIVITY control from
its extreme counterclockWise “Wposition until the
BLOCK light is energized. Remove the test point
connections and replace the noise filter in the
chassis; the light shouldytusn off. With this adjust-
ment, a trip blockfwill @e initiated for an in-band
signal-to-noise“patiofof 12 dB or less. A minimum
of 9 dB isgrequiredyfor security against false trip-
ping in type TA-2 Protective Relaying Channel.

The wide-band@noise or line amplifier sensitivity
can be adjusted in this manner: Connect the LINE
LEVEL SENS. ADJ. test point to the COMMON
testypoint. This will increase the gain of the ampli-
filer,by, 4.5 dB. Turn the LINE LEVEL SENS. control
slowly clockwise until the BLOCK light is energized,
then” remove the test point connections. When the
combined level of signals plus noise increases by
4.5 dB, a trip block will be generated.

A hysteresis of approximately 1.5 dB \exists in
the trigger-type blocking circuit for a block release.
The 4.5 dB. high-level block setting and a low
signal-level block adjustment of 6 dB™in the F'S
Receiver Module HB19915-27 will give a dynamic
operating range of 10.5 dB for the proteetive relaying
receiver.

Carrier Level Monitor (When Used)

The following procedure/ispto be used when an AM
receiver is utilized,in ¢onjunction with a 240 Micro-
Amp Suppressed ZeroWmeter to detect a partial de-
terioration of theftone signal. Since the meter is
also calibrated with the AM receiver, these instruc-
tions only apply when the meter is used. The meter
used isgWestinghouse Type GX322 S#691B408A09.

a. (On_AM receiver, set bias control fully counter-
clockwise position.

b., “Set: potentiometer in series with meter to fully
counter-clockwise position. (zero resistance)

c. “Pull AM receiver module from circuit and adjust
zero of meter.

d. Push in AM receiver and adjust sensitivity
control such that meter is at full-scale deflection
with normal received signal.

e. Lower incoming signal by 10 db, and adjust
potentiometer control of AM receiver such that
the meter is zeroed. The meter is now calibrated
for a 10 db deterioration of signal.

f. For deterioration levels greater than 10 db,
lower the incoming signal to the desired value
and adjust the series potentiometer until the
meter is at full zero.

ACCEPTANCE CHECK

D-C to D-C Converter HB25190 or HB25200

Non-Regulated Voltages:

+V d-c to common
—V d-c to common

+22to +34 V d-c
—22to —34 Vd-c

Voltage Regulator

+18 V d-c¢
—18 V d-c

+18 V to common
—18 V to common

Transmitter

Key transmitter to mark frequency by applying the
correct keying voltage at the terminals indicated on
the connection drawing.

1n
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All transmitter frequencies and output levels should
be checked with a 600-ohm load connected at the
output.

Mark Frequency: within 6 Hz of the frequency
specified in the Characteristics

section.

Space Frequency: within 6 Hz of the frequency
specified in the Characteristics
section.

NOTE: Allow 4 Hz for 340-Hz bandwidth tones.

Output Level: at least +2 dBm

425-HZ Transmitter (Some Systems use 595-Hz)

Frequency: 425 Hz within 1 Hz

Output: at least +1 dBm

Keying: should shift at least 40 Hz to block
Noise Supervisory module.

F.S. Receiver

With a transmitter input set at —20 dBm, see that the
space and mark outputs operate correctly.

Line Level and Noise Supervisory

Should operate upon receipt of a 700-Hz tone at
—37 dBm, or any transmitter tone frequency at —18
dBm. Factory calibration is at a —20 dBm nominal
input signal.

Carrier Level Monitor — AM Receiver HB24030-3

Sensitivity: Adjustable from 0 dBmgto®%=35 dBm
from —20°C to + 60°C.
Output: With 240 microamp “meter, current

should be adjusted gwith external
series potentiometer to 240 micro-
amps.

Logic Interface

Inputs: +100V taf20 V.
Outputs: +18V
ADJUSTMENTS

Use the following procedure for adjusting the tones
if the #enefadjustments have been disturbed. This
procedure should not be used unless it is apparent
that the tones are not in proper working order. (See
‘“Agceptance Check’’).

12

POWER SUPPLY

The d-c to d-c converter has no adjustments. The
voltage regulator module HB25210 has adjustable
reference voltages. In order to adjust the reference
voltages, a card extender (HB14583) is ngeded
because the adjusting resistors are not accessible
from the front of the panel. Connectf{a dee, voltmeter
to common and +18 volts (front9%ef the panel), and
adjust R7 for +18 volts. Repeat this operation by
connecting the voltmeter between“@emmon and —18
volts and adjusting R15.T°he regulation indicator is
set by adjusting R19 for zere volts between the
reference zener diode CR3pand ithe white test point
on the front panel. /The, regulation indicator will
detect any changes “Qver 2*Wolts by the lamp being
extinguished andMthe “Weptional relay being de-
energized.

(In service procedure to be used in conjunction with

SKBU Relay)

1. BeatyFrequency Oscill ator — frequency control

Check the frequency at bottom two terminals of
the “BF' Oscillator and demodulator module (H1,
L.0.y Readjust frequency if required to nameplate
marking.

2. Transmitter = level and frequency control

a. Check output of transmitter at terminals of
channel equipment. Adjust level control for
the Qesired output.

b. Check mark and space frequencies at green
terminals of F/S transmitter (Hi, Lo). (To
key transmitter to mark jumper keying lead
on J101 to -12 vdc; See Fig. 3). Readjust
transmitter frequency if required so that the
space andmark frequencies are approximately
correct.

3. Demodulator — level control

After remote transmitter has been adjusted, pull
out local transmitter. Check the received signal
at top two terminals (Hi, Lo). Pull out the local
F/S receiver filter and connect a 600-ohm load
across the demodulator out and Lo (white) termi-
nals. With a VTVM across the 600-ohm load,
adjust the level control for 3-dbm received
signal.

4. Frequency Shift Receiver — sensitivity and bias

control

a. Reduce incoming space signal by 12-dbm and
adjust sensitivity control until the receiver
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is clamped in a mark state. (-12 vdc between
“Comm.’”’ T.P. and ‘‘Norm.”” T.P. on the
cecs=i-~" madule, with mark and space outputs
connected to the relaying system.)

b. Apply sufficient a-c current by using remote
terminal functional test panel to pickup the
remote fault detector of the SKBU-2 or
SKBU-21. With oscilloscope across ‘‘Comm.”’
T.P. and ‘‘Norm.”” T.P. on the receiver
module, adjust bias control of tone set for
pulses of approximately 8 milliseconds.

LINE LEVEL & NOISE SUPERVISORY MODULES

These modules require no adjustments except for the
settings covered before.

MAINTENANCE

The modules in this equipment use transistors and
other components which are conservatively rated for
reliability and long life. In normal operation, the
monitoring function provides a continuous check on
the performance of the equipment.

As long as the channel is operating satis]
no maintenance work is necessary othe seeing
that the equipment is free of dust or dirt:
scheduled routine check will prevent -
since it may indicate deteriorationfi perfor-
mance of one of the units. A cha e occurs
because of the terminal equ'wme , a trouble-shoot-
ing procedure should be used sami that employ-
ed for any electronic equipme First determine
where the failure has ace (transmitter or

receiver); then determinf tion of the circuit

L 4

at fault. Refer to Table I for typica @ istor

voltages. 0

For routine maintenance, the following equipment
will be adequate: 4

Test Equipment

1. A-C Vacuum-Tube V
1 mv sensitivity.

, at least 15 kHz,

2. Calibrated Atten R ohm.

For troubleshooting, following additional test
equipment is desir :
1. Electroni ncy Counter, 15 kHz minimum.

2. D-C Vacuu be Volt-Ohmmeter.
3. Cathode- Oscilloscope.
4 , 200 to 15,000 Hz.

ENERAL INFORMATION

ection Brawings

The drawings applicable to the specific order will
be supplied. The applicable ‘“CR’’ drawing informa-
tion is included as part of the nameplate data.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be
furnished to users who are equipped for doing repair
work. When ordering parts, always give the assembly
style number and voltage rating, plus the component
identification and module in which it is located.

Replaceable parts are shown in the Parts List.

13
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TABLE |
TYPICAL VOLTAGE MEASUREMENTS (REFERRED TO ‘‘COMMON'’)

200 mA LOAD +22.5V INPUT

1 2 3 4
HB25210 Q Q Q Q
Voltage Vde C +19.4 +22.0 +22.5 —19.4
Regulator B +12.1 +19.4 +18.7 —12.1
E +11.4 +18.7 +18.0 —-11.4
NO LOAD +34.2V INPUT
HB25210 Q1 Q2 Q3 Q4 Q6
Voltage vde C +19.2 +33.5 +34.2 —19.2 — —34.2
Regulator B +12.1 +19.2 +18.8 —18.8
E +11.4 +18.8 +18.1 —18.1
Q1 Q2 Q5 Qé
vde C| +6.0 +11.7 7.5 7.5
Transmitter E| +0.7 | +1.7 B.F. Osc. & 2.2 2.2
Module Demodulator
HB24335-26 |vVac C| 8.0pp| 6.0 HB25640 c| spp | 6.0
Rms B| 0.06 .06 B 07 07
Ef O .03 El o 038
Q1 Q2 Q3
F'S Receiver {vde C | +8.5V +8.5V +1
HB19915-27 B * .
E| +5.4V +5.4V + 8 + 8.0 +11.7V
W/0 Q6 Q7 Q9 Q10 QN Q12 Q13 Q14
sig. C| +12 +0. 12 +1.7 + .8 +1.1 +2.1 +12 +1.55
B + 0.1 +1.0 +1.0 +1.7 +1.2 +1.1 +2.1
E 0 + .55 +0.5 +1.1 +1.1 +1.55 +1.55
C +8 +1.5/+0.8|+.7 |+1.5/+0.8 +2.0 |+2.1 [+0.9]|+12 [+1.5|+1.5 [+12
W/Sig.B +0.8 0 |+1.5(+1.3 +1.540.8 |+.TV|[+1.5[+.8 [+2.0[+2.1}+.9
vde +0.6  [+0.7{+0.9/|+0.7[+0.7|+.85|+0.95| +0.85/+0. B/|+1.55|+1.45|+1.5 | +1.45
Q3 Q4 Q5 Q6 Q7 Q8 Q9
HB25150 Block C| <-15 +0.8 —-0.1 +17.9 +18 +0.1 +117.9
Line Level, | Vdc ¥B| < -16 >16.8 -0.7 +17.2 +17.9 +0.7 +17.2
_ . 0 +18 +17.2 0 +18
and Noi E| <—-164 <16.4
Supv. eleaseC —15 3 +18 - +18 +18 —18
vde Bl < 16.3 —15.8 — 2.8 +18 — 2.55 — 2.75 +18
E 16.4 —16.4 0 +18 - 3.3 0 418




TYPE TA-2.2 FREQUENCY - SHIFT AUDIO TONES

ELECTRICAL PARTS LIST

O

DICRAM NAME OF PART AND DESCRIPTION
HB24335-26 TRANSMITTER MODULE
-
R1-R22 RESISTOR, fixed comp.: See Note 5, Figure 1 %
RT RESISTOR, variable: 250K, 0.1 W. BD taper \ HA-14594
R10 RESISTOR, variable: 500 ohms, 0.125 W, DB taper @ HA-13573
Cl1 CAPACITOR, tantalum: 15puF +20%, 35V 0 H-1007-654
C3-C6 CAPACITOR, tantalum: 33uF +20%, 10V H-1007-653
Cc2 CAPACITOR, mica: See Note 4, Figure 1 Q
c1 CAPACITOR, ceramic: 0.47uF +80% -209, H-1007-939
Q3, Q4 TRANSISTOR, silicon: PNP 2N3638 HA-24598
Q5 TRANSISTOR, silicon: NPN, 2N3905\ HA-21564
Ql, Q2 TRANSISTOR, silicon: NPN, 2N39(& HA-21562
BF' FILTER and OSC. ASS f@% F'S Transmitter & Mod. HB-61400
FILTER CABLE CON : 3-terminal socket HA-21091
.F. OSC. AND DEMODULATOR
L 4
R1 thru R29 RESISTOR, \ p. 5%, Ya Watt unless otherwise specified
R3 RESISN'able, 250K, 0.1 watt, BD taper. CTS Corp., Type PE200. HA-14594
R20 RES;@:V riable, 500 ohms, +20%, .125 watt, BD taper, CTS Corp.
e 200. HA-13573
Cl ACITOR, mica. See Note 5, Figure 2. H-1080-#
C2,C3,C4,C5 PACITOR, tantalum, 15uF +20%, 25V. Mallcry, TAM156M025P5C. H-1007-439
C6 APACITOR, tantalum, 22pF" #20%, 15V. Mallory, TAM226MO015P5C. H-1007-494
T1 TRANSFORMER, Demodulation. HB-55236
T2 @ TRANSFORMER, input, 600/600. Microtran, MT1FB. HA-14791
thru Q6 TRANSISTOR, germanium, PNP. Texas Inst., 2N1375. HA-17117
BF OSCILLATOR and tuned Transformer assembly. HB-63300

TEST JACKS, Sealectro Corp. SKT10.

15
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ELECTRICAL PARTS LIST

O

PART NO@

gv,f;:r NAME OF PART AND DESCRIPTION
HB-21050 425 Hz FS TRANSMITTER (Also Applies To 595Hz)
L
R1-R6, R8, R9
R11-R18 RESISTOR, fixed comp., +5%, %4 watt unless otherwise specified.
R7 RESISTOR, variable, 250K, 0.1 watt, BD taper, CTS Corp., type PE200. -14594
R10 RESISTOR, variable 500 ohms, 0.125 watt,BD taper, CTS Corp., type P HA-13573
Cl1 CAPACITOR, tantalum, 15xf +20%, 25V, Mallory TAM156N025P5C. H-1007-439
C3,C4,C5,C6 CAPACITOR, tantalum, 33uf #20%, 10V, Mallory TAM3336M010P5C. H-1007-438
Cc2 CAPACITOR, mica, Elmenco Type DM20. H-1080-X
C1 CAPACITOR, ceramic, 0.47uf +80% —20%, 25V, Sprague HA-13579
Q1,Q2,Q3,Q4 | TRANSISTOR, germanium, PNP, Texas Inst. 2N137 % HA-17117
Q5 TRANSISTOR, silicon, NPN, Texas Inst., 2N70 HA-19928
BF Filter and Osc. Assy. for HB-21055 and HB-2 ransmitter. HB-58500 or
x HB-58900
BP Filter and Osc. Assy. for HB-21040 and -1 F'S Trans. & Mod. HB-58200
Test Jacks, Sealectro Corp., SKT-10. K
Filter cable connector, 3-terminal so les Co. HA-21091
HB19915 ECEIVER
R1-R35 RESISTOR, fixed comp. See igure 2.
R2 RESISTOR, variablei.s +20 .12 watt, AC taper CTS Corp., type PE200 HA-23742
R25 RESISTOR, variable, ,0.25 watt, linear taper CTS Corp.,type PE200 HA-14593
C1,C2,C4 CAPACITOR, t QF‘ +20%, 15V H-1007-656
C3, C6 CAPACITOR, KS&LF‘ +20%, 6V H-1007-658
C5,C17,C8 CAPACITOR,@m, 0.47uF *10%, 35V H-1007-511
C9, C10 CAPACI ramic, 0.05uF, 25V H-1007-647
L1 C te 6, Figure 2 HA-17731
CR1, CR2 ODE, silicon, 200 PIV, 250 mA HA-30769
Q1-Q4,Q6-Q14 T OR, silicon, NPN, 2N3903 Motorola HA-21562
Q5 TRANSISTOR, silicon, PNP 2N3905 Motorola HA-21564
DISCRIMINATOR ASSEMBLY, plug-in Channels below 4000 Hz HB-58400
Channels above 4000 Hz HB-58800
BAND-PASS FILTER module Channels below 4000 Hz HB-58300
Channels above 4000 Hz HB-58700

TEST JACKS, Sealectro Corp., SKT-10
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ELECTRICAL PARTS LIST
DIAGRAM SYMBOL NAME OF PART AND DESCRIPTION PART NO.
HB-24030-3 CARRIER DETERIATION DETECTOR RECEIVER
R1 RESISTOR, variable: comp.5K .25 watt ‘“A”’ tappr CTS PE200 HA-13572
R2-R19 RESISTOR, fixed comp.: +5% ‘4 watt, values as shown in Figure 2. H-1009-X
C1,C2,C5,C8,C9| CAPACITOR, tantalum: 47uF £10% 35V Texas Inst. SCM474FPO35D2 H-1007-511
C4 CAPACITOR,tantalum: 22uF +20% 15V Texas Inst. SCM226 BPOWD4 H-1007-656
C3,C6,C17 CAPACITOR, tantalum: 33uF #20% 10V Texas Inst. SCM336BR@10D4 H-1007-653
CRI1-CR2 DIODE, silicon: 1N914 250mW Texas Inst. or G.E. HA-24325
Q1-Q3 TRANSISTOR, silicon: PNP BVCEO 40V 2N3905-18 Motoréla HA-24087
T1 TRANSFORMER, CT8K: 2K CT HA-3175
TEST JACKS, Sealectro Corp., SKT-10
BAND PASS FILTER (State frequency required) HB-56500-X
HB-25150 LINE LEVEL — NOISE SUPERVISORY MODULE
R1,R2,R4-R8,
R11-R16, R18.
R21-R42 +5%, Y4 watt, unless otherwise specified?
R9, RI10 RESISTOR, wirewound, 600 *5%, 1'2%watt. Ohmite 995-1A. H-1100-442
R43 RESISTOR, wirewound, 2.5K *59%, 1% watt. Ohmite 995-1A. H-1100-423
R19 RESISTOR, metal film, 12dm#1%, 1/8/watt. [.R.C. Type CEA T-O H-1510-777
R20 RESISTOR, metal film, 400 +4%, 1/8 watt. .R.C. Type CEA T-O H-1510-714
R3 RESISTOR, variable,600°220%, 0.125 watts, BD taper, C.T.S. Type-200 HA-25253
R17 RESISTOR, variable, 2.5K,+20%, 0.125 watts, Ataper.C.T.S. Type PE-200 HA-19919
Cl1 CAPACITOR, poly£0.0068;F +2%, 400VDC, Wesco 32P. H-5115-127
C6 CAPACITOR, poly,, 0.02uF +2%, 100VDC Balco PTWP. H-5115-49
C3,C8 CAPACITOR, mica, 390pF +2%, 500WVDC Elemenco DM-19-391-G. HA-16628
cz, C1 CAPACITORtantalm, 33.F +20%, 10VDC. Texas Inst.SCM336BP010D4. H-1007-653
C4,C9,Cl11 CAPACIT@R, tantalum, 1.0uF +20%, 35VDC. TexasInst. SCM105FP035D4. H-1007-496
C5,C10,C13,C14| CAPACITOR antalum, 15uF +20%, 35VDC, Texas Inst. SCM156GP035D4. H-1007-654
Cl12 CAPACITOR¥ tantalum, 0.47F +10%, 35VDC, Texas Inst. SCM474FP035D2, H-1007-511
CR1 thru CR4
CR7 thru CR11 DI@RE ®silicon, 250 mw. Texas Inst., or G.E. type 1N924. HA-24325
CRI12 DIODE, silicon, 200P1V, Diodes Inc., DI-42. HA-17197
CR5, CR6 DIODE, zener, 5.1V #5%, 1N4733A. Motorola IM5. 1ZS5. HA-24328
IC1, IC2 Operational amplifier, TP-5 case. Motorola MC-1430. HA-25158
Q3,Q4,Q5,Q7,Q8|/TRANSISTOR, silicon, NPN, Vcro 40V, TO-92, Motorola 2N3902. HA-21562
Q6 TRANSISTOR, silicon, PNP, Voo 40V, TO-92, Motorola 2N3905. HA-21564
Ql, Q2 TRANSISTOR, silicon, NPN, Vapq 65V, TO-5, RCA 2N2102. HA-22678
Q9 TRANSISTOR, silicon, PNP, Vopg 65V, TO-5, RCA 2N4036. HA-24003
T13I2, T3 TRANSFORMER, 2.5K: 2.5K C.T. Microtran MMT- 19-FB. HA-25157
T Data Lamp, red cartridge, Dialco 507-3910-1431-600. HA-25156
Lamp Holder, Dialco 508-7538-504. HA-17504
Test jacks, Sealectro Corp., S KT-10
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TYPE TA-2.2 FREQUENCY — SHIFT AUDIO TONES

ELECTRICAL PARTS LIST

%’{;‘3:8:_‘ NAME OF PART AND DESCRIPTION ’ PART NO.
HB25190 48 VDC, D.C. TO D.C. CONVERTER
R3, R4 RESISTOR, fixed comp., 24 +5%, ¥ watt. ] H-1009-827
R6, R7 RESISTOR, wirewound, 2.5K *+5%, 34 watt. Ohmite 995-3A. H-1400-329
R1 RESISTOR, wirewound, 5K + 5%, 3'4 watt. Ohmite 995-3A. H-1100-460
RS RESISTOR, wirewound, 50 +3%, 10 watt. Dale Electronics RH-10. HA-23709
C1 CAPACITOR, elect., 80 uF', 150VDC. Cornell Dubilier BR80-150. H-1007-395
Cc2 CAPACITOR, met. paper, 0.047 ¢ F', 200W VDC. Cornel Dubilier MRY-2547% H-1007-674
C3 CAPACITOR, paper, 0.022p F +10%, 1000VDC. Aerovox V161-615. H-1007-696
C4, C5 CAPACITOR, ELECT., 100 F, 50VDC. Cornell Dubilier BR400-50" H-1007-209
CRI1 thru CR9 DIODE, silicon, 200 PIV, 1 Amp. Diodes Inc. SD-2. HA-17995
Ql, Q2 TRANSISTOR, silicon NPN, Vopg 175V, TO-66. RCA 2N3583. HA-21847
T1 TRANSFORMER, saturable core. HB-25182
11 LAMP, cartridge, red, 10VDC, 0.014A. Dialco 50@:391051431-600. HA-25156
12 LLAMP, cartridge, amber, 10VDC, 0.014A. Dialco 50%-3910*1433-600. HA-25784
LAMPHOLDER. Dialco 508-7538-504. | HA-17504
S1 SWITCH, push button. Leviton #579. HA-13554
F1 FUSE, 3AG. 0.5 AMP. HA-9348
SOCKET, TO-66 transistor mt’g. UID Elegtronics PTS-4. HA-21848
INSULATOR, mica, TO-66 transister mtig. Reldance Mica Co. DF-31-A. HA-23658
TEST JACKS, Sealectro Corp., SKT-10%4 L
HB25200 125 VDC, DiC. TO D.C. CONVERTER
R3, R4 RESISTOR, fixed comp., 100 ¥ 5%, ¥ watt. H-1009-758
R6 RESISTOR, fixed comp., 100K €5%, V5 watt. H-1009-348
R1 RESISTOR, fixed compg, 56K, 5%, Y% watt. H-1009-815
RS RESISTOR, wirewound, 100+ 3%, 10 watt. HA-23650
R1 RESISTOR, fixed%¢omp®,39K +5%, 2 watt. H-1009-885
Cl1 CAPACITOR, eleet.580uF, 150VDC. Cornell Dubilier BR80-150. H-1007-395
C2 CAPACITOR, met. paper,0.022F,400 W VDC.Cornell Dubilier MPY-4S22. H-1007-637
C3 CAPACITORmypaper, 0.022uF + 10%, 1000VDC. Aerovox V161-615. H-1007-696
C4,C5 CAPACITOR/ elect., 100pF, 50 W VDC. Cornell Dubilier BR-100-50. H-1007-209
CRI thru CRI11 | DIQDE Ssilieén, 200 PIV, 1 Amp. Diodes Inc., SD-2. HA-17995
Ql, Q2 TRANSISTOR, silicon NPN, Vopn 300V, TO-66. RCA 2N3585. HA-22593
Tl TRANSFORMER, saturable core. HB-25183
I1 LAMByfeartridge, red, neon, 105/125VDC. Dialco 507-3835-0931-600. HA-25203
12 LAMP, cartridge, amber, neon, 105/125VDC. Dialco 507-3835-0933-600. HA-25204
LAMPHOLDER. Dialco 508-7538-504. HA-17504
S1 SWITCH, push button. Leviton #579 HA-13554
F1 FUSE, 3AG, 0.2A., Slo-Blo. HA-14691
SOCKET, TO-66 transistor mt’'g. UID Electronics PTS-4. HA-21848
INSULATOR, mica, transistor mt’g. Reliance Mica Co. DF-31-A. HA-23658

TEST JACKS, Sealectro Corp., SKT-10.
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TYPE TA-2.2 FREQUENCY - SHIFT AUDIO TONES LL. .22
ELECTRICAL PARTS LIST O
DIAGRAM ]
SYMBOL NAME OF PART AND DESCRIPTION RT NO.
HB-25210 VOLTAGE REGULATOR
R17,R21-R28,R31] +5%, Y4 watt, unless otherwise specified. %
R1, RY RESISTOR, wirewound, 2.2K 5%, 1% watt. Ohmite 995-1A. \ H-1100-448
R3, R10, R29 RESISTOR, wirewound, 2.5K +5%, 1%, watt. Ohmite 995-1A. H-1100-423
R5, R13 RESISTOR, wirewound, 1K *5%, 1'2 watt. Ohmite 995-1A. H-1100-429
R6, R16 RESISTOR, wirewound, 820 +5%, 1% watt. H-1100-443
R8, R14 RESISTOR, wirewound, 2K *5%, 1% watt. Ohmite@ H-1100-422
R30 RESISTOR, wirewound, 1.6K +5%, 1%, watt. O@&lA. H-1100-543
R2, R11 RESISTOR, wirewound, 75 +5%, 3 watt. O -3A. HA-13863
R4, R12 RESISTOR, wirewound, 56 +5%, 3 wa 995-3A H-1100-541
R18, R20 RESISTOR, wirewound, 5.6K * 5%, hmite 995-3A H-1100-542
R7, R15 RESISTOR, variable wirewound hms. Muter Co. 50-2200 Series HA-12578
R19 RESISTOR, variable wir u 0 ohms.Muter Co. 50-2200 Series HA-20924
Cl1, C4 CAPACITOR, mica, %, 500V . Elemenco DM-15-910J. HA-16521
C2, C5 CAPACITOR, tantalu 5 +20%, 35VDC. Texas Inst., SCM156GP035D4. H-1007-654
C3, C6 CAPACITOR, ele , 50VDC. Sprague TVA-1315. HA-13569
CR1, CR2 DIODE, zener ». Diodes Inc. 1D12B. HA-12920
CR3 DIODE, z’e\ +5%. Diodes Inc. 1D18B. HA-25217
CR4 DIO %ﬂ, 200 PI1V. Diodes Inc. DI-42, HA-17197
Q7, Q8 TR 1 , silicon NPN, Vago 40V, TO-92. Motorola 2N3903. HA-21562
Q10, Q11 TRANSISTOR, silicon PNP, Vopn 40V, TO-92. Motorola 2N3905. HA-21564
Ql,Q2,Ql ANSISTOR, silicon NPN, Vcgo 65V, TO-5. RCA 2N2102. HA-22678
Q4, Q5, RANSISTOR, silicon PNP, Vogo 65V, TO-5. RCA 2N4036. HA-24003
Q3 RANSISTOR, silicon NPN, Voo 60V, TO-3. Motorola 2N3055. HA-24327
Q6 TRANSISTOR, germanium PNP, V~pn 50V, TO-3. RCA 2N2869/2N301. HA-17992
V'S TRANSISTOR socket, TO-3. Augat Bros. 8043-1G3. HA-18538
INSULATOR, mica, TO-3 transistor mt’g. Reliance Mica Co. 732 HA-11964
LAMP, cartridge, amber, 10VDC., 0.014A. Dialco 507-3910-1433-600. HA-25784
LAMPHOLDER, Dialco 508-7538-504. HA-17504

TEST JACKS, Sealectro Corp. SKT-10.
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TYPE TA-2.2 FREQUENCY - SHIFT AUDIO TONES

SURGE
PROTECTOR

TWISTED PILOT-WIRE PAIR TO
FAAAAF A ) OTHERY
(NOTE 2) STATION

A\ = SHIELDED CABLE Q
STATION ==
GRD. =
MAT . Q
NOTE | THESE CONNECTIONS ASSUME A PILOT-WIRE 20600 N

AUDIO
TONES

NOTE2 COMPLETED CABLE FIELD TEST VOLTAGE OF IOKV DC. FOR ROM
EACH CONDUCTOR TO ALL OTHER CONDUCTORS AND SHEA NG
FACTOR OF 50% OR LESS. EACHPAIR TWISTED SEPAR SHEATH
TO STATION MAT AT BOTH ENDS AND TO REMOTE GR CH SPLICE

292B017

Fig. 1 Recommended Connections and Pilot Wire Desi ivately Owned Two-Terminal Lines.
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POWER STATION AREA TEREPHONE CENTRAL OFFICE
7 SEE NOTE 1 N / N
ISOLATION SEE_NOTE 2 SEE_NOTE 3
TRANSFORMER —_— —_—
S—187A995H01
1 4 1
SURGE PROTECTOR @O -
| I, ® CARBON
] BLOCK 2
AUDIO SEE 2 5 — 5
TONES ® NOTE 4 04 \A AL
0 3
3 1 j N
3 6 a
4 b
MTG. STUD_’? CENTRAL OFFICE GROUND
/\ = SHIELDED CABLE T X TWISTED POLYETHYLENE ~ INSULATED
SEE PAIR IN SHIELDED CABLE.
STATION GROUND MAT. NOTE 6
(a) FOR UNEXPOSED LINE rrrrrrrbrrr—
LIGHTNING ARRESTER

POWER STATION AREA TELEPHONE CENTRAL OFFICE
d SEE NOTE 1
®T|§Er'i§g'o%r:4 (n  SEE NOTE3 SEE NOTE 2 SEE NOTE 3
S- 187A995H01
& 1 1 a 1
SURGE PROTECTOR T
® BLOCK/ - CARBON
2 §¥) NOTE 5 S\BLOCK L 5 2
- ® 0 [ —— I VA CJTAA
o 3 3
3 3 :
a 3 6 ! 3 4
MTG. STUD _’? CENTRAL OFFICE GROUND
/\ = SHIELDED CABLE © = TWISTED POLYETHYLENE — INSULATED
SEE PAIR IN SHIELDED CABLE.
(b) FOR EXPOSED LINE STATION GROUND MAT. | NOTE 6
LIGHTNING ARRESTER

NOTES

PRIMARILY USED FOR IMPEDANCE - MATCHING PURPOSE.

WESTERN ELECTR!C INSULATING TRANSF. TYPE 2239A OR EQUIV.

WESTERN ELECTRIC DRAINAGE REACTOR TYPE 2232A OR EQUIV.

UNEXPOSED LINE - MAX. EXTERIOR DISTANCE ABOUT 75FT. - USE SHIELDED CASLE.
EXPOSED LINE WITH EXTERIOR DISTANCE OVER 75FT. AND EXPOSED TO LIGHTNING,
POWER-SYSTEM CONTACT, AND POWER INDUCTION - USE SHIELDED CABLE.

ISOLATE SHIELD FROM GROUND UNTIL OUT OF SIGNIFICANT INFLUENCE OF STATION

GROUND POTENT IAL.
205C508

[CFSEVENES

o

Fig. 2 Recommended Connections and Protective Arrangements for Two-Terminal Lines

SANOL 01aNV L4IHS — ADNaNd3¥d T'z-vl 3dAlL

°TE96° LY 17U



TYPE TA-2.2 FREQUENCY - SHIFT AUDIO TONES

5
50V

REDCOMEAI; U
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+22 TO + 36V
+ | 100MF
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50V 9
L_ - — 4 TO REGULATOR
+.1 100MF | COMMON
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—22/T0 —36V
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31/4W [25K31/4W [HB25I

+ 14
C < |
B 2KV
'3 . c2
o | T LR S
b4 " — S
- R3 QI 2N3585-125V. | MF o2t~ ra Dm T F
I, +_LCI1 T - 2N3s83-4gv. 200V iR ¥ Ti
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715B564

Fig. 3 Power Supply HB425190%and H3-25200.
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Fig. 4 Voltage Regulator HB-25210.




TYPE TA-2.2 FREQUENCY — SHIFT AUDIO TONES

I.L. 4196322

OISE SUPERVISORY MODULE

LINE LEVEL AND N

4 LINE LEVEL —_
S 0P | NoISE
12" BLOCK
[ouTRUT
160 160 NCISE FILTER l
600 OHMS N |
3 <
TONE (NPUT e 7 (‘ag | |
TONE INPUT
COMMON O— 3 l
305 T0 1660 HZ |
1K l@\SENS AM RECEIVER l | |
I 3 STAGE RECTIFIER B D.C ;. C.0.0 OUTPUT | 3
| AMPLIFIER FILTERING AMPLIFIER " l
SIGNAL DETERIORATION OETECTOR | |
———— ————— =" Low|
SIGNAL CARRIER to6ie |stenac |, !
| SQUELCH DETECTOR l INTEHFACE J BLOCK | I
l [ MARK JOUTPUT lA22[
TIN: D.C. QUTPUT v
L DISGRIMINATOR Cmeoi’ T ] space oumeut ; >2,|
@ sens FS RECEIVER I _
— - NOTE:
.—l ] 4# FOR 2 WIRE APPLICATIONS, TONE OUTPUT AND
oo} SR g T e s 1o i e o
l y | . FOR 4 WIRE APPLICATIONS, TONE OUTPUT
—— R TERMINALS ARE JIOI (S AND 20 AND TONE
| SENS MASTER I V‘ﬁgég INPUT TERMINALS ARE J10I 23 AND 24
= 8F 0SC. AND DEMOD OSCILLATOR |- +
I 5 COMM. L — — —j—d =" 1
| [_ I | 1 | _] 600 OHM
TONE OUTPUT
+ 20V, LoGIC ouTRUT TRANSMIT >
|22 *I KEY T0 MARK INTERFACE RED OSCILLATOR MOBULATOR AMPUFW"
L ] TS _TRANSMITTER Tevel@- I 1 — |
Fig. 5 Block Diagtam of TA-2.2 Tone Assembly
SPACE MARK coM CARRIER CARRIER OUT
KEY KE'Y MONITOR HILOW
@®YEL.  @®BLU. BLK PUR. AN® ® GRN
TPS P4 TF6 TP2
DC VOLTAGE LEVELS(NOTEI,283)
al Q2
+ 12V —{a}- COLLECTOR [+6.0V. | +IL7V.
+lo c7 BASE +125V. | +2.25v.
0 Lis R8 Rl 5a)
—{3sv R3 33K 1ok3 40 CARRIER EMITTER |+.70V. | +1.70V.
Q7 27K cs [}
2N3905 RE = 33 OHMS
KEY 0SC. ON RI9 x 3% of oy &2
: =3 s ) I AC VOLTAGE LEVELS (NOTES ,283)
OFF:OV.TO+L5V. 18K T\ L Joi +$R5 ol [N
ON+4 TO412V. STRAP T3k SEE[Q|  aiz Ql Q2
2= 6.5K e aer, 5 e LR G 1t COLLECTOR -P
7K FREQU— risw - 9 '"I = €C 8vP 6VRMS MAX.
T o
RI7 ] 2N3638 BASE .06 VRMS|.06 VRMS MAX,
3F-KEY TO MARK—<{5 A [ i | [
C.F:OV.TO+1.5V. 56K 4 o [l aty EMITTER ov  |03vRMS MAX.
MARK:+4V TO+I2V. o S« ! 04 Sz
3F Kr:‘zvzzggpACE—-@Bm elal o I‘J{“R e -=J 2N3638 g
- o
C.F:OV. TO+1.5V. 33d  R2ed 92l 9@ |8 35k caffadol Fao |Rias +166 E
SPACE:+3V.TO+12V. 10K g 7 331 228| fs00 [470F 3% T
13K TO 3K | 1 & |rgpesox cey
/I8 R2
2 2K 180! {8 eno
com—<4fioH-
/ +1.2Vv. KEYING BIAS VOLTAGE =

NOTES:

I.VOLTAGES 4SHOWN ARENSAMPLE VALUES AND ARE TO BE USED
FOR DETERMINING RELATIVE MAGNITUDES ONLY.

2. VOLTAGES MEASURED AT QI' ARE WITH REFERENCE TO THE
+ 1.2V. {(KEYING/BIAS VOLTAGE.

3.VOLTAGES,MEASURED AT Q2 AND THE KEYING VOLTAGES
ARE WITH'REEERENGE TO THE CIRCUIT COMMON.

4. THE VALUE OF€2(WiLL VARY WITH SOME CHANNEL
FREQUENCIES AND BANDWIDTHS.

5. FIXED RESISTORS ARE 10% VALUES,I/4 WATT, UNLESS
OTHERWISE SPECIFIED. ,

6. SIGNAL OSCILLATOR P/O FILTER ASS'Y. ZI

Fig. 6 Transmitter Module HB-24335-26

774B193
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TYPE TA-2.2 FREQUENCY — SHIFT AUDIO TONES

B.F.
—osc il ouTt CARRIER
HI (o) HI H LO
BRN. @wH. SLAY GRND ®gRN.
E}e—'2v
2500:2000 CT. 23MA.
*LT i
*CT
B.F.0SC.OUTPUT
R& R8 18— 75 TRaNS . MOD.
33K 10K 03
5% Ty EGS”T;MA :
N
IR AL P/0 HB-63300) 18] —+ L0
cz_[-J DEMOD. OUTPUT
22 [T SRS a2 TO F.5. REC. FILTER
0 R LYy S - 600 OHMS
O—®x Lo |c4 w :
RE3br0st (512, | re [RiO KEY
P10 22KS 10
¥CO YEL 3HB-63300 5% @—,!LGND. -
o & WAT. {i]
220 MFD.T o CARRIER
R2 es drr 8 I-?E 600 OWis
R3 L.FREQ. +‘|’3'55w 689 S%TBW SR IK RIS 180 {2
250k3_] | | 5% 5% \G— c oW

NOTES:

. VOLTAGES SHOWN ARE SAMPLE VALES AND ARE TO BE USED
FOR DETERMINING RELATIVE MAGNITUDES ONLY.

2. THE BF OSC.OUTPUT

IS 2.7VRMS. WHEN THIS CIRCUIT IS

LOADED WITH ONE FS TRANMITTER & MODULATOR MODULE

B-19925 OR HB-21040 IN A DUPLEX

SYSTEM.

3. MAXIMUN GAIN FROM CARRIER INPUT TO DEMOD. OUTPUT IS

5DB (ONE SIDEBAND ).
4 MAXIMUN DEMOD. OUTPUT CAPABILITY

IS O DBM(ONE SIDEBAND),

5. THE VALUE OF CI WILL VARY FOR SOME FREQUENCIES.

6. FIXED RESISTORS ARE
7.ASTERIST (%) INDECATES FACTORY VALUE.
8. TRANSISTORS Q1 TOQ6 ARE 2NI375

10% VALUES, I/4WATT, UNCESS OTHERWISE SPECIFIED.

VOLTAGE LEVELS REF.COM (POSITIVE BATTERY TERMINAL ). SEE NOTE 1.

Ql Q2 Q5 Q6
COLLECTOR |- 6V 8V P-P |- 12VI[héV RMS COLLECTOR |-7.5V | =7.5V
BASE —1.I5V [.O7V RMS|-2.1V), | .O7 WRMS BASE -23V |—2.3V
EMITTER ~1V OVRMS 0i|=2 V 2038 VRMS EMITTER =-2.2V |-2.2V

7748194

Fig. 7 Beat Frequency Oscillator andyDemodulator HB-25640

FS RECEWER

MODULE
HB- 19915

U CcD4
42y, ey
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oUTPUTY MARK = OV,
' 05 SPACE=10V.
' et " NO SiG.=0V.
r&u;,,,&qclc DveL
10 + 12V,
H-
o
2 NORM oUTPUT
3
g |
a6 5 com
RI8 |
4.3k _I_—ElGND
5% = REV. QUTPUT
C4 CRIRIS kev[13)
[22] 10K
> 1 15V 5?:55_1 3|
33 F2292RO + 6V Far A,
5% [15% 122K | *3s
—T{4jecom
NO SIG. | MARK | SPACE || INO SIG.|IMaRK |SPACE | NO S1G | MARK | SPACE] E? L d _ to— & Ql Q2 Q3 Q4 Qs
Q10 Q2 Q14 T0 EXT.CAR, lCA“RC%ElTL-RELAV coLLecTOR[+85v. [+8.5v. [+12v. |+1Liv. [+6.2V.
COLLECTOR|+ .8V, + 7M |+1LSY +2 IV 2.1V, [+.9V +1.55V. [+155V. {+12V. CARLODET (R22 OMITTED) BASE + 6.0V +8.5V +8.5V. + 111V,
BASE +1.0V +32V. OV +h2V, +7V. |+1.5Y, |[+2.0V [42.0V [+.9V. ALARM ' HB-19915-1 EMITTER |+54V + 54V, +8.0V +80V. |[+IL.7V.
MODULE
EMITTER |+0.5V. [+ 7V | +(7V. +) +.85V. [+95V. |+1.55V. |[+1.55V [+1.45V. Q6 a7 Qe
Q9 Qi Qi3 W/0 SIG.|W/SIG. | W/O SIG.| W/SIG.] W/OSIG|W/SIG.
COLLECTOR[+1.7V. +1.SV. [+. 8V FLIv. +.8V. +2.0V. |+12V. +12V. |+1.5V. COLLECTOR+12V. +12V. +0.0V +0.8V. |+ 12V, +8V.
BASE +1.0V. oV +1.SIV. ] +1.7V. +1.SV. |+.8V. 411V +.8V. [+20V BASE +6.2V. + 6.2V [+0.6V |-09V |+0.1V +08V
EMITTER |+.55V. |+.7V +.9V. +1V, +.85V. {+.95V. | +1.55V. [+1.55V. [+1.45V EMITTER |+57V. +6.8V oV oV, oV +0.6 V.
Q5 IS 2N3905 ALL OTHER TRANSISTORS ARE 2N3903

774B195
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Fig. 8 Frequency Shift Receiver HB19915-27




TYPE TA.2.2 FREQUENCY - SHIFT AUDIO TONES

1.L. 41.963.22

|. RESISTORS ARE 1/4 WATT AND 5% UNLESS JOTHERWISE
NOTED

-23v
| co
F47
35V,
R2
18K w0
o
[+
_-°
o3
> TP OUT
KEY CUTOUT -la o
+ T4 2
&} TPIN {35V z
GND. = R3 8
47 7 R2S
172w
CARRIER IN Gl b
600 OHMS Re SEENGTE3 o Ut
NOMINAL 5K 820, LOAD
{8} fiop-
CIRCULT, COMMON
BL
TPCOM.

NOTES;

2.CAPACITORS ARE IN MICROFARADS.

3.R25 NORMALLY A JUMPER. R25 USED TO ADJUSTIOQUTPUT
LOAD TO 500 OHMS OR MORE.
4.CRI-CR2 ARE IN9I4 OR EQUIVALENT)

5. OUTPUT LOAD MAY BE A RELAY WINDING
ORA RESISTANCE FOR VOLTAGE OUTPUT.

774B196

Fig. 9 Carrier/Deteriation Detector HB-24030-3
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Fig. 10 Tone Receiver Filter Characteristics HB-63100.
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Fig. 11 TypicalMNoise Bandpass Filter.
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RECEIVER DYNAMIC OPERATING RANGE
MAXIMUM LEVEL OF A SINGLE OUT-OF — BAND TONE
(ABOVE 1000 HZ) TO CAUSE A HIGH LINE TRIP BLOCK.
NUMBER OF CHANNELS OUT-OF-BAND TONE LEVEL
ABOVE NORMAL CHANNEL
) 3.5dB
2. 8.6d B
3. 10.5d8B
+4.548 7 HIGH LINE SLEVEL TRIP-BLOCK
BACKLASH
+ 3d8 ////L BLOCK RELEASE A
NOMINAL SIGNAL LEVEL * RECEIVER
° -1 > DYNAMIC
RANGE =10.5d8
7
-6dB
LOW SIGNAL-LEVEL TRIP BLOCK
MINIMUM S/NoRATIO=9dB
FOR SECURE“OQPERATION
-15dB
3dB MARGIN
-18d8 + 7 NOISE TRIP BLOCK
/ NOISE SAMPLED IN REGION OF
300 TO 1000 HERTZ ;BLOCKING IS
INDETERMINATE DUE TO RANDOM
/ CHARACTER OF NOISE.
-28d8 //L BLOCK RELEASE

3495 8A62

Fig. 18 Receiver Dynamic Operating Range.
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INSTALLATION

Westinghouse 1.L. 41-963.3
OPERATION ¢ MAINTENANCE

INSTRUCTI O NS

TYPE TA-1 FREQUENCY-SHIFT AUDIO TONES
WITH DC-TO-DC CONVERTER

CAUTION: Check polarity of battery supply connec-
tions before applying power to the equipment.

APPLICATION

The type TA-1 tones are high-speed frequency-
shift audio-frequency tones. They are designed for
use in transferred-tripping systems for transformer
and line protection. They may be used directly over
apilot wirepair, or may be impressed on a microwave
channel.

Applications are classified as either permissive
or direct. The latter system allows the receiver
relay to trip directly, as opposed to a permissive
system where a fault detecting relay supervis€s
receiver relay tripping. The overreaching scheme is
usually a permissive system since the phase and
ground fault detecting relays are inherently présent.
These fault detectors are not presentjin ‘an under-
reaching scheme or a transformer protection, channel
therefore, these are classified as direét.

The presence or lack of trips€ircuitasupervision
greatly influences the secuirty and reliability con-
siderations. As with all protection sy¥Stems, one must
strike a compromise between the conflicting require-
ments of security and reli@ability, — security against
undesired tripping and_eliability in tripping when
required. With direct schemes the burden for security
rests entirely with theWtones themselves; whereas,
the fault-detecting relays in the permissive scheme
share the burden with tones for security. Thus, we
can ease Aip onWthe security requirements of the
tones propergwhen ‘used in a permissive scheme.
This is ‘deSirable not just for economy but also
to eliminate ‘cemponents which tend to detract from
reliability.

Security Measures

The TA-1 frequency-shift receiver has been
specially designed for security against noise. Audio
frequency random noise must be at least 50 db peak

over the guard signal to cause trip relay operation.
With the recommended —32 dbm maximum receiver

NEW INFORMATION

sensitivity, this means,that the random neoise must
be about + 18 dbm fo ‘cause undesired trip relay
operation. This Gempares with quiescent noise lev-
els on the order of —50 dbm.

This leaves,impulse noise to be considered. Not
only are these of*higher energy level, but they also
cannotgbe,classed as random in the sense that the
energy, is umiformly distributed across the audio
spectrum.asInadvertently applied voice signals and
power-system arcs and disturbing voltages are prime
sources of impulse noise. To guard against the pos-
sibility that this impulse noise might fall in the trip
band, a noise squelch is recommended. This squelch
receiver disables the frequency-shift receiver when-
ever the noise measured in the 300-480 Hz band
exceeds the dbm setting of the squelch.

The receiver guard relay also contributes to
security. In direct applications a break contact
of this relay supervises the trip circuit. It must
be dropped out at the same instant that the trip
relay is picked up, in order to trip. This feature
helps when the receiver sees high-energy impulse
noise which intermittently tends to concentrate at
the trip frequency.

A high signal level, along with an insensitive
receiver, also helps the channel to ignore noise. A
receiver sensitivity no higher than -32 dbm and a
received signal level of at least -20 dbm is a good
objective. This means that the channel attenuation
should be no higher than -15 db on leased circuits
to allow for the required reduced transmitter output
where transmitters are paralleled. This reduction to
5dbm keeps the combined audio energy down to tol-
erable levels from a voice interference standpoint.

Pilot-Wire Design

In applying a tone system for protection, the
user and the cooperating telephone company should
recognize the peculiar requirements of a tone pro-
tection channel. Preconceived notions and practices
based on experience with tones for other uses must
be re-examined in the light of the following facts.

EFFECTIVE MARCH 1971
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Fig. 1 — Front View of Full Chassis:

1-Telephone Type output relays, (when used);

2—-Current monitoring jacks (when used).

The period of usefulness during the lifetime of any
given installation will range from 0-10 seconds. Yet
this infinitesimal period (compared to years) is pre-
cisely the time when noise levels can be abnormally
high and 60 Hz disturbing voltages will appear on
the pilot wire. The recommendations summarized in
Figs. 11, 12, and 13 have been formulated with the
above facts in mind.

For a recommended installation:

a) Use a drainage reactor in all paths to ground.

b) If KX642 gas tubes are installed, connect
them only to ground as shown in Fig.d2.“\Dognot
connect the tube without shorting H2 t@ H3 4T his is
especially important where the sduelchyreceiver is
used, as a failure to follow these Te€éemmendations
will result in the squelch disabling the channel
whenever the tube flashes.

c) The pilot-wire pair mustfbe twisted separately
from any other wires i the“egable:

d) Do not use opendilotiires.

e) Shield any substantial length of wire between
pilot wire and tone equipment.

f) Use_surge protection across tone connection.

Togprotect personnel, use isolating transformer
(S#187A995H01 serves the dualpurpose of impedance
matching).) Mount it with the drainage and neutral-
izing'devicesin an enclosure marked ‘‘High Voltage.’’

Fig. 11Nshewsythhe recommended practices for
privately owned eable installations. The best ap-
proach ‘is) towmmake the cable self-protecting. The
incremental“eost (installed) of better cable insula-
tion isPrelatively small. Good electromagnetic shield-
ing bythe shield and by the messenger will keep
indueed potential to reasonable levels. The shield
should) ‘provide a shielding factor of 50% or less
(actudl induced voltage of 50% of calculated value
ignoring shielding effect).

CONSTRUCTION

The type TA-1 tone equipment has been specifi-
cally designed for protective relaying applications.
Modular design is used, and a system is assembled
using plug-in modules to meet the requirement of a
specific application.

In a typical relaying application, the tone sys-
tem consists of a DC to DC Converter and power
supply module, a transmitter module, a receiver
module, an optional squelch receiver module, and
two output relays.

Basic construction is shown in Figs. 1 through

A. Transmitter Module

The transmitter module consists of a transistor
keying circuit, an oscillator, an output amplifier and
an output band-pass filter. The band-pass filter and
oscillator frequency determining components are
contained in a separate plug-in enclosure to simplify
changes in frequency assignments and stocking of
spares.

i
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LL.41.963.3

Fig. 2 — Rear View of Full Chassis

B. Rggeiver Module

The receiver module consists of an input band-
pass filter, a limiting amplifier, a specially tuned
discriminator, rectifying and filtering circuitry and a
two-stage d-c amplifier. The band-pass filter and
discriminator, which determines the operating fre-
quency of the receiver, are mounted on a separate
plug-in card. The discriminator output is brought gut
to separate screw terminals at the rear of theychas#
sis to facilitate connection of a channel smonitoring
meter.

C. DC-DC Converter and Regulator

The model HB23705 DC-DC ,eonverter is used
to provide an isolated regulated{power supply from
48V battery to the other module&:Thesmodel HB23660
DC—-DC converter is similarly usedyfor 125V battery.
The model HB23660 is als@used in conjunction with
external power resistor_andWzener diode to provide
an isolated regulated power supply from 250V battery.
A saturating core inverter,/rectifiers, and voltage
regulating circuitsgare;included in the unit.

Two regitlate@DC outputs are provided, one at a
—24 volt develdand one at —12 volts. A non-regulated
output ofVapproximately —36 volts is also available
for relay operation or for circuits which do not
require voltage regulation. Maximum regulated out-
put power is 6 watts at an efficiency of 50% to 35%
over the voltage range of 104VDC to 140VDC for
theW125V unit and over the voltage range of 42VDC
te 86V.DC for the 48V unit. For the 250V case, the
efficiency is lower due. to the external resistor and
zener diode used.

D.. AM Réceiver Noise Squelch (When Used)

The, model HB-24030 AM Receiver contains the
eircuitry to separate the noise signal from the
multiplex signals, amplify it, and process the signal
intova form that blocks the frequency shift receiver
and holds the guard relay picked up. The unit con-
sists of a band pass filter, 3-stage AC amplifier, a
rectifier circuit, and a DC amplifier circuit. As in
the transmitter, all frequency-determing components
are contained in the plug-in filter assembly.

One screwdriver adjustment, the input sensitivity
control, is used on the front panel of the receiver,
Test points are provided on the front panel for ease
of maintenance.

E. Output Relays

The output relays may be either telephone type
relays or high speed Mercury-type relays to energize
external type AR relays. On systems with telephone
type relays, the relays are mounted on the same
chassis as the modules and current jacks are used
to monitor the relay coil current. FDR type AR relay
system, the Mercury relays are mounted on a short-
ened rear bracket. See Fig. 4.

A typical tone assembly schematic diagram
telephone type output relays is shown in figure 8.
The tone assembly for a mercury relav and AR
type system is shown in figure 9, and the schematic
of the type AR output relay is shown in figure 10.

F. Physical Features

The modules are the same size, and plug into
either of two basic chassis.
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Fig. 3 — Typical Module

a) An eleven module chassis with a nominal
overall sizeof 5%’’ h x 19" w x 9%’’ d, which mounts
in standard relay rack. Outline and drilling dimen-
sions are shown in Figure 4.

b) A five module wall mount chassis with a nom-
inal overall size of 5%’ h x 9 15/16"’ w x 10 5/8’’
d. Module shelf swings out 180° for easy access to
rear terminals. Outline and drilling dimensions are
shown in Figure 5.

THEORY OF OPERATION

Under normal line conditions,thedene transmitter
operates at its guard frequency which 1s¥85 Hz be-
low the nominal or center frequency marked on the
unit. At the receiving terminalgmthe “réception of the
guard frequency develops,an output{from the receiver
discriminator which operates, theyguard relay.

When a tripping fiinction isycalled for, operation
of the protective relay shiftsfthe tone transmitter to
its trip frequency whichhis#85 Hz above the nominal
or center frequency of the tone. At the receiving
terminal, the reception of the trip frequency develops
an output from the receiver discriminator which op-
perates the_trip, relay. Since the guard discriminator
output is no, lenger present, the guard relay drops
out.

A. FS Transmitter (HB-17845.2)

Fomguard frequency transmission, the transistor

Q3) isbiased into conduction by application of a

negaftivervoltage on the emitter. This in effect in-
serts, the guard frequency capacitors in the oscilla-
tor tuned circuit. The guard capacitors are removed
when the forward bias is removed from the emitter
and the oscillator shifts to the trip frequency. This
is usually accomplished by a contact closure from
terminal 6 on the connector block to battery positive.

An oscillator, using the frequency determining
Lo, Cg and Cp, generates the guard and trip fre-
quencies. The voltage tap of Ryg, the output level
control, is used to drive transistor le an output
buffer amplifier. The filter, FL-1 is the collector
load of the amplifier and also serves to d-c isolate
the oscillator from the line and to match a line im-
pedance of 600 ohms.

The filter and the oscillator are the only fre-
quency sensitive components in the transmitter and
are packaged together in a hermetically sealed plug-
in can.

Frequency adjustment is obtained through the
use of capacitor Cg, resistor R7 and Ry7. The effec-
tive capacitance introduced into the tuned circuit is
varied with resistor Ry7. When resistor Rqq is ad-
justed to maximum resistance, the capacitor Cg is
isolated from the tuned circuit. Resistor Rq is used
to prevent the entire value of capacitance from be-
coming effective in the tuned circuit.
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Fig. 4 — Outline and Drilling Plan of 11 Module Chassis

B. FS Receiver

(HB-20835-2, and HB-20835-10)

The input of the receiver is/designed to reject
adjacent channel tones by®at least/40 db. The
sharply sloping skirts of theefilter also aid in pre-
venting noise frequencigs, ‘Just above the trip fre-
quency, from causing false trip relay operation.

Transistors Q1 Qg Q3 and"Qq comprise a three
stage limiter amplifier;and will provide full limiting
of the discriminate™input signal to approximately
—-40 dbm.

The diseriminatorconsists of two tuned circuits,
one tuned'to peak atthe trip frequency and the other
tuned to“peak below the guard frequency. The effect
of this tuning,is shown on the discriminator output
curve Figure 6. This tuning, combined with a bias
adjustment, greatly reduces the receiver sensitivity
to, random ‘noise. The in-band noise power delivered
to ‘the d-c amplifiers is much lower over the band of
frequencies affecting the trip condition than it is in
the remainder of the band.

Resistor RZO' the balance control, is essentially
a trimmer for the discriminator, allowing precise ad-
justment of the output at the guard and trip fre-

quencies. The discriminator output also appears
across resistor R22' the relay bias control. If resis-
tor Rog, is adjusted such that a greater portion of
discriminator output is delivered to transistor Q6
rather than transistor Qg, it follows that more power
must be delivered to transistor Q5 to cause conduc-
tion. Resistor Rog and diode CRqg form a bias net-
work preventing operation of either transistor Q5 or
Qg during the no-signal condition. Resistor R32,
diodes CR1] and CRj2 perform the same function on
transistors Q7 and Q8'

Resistor-capacitor combinations, Rgg. Cjg and
Rog, Cj1. form accelerating networks for the output
relays. Whentransistor Qq is switched on by transis-
tor QS, capacitor Cio momentarily shunts resistor
R28, causing a large inrush current to energize the
output relay. A low holding current limited by resis-
tor Rog, is required to keep the relay energized after
capacitor C10, is fully charged.

C. AM Receiver Noise Squelch (When used-HB

24030)

The filter used at the input of the AM receiver is
designed to reject the signals of the adjacent chan-
nels, to match the receiver input impedance to the

5
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line, and to prevent loading of the adjacent ghannel
signals. The filter has approximately 38dB attenua-
tion to the adjacent channel for the standard “¢han-
nels. This high attenuation provides amyextra“safety
margin for operation in case the“)¢hannel signal
levels at the receiver input beceme“unbalanced.

Across the output of the filter isVthe receiver
sensitivity control Rl (see Figure®8)s This control
provides the means by which thedre¢eiver sensitivity
is adjusted. Two RC coupled stages of amplification
using Q1 and Q2 as the active elements follow this
control. R3 and R24et the DC biasing for the base
of Q1 while R5 and R6fprovide emitter self-biasing.
C3 acts as a bypass for R6. RS is not bypassed and
introduces degeneration into the stage for greater
stability of the circuig, under varying conditions. R4
is the collector load for the stage. The operation of
the secondgstage involving Q2 is the same. R12 and
C4 act as ‘a decoupling network to prevent self-
oscillation in®the high-gain receiver.

The “third stage acts as an amplifier and driver
for, thegfull-wave rectifier stage. T1 is the collector

load for Q3 and also matches the impedance of the
rectifier circuit to the transistor Q3. The other com-
ponents of the stage have similar purposes to those
described for Ql or Q2.

With no signal Q4 is biased to cut-off by means
of R21 and certain circuits through Q5. R22 is the
load resistor for Q4. Direct coupling is used between
the collector of Q4 and the base of Q5. The load
resistor for Q5 is R23. The output of Q5 is coupled
through two diodes in series (CR3 and CR4) to the
base of Q6. With no signal Q6 is cut-off. When a
‘‘noise’’ signal arrives the base of Q6 is driven
positive with respect to its emitter causing Q6 to
conduct through the FS receiver. The rectifier
circuit produces a positive voltage output and if
sufficient signal is applied this voltage overcomes
the reverse bias on Q4 and the transistor -conducts.
C8, C9 and R17 form a low pass RC filter to remove
the carrier components. This filter is capable of
passing 10 Hz but cuts off somewhat above this
frequency.
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General

Channel Frequencies:

Fig. 6 — Typical discriminator output ‘curve showing relative noise power output affecting trip relay.

CHARACTERISTICS

Hz

Shift in Frequency:

Operating Temperature:

Operating Time:
(Includesfguard
relay drop-out

time and trip

relay pickup time)
DC supply voltage:

Energy Requirements:

935 1985 1275
1645 2295 2635
(Fer special applica-

tions,) additional fre-

quencies can be sup-
plied).

# 85 Hz

—20° to 60°C
17-20 ms with telephone
type output relays. 13-15

ms - with Mercury relay plus
type AR output relays.

48, 125, or 250 volts
dec, external dropping
resistors are used on

125 and 250 v dc.

0.15 amperes dc @ rated
dc voltage per chassis,
including one or two

FS Transmitter

Output Level:

Frequency Stability:
Output Impedance:

_FS Receiver_
Sensitivity:

Input Impedance:

transmitter or receivers,
or one each, plus power
supply.

+1 dbm to -30 dbm con-
tinuously adjustable.

0.1% ¢+ 2 Hz

600 ohms in the pass-
band: high impedance
outside of pass-band

ungrounded and unbal-
anced.

0 dbm to =40 dbm for
full limiting.

600 ohms in the pass-
band; high impedance
outside of pass-band,
unbalanced, must be ac
grounded.

(A 0.5-mfd, 2,000-volt
capacitor is provided in
each assembly to pro-
vide the ac grounding).




TYPE TA-1 TONE ASSEMBLY

Adjacent Channel
Rejection:

Noise rejection with-
out squelch circuit:

At least 40 db.

Audio frequency random
noise must be at least
50 db over the guard
signal to cause false
trip relay operation.

AM Receiver Noise Squelch (when used)

Sensitivity: -40 dbm adjustable
600 ohms with rising
characteristics out of

band.

INSTALLATION

The tone assemblies should be mounted on relay
racks or in suitable cabinets when the elevenmodule
chassis is used. The five module chassis can be
wall mounted. The mounting location should be free
from dirt, moisture, excessive vibration or heat. All
electrical connections are made to the terminal
blocks on the rear of the chassis, per CR drawing
(See Fig. 7) which applies to the particular order.

Input Impedance:

Use of current monitoring jacks: Standard tele-
phone-type current jacks are shown on the connection
diagrams. They are used to monitor the guard and
trip output relay coil current.

The type AR relay should be mounted near the
TA-1 tone chassis in a location free from dirty
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting, or by means§
of the rear mounting stud or studs for projection
mounting. Either a mounting stud or the mounting
screws may be utilized for grounding thegrelay. The
electrical connections may be made difectly to the
terminals by means of screws for steel-panel, mount-
ing or to the terminal studs furnished withs/the relay
for thick-panel mounting. The terminal Studs may be
easily removed or inserted by deckingftwo nuts on
the stud and then turning the/proper nut with a
wrench.

For detailed FT gase,information, refer to I.L.
41-076.

SETTINGS

Transmitter:

Only one setting is required on the tone trans-
mitter and that is the output level. This setting is
made by using the screwdriver type adjustor marked
‘““level’”’ on transmitter module. In general, the tone
transmitters‘are)set to the maximum level allowed by
the telephone company on the pilot wire or telephone
pair. F'or example, in relaying applications, general-
lyonlyoneor two tone transmitters will be connected

to the pilot channel at any one terminal. If zero dbm
is the maximum allowance level, a single tone trams-
mitter will be set to that level (0.775 volt). If more
than one transmitter is used at one terminal, ‘the
telephone company should be consulted as to the
allowable transmitting levels.

The audio output level of the gtransmitter is
measured by connecting a 600-ohm fresistor or load
across the signal output terminals®No sether signal
should be present on the linegif, it%is us.ed. The
level can be measured at the Qutputiterminals using
an AC vacuum-tube voltmetér. Theflevel control is
then adjusted for the desired“output. After all the
transmitters are adjusted “properly and multiplexed
a VTVM reading should beytaken at the ‘“‘OUT’’ pin
jack on the front paneljand recorded for maintenance
and check-out purposes. “This avoids the necessity
of disconnegting the transmitter from the line when
levels are to‘bejchecked or readjusted.

FS Recéiver,

Plug.a d-é¢ymilliammeter of at least 50 ma. range
into receiventrip relay jack. Close the keying circuit
of theWassociated tone transmitter to shift its fre-
quiency, from Guard to Trip. (The tone transmitters
must bepreviously set to their desired output levels).
Connect a vtvm across the tone receiver input ter-
minals and note the normal received voltage (prefer-
ably in db). Now connect a calibrated attenuator
between .the telephone line and the terminal equip-
ment. Set the attenuator for 12 db attenuation. This
value can be checked on the vtvm. If such an attenua-
tor is not available, connect a variable resistor, 500
ohms maximum is adequate, across the incoming line
and reduce the resistance until the incoming signal
level drops 12 db.

With the level of the incoming ‘‘trip’’ tone set
12db below normal, advance the gain control of the
tone receiver by adjusting level control on the re-
ceiver module, until the receiver output current in-
creases suddenly from zero to approximately 25 ma
for telephone-type output relays and 3.7 ma for
mercury type output relays, at this point the trip
relay has operated. When the attenuator is removed
from the circuit, the tone receiver will have a normal
operating point 12db above the pickup signal level.

Voltage Regulator

No setting required.

AM Receiver Noise Squelch (when used)

The AM squelch receiver is set in the factory
such that the receiver is disabled whenever the noise
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TYPE TA-1 TONE ASSEMBLY

measured in the 300-480 Hz band exceeds -40 dbm.
The following adjustment procedure is recommended:
With the transmitter set at -20 dbm output and AM
receiver bias control fully counter clockwise super-
impose a 400 Hz, -10 dbm tone on existing guard
signal to F'S receiver, and adjust sensitivity of AM
receiver for zero output on microammeter across
‘““Disc Out’’ test points.

ADJUSTMENT AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of the tones have been made at the factory. Upon
receipt of the tones, no customer adjustments other
than those covered under ‘‘Settings’’, should be re-
quired.

Acceptance Check

DC to DC Converter
Non regulated voltage =40 to 27 vdc
Hi regulated voltage = 24 vdc

Lo regulated voltage = 12 vdc

Voltages measured between common test point
and the other specific test points.

Transmitter

Key transmitter to trip frequency Dbygshorting
between terminals indicated on connection drawing,
which is supplied for each order.

All transmitter frequencies andfoutput“levels to
be checked with a 600 ohm load.

Guard frequencies - Normalor ) center frequency

minus, 85°Hz.

Trip frequencies“ 9= #Normal or center frequency
plus 85 Hz.
Output -at least +1 dbm

_FS Receiver.

With receiver input set at -20 dbm, see that
guard and“trip output relays function properly when
respective, guard and trip signals are applied.

10

AM Receiver (Squelch when used)

With a 400 Hz —10 to —15 dbm external tone
superimposed on existing guard signal, see that
there is a zero output across discriminator output
test points.This indicates that the receiver has been
biased off. This output may be checked by plugging
a 0-500 microammeter with a 5100 ohm_gsesistor in
series into the test points marked ““Disc Out’’.

Type AR Output Relay (when uséd)

The AR Auxiliary relay maypbeused in cases of
transfer trip. See appropridte I.L.*for charactestics
of this relay.

Adjustments (Calibration)

Use the following precedure for adjusting the
tones, if the tone adjustments have been disturbed.
This procedure ‘should not be used unless it is ap-
parent that theytones are not in proper working order
(See ‘‘Aeceptance Check’’).

Transniitter

The frequency of the transmitter is adjusted at
the factory before shipment and does not normally
have\ t0 be readjusted. The adjustment, however,
shouldbe checked if the filter-oscillator assembly is
changed. To make the adjustment the transmitter
output should be properly loaded and a counter or
other device capable of measuring frequency within
2 Hz attached to the output. The test point ‘‘OUT"’
(on the transmitter side of the filter) can also
be used. Readings should be made in both guard and
trip condition and the frequency should be adjusted
until an equal guard and trip shift from center is
effected.

Note voltage levels per table 1.

_FS Receiver_

There are three receiver adjustments - an input
sensitivity control, abias control and a discriminator
output balance control.

The bias control and discriminator output balance
control are factory adjusted for optimum operation.
Except forspecial applications these controls should
not be readjusted.

Priorto setting the receiver bias, the discrimina-
tor output should be balanced for both the guard and
trip frequencies. Plug the connections of a 500-0-500
microammeter (zero center scale) with a 5100 ohm
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LLn41963.3

resistor in series with the meter terminal into the
test points marked ‘‘Disc Out’’. With the receiver
sensitivity control at its maximum setting (fully
clockwise) and the receiver bias control at its me-
chanical center adjust discriminator balance control
for equal outputs at guard and trip frequencies.

In order to make the proper bias adjustment an
external variable frequency source (oscillator) is
required. With the output of the oscillator set at -20
dbm, adjust bias control for trip relay pickup of 30
Hz above center frequency of receiver. A recheck
of the discriminator output may show a deviation of
approximately 10% from previously balanced condi-
rion and a readjustment is not necessary.

Note voltage levels per Table 1.

AM Receiver Noise Squelch (when used)

With transmitter set at -20 dbm output super-
impose a 400 Hz -25 dbm tone on existing guard
signal to F'S receiver, and adjust sensitivity of AM
receiver for zero output on microammeter acro§s
“‘Disc Out’’ test points.

Voltage Regulator

No adjustments. - Note voltage levels per Table
1.

Maintenance

The modules in this equipment Aiséptransistors
and other components which aregeonservatively rated
for reliability and long life. In normal operation, the
monitoring function provides, a“eenfinuous check on
the performance of the equipment. At periodic inter-
vals, it may be desirediter check the tripping function.
For such a check, the channel may have to be taken
out of service to préventqunnecessary breaker opera-
tion. The keying circuit may then be closed to check
the operation offthetripping relay.

As long asythe“channel is operating satisfactor-
ily, no maintenance work is necessary other than
seeingythat thé” equipment is free of dust or dirt.
However, Qa/scheduled routine check will prevent
down-time loss, since it may indicate deterioration
in the performance of one of the units. The output
relay contacts may be burnished on the same schedule
as that for the associated protective relays. If a

channel failure occurs because of the terminal equip-
ment, a trouble-shooting proceduremshould’ be used
similar to that employed for any electronic equip-
ment. First determine where the “failure has taken
place (transmitter or receiver); then determine the
portion of the circuit at fault.

Follow the tables of voltage levels which apply
to these circuits.

Test Equipmént /~pFor routine maintenance, the
following equipment will be adequate:

1. A-C “vacuum-tube voltmeter, H-P Model 400D
or equivadent.

2amCalibrated attenuator, H-P Model 350B or
equivalent:

As an alternative, a 500-ohm variable resistor
can, be used.

For trouble shooting, the following additional
test equipment is desirable:

1. Electronic frequency counter, H-P Model 523
C or equivalent.

2. D-C vacuum-tube volt-ohmmeter, RCA Senior
Voltohmyst or equivalent.

3. Cathode-ray oscilloscope.
GENERAL INFORMATION

Connection Drawings

The drawings applicable to the specific order
will be supplied. The applicable ‘‘CR’’ drawing in-
formation is included as part of the nameplate data.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to users who are equipped for doing repair
work. When ordering parts, always give the assembly
style number and voltage rating, plus the component
identification and module in which it is located.

Replaceable parts are shown in the Table of
Electrical Parts.

15
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RELAY-TYPE AR HIGH SPEED AUXILIARY
TWO UNIT-FCR TA-1 AND TA-J TONES—IN TYPE
FT-22 CASE
INTERNAL SCHEMATIC
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|~ IGAT KAXD

|_—16xT CENTER
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Fig. 10 Internal schematic ype AR relay for use
with TA-1 tones. rence Only)
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BLE

|l - VOLTAGE LEVELS

Measurements taken with respect to circuit common: —20 dbm guard signal received.

E = Emitter; B = Base; C = Collector.
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
MODULE VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLITS VOLTS TEST POINT
AC| DC AC | DC AC | DC AC | DC AC | DC | AC | DC AC | DC AC | DC
DC to DC .
Converter E 0 0 0 0 - 24 - 12 Hi Reg 24VDC
and
Voltage B| 2.3 1.6 2.3 | 1.5 — | 24 — 12 Lo Reg 12VDC
Regulator (125V)
HB-23360 cl 125 - 125 | — — 34 — 19.3 Non Reg| 34VDC
FS Transmitter E|7mv | 4.35 [4.2mv| .8 | lmv | .67 Out .12VAC
HB-17845-2 Bl2mv | 45 |.045| .9 [<lmv |0 C .046VAC
cl| .12 | 9.6 [3.0 4.8 Imv | .67
F'S Receiver E |.5my .45 | 3mv 15| 2.1 (2.7 2.1 [l .033| 22 [.033 | 22 2mv | 1.5 2mv | 1.5 IN .039VAC
HB-20835-2 B |.8mv .6 5mv | .9 2.4 (3.8 246 8.8 .03 24 |.033 | 21.8 |3 mv 0 3mv | 1.2 | pisc. Out-_Equal
. . 1 120 22 |4 o |o033 | 22 |4mv | 36 |<.lm| 1.6 | and opposite VDC
HB-20835-10 ~ C|5mv | L7 |11 4.8 | 12 |22 mv 43t at guard and trip
AM Receiver E| 2myv 2.15| .016| 2.15 | -13 |25 23 23 23 In .01VAC
HB-24030 B| 2mv | 2.3 0181 2.3 a5, 12.65 23 13.5 23 ouT 1.2VDC
(Adjusted to
Squelch with
—40 dbm 400 cps
tone input.) c|.019| 7.4 .16 | 7.4 5] 2.45 13.5 22.5 0 \Y 5.0VAC
DC to DC )
Converter E 0 0 0 0 - 24 12 Hi Reg 24VDC
and

Voltage B| 2.2 1.4 2.27 1.4 - 24 12 Lo Reg 12VDC
Regulator (48V)
HB-23705 C 48 - 48 - - 34 19.3 Non Reg | 34VDC

t Collector of Q7 enlysfor the HB-20835-10 module.

ATTEW3SSY 3INOL 1Vl 3dAL
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TYPE TA-1 TONE ASSEMBLY

S#1R 78 995HO
[
jrnnsg-
INOTE 1

SMBTAY: S#248A691602
¥
TRANSF . CTOR 8 BE (NOTE 2)
(NOTET)
TWISTED CARBON
SURGE PILOT - WIRE BLOCK
OTECTOR H A PAIR o
S THER
_PROTECTOR H N N fibda
30 | CENTRAL | STATION
2 ) OFFICE
TA-t 60013 ! GROUND
'
ToNES adl T
'
TG,
A STUD 2
A » SHIELDED CABLE
NOTE | THESE/CONNECTIONS ASSUME A PILOT-WIRE Zc* 600N
sunou.l-
GRD. =
MAT
NOTE 2 377H DRAINAGE REACTOR AND CARBON BLOCK MAY
T, REPLACE )5#248A691G02 ASSEMBLY. CONNECT 377H

SAME AS AT TELEPHONE CENTRAL OFFICE

(Q) CSE WHERE INCUCED VOLTAGE MAY EXCEED 700 VOLTS. “USE ONLY WHERE STATION
AND CENTRAL OFFICE GROUNDS ARE INTERCONNECTED ViA WATER - SYSTEM PIPES

3-WINDING
NEUTRALIZING _TRANSF.

CARBON

TWISTED
= PILOT- WIRE Lock o
A
L PAIR “ b OTHER
POWER
CENTRAL
a OFFICE STATION
GROUND

THESE CONNECTIONS ASSUME A PILOT- WIRE 206001

_L NOTE 1
SMIELDEQ)CABLE REMOTE
5 @ GROUND

(b) LSEAWHERE STATION AND CENTRAL OFFICE GROUNDS ARE NOT INTERCONNECTED
VIA® WATER SYSTEM PIPES. DO NOT USE IF INDUCED VOLTAGE MAY EXCEED

700 VOLTS.

WATER SYSTEM

TWISTED SCS?:?"‘
PILOT- WIRE
PAIR To
Wt OTHER
= = CENTRAL owen
TAT]
OFFICE s 1oN
a1 GROUND
o 1
NOTE | THESE CONNECTIONS ASSUME A PILOT-WIRE Zo¥600N
SYlTlON-T— £ +SMIE LDED CABLE = NOTE 2 377W DRAINAGE REACTOR AND CARBON BLOCK WMAY
- FEMOTE T REPLACE S¥248A69GO2 ASSEMBLY. CONNECT 37TH
WAT. GROWD SAME AS AT TELEPHONE CENTRAL OFFICE .

(C) USE WHERE INDUCED VOLTAGE MAY EXCEED 700 VOLTS AND WHERE THE
STATION AND CENTRAL OFFICE GROUNDS ARE _NOT INTERCONNECTED VIA

PIPES .

Lo7c932

Fig. 12 -~ Recommended Connections and Protective Arrangements for leased Cable for Two Terminal Lines.
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TABLE OF ELECTRICAL PARTS

RFL PART NO. NAME OF PART AND DESCRIPTION DIAGRAM SYMBOL
HB-17845-2 FS TRANSMITTER

HB-57100 TRANSMITTER FILTER & TUNED CIRCUIT, 170 Hz bandwidth,

340 Hz spacing.
H-1007-439 | CAPACITOR, tantalum: 33 pF, 10V. C1,2,3, &5
H-1007-439 | CAPACITOR, tantalum: 154 F, 25V. C1
HA-13579 CAPACITOR, ceramic: 0.47up F, 25 VDC +80%. —20%. C4
H-1080-245 | CAPACITOR, silver mica: 0011 F $5%, C6
H-1009-620 RESISTOR, fixed comp: 15K, *10%, Y% w. R1
H-1009-429 | RESISTOR, fixed: comp; 1K, +10%, % w. R16
H-1009-442 | RESISTOR, fixed: comp; 47K, *10%, % w. R3
H-1009-530 | RESISTOR, fixed: comp; 5.6 K, +10%, % w. R4
H-1009-446 | RESISTOR, fixed: comp; 1.8 K, *10% :% W. R5
H-1009-607 RESISTOR, fixed: comp; 180 ohms +10%, Y52hw. R6
H-1009-408 | RESISTOR, fixed: comp; 15 K *10%, Y5 W. R7
H-1009-442 | RESISTOR, fixed; comp; 57K, +10%, 2"W. R8
H-1009-419 | RESISTOR, fixed; comp; 3.3K, +10%, 34 \W. R9
H-1009-639 | RESISTOR, fixed: comp; 18K, +10%, Yasw. R10
H-1009-640 | RESISTOR, fixed: comp;, 6.8K£*10%, % w. R11
HA-13573 RESISTOR, variable; 500 ohms, ;125V; linear taper, std. length R12

shaft 1/8'* beyond mtg. surface; ear mounted, screwdriver adj.
printed circuit board.

H-1009-473 | RESISTOR, fixed: €ompi$680 ohms, +10%, % w. R13
H-1009-391 RESISTOR, fixgdycomp; 10 K, +10%, Y2 W. R14, 15
HA-14594 RESISTOR, Variable;"250 K ohms, 0.2 W bd. taper; 1/8’" screw-

driver shaft;jprinted circuit; ear mounted. R17
HA-3167 TRANSISTOR; type PNP; 2N1414. Ql
HA-3166 TRANSISTOR: type PNP; 2N1415. Q2
HA-17113 TRANSISTOR: type NPN, silicon; T1493. Q3, Q4
HA-3165 DIODE, silicon: SG22 (Stabistor). CR1, CR2

HB-16527 FS RECEIVER

HB-53900 BAND-PASS FILTER & DISCRIMINATOR.
HA-13579 CAPACITOR, ceramic: 0.47 uF, 25 VDC +80%, —20%. C5, C6, C4
H-1007-479 | CAPACITOR, tantalum: 6.8uF, 25V. C1, C2
H-1007-439 | CAPACITOR, tantalum: 15u F, 25V. C3, C7, C8
H=1007-92 CAPACITOR, ceramic disc: .0047u F, 600V. C9
H-1007-403 CAPACITOR, solid electrolytic tantalex: 6.8uF, +20%, 35 W VDC. c10, C11
HA-13576 CHOKE: 1H. L1

23



TYPE TA-1 TONE ASSEMBLY

TABLE OF ELECTRICAL PARTS

RFL PART NO.

NAME OF PART AND DESCRIPTION

DIAGRAM SYMBOL

HB-16527 FS RECEIVER (Continued)

HA-10271

HA-13242

H-1009-391
H-1009-429
H-1009-434
H-1009-497
H-1009-530
H-1009-541
H-1009-544
H-1009-598
H-1009-608
H-1009-640
H-1009-697
H-1009-665
H-1009-249

HA-13573

HA-14593

HA-14643

HA-3175

HA-13575
HA-13806
HA-3167

HA-17117%
HA-16823

HA-16524

DIODE, silicon.

DIODE, germanium.

RESISTOR, fixed: comp; 10 K +10%, Y% W.
RESISTOR, fixed: comp; 1K *10%, Y w.
RESISTOR, fixed; comp: 2.2K +109%, Y% w.
RESISTOR, fixed: comp; 330 ohms, *10%, % w.
RESISTOR, fixed: comp; 5.6 K, £10%, %2 w.
RESISTOR, fixed: comp; 2.7K, +10%, 2 w.
RESISTOR, fixed: comp; 220 ohms, +10%, ', w.
RESISTOR, fixed: comp; 27K, *10%, % w.
RESISTOR, fixed: comp; 820 ohms, +10%, Y% w.
RESISTOR, fixed: comp; 6.8 K, *10%, Y2 w.
RESISTOR, fixed: comp; 6.2 K, *5%, Y&'w.
RESISTOR, fixed: comp; 120 ohms, *10%, % W.
RESISTOR, fixed: comp; 56 ohms, +10%, 15" W.

RESISTOR, variable: 500 ohms, 0.425 W; standard length shaft
1/8”’ beyond mounting surfac€¥screwdriver adj. for PC board;
taper bd; terminals are o be at right angles to shaft.

RESISTOR, variable: 1000 ohms, 0.25 W; linear taper; standard
length shaft 1/8’’ heyondymounting surface; screwdriver adj. for
PC board; terminals‘are to be at right angles to shaft.

RESISTOR, variable: 500 ohms, 0.25W; linear taper; standard
length shaft 1/8y2 beyond mtg. surface; screwdriver adj. for
PC board; termiftals are to be at right angles to shaft.

TRANSFORMER: primary impedance ohms 2000 CT, secondary
impedanée ohms 8000 CT; 150 MW O/ A.

TRANSEORMER

TRANSISTOR: NPN, germanium 2N169A.
TRANSISTOR: PNP, germanium 2N1414.
TRANSISTOR: PNP, germanium; 2N1375.
Guard Relay

Trip Relay

CRI11, CR12

CR4.2,3,4,5,6,
CR ,8:9.10,13,14

R317
R26,27 & 3
R8
R16
R6
R10, RS
RI11,7, 14
R4
R13
R23,30,31, 32
R24, 25
R1, R9. R17
R12, R15

R2

R22

R20

T1

T2
Q5, Q6
Ql, Ql

Q4. 7,8&3
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TABLE OF ELECTRICAL PARTS

RFL PART NO. NAME OF PART AND DESCRIPTION DIAGRAM, SYMBOL
HB-24030 RECEIVER MODULE W/0O FILTER
HA-13572 RESISTOR, variable: comp. 5K .25 watt ‘‘A’’ taper CTS PE200 R1
H-1009-X RESISTOR, fixed comp.: +5% 14 watt, values as shown in Figure 2. R2-R21
H-1009-X RESISTOR, fixed comp.; +10% Y% watt, values as shown in Figure 2/ R22, R23
H-1009-X RESISTOR, fixed comp.: 5% 14 watt, values as shown in Figurei2. R24, R26
H-1007-511 CAPACITOR, tantalum: .47.F $10% 35V Texas Inst. SCM474EP@35D2 C1, C2, C5,C8, C9
H-1007-656 CAPACITOR, tantalum: 22 uF $20% 15V Texas Inst. SCM226BPO15D4 C4
H-1007-653 CAPACITOR, tantalum: 33 .F $20% 10V Texas Inst. SCM336BPO10D4 C3, C6, C1
HA-24325 DIODE, silicon: 1N914 250 m W Texas Inst. or G.E. CR1-CR5
HA-24087 TRANSISTOR, silicon: PNP BVCEO 40V 2N3905-18/Motarola Q1-Q3
HA-25567 TRANSISTOR, silicon: NPN BVCEO 40 V 2N3403-18"Motorola Q4, Q5
HA-22678 TRANSISTOR, silicon: NPN 2N2102 RCA Q6
HA-3175 TRANSFORMER, CT8K: 2K CT T1
TEST JACKS, Sealectro Corp. SKT-10
HB-56500-X | BAND PASS FILTER (State frequency reguired)
HA-13913 RESISTOR, fixed, comp: 8.2K, +10%, ¥aw. R18
H-1009-431 RESISTOR, fixed, comp: 270 ohms,4:10%, % w. R19
HA-13588 RESISTOR, variable: 2,5K, 0.254%)stand. length shaft 1/8"’ R20
beyond mtg. surface; linear tapers screwdriver adjust.
H-1009-530 RESISTOR, fixed, comp:45.6K},) +10%, Y2 w. R22
HA-3175 TRANSFORMER: primaryjimpedance ohms 2000 CT; sec. T1
impedance ohms 800 €T; 1560 mvO/A 1 x % x %.
HA-3166 TRANSISTOR: type PNR (2Weq.) 2N1415. Ql, Q2
HA-3167 TRANSISTOR: typelPNP |2N1414. Q3
HA-13806 TRANSISTOR: NPN 2N169A. Q4
HB-23660 DCATO'DC CONVERTER AND VOLTAGE REGULATOR (For 125V)
H1009-766 RESISTOR, €emp.: 220 * 10%, %4 watt. R6
H-1009-362 | RESISEORWCOMD.: 330 * 5%, % watt. R2
H-1009-39 RESISTOR, comp.: 39000 * 5%, 1 watt. R1
HA-23650 RESISTOR, WW: 100 +3%, 10 watt, Dale Elect., RH10. R5
H-1100-499,| RESISTOR, WW: 560 +5%, 5 watt, Ohmite 995-5B. R7
H-1100-498 | WRESISTOR, WW: 350 +5%, 5 watt, Ohmite 995-5B. R8
H-1007-635/ CAPACITOR, elect.: 504,F, 150WVDC, Cornell Dub. BR50-150. C1
H-1007-209 | 4/CAPACITOR, elect.: 100..F, 50 WWDC, Cornell Dub., BR100-50. C4, C5, CT
H-1007-636 ] CAPACITOR, elect.: 250u4F, 25 WVDC, Cornell Dub. BR250-25. C6
H-1007-637 CAPACITOR, met. paper: .022.LF, 400 WVDC, Cornell Dub., MPY-4522. Cc2
H-1007-638 | CAPACITOR, mylar, .022.F, 600 WVDC, Cornell Dub. PKM-6S522. C3
HA-17995 DIODE, silicon: 200 PIV, 1 Amp., Diodes Inc., SD-2. CR1-CR8
HA-12920 DIODE; Zener: 12V *5%, Diodes Inc., 1D12B. CR9, CRI10, CRI1
H-23663 TRANSISTOR, silicon: NPN, F0-66, Motorola 2N3739, Ql1, Q2
HA-17992 TRANSISTOR, germanium: PNP, TO-3, RCA 2N2869/ 2N301. Q3. Q4
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NAME OF PART AND DESCRIPTION

DIAGRAM SYMBOL

HB-23660 DC TO DC CONVERTER AND VOLTAGE REGULATOR (FOR 125V) (Continued)

HB-23664 Saturable Core transformer. T1
HA-17505 Light, Indicator: 10V @ .014A, Dialco #39-10-931. I
HA-14392 Fuse, 3 AG, .15 Amp. SLO-BLOW, Fusetron MDL. F1
HA-13554 Switch, push button, Leviton # 579. S1

Sealectro Corp., SKT-10. TestyJacks
HA-18538 Transistor socket, TO-3, Augat Bros., 8043-1G3.
HA-21848 Transistor socket, TO-66, U.I.D. Electronics, PTS-4.
HA-23018 Heat sink, 2 TO-66 Transistors.
HB-23659 Heat sink, 2 TO-3 Transistors and resistor.

MISCELLANEOUS

HA-17159 CAPACITOR: Plastic, 0.5/ F, 2000 WVDC, used on chassis

HB-23705 DC TO DC CONVERTER AND VOLTAGE’REGULATOR (For 48V)
H-1009-766 RESISTOR, comp.: 220 +10%, Y watt. R6
H-1009-713 RESISTOR, comp.: 24 5%, Y% watt. R3, R4
H-1100-460 RESISTOR, WW: 5000+5%, 3 %4 watt, Ohmite,995=34. R1
HA-23709 RESISTOR, WW: 50 +3%, 10 watt, Dale Elect., RH10. R5
H-1100-499 RESISTOR, WW: 560 +5%, 5 watt, Ohmite'995-5B. R7
H-1100-498 RESISTOR, WW: 350 +5%, 5 watt, Ohmitei995-5B. R8
H-1007-395 CAPACITOR, elect.: 80;.F, 150 WVDC,Cornell Dub., BR80-150. C1
H-1007-209 CAPACITOR, elect.: 100u1F, 50 WVDE, Cornell Dub. BR100-50. C4, C5, CT
H-1007-636 CAPACITOR, elect.: 250.F, 25 WVDC, Cornell Dub. BR250-25. C6
H-1007-674 CAPACITOR, met. paper{.047uF, 200 WDC, Cornell Dub. MPY-25417. C2
H-1007-638 CAPACITOR, mylar,%022/E, 600 WWDC, Cornell Dub. PKM-6522. C3
HA-17995 DIODE, silicon: 200sPIV,¥#Amp., Diodes Inc., SD-2. CR1:;CR8, CR12
HA-12920 DIODE, Zener: 12V +5%, Diodes Inc., 1D12B. CR9, CRI10, CRI11
HA-21847 TRANSISTOR,#Silieon: NPN, TO-66, RCA, 2N3583. Ql, Q2
HA-17992 TRANSISTOR, géermanium: PNP, TO-3 RCA 2N2869/2N301. Q3, Q4
HB-23704 TRANSFORMER, saturable core. Tl
HA-17505 LIGHT, INDICATOR: 10V @ .014A, Dialco #39-10-931. I1
HA-23708 FUSE, 3"AG, .300 Amp. SLO-BLOW, Fusetron MDL. F1
HA-13554 SWITCH, push button, Leviton #579. S1

Sealectro Corp. SKT-10. Test Jacks
HA-18538 Transistor socket, TO-3, Augat Bros., 8043-1G3.
HA-21848 Transistor socket, TO-66, U.I.D. Electronics, PTS-4.
HA-23018 Heat sink, 2 TO-66 Transistors.
HB-23659 Heat sink, 2 TO-3 Transistors and resistors.
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INSTALLATION

Westinghouse 1.L. 41-963.2B
OPERATION e MAINTENANCE

INSTRUCTIOXNS

TYPE TA-3 FREQUENCY-SHIFT AUDIO TONES

CAUTION: 1t is recommended that the user of this
equipment become thoroughly familiar with the
information in this instruction leaflet before ener-
gizing the tone assembly. Failure to observe this
precaution may result in damage to the equipment.

If the tone assembly is mounted in a cabinet, it
must be bolted down to the floor or otherwise se-
cured before swinging out the equipment rack to
prevent its tipping over.

Check polarity of battery supply connections
before applying power to the equipment.

APPLICATION

The Type TA-3 tones are of the high-speed
frequency-shift type and are available in tw@ band-
widths: 170 Hz and 340 Hz. These tones hawe héen
designed for use with transfer-trip relayingysystems,
either solid-state or electromechanical. ThenTA-3
tones are suitable for use on a pilot-wire ¥pair, or
they may be multiplexed on a microwave for single-
side-band carrier channel.

Transfer-trip relaying system “applications are
classified as direct or permissive transfer trip. A
system which allows the tonejreceiver to trip direct-
ly, either with an outputgf@lay“er through a solid-
state auxiliary such as the STU-92, is considered a
direct trip system. Diseet trip systems are usually
applied to transformer protection and shunt reactor
protection, where“no highfside breaker exists and a
remote breaker must@be tripped to clear a fault.
Another common appdication of direct trip systems
on EHV circluits hdas been transfer trip for breaker
failure protection. The direct trip systems can use
either bandwidth TA-3 tone. The permissive type
relaying systeéms are applied for line protection. In
thesesystems the tones may trip a circuit breaker
onlywmifa local fault detecting relay has operated.
Feor,_protection of EHV lines with high-speed break-
ers, the 340-Hz bandwidth TA-3 should be applied.

A receiver with a guard and trip output should

SUPERSEDES I.L. 41-963.2A

*Denotes change from superseded issue.

¥ be used to drive two HGmrelays, which drive two AR

relays for with| eleetromechanical relaying
systems, and the reeeiver#ith only the trip output

should be used mith solid-state relaying systems.

use

SECURITY MEASURES

The TA%3 tone system has been specially de-
signed to gbtalmn maximum security against noise.
The WTA-3 ‘takes advantage of the inherent noise
rejection “eharacteristics of a frequency-shift re-
celvemyso, that the relaying can be depended upon to
frip“when needed. The tone receiver is expected to
operate with a minimum in-band signal-to-noise
ratio of 9 db. Since an increased noise level on the
pilot wire may often be concurrent with a trip re-
quest, the noise clamps are adjusted at a level
based on the above minimum signal-to-noise ratio to
avoid unnecessary clamping of the receiver.

The system provides a 300-1000 Hz band-pass
filter and receiver to sample the random noise level
of the pilot channel. This receiver will protect
against false tripping due to random noise. In con-
junction with the band-pass filter there is a line
level monitoring system which samples the total
frequency spectrum of the channel, and is set to
operate for an overall increase of energy on the
pilot channel. This monitoring feature will protect
against false trips due to impulse noise which may
have energy concentrated about frequencies not
seen by the 300-1000 Hz noise filter. When noise
has caused the blocking of a receiver, the drop-out
of the blocking is delayed by 10 msec. to override
the receiver response time.

Also available as an option is a frequency
translation protection circuit. This is applied to
protect against tone frequency variations caused by
a pilot carrier frequency shift.

PILOT WIRE DESIGN

In applying a tone system for protection, the
user and the cooperating telephone company should

EFFECTIVE MARCH 1972
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E.

2. Receiver Line Level and Noise Supervisory

Module HB25150 (Fig. 19)

This module consists of two receivers (see
Figure 19). One of them uses the output from
the noise filter module for the Noise Super-
visory function. The line level receiver uses
the ;entire tone band to supervise the total
in-band level of noise (this includes the
frequencies used for protective line relaying).

An abnormal signal of sufficient strength on
either of the receivers will cause an output
on the line level and noise supervisory mod-
ules which will block the receiver trip out-
put on the tone receiver and give an indica-
tion on the front panel.

425-Hz TRANSMITTER HB21050-2 (Fig. 20)
(Some systems use 595 Hz)

NOTE: One of these units is needed for each

telephone pair when used. This transmitter is to
be used in conjunction with HB55183 notch
filter. Its function is to block the end through
the noise supervisory module when there is fre-
quency deterioration between the transmitter and
the receivers in.a telephone line. It consists of
a 425-Hz frequency-shift transmitter with @an
output filter.

OUTPUT RELAYS

Mercury relays or type AR relays may@be used
for the outputs of this equipment. &xcept for the
AR, these relays are mounted on théYbackeof the
chassis in the position shown onligurefg2l. The
AR relay is described in separate“instructions.

LINE TERMINATION MODULE HB25140
(Figure 22)

This module is tose used when the application
of the equipment calls fertransmitters without
any output filtérs. Fhis“module consists of two
hybrid transfommers and associated resistors
used for multiplexXingftone channels on a single
telephone line or pilot pair.

HYBIRD FOR TWO WIRE TERMINATION
HB35315)(Figure 23)

This module is used for applications requiring
just “two) wire termination for both transmitter
and\receivers. It is used to isolate the local
transmitter from the receiver when a single line

pair is used. It contains plug in jumpers for
selecting capacitor values for matchingfteles
phone line characteristics along with adjustable
resistor R1. It also contains plug in jumpers for
selecting termination impedance of either 600
ohms or 900 ohms.

OPERATION

Under normal conditions, the tone transmitter is
set to operate at the specified frequency for guard.
This frequency is above the‘channel center frequen-
cy. During fault conditionsiythe™transmitter may be
keyed to a specified “frequency below the center
frequency. This cau§€s, a“trip output from the re-
ceiver terminal.

A. POWER SUPPLYIMODULES
(See Figures 5 .and 6 for Internal Schematics)

Conyertery(Fig. 5)

Ihe“d-c to d-c converter contains a saturable
core, type multi-vibrator with Q1 and Q2 acting
as switching transistors for transformer T1 in
sepies with the applied battery voltage. Starting
current is applied through R1 and oscillations
are maintained at a nominal 500 Hz by the drive
from the feedback windings in the base circuit.
Capacitor C1 provides the high-surge current
which occurs during the switching interval as
the magnetic field of T1 reverses and Q1 and
Q2 change their conducting states. Capacitor
Cl1 and the 6.38-mHy choke provide a low-pass
filter section to reduce high-voltage transients
on the battery bus for protection of transistors
Ql and Q2. Oscillator switching transients are
attenuated by R5 and C2. Two secondary wind-
ings on T1 feed the bridge rectifier circuits,
CRI1 through CR8, to develop separate positive
and negative output voltages.

Regulator (Fig. 6)

Polar output voltages from the d-c to d-c con-
verter are applied to the Voltage Regulator
HB25210. Transistor Q3 is the series regulating
element for the positive voltage input. Resistors
R6,R7, and R8 comprise a voltage divider across
the emitter-follower output. A portion of this
output voltage is fed back to the base of Q1
and compared with a reference voltage across
the zener diode CR1 in the emitter circuit. The
difference voltage across the base-emitter
junction of Q1 controls the collector current
throughloadresistor R1. The voltage drop across

Lo
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R1 is coupled by emitter follower Q2 to the base
of Q3. Any change in the output voltage at the
emitter of Q3 is opposed by a change in base
voltage as a result of the controlling current
flow in R1l. The feedback voltage from the
voltage divider circuit is made variable by
resistor R7 to permit accurate setting of the
output voltage level. Transistors Q4, Q5 and
Q6 provide a similar regulator circuit for the
negative voltage output.

The regulation indicator circuit is essentially a
bridge connected across the positive and nega-
tive output terminals of the polar power supply,
a span of 36 volts. One leg of the bridge is the
18-volt zener diode CR3. The output leg of the
bridge is between the zener diode and the center
arm of potentiometer R19. R19 is adjusted for a
zero-volt output, or balance, at a total power-
supply output of 36 volts. A change in power
supply level after balance adjustment will
produce a + voltage change at the bridge output.
This is detected by a complementary Schmitt
trigger circuit consisting of Q7, Q8, Q10, and
QI11. At balance, Q7 and Q10 are both cut off,
and transistors Q9 and Q12 are two closed
switches in series to energize the indicating
lamp plus a remote relay. An increase inpong or
both of the supply output voltages Will cause
Q7 to conduct, and a decrease in one Ompboth
voltages will cause Q10 to conduct £ Conduction
of either Q7 or Q10 will open the associated
series switching transistor, and theglamp and
relay will be de-energized.

B. FREQUENCY SHIFT TRANSMITTER

1. F.S. Oscillator andgkeyernHB25110 (For 170
Hz Bandwidth) (Block Diagram Fig. 7)

With referencegt@pthe™schematic diagram in
Fig. 8, the oscidlator is a multivibrator type
consisting ‘of Qlmand Q2 with an LC circuit
collegtor 40 callector, tuned to the guard
frequency. Thé frequency shifting capacitor,
CT, is“cennected across a coupling winding
on the tank circuit by switching transistors
Q5 and Q6. For keying voltages below the
trip 1ével, Q5 and Q6 will present high col-
lector impedances in series with CT effect-
ively removing it from the circuit, and a
guard frequency will be generated. When the
keying voltage exceeds the trip level, Q5
and Q6 will saturate and connect CT across
the oscillator causing a shift to the trip

*3.

frequency. The oscillator output_1is, taken
from the level control R24 acro§s a winding
on the oscillator coil.

In the keying circuit, Q3 and Q4 comprise a
Schmitt trigger. The trigger circuit is ener-
gized by the voltage @dcross R2 when keying
current flows. The inp@it to the base of Q3
is through zener diede®™CR2. For voltages
below the zenervoltage, Q3 is cut off and
Q4 conducts; “eurrent’ cannot flow through
coupling diodes CR3 and CR4 to the bases
of switching transistors Q5 and Q6, and CT
is not gennected across the oscillator. When
the zener valtage is exceeded, the Schmitt
trigger aetion causes Q4 to be cut off, and
currentflows through CR3 and CR4 to clamp
the Switching transistors and generate a trip
fréguency. Keying circuit characteristics
are shown in Figure 24.

Transmitter Amplifier HB25220 (Fig. 10) (For
170 Hz Bandwidth)

With reference to the schematic diagram of
Figure 10,amplifiers Q2 and Q3 are an emitter-
coupled pair with push-pull collector output.
Load coupling to the collectors is through
the optional plug-in assemblies, multiplexing
filter HB62600 or transformer HB55207.
Signals from the HB25110 F-S oscillator are
amplified by Q1 and applied to the base of
Q2, the input to the push-pull amplifier. The
GAIN control R2 can be set to maximum, and
the channel level adjustments can be ob-
tained using the LEVEL control on the os-
cillator module.

F.S. Oscillator and Keyer 1IB25110-3 (For
340 11z Bandwidth) (See Fig. 9)

This is similar to the F.S. Oscillator and
Keyer HB25110 above except for the addition
of modulator transistors Q8 and Q9 for mixing
the frequency of the B.F.O. with the fre-
quency of the frequency shift oscillator. The
frequency from the beat frequency oscillator
is 10 KHz and is used to amplitude modulate
the frequency of the frequency shift oscil-
lator which in this case is 10 KHz plus the
tone frequency (guard or trip). This amplitude
modulation produces both the sum and dif-
ference frequencies of the two frequencies
which are fed to the transmitter amplifier
HB33375.
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Transmitter Amplifier HB33375 (For 340 Hz
Bandwidth) (See Fig. 11)

This is similar to the Transmitter Amplifier
HB25220 above except for the addition of the
beat frequency oscillator composed of tran-
sistors Q4 and Q5, inductor LO, tuned
transformer LT, capacitors C6, C7, C8, C9,
C10, Cl11, and C12 and resistors R12, R13,
R14;, R15, R16, R17, R18, R19, R20, R21,
and R22. The oscillator stage includes tran-
sistor Q4 and a tuned LC tank circuit.
Oscillations from the tuned circuit are
coupled to the base of Q4 by capacitor C8.
Feedback from the collector of Q4 to the
tuned circuit is through resistor R12.

Voltage from the tank circuit is also coupled
to the base of Q5 which operates as a class
A output amplifier. The tuned transformer LL'T
in the collector circuit has a center-tapped
output winding for applying the switching
voltages to the base of the modulating
transistors Q8 and Q9 of the FS Oscillator
module. The frequency of the BF Oscillator
in this case is 10 KHz.

The sum and difference frequencies of the
BFQ and the FSO created in the F'S Oscil-
lator module HB25110-3 by the modulater
transistors Q8 and Q9 are fed back togthis
transmitter amplifier and amplified.(, The
transmitter filter HB62600 must begtiSed for
coupling to the line so thatgthe{\sum |fre-
quency will be rejected and only the  dif-
ference frequency will be put, on the line.

C. RECEIVER MODULES
(Block Diagram Figure 12)

1.

Receiver Input Filter HB63100 (Fig. 13)

This filter ,isWprovided so that only the
specified ghannel fiequency comes into each
receiver.

Receiver TLimitef” and Signal Supervisory

At normal channel level, Q8 is conducting
and Q9 is cut off. Q10 is likewise noficon-
ducting, and capacitor C9 is charged\to a
negative potential. This negative voltage
is coupled by emitter follower Q11 to a trip
blocking transistor in the discriminator
module and effectively remowes the block.
When the signal level, and reetifier output
decreases, Q8, Q9, andWQI10 ,reverse their
conducting states instamtly,%nd C9 is dis-
charged through the low gollector resistance
of Q10. Emitter foldower Q11 then applies a
positive voltage, to the, trip blocking clamp
in the discriminater_module to disable the
trip output circuit. In order to release the
clamp, the camrier level must increase until
Q8 condyctsy Capacitor C9 then charges to
the gnegative yoltage through R34, resulting
in a‘delay ‘offclamp release. Transistors Q12
and Q13 are used for output indication.

Figure 25 shows the region of operation for
the signal supervisory circuit. The block-
release operating points occur in the linear
region of amplification from carrier input to
the signal supervisory circuit input.

For additional amplification and limiting, the
output of IC1 is applied to a differential am-
plifier, Q1 and Q2. The output from Q1 drives
a complementary circuit consisting of Q3, Q4,
Q5, and Q6. This provides a complementary
emitter follower output which with resistor
R24 presents a 600-ohm driving source for
the discriminator module.

Discriminator and D-C Amplifier Modules

HB25160-1

Referring to Figure 14 for the signal super-
visory circuit, IC1 is an operational amplifier
withja-c gain determined essentially by the
resistor network R4, R6, and R7. The am-
plified carrier signal from IC1 is coupled by
emitter follower Q7 to a voltage doubler
rectifier. Output from the rectifier actuates a
trigger-type block function as follows.

HB25130-2 and HB25170 (Figs. 15 and 16)

NOTE: Either module contains the discrim-
inator tuned circuits in the HB62700 unit.
(Fig. 17)

The discriminator consists of two separate
parallel resonant circuits, tuned above and
below the channel center frequency and con-
nected in series with the carrier limiter out-
put signal. Rectified outputs from the tuned
circuits are added algebraically across Rl
with respect to the circuit common. The
resultant polar voltages are passed through
a low-pass filter to a Schmitt trigger circuit:
Q1 and Q2 in module HB-25170; Q2, Q3, Q7
and Q8 in module HB25130. Transistors Ql
and Q4 are the low-signal level and noise
clamps respectively, operated by polar voltages
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from signal and noise supervisory circuits.
Q9 and Q5 are direct-coupled drivers for the
output amplifiers which are connected across
the +18 volt polar supply.

The upper trip point for the Schmitt trigger is
approximately 1 volt. This yields a degree of
security against discriminator output voltages
which are a function of noise. Figure 17
shows a typical curve for the discriminator
output voltage versus frequency for a com-
plete channel receiver including the bandpass
filter, with sensitivity adjusted for a block
at a 6-db decrease of carrier below nominal
level. The curve was obtained with a variable
frequency oscillator at the nominal level.
The discontinuities occur as the frequency
departs from the filter pass band, and the
low-level blocking circuit loads the dis-
criminator. The 3-db hysteresis in clamp re-
lease is indicated by the dotted lines as the
frequency enters the filter passband.

D. NOISE SUPERVISORY MODULES

(Block Diagram Fig. 12, Internal Schematic Figs
19) '

1. Line Level & Noise Supervisopy Madule
HB25150.

The output of Noise Filter HB55187 or“HB55183
is amplified by an operational amplifienIC? with
a gain determined by resistors® R5 Jand R6.
Resistor Rl at the NOISE IN test®point is a
voltage divider for applyifig the,test/signal when
adjusting the trip block threshold for a specific
signal-to-noise ratio, as@described in the set-
tings section. The input toWthe line level am-
plifier is amplifiedgby I€27"with a gain deter-
mined by R21 and R20. Resistor R19 is shunted
across R20 to inmereasefthe gain for trip block
threshold adjustment{

The outputsWef TC@lsand IC2 are amplified by Q1
and Q2 respectively. Full-wave rectification
for eaeh of these noise circuits is employed with
diodes CRJ through CR10, across a common load
resistor R28 and capacitor Cl11. The resultant
voltage is applied to a Schmitt trigger circuit,
Q3 and®Q4, which in turn operates a trip block-
ing circuit. Figure 26 shows the operating region
for, this circuit. The block and block release
points are at a relatively low value of the maxi-
mum possible voltage due to rectified noise.
Thus, C11 will delay block release for a longer
period of time after high-level noise bursts.

During normal communication circuit|{operation,
Q4 is conducting, Q5 and Q6 aregeuteff, and
capacitor C12 is charged to a negative woltage.
Emitter follower Q7 delivers this negative volt-
age to a clamping transistor in each of the trip
output circuits of the system, effectively re-
moving the clamp. Rectified noise applied to
the base of Q3 willl reverse the conducting
states of these tramsistors dnstantly. Capacitor
C12 discharges toga pesitive potential through
Q6, and emitter follower Q7 delivers a positive
clamping voltage (to/ all receiver trip output
circuits.

After a ploek, the block release is delayed by
C12 whieh must charge to a negative potential
throdehy R38:. The delay time is approximately
10 mildiseconds.

2y 425-Hz Transmitter HB21050-2 (Fig. 20)
(Some systems use 595 Hz)

With referance to the schematic diagram of
Figure 20, an LC oscillator is employed to
generate the carrier frequency. (Keying cir-
cuits are provided to shift the carrier to a
lower frequency for checking the operation
of the clamp.) The output of the oscillator
is amplified and coupled to the line through a
bandpass filter which provides d-c isolation
and minimizes adjacent channel loading.
The tuned circuits for the oscillator and
filter are contained in one plug-in hermet-
ically-sealed assembly.

The oscillator stage includes transistor Q1
and associated circuit components. The tuned
circuit consists of inductance Lg and cap-
acitor CM; Cg and C, are the frequency
shifting capacitors. Oscillations from the
tuned circuit are coupled to the base of Ql
by capacitor C3. Feedback to the tuned
circuit from the collector of Ql is through
resistor R3. The network consisting of C2,
R6, and variable resistor R7 allows frequency
adjustment by variation of the effective
capacitance of C2 across a portion of the
tuned circuit. Note that the oscillator circuit
voltages are referenced to a keying bias
voltage level of approximately —1.2 volts
d-c with respect to the circuit common which
is developed across R2.
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A secondary winding on L couples the out-
put of the oscillator to the LEVEL control
R10. This winding provides d-c isolation
between the oscillator circuit and the output
amplifier Q2 which operates from the full
—12V d-c. supply. Transistor Q2 is a Class
A common-emitter stage with the base input
signal coupled from the LEVEL control by
d-c blocking capacitor C5. The carrier band-
pass filter is the collector load.

ma. and —18 volts at 200 ma.

the D-C to D-C Converter Modules, HB25190 oO
HB25200 — 7.5 watts maximum; +18 volts a@

Power Input:

Approximately 15 to 23 watts for above Gutput
power over the following converte@ut voltage
ranges;

HB25190 — 42 to 56 V d-c, v.d¥c. nominal.

HB25200 — 105 to 144 V d-€, ‘d.c. nominal.
See Figure 5 for 250V d-c batt ut.
levolt.

Regulation Indic
Indicates,ch eater than 2 volts in +18 V
d-c output; anel lamp extinguishes and

remote energized. Recommended alarm
relay is ; two Form-C 5-ampere contacts,
2000- c

This transmitter, together with HB55183
filter at the remote end is used to prevent
adverse effects from frequency translation.
When a telephone line is multiplexed with
other telephone lines, sometimes there is a
drift in band frequencies due to the receivers
and transmitters used in multiplexing. These
conditions, although lying beyond the con-
trol of the tone channels, are detected at

* the receiving end by applying the 425-cycle
transmitted frequency to the noise filter. The
noise filter HB55183 together with the noise
supervisory module do not tolerate a fre- Ripp
quency translation (due to line multiplexing)

Regulation:
+18 and —-18 v.d.c

MS maximum on +18 v.d.c. and —18 v.d.c.

of more than +40 Hz without blocking the N )
receivers.
D-C TO D-C CONVERTER AND VOLTAGE Converter Frequency:

REGULATOR \ Nominal 500 Hz; 380 Hz to 600 Hz over rated
i t and output .
Converter HB25190 and HB25200, Regulator HB 1Pt and output ranges

Power Output:

Overloads:

Model 11B25210 Voltage Regulato%m

.@ RACTERISTICS

oneof No overload protective circuitry. Input to con-

CHANNELS ‘ ’ TRIP FREQUENCY GUARD FREQUENCY
170-Hz b.w. 340-Hz 170-Hz b.w. 340-Hz b.w. 170-Hz b.w. 340-Hz b.w.

127 1190

5 1190 1360 1530
1615 1530 1700
1955 10 1870 1870 2040
2295 2210 2380 2210
2635 2550 2720
2975 2720 2890 2550 3060 2890

Wh 1 z and 340-Hz bandwidth (b.w.) channels are used in conjunction, the 340-Hz channel takes the

spac e two 170-Hz adjacent channels. It is recommended that the lower frequencies be used for wide bands
( W),
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CHANNEL DELAY TIME

170 Bw. 170 Bw. 340Bw.

W/TRANSF. W/FILTER W/FILTER

Channel Time (excluding telephone line) 7.5 ms. 9.0 ms. 5.0 ms.

Relay Time

2 Amp Mercury Wetted Relay or 3.0 ms. 3.04ms. 3.0 ms.
Mercury Wetted Relay and 10W AR

Total 10.5 ms. 12.0 mss 8.0 ms.

Ambient Operating Temperature: .........ccovvviiinnnnnnn.

Approximate Weight: ... ..o e

—20° to +55°C.

—60° to +75°C.

........................................................ 14 1b.

verter is fused; effective only for short-circuit loads.
Operation above maximum rated levels should be
avoided to prevent damage due to excessive heat
generation.

Isolation:

Output circuits are d-c isolated from ground jand
the converter input battery supply. A tranSientgvolt-
age filtering capacitor, C3, in the converter module
is connected between the output COMMON “and the
positive battery input and has a 2000WV d-¢yrating.
(See schematic diagram, Figure 5.)

F.S. OSCILLATOR AND KEYER HB25110 and
HB25110-3
Output Level:

0.11 Vrms maximum —17%dBm, Unbalanced, +0.75

dB. Less than 0.25-dB @difference between steady-
state guard and trip frequencies.
Keying Circuit:

Requires 169mA ¥10% to shift from guard to trip.
Return to guard athd mA less than maximum trip
current. NO intermediate frequencies or stopping of
oscillation “for any’ keying voltage. Nominal keying
voltages are 24¥, 48V and 125V d.c. with series
resistance values per Fig. 8. Shift from guard to
trip is at approximately 50% of keying voltage. Input
resistance approximately 1000 ohms. See Figure 24.

Freguency: (HB2511G6 Only)

Guard is above channel center frequency. Trip
1s below channel center frequency. Frequency
stability 0.2% of channel frequency.

*xQETréquency:

(HB25110-3 Only) (340 Hz Bandwidth
Only)

The guard frequency is equal to the chanel
center frequency plus 170 Hz plus 10 KHz for normal
applications. The trip frequency is the channel
center frequency minus 170 Hz plus 10 KHz for
normal applications.

(In dual channel systems, one of the channels
utilizes a shift up in frequency for trip. In this case,
the guard frequency for this particular channel
would be 10 KHz minus the channel center fre-
quency and minus 170 Hz. [fg = 10,000 — fc — 170].
The trip frequency would then be 10 KHz minus the
channel center frequency and plus 170 Hz. [ft =
10,000 — fc + 170]).

TRANSMITTER AMPLIFIER HB25220 and HB33375

Gain:
30 dB with transformer HB55207, 28 dB with
filter HB62600, —1 + 0.5 dB from setting.

Output Level:

+8 dBm maximum in 600 ohms with filter. +10
dBm max. in 600 ohms with transformer.

Harmonic Distortion:

Total distortion with HB25110 f-s. oscillator
input is 1.5% with transformer output, less than
0.2% with filter output, at maximum rated output
level.
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Transient Response:

With HB25110 f-s. oscillator input and filter
output, trip signal and transients are within —3dB
to +3dB of guard signal level.

x Beat Frequency Oscillator: (HB33375 Only) (340 Hz

Bandwidth Only) 10 KHz + 0.25%.

RECEIVER LIMITER AND SIGNAL SUPERVISORY
HB25160-1, RECEIVER FILTER HB63100

Maximum sensitivity of the HB25160-1 receiver
module for block release after a signal-loss block
is —44 dBm, measured at CARRIER IN test point.
Maximum sensitivity referred to channel level on
communication circuit is determined by the loss in
the channel filter and coupling network. See Figure
23 for recommended nominal levels and Figure 12
for coupling scheme. This arrangement, when used
with the HB25150 noise supervisory module, will
permit a minimum nominal line level per channel of
—28 dBm. Sensitivity is constant within +1 dB.

Outputs:

Limited carrier signal, *17 volts for driving
discriminator module, 600-ohm driving impedance#
Clamping voltage for trip block circuit in discrim-
inator module.

Input Impedance:

HB63100 filter input 600 ohms in passband,
out-of-band rising impedance characteristic /

F.S. DISCRIMINATOR AND D-C AMPLIFIER
HB25170 and HB25130 (Dual Outpyut)

Discriminator Input:

9V rms carrier signal derived from %17 volt limit-
ed signal from limiter sectiong,in®HB25160 module.

Low Signal Block Input:

Block — 3 mA,£+0.8V. Block release — -3.4V,
0 mA. From signal ,supervisery section in HB25160
module.

Noise Block Input:

Block— 2 to 3 mA, +14 to +17V. Block release—
—3.4V, 0 mA. From noise supervisory module
HB25150.

HB25180-2"@ut puts:

Trip, amplifier, 100 mA capability. Nonconduct-
ingwforya guard signal, collector at —18 volts. Con-
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ducting for a trip signal, collector at +18 volts,
Guard amplifier, 100 mA capability. Nonconduéting
for a trip signal, collector at +18 volts. Condu¢ting
for a guard signal, collector at —18 volts.

HB25170 Output:

Trip amplifier, 100 mA capability.” Nonconduct-
ing for a guard signal, collectofjat =18 volts. Con-
ducting for a trip signal, collector atyt 1'8"volts.

LINE LEVEL AND NOISE SUPERVISORY HB25150
AND FILTERS HB55183 AND'HB55187

Output:

Clamping voltagétfor trip block circuits in up to
six F.S. Discriminator "and D-C Amplifier modules
(HB25170 o, HB25130);%+ 13V to +17V at 2 to 3 mA
block, —3.4Viat, 0 ‘mA block release. Block release
delay time isW\l0Wmilliseconds. D-C amplifier cap-
able of “‘delivering up to 100 mA at 36V to an indi-
catingydeviee, or voltage pulses to logic circuitry.
AmplifierWisy conducting for a block, collector at
+ 18V, nonconducting for block release, collector
at"—18 V.

Noisé Filters HB55187 and HB55183

300 to 1000 Hz passband, 600-ohm input impe-
dance in passband, out-of-band rising impedance

characteristic. 600-ohm output impedance. Noise
filter HB55183 is the same as HB55187 except for a
25-db rejection notch at 425 Hz.

Noise Filter Amplifier:

600-ohm input impedance. Sensitivity adjustable:
Maximum sensitivity for a trip block is —52 dBm,
+0.5 dB —1 dB.

Line Level Amplifier:

11.2K input impedance. Sensitivity adjustable;
maximum sensitivity for a trip block is —27 dBm;
+0.5 dB —1 dB.

425-HZ TRANSMITTER HB21050-2 (Some Systems
Use 595 Hz)

Output Level:

600 ohms nominal, isolated and balanced.

Output Stability:
+1.5dB from —30°C to +70°C.

Frequency Stability:
HB21050-2 +.25% from —30°C to +70°C.
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Keying Inputs:
Neutral voltage pulses, —10V nominal. Input
resistance approx. 5K to 15K.

INSTALLATION
(Outline and Drilling Plan, Figure 19)

The tone assemblies should be mounted on relay
racks or in suitable cabinets when the eleven-module
chassis is used. The mounting location should be
free from dirt, moisture, excessive vibration, or heat.
All electrical connections are made through a 24-
terminal connector on the rear of the chassis per
CR drawing which applies to the particular order
and appears on the nameplate.

Use of current monitoring jacks: Standard tele-
phone-type current jacks can be supplied on special
order to monitor the guard, trip or alarm, output relay
coil currents when such are mounted on the bottom
of the TA-3 tone assembly. This assembly will be
three rack units high.

The type AR relays, when used, should be
mounted near the TA-3 tone chassis in a locatign
free from dirt, moisture, excessive vibration, orsheat.

SETTINGS

Transmitters

Only one setting is required on the tone trans-
mitter and that is the output level. This setting is
made by using the screwdriver type adjuster marked
‘‘gain’’ on the transmitter "amplifier4 module. In
general, the tone transmittersfarefset to the maxi-
mum level allowed by theptelephone company on the
pilot wire or telephone paim, FOP example, in pro-
tective relaying applic@tions,“generally only one
or twe tone transmitters will be connected to the
pilot channel at ang™ome “terminal. If zero dBm is
the maximum allowable level, a single tone trans-
mitter will be setyto“that level (0.775 volt). If more
than one ptransmittemyis used at one terminal, the
telephonéiiconipany®should be consulted as to the
allowable tramsmitting levels.

The audio output level of the transmitter is
measured by connecting a 600-ohm resistor or load
across the ‘signal output terminals. No other signal
should be present on the line if it is used. The
levelmecan be measured at the output terminals using
amya-c vacuum-tube voltmeter. The level control is
then adjusted for the desired output. After all the
transmitters are adjusted properly and multiplexed,

a VTVM reading should be taken at the ‘{OUT\pin
jack on the front panel and recorded forgnaintenance
and check-out purposes. This avoids/the necessity
of disconnecting the transmitter from the line when
level are to be checked or readjusted. The 425-Hz
transmitter should be set the same as any other
transmitter.

F.S. Receiver

(Refer to Fig. 26 for Relative evels)

The sensitivity isfadjusted with a carrier signal
present at the input® of the channel filter at the
nominal level for the particular installation. Short
circuit the two@test points designated sens. adj.
link on the pamel offthe Receiver Limiter and Signal
Supervisorygmodule: This will decrease the sensi-
tivity of the regeiver by 6 dB. Turn the SENSITIV-
ITY control slewly from its extreme clockwise posi-
tionuntillithe BLOCK light is energized, then re-
mov eytheéyshort from the test points.With this setting,
am6-dB) decrease in channel level will generate a
trip, block function; a 3-dB recovery is required to
release the block.

Line Level and Noise Supervisory Module
(Refer to Fig. 26 for Levels)

NOTE: If a HB55183 notch filter is used, the cali-
brating procedure should not be altered.

The sensitivity of both noise detecting circuits
is adjustable with all channel signals present on
the line at their nominal levels for the system.
Adjust the noise-filter amplifier sensitivity as
follows: first turn the NOISE SENSITIVITY control
to its extreme counterclockwise position (if the line
level sensitivity has not been adjusted, turn this
screw to its extreme counterclockwise position
also). Remove the noise filter from the chassis.
Connect the CARRIER IN test point of any conven-
ient HB25160 Receiver module to the NOISE IN test
point on the HB25150 Noise Supervisory Module.
Slowly turn the NOISE SENSITIVITY control from
its extreme counterclockwise position until the
BLOCK light is energized. Remove the test point
connections and replace the noise filter in the
chassis; the light should turn off. With this adjust-
ment, a trip block will be initiated for an in-band
signal-to-noise ratio of 12 dB or less. A minimum
of 9 dB is required for security against false trip-
ping in type TA-3 Protective Relaying Channel.

The wide-band noise or line level amplifier sen-
sitivity can be adjusted in this manner: Connect the
LINE LEVEL SENS. ADJ. test point to the COMMON

N
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test point. This will increase the gain of the ampli-
fier by 4.5 dB. Turn the LINE LEVEL SENS. con-
trol slowly clockwise until the BLOCK light is
energized, then remove the test point connections.
When the combined level of signals plus noise in-
creases by 4.5 dB, a trip block will be generated.

A hysteresis of approximately 1.5 dB exists in
the trigger-type blocking circuit for a block release.
The 4.5-dB high-level block setting and a low sig-
nal-level block adjustment of 6 dB in the Limiter
and Signal Supervisory Module HB25160 will give a
dynamic operating range of 10.5 dB for the protective
relaying receiver.

F.S. Discriminator and D.C. Amplifier
(See Fig. 17, Typical Discriminator Output)

With a —5, 0, +5 v.d.c. voltmeter of at least
20,000 ohms-per-volt resistance connected between
common and ‘‘Disc. out’” T.P., check for equal
outputs at Guard and trip frequencies and adjust the
discriminator bias on the front panel to correct this
if necessary.

ACCEPTANCE CHECK

D-C to D-C Converter HB25190 or HB25200

Non-Regulated Voltages:

.+V d-c to common
—V d-c to common

+22 to +34 Vdxc
—22 to —34 V d-c

Voltage Regulator
+18 V to common
—18 V to common

+18 V d-g
—18,V dte

Transmitter
(Consists of an oscillator and keyer, and, a trans-
mitter amplifier.)

Key transmitter to trip frequency by applying
the correct keying voltage atgthedterminals indicated
on the connection drawing.

All transmitterd freqitencies and output levels
should be checkedWQwith a 4600-ohm load connected
at the output.

Guard Frequencys within 2 Hz of the frequency
specified in the Character-
istics section.

Trip Fréquency: within 2 Hz of the frequency

specified in the Character-
istics section.
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NOTE: Allow 4 Hz for 340-Hz bandwidth tones.

Output Level:
at least +8 dBm when supplied with filter
output.

at least +10 dBm when supplied with trans-
former output.

* 425-Hz Transmitter (Some Systems uses595:Hz)

Frequency: 425 Hz within 1 Hz
Output: at least + 1 dBm

Keying: should shift%at Téast 40 Hz to block
Noise Supervispory module.

F.S. Receiver

With a transmitterinput set at —20 dBm, see that
the guard and tripfoutputs”operate correctly.

Line Level andiNoise Supervisory

Shodld,operate “Upon receipt of a 700-Hz tone at
—37 dBm,%er any transmitter tone frequency at —15
dBm. Factoryycalibration is at a —20 dBm nominal
inputisignale

ADJUSTMENTS

Use the following procedure for adjusting the
tones if the tone adjustments have been disturbed.
This procedure should not be used unless it is ap-
parent that the tones are not in proper working order.
(See ‘“‘Acceptance Check’’).

POWER SUPPLY

The d-c to d-c converter has no adjustments.
The voltage regulator module HB25210 has adjust-
able reference voltages. In order to adjust the
reference voltages, a card extender (HB14583) is
needed because the adjusting resistors are not
accessible from the front of the panel. Connect a
d-c voltmeter to common and +18 volts (front of the
panel), and adjust R7 for +18 volts. Repeat this
operation by connecting the voltmeter between com-
mon and —18 volts and adjusting R15. The regula-
tion indicator is set by adjusting R19 for zero volts
between the reference zener diode CR3 and the
white test point on the front panel. The regulation
indicator will detect any changes over 2 volts by
the lamp being extinguished and the optional relay
being de-energized.

TRANSMITTER MODULES

F.S. Oscillator Keyer

Oscillator frequency is determined by the plug-

"
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in tuned circuit assembly. A FREQUENCY ADJUST-
MENT control on the module panel enables a slight
frequency trimming in the event that the channel
tuned circuit assembly is changed. This adjustment
affects the trip and guard frequencies simultaneously
and in the same direction. The LEVEL control
permits setting the oscillator output level to the
system requirement. Both adjustments can be mon-
itored at test points on the panel.

Transmitter Amplifier

The output level of the transmitter amplifier was
discussed in the SETTINGS section.

RECEIVER MODULES

The only adjustment needed in the receiver
modules (level adjustment was covered in the
SETTINGS section) is the adjustment of the Dis-
criminator Balance Control.

Adjustment of the DISCRIMINATOR BALANCE
control is made with alternate trip and guard fre-
quencies applied to the discriminator. With equal
output, as measured at the DISC. OUT test point, @&
slight guard preference in operation will be derived.
This can be seen with reference to Fig. 15.

LINE LEVEL AND NOISE SUPERVISORY MODULES

These modules require no adjustmentsWexcept
for the settings covered before.

MAINTENANCE

The modules in this equipment, use transistors
and other components whighyareyconservatively rated
for reliability and long life.“Im_normal operation, the
monitoring function providesga continuous check on
the performance of the ‘equipment. At periodic inter-
vals, it may be des$ired to check the tripping func-
tion. For suclpa che¢k, the channel may have to be
taken out offiservice té"prevent unnecessary breaker
operation dThegkeying circuit may then be closed to
check the, @peration of the tripping relay. The
acceptance ‘¢heck procedure will provide a more
thorough test.

As long as the channel is operating satisfactor-
ily,9no maintenance work is necessary other than
seeing) that the equipment is free of dust or dirt.

However, a scheduled routine check will prevent
down-time loss, since it may indicatefdeterioration
in the performance of one of the units. The output
type AR relay contacts may be burnished on the
same schedule as that for the associated protective
relays. If a channel failure occurs Because of the
terminal equipment, a trouble-shooting procedure
should be used similar to tHhat)employed for any
electronic equipment. First sdétermine where the
failure has taken place, (transmitter or receiver);
then determine the portionwof the circuit at fault.
Refer to Table I fofytypical transistor voltages.

Test Equipment

For routine maintenance, the following equip-
ment willsbe adequate:

¥ Iy, A-{C Vacuum-Tube Voltmeter, at least 15 kHz,
Tymv sensitivity.

2. Calibrated Attenuator, 600 ohm.

For troubleshooting, the following additional
test equipment is desirable:

x 1. Electronic Frequency Counter, 15 kHz min-
imum.

2. D-C Vacuum-Tube Volt-Ohmmeter.
3. Cathode-Ray Oscilloscope.

* 4. Oscillator, 200 to 15,000 Hz.

GENERAL INFORMATION

Connection Drawings

The drawings applicable to the specific order
will be supplied. The applicable ‘‘CR’ drawing
information is included as part of the nameplate data.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to users who are equipped for doing repair
work. When ordering parts, always give the assem-
bly style number and voltage rating, plus the com-
ponent identification and module in which it is
located.

Replaceable parts are shown in the Parts List.

13
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TABLE

TYPICAL VOLTAGE MEASUREMENTS (REFERRED TO ‘“COMMON'’)

O

O

200 mA LOAD +22.5V INPUT
Qi Q2 Q3 Q4 Qs ¥
HB25210
Voltage Vdc. C +19.4 +22.0 +22.5 —~19.4 2. —22.5
Regulator B +12.1 +19.4 +18.7 —12.1 —19: —18.7
E +11.4 +18.7 +18.0 —11.4 —18.0
NO LOAD #34.2V INPUT
Q1 Q2 Q3 5 6
HB25210 Q Q
Voltage Vdc C +19.2 +33.5 +34.2 — —-33.5 —34.2
Regulator B +12.1 +19.2 +18.8 —19.2 - 18.8
E +11.4 +18.8 +18.1 1.4 —18.8 —18.1
Qi Q2 K Qi Q2
HB25110
F.S. OSC Vde C +18 +13 ignals C 34 34
And Keyer B + 7 Vp — p. B 10 10
(Fig. 8) E + 6.5 E 5 5
F.S.0SC & Keyer Q1 ‘ Q2 Q3 Q4 Qs Q6 Qs Q9
HB25110
& vDC C +1 —
HB25110-3 B See Fig. 24 -
Fig. 8 & Fig. 9
(Where applicable E 1 ) 6.5 0
Va @ 34 - 34
\ 10 - - .2
5 — _
Q1 Q2 Q3
HB25220
Vde C 7 15 15
B 0 —-0.3 —-0.3
E —0.7 —0.9 —0.9



TYPE TA-3 FREQUENCY — SHIFT AUDIO TONES 1.L. 41-963.28

TABLE | (Continuved)
TYPICAL VOLTAGE MEASUREMENTS (REFERRED TO ‘‘COMMON"’)

Trans. Ampl. Q Q2 Q3 Q4 Q5
& vde o) 7 15 15 -5.8 —12
B.F. Osc. B 0 —-0.3 —-0.3 —1.1 —2.2
HB33375 E| —0.7 —-0.9 —-0.9 — .95 —2.
Fig. 11
Vac C 15 2.7
p-p B .08 .08
E 0 =
Q1 Q2 Q3 Q4 Qs Q6
vdc cl| +16.6 +18 + .9 + 4 18 —18
B 0 0 +16.6 —15v 91 - 4
E| - 1| - =1 +17.2 216 - -
HB25160-1 W/0 Q7 Q8 Q9. Q10 Qn Q12 Q13
Rec. Lim. And | o5 c| +18 +7 M2, | +17.9 | +18 0 —18
Sig. Supv. vdc B 0 _18 Li4d | +17.2 | +17.9 | +17.5 | +18
Ef — 0.7 —1449 ~ 149 +18 +17.2 +18 +18
c| -—-14.7 +18 —2.7 +18 0 +17.9
W/Sig. B| —145 B4£15.1 +18 — 2.7 — 2.8 ] +17
vdc E| —15.2°% -15.2 +18 — 3.4 + .05| +18
Q2 Q3 Qs Q6 Q7 Q8 Q9 Q10
Guard @ ‘b +6.1 +18.0 —18.0 -0.45 | —-17.6 —6.9 | —17.9
vdc B| 0.6 +1.2 + 4.0 +18.0 ~1.1 0.1 -1.6 —17.2
HB25130-2 B, +0.55 | +0.55 | + 6.8 +18.0 —0.43 | -043 | -6.8 +18
HB25170
F.S. Disc. Trip c| +0.45 +7.4 + 6.9 + 1.9 +7.5 -3.7 —18 +18
and D-C Amp. Vdc B| +1.1 +0.1 + 7.4 +17.2 +1.1 —1.22 | -3.65 | —18
E| +0.42 +0.42 + 6.8 +18.0 +0.56 | —0.56 | —6.8 —18
Q3 Q4 Qs Q6 Q7 Q8 Q9
HE25150 Block C| <-15 + 0.8 - 0.1 +17.9 +18 + 0.1 +17.9
. vde B| <-16 >16.8 —0.7 +17.2 +17.9 | + 0.7 +17.2
Line LeWel
E| <-16.4| <16.4 0 +18 +17.2 0 +18
and Noise
Supv. Release C —15 3 +18 — 2.6 +18 +18 —18
vde B| < 16.3| —15.8 — 28| +18 255 | —2.15| +18
E 16.4| —16.4 0 +18 -3.3 0 +18
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TYPE TA-3 FREQUENCY — SHIFT AUDIO TONES

ELECTRICAL PARTS LIST

DIAGRAM NAME OF PART AND DESCRIPTION PART 0

SYMBOL
HB25110 AND HB25110-3 F.S. OSCILLATOR AND KEYER
1
¥ |R3 thru R20,
R22, R23 RESISTOR, fixed comp., +5%, 4 watt, unless otherwise specified
R2 RESISTOR, fixed WW: 1.5K £5%, 1'2 watt, Ohmite type 995-1A. H-1100-421
¥ IRl RESISTOR, fixed WW: 600 5%, 3 watt, Ohmite type 995-3A. HA-1220-22
R21 RESISTOR, variable: 250K +30%, 0.1 watt, BD taper, C.T.S. PE200 ) HA-14594
R24 RESISTOR, variable: 500 +20%, 0.125 watt, BD taper. C.T.S. HA-25253
Cl1 CAPACITOR, mylar, 0.1 p F +10%, 100V, Cornell Dubilier @ H-1007-624
C3 CAPACITOR, mica, 1200pF #2%, Elmenco DM19D122G050 R. H-1080-333
C4 CAPACITOR, tantalum, 1 pF £20%, 35V, Texas Ins P035D4. H-1007-496
CR1 DIODE, zener, 6.8V 5%, Motorola 1N4736A HA-21504
CR2 DIODE, zener, 5.1V #5%, Motorola 1N4733A.& HA-24328
CR3, CR4 DIODE, silicon, 200 PIV, 500mA, Diodes Ir&-4 . HA-17197
Ql thru Q6 TRANSISTOR, silicon NPN, VECO 40V, case, Motorola 2N3903. HA-21562
¥1Q8, Q9 TRANSISTOR, Germanium, PNP 5 Instr. 2N1375 HA-17117
Tuned oscillator ckt., sealed ssembly. HB-62800
Test jacks, Sealectro Corp., S
HB25220 TER AMPLIFIER
* |R3, R4, R6, RT, * C)
R8, R10 RESISTOR, fixed ¢ N%, Y4 watt unless otherwise specified.
R1 RESISTOR, fix &00 +5%, 1% watt, Ohmite type 995-1A. H-1100-427
R9 RESISTOR, fi 1300 +5%, 1% watt, Ohmite type 995-1A. H-1100-529
R2 RESISTOR, v@, 5K £30%, 0.25 watt. log taper, C.T.S. PE200. HA-13572
RS RESIST@d comp., 10K £5%, Y2 watt. H-1009-416
* 1c1,c2 C }NR tantalum, 15 uf *+10%, 35V. Texas Inst. SCM156GP035D4. H-1007-654
C4. C5 ARACI , tantalum, 1.0 pf +20%, 35V. Texas Inst. SCM105FP035D4. H-1007-496
C3 C OR, mica 470pf *2%, Emeco DM-19. HA-16632
Q2, Q3 TRANSISTOR, silicon NPN Vcgo 65V TP-5 case. 2N2102 HA-22678
Ql ’ﬁ{ANSISTOR, silicon NPN Vogo 40V, TO-92 case. 2N3903 HA-21562
TRANSFORMER, Plug-in assembly. HB-55207
Multiplexing filter, plug-in assembly. HB-62600
Test jacks, Sealectro Corp. SKT-10.




TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES.

ELECTRICAL PARTS LIST

E%GBROALM NAME OF PART AND DESCRIPTION
x HB33375 TRANSMITTER AMPLIFIER & B.F. OSC.
R3,R4; R6, R7,R8| RESISTOR, fixed comp., +5%, Y4 watt unless otherwise specified %
R10,R11,R12,R13 \
R14;R15,R16,R17
R18,R19,R20,R21
R1 RESISTOR, fixed WW., 200 +5%, 1% watt, Ohmite Type 995-1 H-1100-427
R9 RESISTOR, fixed WW., 1300 +5%, 12 watt, Ohmite Ty 95 H-1100-529
R2 RESISTOR, Variable, 5K +30%, ‘4 watt Log Taper, (C. E 200 HA-13572
R5 RESISTOR, fixed comp. 10K *5%, Y2 watt H-1009-416
Cl1, C2 CAPACITOR, tantalum, 15;:f +10%,35V, T.1. 8C, P03504 H-1007-654
C4, C5 CAPACITOR, tantalum, 1.0 puf +20%, 35 105FP035D4 H-1007-496
C3 CAPACITOR, Mica 470pf +2%, Eme HA-16632
C17, €8, C9, C10 N
C1l1 CAPACITOR, 15 pf +20%, 25V Mallor M156M025P5C H-1007-439
Q1 TRANSISTOR, Silicon NPN, 2 HA-21562
Q2, Q3 TRANSISTOR, Silicon NPN, HA-22678
Q4, Q5 TRANSISTOR, Silicon HA-21564
Transmitter Filter, HB-62600
Tuned Transformer & Oscillator Assy. HB-63300
* HB-21050 S TRANSMITTER (Also Applies To 595Hz)
R1-R6,R8, RY, .\
R11-R18 RESISTOR, fi comp., +5%, Y4 watt unless otherwise specified.
R7 RESI &iable, 250K, 0.1 watt, BD taper. CTS Corp., type PE200. HA-14594
R10 RE (0) ariable 500 ohms, 0.125 watt,BD taper, CTS Corp.,type PE200. HA-13573
Cl1 R, tantalum, 15pf £20%, 25V, Mallory TAM156N025P5C. H-1007-439
C3,C4,C5,C6 CITOR, tantalum, 33uf +20%, 10V, Mallory TAM336M010P5C. H-1007-438
C2 CITOR, mica, Elmenco Type DM20. H-1080-X
C1 PACITOR, ceramic, 0.47 ¢ f +80% —20%, 25V, Sprague 5C11A. HA-13579
Ql, Q2, Q3 TRANSISTOR, germanium, PNP, Texas Inst. 2N1375. HA-17117
Q5 TRANSISTOR, silicon, NPN, Texas Inst., 2N706A. HA-19928
P BP Filter and Osc. Assy.for HB-21055 and HB-21050 F'S Transmitter. HB-58500 or
HB-58900
BP Filter and Osc. Assy. for HB-21040 and HB-19925 F'S Trans.& Mod. HB58200
Test Jacks, Sealectro Corp., SKT-10.
Filter cable connector, 3-terminal socket, Eby Sales Co. HA-21091
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TYPE TA-3 FREQUENCY — SHIFT AUDIO TONES

ELECTRICAL PARTS LIST

Z;A:BRC’;‘LM NAME OF PART AND DESCRIPTION PART NO,
HB-25160-1 RECEIVER LIMITER AND SIGNAL SUPERVISORY
R1, R3-R5,
R8-R42 5%, Y4-watt, unless otherwise specified.
R6 RESISTOR, metal film, 13K +1%, 1/8 watt, I.R.C. Type CEA-T-O. H-1510-778
R7 RESISTOR, metal film, 10K +1%, 1/8 watt. .LR.C. Type CEA-T-O. H-1510-775
R43 RESISTOR, wirewound, 2.5K *5%, 1%2 watt. Ohmite Type 995-1A H-1100-423
R2 RESISTOR, variable, 500 +20%, 0.125 watts, BD taper. C.T.S. PE-200 HA-25253
Cl1 CAPACITOR, poly., 0.0068 nF, 2% 400V. Wesco 32P. H-5115-127
C3 CAPACITOR, mica, 320pF *2% 500VDCW. Elmenco DM-19-391G. HA-16628
c2 CAPACITOR, tantalum, 33uF, £20%, 10V. Texas Inst., SCM336BP010D4. H-1007-653
C4, C17, C8 CAPACITOR, tantalum, 1.0pF, +20%, 35V. Texas Inst.,([SCMI06FP035D4. H-1007-496
C5, C6 CAPACITOR, tantalum, 15 uF, £20%, 35V. Texas InstySCMiH6GP035D4 . H-1007-654
C9 CAPACITOR, tantalum, 0.47 pF, +10%, 35V. Texas Inst., SEM474FP935D2. H-1007-511
CR1,CRZ, CR5 DIODE, silicon, 250mw Texas Inst., 1N914. HA-24325
thru CR10
CRI11 DIODE, silicon, 200 PIV. Diodes Inc. DI-424 HA-17197
CR3, CR4 DIODE, zener, 5.1V +5%, 1N4733 A. Motosela IM§,, Q 12S5. HA-24328
Ql, Q2,Q4,Q5
Q7,Q8,Q9, Q11 TRANSISTOR, silicon, NPN, Vo 40V, TO:92 case, Motorola, 2N3903. HA-21562
Q3,Q6,Q10,Ql2 | TRANSISTOR, silicon, PNP, Vapg 40V, TO-92 case, Motorola, 2N3905. HA-21564
Q13 TRANSISTOR, silicon, PNP, V&go 65V, TO-5 case. RCA 2N4036. HA-24003
IC1 Integrated circuit, operational amplifier, Motorola MC1430, TO-5 case. HA-25158
I1 Data lamp, red, 10VDC, 0.014A /Dialco No. 507-3910-1431-600. HA-25156
Lamp holder, Dialco No. 508-75385504. HA-17504
Test jacks, Sealectro Corp. SKT-10.
HB25170 AND HB25130-2 F3S. DISCRIMINATOR AND D.C. AMPLIFIER
R2 thru R15,R17| +5%, Y4 watt, ufiless atherwise specified.
R16 RESISTOR, wirewound, 2.5K +5%, 1'2 watt. Ohmite type 995-1A. H-1100-423
R1 RESISTOR, variable, 5K +30%, %4 watt, linear C.T.S. PE-200. HA-14655
Cl CAPACITOR, poly., 0.082 pF 2%, 100V. Wesco 32P. H-5115-79
C2 CAPACITOR, mylar. 0.255 pF 2%, 100V. Wesco 32M. H-1007-572
CR2 DIODE, zener, 6.8V +5%, 1N14736-A, Motorola 1M6, 8ZS5. HA-21504
CR1,CR3,CR4 DIODE silicon, 200 PIV. Diodes Inc. DI-42, HA-17197
Ql,Q2,Q3,Q4,Q5| TRANSISTOR, silicon NPN, Vocgo 40V., TO-92 case, Motorola 2N3903. HA-21562
Q6 TRANSISTOR, silicon PNP, Vogp 65V., TO-5 case, RCA 2N4036. HA-24003
L1 Choke, 0.892 Hy. HB-55201
I1 Datalamp, red cartridge, 0.014A, 10VDC. Dialco 507-3910-1431-600. HA-25156
Lampholder, Dialco 508-7538-504. HA-17504
Test jacks, Sealectro Corp., SKT-10.
Discriminator plug-in assembly. HB-62700
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES I.L. 41796328
ELECTRICAL PARTS LIST
pAahY v NAME OF PART AND DESCRIPTION PART NO.
HB25130-2 THESE PARTS ARE INADDITION TO PARTS LISTED ON PRECEDING PAGE
R18 thru R27 +5%, Y4 watt unless otherwise specified
R28 RESISTOR, wirewound, 2.5K +5%, 1% watt. Ohmite type 995bA. H-1100-423
CR5 DIODE, zener, 6.8V +5%, 1N14736-A, Motorola 1M6, 8Z2S5. HA-21504
CR6 DIODE, silicon, 200 PIV, Diodes, Inc. DI-42. HA-17197
Q7, 8, Q9 TRANSISTOR, silicon PNP, Vcro 40V., TO-92 case. Motorala 2N3905. HA-21564
Q10 TRANSISTOR, silicon NPN, Vogg 65V., TO-5 case. RCA2N2102. HA-226178
12 Datalamp, amber cartridge, 0.014A, 10VDC. Dialco 507-3910-1433-600. HA-25784
Lampholder, Dialco 508-7538-504. HA-17504
HB-25150 LINE LEVEL - NOISE SUPERYISORY MODULE
R1,R2,R4-R8,
R11-R16,R18,
R21;R42 5%, Y4 watt, unless otherwise spe@ified.
R9, R10 RESISTOR, wirewound, 600 *5%, 1% watt# Ohmite 995-1A. H-1100-442
R43 RESISTOR, wirewound, 2.5K *+ 5%, W& watt. Ohmite 995-1A. H-1100-423
R19 RESISTOR, metal film, 121 +1%/1/8, watt. .R.C. Type CEA T-O H-1510-777
R20 RESISTOR, metal film 410004 1%,4¢/8 watt. I.R.C. Type CEA T-O H-1510-714
R3 RESISTOR, variable,“600 £#20%, 0.125 watts, BD taper. C.T.S. Type-200 HA-25253
R17 RESISTOR, variable[32.5K¥ 20%, 0.125 watts, A taper. C.T.S. Type PE-200 | HA-19919
Cl1 CAPACITOR, polysm0.0088 1 F +2%, 400VDC, Wesco 32P. H-5115-127
C6 CAPACITOR, poly.£0.02 . F +2%, 100VDC Balco PTWP. H-5115-49
C3, C8 CAPACITOR #mica, 390pF +2%, 500WVDC Elemenco DM-19-391-G. HA-16628
c2, c1 CAPACITOR tantalum, 33pF +20%, 10VDC. Texas Inst. SCM336BP010D4. | H-1007-653
C4, C9, C11 CAPACITOR %antalum, 1.0 uF" +20%, 35VDC. Texas Inst. SCM105FP035D4.| H-1007-496
C5,C10,C13,C14 | CAPACITOR, tantalum, 15pF £20%, 35VDC, Texas Inst. SCM156GP035D4. H-1007-654
C12 CARACITOR, tantalum, 0.47puF +10%, 35VDC, Texas Inst. SCM474FP035D2.| H-1007-511
CR1 thru CR4
CRT7 thru CRI11 DPIODEssilicon, 250 mw. Texas Inst., or G.E. Type 1N924. HA-24325
CR12 DIODE, silicon, 200PIV, Diodes Inc., DI-42. HA-17197
CR5, CR6 DIODE, zener, 5.1V +5%, 1N4733A. Motorola IM5. 1ZS5. HA-24328
IC1, IC2 Operational amplifier, TO-5 case. Motorola MC-1430. HA-25158
Q3, Q4,Q50Q7,Q8f! TRANSISTOR, silicon, NPN, Voo 40V, TO-92, Motorola 2N3903. HA-21562
Q6 TRANSISTOR, silicon, PNP, Vego 40V, TO-92, Motorola 2N3905. HA-21564
Ql, Q2 TRANSISTOR, silicon, NPN, Vcro 659V, TO-5, RCA 2N2102. HA-22678
Q9 TRANSISTOR, silicon, PNP, Vopg 65V, TO-5, RCA 2N4036. HA-24003
TINT2, T3 TRANSFORMER, 2.5K: 2.5K C.T. Microtran MMT 15-FB. HA-25157
Il Data Lamp, red cartridge. Dialco 507-3910-1431-600. HA-25156
Lamp holder, Dialco 508-7538-504. HA-17504

Test jacks, Sealectro Corp., SKT-10
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

ELECTRICAL PARTS LIST

DIAGRAM
SYMBOL NAME OF PART AND DESCRIPTION PART NO.
HB25190 48 VDC, D.C. TO D.C. CONVERTER
R3, R4 RESISTOR, fixed comp., 24 *+5%, Y% watt. H-1009-827
R6, R7 RESISTOR, wirewound, 2.5K *5%, 3% watt. Ohmite 995-3A. H-1100-329
R1 RESISTOR, wirewound, 5K *5%, 3'%4 watt. Ohmite 995-3A. H-1100-460
R5 RESISTOR, wirewound, 50 +3%, 10 watt. Dale Electronics RH-10. HA-23709
C1 CAPACITOR, elect., 80 F, 150VDC. Cornell Dubilier BR80-150. H-1007-395
c2 CAPACITOR, met. paper, 0.047 . F, 200W VDC. Cornel Dubilier MP¥;2547. H-1007-674
Cc3 CAPACITOR, paper, 0.022p F +10%, 1000VDC. Aerovox V161-646% H-1007-696
C4, C5 CAPACITOR, ELECT., 100 F, 50VDC. Cornell Dubilier BR-100-50. H-1007-209
CR1 thru CR9 DIODE, silicon, 200 PIV, 1 Amp. Diodes Inc. SD-2. HA-17995
Ql, Q2 TRANSISTOR, silicon NPN, Vogpg 175V, TO-66. RCA,2N3538. HA-21847
T1 TRANSFORMER, saturable core. HB-25182
Il LAMP, cartridge, red, 10VDC, 0.014A. Dialco 507=3910-1431-600. HA-25156
12 LAMP, cartridge, amber, 10VDC, 0.014A. Dialcp 50923910-1433-600. HA-25784
LAMPHOLDER. Dialco 508-7538-504. HA-17504
S1 SWITCH, push button. Leviton #579. HA-13554
F1 FUSE, 3AG. 0.5 AMP. HA-9348
SOCKET, TO-66 transistor mt’g. UID ElectronicsePTS-4. HA-21848
INSULATOR, mica, TO-66 transistor mt’g. Reli@nce Mica Co. DF-31-A. HA-23658
TEST JACKS, Sealectro Corp., SKT-10
HB25200 125 VDC, D.C.. TO D.C. CONVERTER
R3, R4 RESISTOR, fixed comp., 100, 5%, %4 watt. H-1009-758
R6 RESISTOR, fixed comp., 100K #5%, ¥ watt. H-1009-348
R7 RESISTOR, fixed comp.MS6Kwt5%, 1. watt. H-1009-815
R5 RESISTOR, wirewound, 100%%3%, 10 watt. HA-23650
R1 RESISTOR, fixed ¢omp.,989K + 5%, 2 watt. H-1009-885
C1 CAPACITOR, eleet., 8QuF, 150VDC. Cornell Dubilier BR80-150. H-1007-395
C2 CAPACITOR, met. paper, 0.022pF, 400 W VDC. Cornell Dubilier MPY-4S22. H-1007-637
C3 CAPACITOR ™ aper, 0.022uF + 10%, 1000VDC. Aerovox V161-615. H-1007-696
C4, C5 CAPAGITORgelect., 100uF, 50 W VDC. Cornell Dubilier BR-100-50. H-1007-209
CR1 thru CR11 | DIODE, sibicon, 200 PIV, 1 Amp. Diodes Inc., SD-2. HA-17995
Ql, Q2 TRANSISTOR’, silicon NPN, V~pn 300V, TO-66. RCA 2N3585. HA-22593
T1 TRANSFORMER, saturable core. HB-25183
11 LAMP “¢artridge, red, neon, 105/125VDC. Dialco 507-3835-0931-600. HA-25203
12 LAMP, cartridge, amber, neon, 105/125VDC. Dialco 507-3835-0933-600. HA-25204
LAMPHOLDER. Dialco 508-7538-504. HA-17504
S1 SWITCH, push button. Leviton #579 HA-13554
F1 FUSE, 3AG, 0.2A., Slo-Blo. HA-14691
SOCKET, TO-66 transistor mt’g. UID Electronics PTS-4. HA-21848
INSULATOR, mica, transistor mt’g. Reliance Mica Co. DF-31-A. HA-23658
TEST JACKS, Sealectro Corp., SKT-10.
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TYPE TA-3 FREQUENCY — SHIFT AUDIO TONES I.L. 41-963.28
ELECTRICAL PARTS LIST
D;:‘S;gr NAME OF PART AND DESCRIPTION pal T NO.
HB-25210 VOLTAGE REGULATOR
R17,R21-R28,R31} +5%, Y4 watt, unless otherwise specified.
R1, R9 RESISTOR, wirewound, 2.2K 5%, 12 watt. Ohmite 995-1A. H-1100-448
R3, R10, R29 RESISTOR, wirewound, 2.5K +5%, 12 watt. Ohmite 995-1A. H-1100-423
RS, R13 RESISTOR, wirewound, 1K *5%, 1% watt. Ohmite 995-1A. H-1100-429
R6, R16 RESISTOR, wirewound, 820 + 5%, 1% watt. H-1100-443
R8, R14 RESISTOR, wirewound, 2K *5%, 1% watt. Ohmite 995-1A. H-1100-422
R30 RESISTOR, wirewound, 1.6K +5%, 1% watt. Olmite 995-1A. H-1100-543
R2, R11 RESISTOR, wirewound, 75 +5%, 3 watt. Ohmite 996-3A. HA-13863
R4, R12 RESISTOR, wirewound, 56 +5%, 3 wath, Ohmite 995-3A. H-1100-541
R18, R20 RESISTOR, wirewound, 5.6K +5%, 3¢watt. Ohmite 995-3A. H-1100-542
R7, R15 RESISTOR, variable wirewound, 1000,0hms. Muter Co. 50-2200 Series HA-12578
R19 RESISTOR, variable wirewound, §000¥ohms. Muter Co. 50-2200 Series HA-20924
Cl, C4 CAPACITOR, mica, 9pF +5%, 500V. Elemenco DM-15-910J. HA-16521
C2, C5 CAPACITOR, tantalumyl 51K, +20%, 35VDC. Texas Inst., SCM156GP035D4. H-1007-654
C3, C6 CAPACITOR, elect., 300uF, 50VDC. Sprague TVA-1315. HA-13569
CR1, CR2 DIODE, zener, 42V +5%. Diodes Inc. 1D12B. HA-12920
CR3 DIODE, zener, 18V.4#5%. Diodes Inc. 1D18B. HA-25217
CR4 DIODE, Silicon,*200 PIV. Diodes Inc. DI-42, HA-17197
Q7, Q8 TRANSISTOR, silicon NPN, Vopo 40V, TO-92. Motorola 2N3903. HA-21562
Ql0, Q11 TRANSISTOR, silicon PNP, VCEO 40V, TO-92. Motorola 2N3905. HA-21564
Q1,Q2,Ql2 TRANSISTOR, silicon NPN, Vapg 65V, TO-5. RCA 2N2102. HA-22678
Q4,Q5, Q9 TRANSISTOR, silicon PNP, Vogpg 65V, TO-5. RCA 2N4036. HA-24003
Q3 TRANSISTOR, silicon NPN, Vopg 60V, TO-3. Motorola 2N3055. HA-24327
Q6 TRANSISTOR, germanium PNP, V~pq 50V, TO-3. RCA 2N2869/2N301. HA-17992
TRANSISTOR socket, TO-3. Augat Bros. 8043-1G3. HA-18538
INSULATOR, mica, TO-3 transistor mt’g. Reliance Mica Co. 732 HA-11964
I1 LAMP, cartridge, amber, 10VDC., 0.014A. Dialco 507-3910-1433-600. HA-25784
LAMPHOLDER, Dialco 508-7538-504. HA-17504
| TEST JACKS, Sealectro Corp. SKT-10.
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TYPE TA-3 FREQUENCY — SHIFT AUDIO TONES

PROTECTOR

S#I87 A 995HOI
ISOLATING
" TRANSF.
(NOTE 1)

SURGE

LTWISTED PILOT-WIRE PAIR

R
(NOTE 2) ATION
AUDIO
TONES @
/A= SHIELDED CABLE
STATION ——
GRD. =
MAT.
NOTE| THESE CONNECTIONS ASSUME A PILOT-WIRE Zo600 £
NOTE2 COMPLETED CABLE FIELD TEST VOLTAGE OF {OKV DC. FOR 10 FROM
EACH CONDUCTOR TO ALL OTHER CONDUCTORS AND ELDING
FACTOR OF 50% OR LESS.EACHPAIR TWISTED SEPA D SHEATH
TO STATION MAT AT BOTH ENDS AND TO REMOTE G ACH SPLICE
292B017
Fig. 1.

Recommended Connections and Pilot Wire Desi

ately Owned Two-Terminal Lines.
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sau!T] IDU!IUJa_L-OM_L 104 s;uawaéunuv 3AI4d3401g4 puo SUO!JDQUUOJ papuawwo:aa ‘Z '513 *

8063502

POWER STATION AREA

TELEPHONE CENTRAL OFFICE

SEE NOTE 1
@) 1soLATION SEE_NOTE 2 SEE_NOTE 3
TRANSFORMER == MO ¢ _SEE NOTE 3
S-187A995H01
14 1 .
SURGE PROTECTOR @
[ ® CARBON
BLOCK 2
lAUDIO SEE 2 S e = 5
TONES ® NOTE 4 0 VA Tt
‘ & 9
3 5 ¢
3 6 4
MTG. STUD'—’? CENTRAL OFFICE GROUND
TITITITITITIIIIY
/\ = SHIELDED CABLE < = TWISTED POLYETHYLENE ~ INSULATED
o PAIR IN SHIELDED CABLE.
STATION GROUND MAT NOTE 6
(a) FOR UNEXPOSED LINE oy

POWER STATION AREA

\— LIGHTNING |ARRESTER

TELEPHONE CENTRAL OFFICE

SEE NOTE 1
ISOLATION SEE NOTE 3 SEERNOTE 2 SEE NOTE 3
TRANSFORMER ~— — = e, b o
S—187A935H01
0 1 1 4 1
SURGE PROTECTOR CARBON
® BLOCK/ Sed CARBON
oo 2 §1) NOTE 5. 5\BL0CK L s 2
Tone ® 0 [ i 0 \AFJTAR
0 3 3
3 b L .
4 3 ) a
MTG. STUD —oT CENTRAL OFFICE GROUND
/\ =SHIELDED CABLE 0 < TWISTED POLYETHYLENE — INSULATED
SEE PAIR IN SHIELDED CABLE.
(b) FOR EXPOSED LINE STATION GROUND MAT. o NOTE 6
LIGHTNING ARRESTER

NOTES

PRIMARILY USEQ FOR IMPEDANCE - MATCHING PURPOSE.

WESTERN ELECTRIC

INSULATING TRANSF.

TYPE 2239A OR EQUIV.

UNEXPOSED LINE - MAX. EXTERIOR DISTANCE ABOUT 7SFT. - USE SHIELDED CABLE.
EXPOSED LINE WITH EXTERIOR DISTANCE OVER 75FT. AND EXPOSED TO LIGHTNING,
POWER-SYSTEM CONTACT, AND POWER INDUCTION - USE SHIELDED CABLE.

6. ISOLATE SHIELD FROM GROUND UNTIL OUT OF SIGNIFICANT INFLUENCE OF STATION
GROUND POTENTIAL.

1
2
3. WESTERN ELECTRIC DRAINAGE REACTOR TYPE 2232A OR EQUIV.
q
S
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TYPE TA-3 FREQUENCY —~ SHIFT AUDIO TONES

Fig. 3. Frent View of Full Chassis.
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES I.L. 41-563.28

Fig. 49/ Typical Module.

TO REGULATOR
+22 TO + 38V
TO REGULATOR
l COMMON
I TO REQULATOR
—22 TO— 38V
+ "
” |
H
I + e T
BLOWNFUSE x
DOCATOR H] 50
L [~
F‘E’_EQ | ] Xens cri0k ?cm
| v |t 125v [s0-2 302 t2sv
~ 6.385 MK 2 fl L] oMy | | oNLY
oL b5 ‘o . ]
0.2 AMP FORI2SV. (SLOW BLOW)
0:5AMP FOR 48 V. —_
{oc Tooc comv.
l e

715B564

Fig. 5. Power Supply HB-25190 and HB-25200.
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

D.C.TOD.C. CONVERTER
POSITIVE

D.C TO DC. CONVERTER
NEGATIVE

8

TEST LINK
IIE

o | crt Foee RELAY COIL
< FOR LOSS OF
l'( - \1 REGULATION

crz K 1128 ALARM
| AV E.
2N4038
| fez] !
| ] B 2N2(02 !
9IPF ;
gB 32 iz N g2 |
| e xie [~ - [ 10/88
] i ‘ 2 |
— PY ’ %i -8V
OR 2N30l / N , ]

N
REGULATOR CiRCUIT

[@3)=80X INDICATES NORMALLY
CONDUCTING TRANSISTORS

715B570

26

* Fig. 6. Voltage Regulatdr HB=25210.

FS GBCILLATOR AND KEYER HB-25110

‘ KEYING CIRCUIT ouTPUT
+ R c 0.,
T 3<{<] schmnT e % s
Loop TRIGGER cfamp L
_Bat 2] CIRCUIT T °s¢ 19
48VDC ¥
125V0C

TRANSMITTER AMPLIFIER HB25220
W/FILTER HB-62600

e — FOR 340 HZ 8.W.
ONLY

D

\ LINE
600N

g |

v

TRANSMITTER

AMPLIFIER HB-25220

W / TRANSFORMER HB-55207

HYBRID
CT.1200°'600

LINE
600N

TRANS. AMP

FROM ANOTHER
CHANNEL GOING

INTO THE SAME LINE

876A826

% Fig. 7. Transmitter Block Diagram.



TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

l.L.41-963.2B

r - — — —

~

[
|
|
|

+ ]
Sy
a ]
b1
KEYING 8z J
CIRCUIT I K
INPUT
[
| ulnr’[ I
w3
4-:'0[:[‘75

FS 0SC.8 KEYER
HB 2510

TO TRANSMITTER
AMPLIFIER
(O FLVRMS "MAX )

# R=0 FOR 21 TO 28V.D.C. KEYING

R=800N FOR 42 TO

R=3000.0 FOR 108 TO 144 V.D.C. KEYING

[@e]:0enoTES NORMALLY
CONDUCTING TRANSISTOR

86 V.D.C. KEYIN®

715B572

Fig. 8. F£.5°Oscillator and Keyer HB-25610.
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LoOP
) osc
T REF oiT OUTPUT  COMMON
OR WH
@GRN 8RN<. < OR . o T_ ] .
+ ) RI 4
— 1< {600}— 1
3w |
x'® olo
Slaln x|y
=] & CR4 &
2’ -
LOOP INPUT > -0 '0§ >>
—= > 4
oTs8! § ! 2o a
L X : . - >
- R22
| 1K 8 ﬂ
—E? 2NI375
" INPUT FROM
| %8F 0SC
+ 18V << T Y _STRAP > HB-
| k d
| Q9 2NI375
‘ s R23 °
GND <ﬁPANEL {1 >
LEVEL
== R lad |>T0 TRANS. AMP.
Jo HB- 25220
I
0 0 > COM.
[
© s <
L ~p
<< a Oz
]
b
[: 4
+ ™ THB-2510-3
l ol HB-25110-3
eRo> IXlw,  ZX|e Xt FS 0SC & KEYER
oI—n 3 Ewoln  Eoje ' WITH MODU LATOR
—i8v 2 | WITHOUT TRIP BOOST

205C743

% Fig. 9. F.S. Oscillator and Keyer HB25110-3.
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES I.L. 41-

HIGH LOW
—_— —_— BV s @
L_;—_‘:{— 15\ TRANS FILTER HB-62600 -I
vev & ool e g . TRANS FUTERHB 6260 =
I L+(WHEN SUPPLIED)
5 -

ﬁﬁﬁKAG_% 3
| il 8 @
I s>
INPUT 17 i |
FROM FS. —
0SC. KEYER <~ ->————48 9I
L -—= 4 ' RANSFORMER OUTPUT
L4
COMMON {_ 75K ]
Q2 Q3 |
2N2102  2N2I02
POWER
BOOSTER N of
L 7 Tle Ele
€
JE
—Bv

715B567

¥ Fig. 10. Transiit mplifier HB-25220.
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AMP OUT
LO HI

RN
_BRN o)

TRANS FILTER HB-62600
—

= | 6§00 .0 ’ TRANS AMP

OUTPUT 6000
s 8
| —! ‘ > LO
| o
ISMA | s I>
—J IR
. |
4
g >> KEY
INPUT FROM g
FS OSC 8 KEYER < = i
HB -23110 PANEL 15 S
[‘5 GND
>
2 = I
BLK
com < —@® com

—— YEL® osc ouT
TUNED(TRANSFORMER ”

P70 HB-63300
2500:2000CT

NOTES:
2 | - VOLTAGE SHOWN ARE SAMPLE VALUES
- TO BE USED FOR DETERMINING
RELATIVE MAGNITUDES.
2-FIXED RESISTORS ARE /4 WATTX5%
VALUES UNLESS OTHERWISE SPECIFIED

3-ASTERISK (%) INDICATES FACTORY VAULE
4-HB-33375 TO BE USED ONLY WITH

\ HB -251l10-2 AND/OR HB-25110-3
> FS 0SC & KEYER.

RI4
2JK

HB-33375
TRANSMITTER AMP

AND
BF. 0SC

205C742

% Fig. 11. Transmitter Amplifier HB-33375.
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES I.L. 41-963.28

CHANNEL
I 4 FILTER HB-63100 REC. LIMITER AND SIGNAL SUPERVISORY MODULE HB-25160
7 ! | SENS

fed<f< &
600N 4RECTIFIER| TRIGGER | JRELEASE
DELAY
< >—<

]

> BB

OUTPUT

of

INPUT TO TRIP BLOCK CLAMP

F S DISCRIMINATOR AND DC AMPLIFIER

0 9
- Fs. TRIP
< oo%. CLAMP TRIGGER|——{ CLAMP > o0TPuT

Vs

INPUT TO TRIP BLOCK CLAMPS
IN MULTIPLEXED RECEIVERS
LINE LEVEL AND NOISE SUPERVISORY MODULE HB-~25180

LINE LEVEL 3
SUP

10K SENS.
S NOISE
§ awe. RECT. |- |TRIGGER | {RELEASE| e—inc.awe >— BLOCK

NOISE FILTER
HB-35187 OR HDSBISI

1 1
WA < [ € >—<
LINE ¢, 7
600 [ 2
o

Sdb 300 TO 1000 M2

RECT.

v 876A716

Fig. 12. Receiver Block Diagram HB-63100.

je—— BW e BW-—bje——— BW ——)|

40db

30db

20dd

104db

3db
O db —_—
TRIP C¢ GUARD TRIP C¢ GUARD
FREQUENCY

@ THE LARGER OF THE TWO USED

876A728

Fig. 13. Tone Receiver Filter Characteristics HB8-63100.
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MULTIPLLEXING OUTPUT
TO ANOTHER CHASSIS
600600 ,t 4
o —
— <{ie0} feo 1 |Trecerven | ! tof—— 0 yg2si30
FS CARRIER >_ * FILTER HBZSIGO-I I
INPUT : * 8 2f — 72 I
E T ‘
> p—————
1SOL. TRANS. 60 7 RECEIVER ] stse l|o o Nazsuo
* FILTER ‘
8 2 | ..Naz&m 7
. } BLDCK
DIAGRAM FOR CONNECTING
RECEIVERS TO A TELEPHONE LINE ¥ | |0H525|30
RECEIVER NBZSIGO»
FILTER ,Hazswo 2
BLOCK
RECEIWER SENSITIVITY .
CARRIER 16. SUPERVISORY LIMITER
oRN. NG T INPUT | "BLOCK _COMMON ou
— J— 4 —

j

+ 18V

TO FS DISCRIMINA TOR

5
112K [
RS
x ) -] =%
¢ z|2|| | Kens EHER
IN4T33A
] il : RIZ 2N3904
MC1430 5.1K k 1
3 2 e}
o 4t a1
S Tg2 3%0 ol x/nX] Yors
L cs PF [ T~
FROM =
RECEIVER P 4
FILTER Y CRe
CR4
l IN4733,
Q6
T Shoncs |
ce
ol <gzﬁ wI I
1

COMMON

-8V

BLK.INDICATOR

STRAP

2
>4 TRIP BLOCK INDICATOR

TO TRIP BLOCK IN FS DISCRIMINATOR

HB-25160-1
RECEIVER LIMITER

N
SIGNAL SUPER\IISORYJ

#=0OMIT WHEN MULTIPLEXING
FROM ANOTHER CHASSIS.

(@9 = INDICATES NORMALLY

INPUT COMES

CONDUCTING TRANSISTOR

CAPACITORS IN MF UNLESS OTHERWISE NOTED.

202C810
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

I1.L. 41-963.28

TRIP OUTPUT

GUARD QUTPUT

@ = REMOVE STRAP X AND
WIRESTRAP Y FOR STU
UNBLOCKING APPLICATION

nc.aMp
DISC_IN DISC. OUT ¢
GRN. _ __ . s .)QBN_{N GR, TRIPeED
FS DISCRIMINATOR @
I’- ________ a
' |
| i i
| W rrip
W TRP 1si Re !
! y 1 330 e e g N
| " 0.892 Y i
E.ImE ‘
| 1 .
‘l I |
| 8! z o |
DISC. —— 4 ————x| = -4 o [l e
INPUT l ! " pisc. P T os2mF R
FROM | | BAL o o5
RECEIVER 7| | Bl g =
LIMITER | R | :55 N I
I ! a - E
| ! & 2 |
s |
! -
coMMoN 1 Lo p T
oo A @x! |
i &g -
= o 1
Y
I 7i
7
TRIP BLCCK L] o0
FROM SIG. SUPV. [T 2n2102
rrip BLock 12 |
FROM LINE LEVEL|™
AND NOISE SUPV. I — ﬁ-mv
LI_.'rER“ ~ FS DISCRIMINATOR
ol ANC DC AMPLIFIER
e FOR RELAY OUTPUT
| 6, 1N4736A 925 30-

715B563

% Fig. 15. F.S. Discriminator and D-C Amplifier for Relay Output HB-25130-2.
GRN. DISC.IN oRN. GRN. COMMON __ AMP OUT
r o) DISC. %_ SAME (N MO__IDNTMP)
° 1
|
s | p s
+18vV b s
TRIP
FS.0ISCRIMINATOR e 3 UTPUT
HB-627 o ~
@G STRAP ] ~
GND. Xy
N o Zo— ~1as
- B
3
el = o
2 e 4 )
DIsc IR i =
INPUT ql ’7rcn2
FROM b IN4T 36
REC. &
LM =)
7 \
COMMON
SOLIO STATE RELAYING OUTPUT
(MOUNTED ON ASSEMBLY CHASSIS)
IN64SA
12 OUTPUT € —Pr—e—T190 —>0reN
-V = 9 i
T InN3sss TO SOLID STATE
o RELAYS
COMMON —_"EGJ
SIGNAL | 7
suPv. Lo
TRIP o
aLocK |
LINE | 2=REMOVE STRAP X AND WIRE STRAP Y
LEVEL-8 | 3 e — FOR STU UNBLOCKING APPLICATION
NOISE j HB-25170
SUPV FS. DISCRIMINATOR
TRIE BLOC AND D.C. AMPLIFIER

715B574

Fig. 16. F.S. Discriminator and D-C Amplifier for Solid-State Relaying FB-25170.
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DISC. OUT TP
vDC
+ 3.0
g{?PNEl:?L SORY |
v
LOwW LEIVF_ |(BACKLASH)I
CLAMP ,' N
+2.0 ‘ .
|
|
|
+1.0 1 TRIP
|
|
] l*-DISC
o . OFFSET
| \
|
|
- 1.0 v GUARD
| SIGNAL
| SUPERVISORY
Low LEVEL
| CLAMP,_
- 2.0 :
| N A S
BACKLASH
I \(KL—)/J
—-3.0 | !
2095 2145 21951 2245 2295 2345) 12395 2445 2495
FREQUENCY T.F. C.F. G.F.
2210 2380
Fig. 17. Typical Diseriminater Output.
60
. I\ f\
\ TYPICAL NOISE , N\
BAND
PASS FILTER\\
D= | |
40 I I <
\ 425HZ-HB55(83 /
de. /NOTCH FILTER l
30 t /
T \ 3954z HBSSI83 /
; |}_o—f- NOTCH FILTER
TR /
2d I i I \
I ]
I 1l HBSSI8T7
I | STANDARD
10 ’ T : i /
WIS /
RO T
o AN
o 100 300 800 700 900 1100 1300 1500
FREQ. HZ.

x Fig. 18. Typical Noise Bandpass Filter.
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

CARRIER OUT
ITOR
g MARK KEY COM’;AED CARR|EPRURMON GRN. g\HI LOWA\GRN
-—L(‘r% —(— —(® _ — T/
s
—izv \\

10K
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2.2}

Ct

15
25v |+
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/0 FILTER asv

| > LINE

OUTPUT
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1
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TYPE TA-3 FREQUENCY — SHIFT AUDIO TONES I.L. 41.963.2B

202C913

HB8-18389
{ WHEN USED)
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N
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e B
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IRIEIEEEIEIE

Lledl IO T
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e
R
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=
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(
@ 3 .:,
-

l
I
=
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!

Fig. 21. Outline and Drilling Plan.
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LINE
HI LO Lo B
GRN GRN BLU BRN YEL
) (O e - — — — - (V- () — — -
r n
I L :
1 HA- u47a| ]\
. TONE IN - A

)

TONE “INsB

" [rz ]
TONE OUTA-B | H 3 RIO

. :2 l 300
R7

-

b A

| s )

T2
6001200
C.

©
—

kg

TONEIN=C

TONE OUT C-D

oo

—{RZO lﬁ

300

=

TONE IN-D

-

I
ras 1 4
I LI L
I|5 LINE, TERMINATION ,
UNIT NOTE !

L(J B HB_ 25190 el RESISTORS Rl TO R9 AND RIl TORI9

©) (O)mem— — -==(p ® (@) m—— (@) mtm— — — ¢ ARE * 5% VALUES, /2 WATT
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715B670

Fig. 22. Line Termination/Module HB-25140.
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* Fig. 23. Hybrid for Two Wire Termination HB-35315.
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MA DC
OR
vDC

3%

25
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INPUT

TO KEYING CIRCUIT, Mb——y

TRIP /
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"4 /
GUARD
/

vDC

e

TP LOOP IN
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| A
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4 T 4
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Fig. 25. Signal Supervisory Circuit Characteristics.
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

RECEIVER DYNAMIC OPERATING RANGE

MAXIMUM LEVEL OF A SINGLE OUT-OF — BAND TONE
(ABOVE [000 HZ) TO CAUSE A HIGH LINE TRIP BLOCK.

NUMBER OF CHANNELS OUT-OF-BAND TONE LEVEL
ABOVE NORMAL CHANNEL
1. 3.5dB
2. 8.6d B
3 10.5dB
4. 11.8 dB
5. 12.4d B
6. 12.9dB

HIGH LINE—BEVEL TRIP-BLOCK

+4.5dB >
+ 3dB W BACKLASH BLOCK), RELEASE )

0 ~— >

-3dB , BLOCK RELEASE
Y/

e dB 7,/ BACKLASH )

LOW SIGNAL-LEVEL TRIP BLOCK

MINIMUM S/N,RATI0O=9dB
FOR SECURE OPRERATION

-15dB
3dB MARGIN

-18dB 7 NOISE TRIP BLOCK

/ NOISE SAMPLED IN REGION OF
/ 300 TO 1000 HERTZ;BLOCKING IS

// INDETERMINATE DUE TO RANDOM
// CHARACTER OF NOISE.

-28dB &4 // BLOCK RELEASE

NOMINAL SIGNAL LEVEL RECEIVER

DYNAMIC
RANGE =10.5dB

876A827

¥ Fig. 26. Receiver Dynamic Operating Range.
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PE TA-3 FREQUENCY - SHIFT AUDIO TONES

— - _ AN
i CINE AMRg Nuse AMP
. outRUT__ % o
—--{ 2o —
0
) (8
T
RB
NOISE =& 5.1K
FILTER ‘MC 1430 B 7 } L,,, I
, i
R9
o Ja— 1
- RO
, 20K
| R2T
| res
MCI430 el {5k}
- - - |
Jo Lo |
NoisE BLOCK : 9 d)
| .
COMMON ,——‘—‘ﬁ % b g
‘25"-"-°~E‘—<| ‘} SEE 5496044 P
SUPPLY I'( FOR DC-DC CONVERTER :
L ‘ .
SV _ N
TONE IN {I —— —— —— /i —— oo
. -
GROUND —— P
\ RECEIVER SNEKNSIT\VITY SIG. SUPI%]EYJI'FORY BLOCK
TRIP KEY { | WH__8DJ LIN WH RN gy R
_A | RS
{—,‘—‘ ! 22K
TONE OUT | _
>l o
SIGNAL BLK. —‘—4—4—— ‘ «
o
P ouTPUT T, Kors b
— —
TERM. NOS.
12
PER $.0. R

F.8 RECEIVER
FILTER.
HB-63100

CRi2

R39

Fig. 28. TA-3 F.S. Receiver, Li
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INSTALLATION

Westinghouse I.L. 41-963.1A
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TA-2 FREQUENCY-SHIFT AUDIO TONES

CAUTION: It is recommended that the user of this
equipment become acquainted with the information
in this instruction leaflet before connecting the
equipment in a relaying system. If the set is mounted
in a cabinet, the cabinet must be bolted down to the
floor or otherwise secured before swinging out the
equipment rack to prevent its tripping over.

APPLICATION

The type TA-2 tones are of the high speed frequency
shift type that are used in conjunction with a per-
missive relaying system. They are applied in the
dual-phase comparison system for the protection of
a transmission line.

The TA-2 tone channel is available in twogbands
widths (340 Hz and 600 Hz). In order to prewidefa
high speed tripping system the 600 Hz band-width
tone should be used with dual phase comparison.
The only application where the 600 Hz tone/can_not
be used is when a three terminal power_linelis/being
protected using a two wire audio channed In this
case, the 340 Hz band-width tone,must be used in
order to provide the needed frequencies.

The TA-2 equipment may be usedfdirectly over a
pilot wire pair or may be multiplexe@ on a microwave
or other carrier channel.{Whenjusing the 600 Hz
band-width tones, the imaximum channel delay (ex-
clusive of TA-2 delay) that{can be tolerated is 3.5
ms. For the 340 HzZyband-width tones this maximum
delay is 2 ms.

CONSTRUCTION

The type TA-2 tone system used plug-in modules to
meet ghe requirements of a permissive relaying
system.

InWa, typical relaying application, the tone system
consists of a transmitter module, a beat frequency
oseillator and demodulator module, two receiver
moedules, (a band pass filter and a frequency shift

SUPERSEDES I.L. 41-963.1

*Denotes change from superseded issue.

receiver), an optional AM receiver module for tone
deterioration detection; fand two noise modules
(a band pass filter and%an AM receiver module).

Basic construction isishown in Figure 1.

Transmitter Module

The transmitter module consists of a transistor key-
ing cireuit, anoscillator, an output amplifier and an
output band-pass filter. The band-pass filter and
osecillaten, are the frequency determinimg components
and areycontained in a separate plug-in enclosure on
the“transmitter module.

Beat Frequency Oscillator And Demodulator Module

The beat frequency oscillator and demodulator module
consists of an oscillator, a mixing circuit, and an
amplifier. The tuned circuits for the beat frequency
oscillator are contained in a sealed plug-in assembly
The front panel provides controls for adjustment of
the output level frequency, and includes test jacks
for monitoring these adjustments.

Receiver Filter Module

This module is a band-pass filter which connects the
demodulator to the receiver. The sum frequencies of
the demodulator and the audio frequency carrier are
selected to be passed by the filter.

Frequency Shift Receiver Module

The receiver module consists of a limiting amplifier,
a specially tuned discriminator, rectifying and filter
circuitry and two d-c amplifiers. A low signal squelch
circuit is also included in this module.

AM Receiver Noise Squelch

This module consists of a three-stage amplifier, rec-
tifying and filtering circuitry and an output d-c
amplifier. This module is connected to a separate
input filter module which is normally tuned for a
pass band of 650 to 1050 Hertz.

EFFECTIVE MARCH 1969
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NOISE CIRCUIT
AM RECEIVER
FILTER

F/S RECEIVER

F/S
MODULES TRANSMITTER
RECEIVER HB-19925-2
FILTER

CARRIER LEVEL
MONITORING
RECEIVER
(WHERE USED)

BEAT FREQUENCY
OSCILLATOR AND
DEMODULATOR

Fig. 1. Front View)of Full Chassis.

OPERATION

As shown in Figure 2, the output of a high frequency
oscillator in the TA-2 tone set is beat with,the out-
put of a lower frequency oscillator. The différence
frequency or the translated frequeney 4s,.applied
through a band-pass filter to the pilot “¢hannel. By
keying the transmitter with a veltagejthe frequency
is shifted from one frequency to a“second frequency.
At the receiving end of the ¢hannel, the incoming
audio tone frequency is translated to the higher
frequency of the transmitteér and.is applied to the F'S
receiver through a dand-pass /filter. The receiver
converts the frequéncy o a d-c voltage which is
applied tothe relaying’scheme.

In a dual phase eemparison relaying system, the
phase relationship of ‘square wave pulses are com-
pared to determine if a fault is internal or external
to the protective transmission line — a pulse derived
from the 60 Hertz current at one line terminal is
compared“in phase relationship to a pulse received
from amremote line terminal. The transmitter is shifted
in_frequency at a rate equal to the power system fre-
quency.» On alternate half cycles, either a mark or

SGace frequency is applied to the pilot channel and

is received at the remote terminal. The receiver con-
verts the mark and space frequencies to two d-c
pulses which are applied to the dual phase com-
parison relay for comparing to local pulses at the
remote terminal.

FS Transmitter — HB-19925-2

The oscillator shown schematically in Figure 3
is tuned to a high frequency relative to the audio
tone channel frequency. The output of the oscillator
is applied to a balanced modulator circuit which is
driven by a beat-frequency oscillator tuned below
this oscillator frequency to produce a difference
frequency equal to that -of the audio tone channel.
Both sidebands thus generated are applied to an
amplifier having a band-pass filter in the output
circuit. The filter rejects the upper sideband and
passes the lower sideband to the line. A shift in
the frequency of the oscillator when keyed will
produce the same amount of shift in cycles of the
audio tone output.

The oscillator stage includes transistor Q1 and
associated circuit components. The tuned circuit
consists of inductance LO and the Capacitor CM,

Cs and Cc are the frequency shifting capacitors.
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Oscillations from the tuned circuit are coupled to
the base of Q1 by capacitor C3. Feedback to the
tuned circuit from the collector of Q1 is through
resistor R3. The network consisting of C2, R6 and
variable resistor R7 allows frequency adjustment by
variation of the effective capacity of C2 across a
portion of the tuned circuit.

The secondary winding on LO is center-tapped and
serves as a part of the balanced modulator which
includes switching transistors Q3 and Q4. The bases
of Q3 and Q4 are driven with the beat frequency
voltage from a center-tapped winding on the BF
Oscillator module. Both sidebands appear across
the LEVEL control R10 from which they are coupled
to the base of the output amplifier Q2. The band-pass
filter in the collector circuit of Q2 rejects the upper
sideband and passes the lower sideband to the line.

Capacitors G, and G are strapped in parallel on the
circuit board and clamped by Q5, forward biased at
the emitter, across L ,to generate a Space frequency.
A negative voltage applied to the base of Q5 through
divider R17 and R18 will increase the collector-
emitter impedance to effectively remove Cs and CC
from LO. This will leave Cm only across Lo and the
carrier frequency will shift to Mark.

BF Oscillator And Demodulator - HB-19905

Three functions are provided in this modulé.

1. A beat frequency voltage is generated.

2. The received audio tone _signal™is mixed with
the output of the beatWfrequency oscillator
ina balanced modulagien citeuit for f requency
translation.

3. The received audio tone signal is amplified
before translati®ny to“compensate for losses
in the modulater circuit and impedance im-
provingypads.

BF Oscillater

The BF oscillater stage includes transistor Q1 and
a tuned LC circuit. Oscillations from the tuned cir-
cuit are coupled to the base of Q1 by capacitor C2.
Feedback from the collector of Q1 to the tuned cir-
cuity,iS) through resistor R1. An RC network con-
sisting of C1, R2, and R3 is connected across a
portion of the tuned circuit for frequency trimming
purposes; R3 is variable and controls the effective
capacity of C1.

Voltage from the tuned circuit is also coupled /by
capacitor C4 to the base of Q2 which operates™as a
Class A output amplifier. The tuned transformer in
the collector circuit has a center-tapped “Sécondary
for applying the switching voltage to the basesof the
modulator transistors Q3 and Q4.

Line Amplifier and Demodulagor

The audio tone line amplifiereensists of transformers
T2 and T1, transistorsi Q3%nd Q6 with associated
components, a LEVEL"gontrol R20, and impedance
improving pads R24 “through R29. The audio tone
signal to the amplifier is“applied through a 3-db pad
and line isolafing, transformer T2. The secondary
winding of T24is terminated with R21 and the LEVEL
control whieh applies a base-to-base input signal
to QO and @6 Q5 and Q6 are biased to Class A
operation. Q5¢4and Q6 are an emitter-coupied pair
with ajpush-pull output transformer T1 in the col-
lector,circuit. The secondary winding of T1 is center-
tapped to serve as part of the balanced demodulator
circuit*which includes switching transistors Q3 and
Q4. The load on the secondary winding is a 3-db
pad and the receiver band-pass filter. This load is
in effect switched across each half of the secondary
winding by alternate half cycles of the beat frequency
voltage. Thus the amplified audio tone signal from
T1 will appear across the load in modulated form
as two sideband frequencies; the beat frequency
oscillator frequency plus the audio tone frequency,
and the beat frequency oscillator frequency minus
the audio tone frequency, the beat frequency being
suppressed to a low value by balanced modulator
action. The lower sideband will be rejected by the
receiver band-pass filter, and the upper sideband
will be passed to the receiver.

FS Receiver — HB-19915-5

Limiter Amplifier

In the schematic diagram of Figure 3, the limiting
amplifier consists of three direct coupled stages.
The first stage is an emitter coupled pair of tran-
sistors, Q1 and Q2, as a differential amplifier
which provides a push-pull signal to the second
stage. The second stage includes an emitter-coupled
pair, Q3 and Q4, to provide a single-ended output
to the third stage Q5. A feedback network from the
collector of Q5 to the inverting input of the first
stage yields d-c and a-c stability to the amplifier.
The signal from the band-pass filter and sensitivity
control in parallel is applied to the non-inverting
input which has a high impedance characteristic.
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Discriminator

The output signal from Q5 is coupled to the base of
Q8 by resistors R18 and R21 which also serve to
provide a d-c bais voltage to Q8. With full limiting,
Q8is switched on and off at the translated frequency
rate, allowing 40 MA peak pluses to energize the
tuned discriminator in the collector circuit. The
discriminator consists of two parallel tuned circuits
resonant at Mark and Space respectively. A secondary
winding on each tuned circuit yields a d-c output
by means of full wave rectifier diodes. The d-c out-
puts are connected in series aiding and applied
across series resistors R23, R25 and R24, the com-
bination in effect being a bridge circuit. Output from
the bridge is taken between the center arm of the
BIAS control R25 and the center connections of the
secondary windings. As thediscriminator is energized
with alternate Mark and Space signals, the output
will be approximately + 1.5 volts, and zero volts in
the absence of the translated tone signal. C7, L1
and C8 filter the translated tone component from
the discriminator output which is applied to the out-
put d-c amplifier.

Low Signal Squelch Circuit

A squelch circuit on the discriminator is provided
by Q6, C7 and associated components. In thg,absence
of a carrier signal, Q7 is clamped by a forwardybase
bias through R20; this shunts the basefof, \Q8 the
discriminator driver. When the signal from*the limiter
amplifier is coupled to the rectifier diodes, @R1 and
CR2 bythe emitter follower Q6 adeverse bias voltage
is applied through R19 to the basejof Q7, causing
Q7 to unclamp. The carrier output from”Q5 can then
drive Q8 to energize the diseriminator. The circuit
is designed so that the caffier ‘must reach a level
high enough to yield a receiver output with verylittle
distortion before Q7 unelamps®the permits the dis-
criminator to drive the @utput d-c amplifier. Hence
when the receiyer‘earrierfalls below this level, the
discriminator i§' squelched andreceiver output signals
cease. Thisdhreshold level is determined by the set-
tine of the SENSITWITY control R2. The value of
capacitor C5 determines the speed of operation of the
squelching action. Charging is less rapid than dis-
charge in thi§ circuit. As C5 becomes larger, the
unclamping action of Q7 is delayed while the clamp-
ing’ time), is not increased appreciably. Thus the
tapn-on time of the receiver can be delayed to make
the circuit less vulnerable to noise when the carrier
falls below a predetermined level setting of the
SENSITIVITY control. The band-width, carrier fre-

quency and level of a channel are also determining
factors in the speed of operation of the squelch
circuit.

Output D-C Amplifier

In the d-c amplifier the outputgtransistors Q14 and
Q13 provide push-pull output.l They are driven by a
two-stage push-pull regenerativeg€ircuit consisting
of Q10, G9, Q12 and QldWThejregenerative circuit
is monostable due to the unequal resistances in the
emitter circuits of Q10 and¢'GQ9; Q10 on- Q12 off,
and Q9 off-Q11 ong Thusiin the absence of discrim-
inator output Q14 isWsaturated and Q13 is cut off.
A Mark signal (fromAthe discriminator will maintain
the above conditien. A Space signal from the discrim-
inator willfreverse the conducting states, and Q13
will be, saturated while Q14 is cut off. The trigger
type ofyswitching action due to regeneration yields
fastprise“and“fall time to the output pulses.

AM Noise Receiver — HB-17840-1

The filter used at the input of the AM receiver is
designed to reject the signals of the adjacent chan-
nels, to match the receiver input impedance to the
line, and to prevent loading of the adjacent channel
signals. The filter has approximately 35-db atten-
uation to the adjacent channel which provides an
extra safety margin for operation in case the channel
signal levels at thereceiverinput become unbalanced.

The receiver sensitivity control R1 (see Figure 3) is
connected across the output of the filter. This con-
trol provides the means by which the receiver sen-
sitivity is adjusted. Two RC coupled stages of
amplification using Q1 and Q2 as the active elements
follow this control. R3 and R2 set the d-c biasing
for the base of Q1 while R5 and R6 provide emitter
self-biasing. C3 acts as a bypass for R6. R5 is not
bypassed and introduces degeneration into the stage
for greater stability of the circuit under varying
conditions. R4 is the collector load for the stage.
The operation of the second stage involving Q2 is the
same. R12 and C4 acts as a decoupling network to
prevent self-oscillation in the high-gain receiver.

The third stage acts as an amplifier and driver for
the full-wave rectifier stage. T1 is the collector load
for Q3 and also matches the impedance of the rec-
tifier circuit to the transistor Q3. The other com-
ponents of the stage have similar purposes to those
described for Q1 or Q2.

With no signal input Q4 is biased to cut-off by means
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of the voltage divider R19 and R22 and no collector
current flows. The rectifier circuit produces a posi-
tive voltage output and, if sufficient signal is ap-
plied, this voltage overcomes the reverse bias on
Q4 and the transistor conducts. C8, C9, and R17
form a low pass RC filter to remove the carrier
components.

Carrier Deterioration Detector — HB-17840-10

This is an AM receiver similar to the AM Noise
Receiver with the exception of the output circuit.
Q4 is removed and the output of the receiver is
across two diodes. The output is used to drive a
microammeter to determine the signal level of the
remote transmitter. It is connected to the output of
the wide-band filter of the F'S receiver.

CHARACTERISTICS

General

Audio Tone Center 340 Hz Band-width — 1500, 2700
Frequencies (Hz): 170 Hz Band-width — 1500, 2180,
and 2860

Shift in Frequency: #300 Hz (600 Hz Band-width)
or
+170 Hz (340 Hz Band-width)

Frequency BF

Oscillator: 13.5 kHz

Transmitter Center 15 kHz For 41500, Hz \Tone

Frequencies: Channel
15.68 kHz JFor%2180 "Hz Tone
Channel
16.2 kHz For, 2700 Hz Tone
Channel
16.36/kHz Jrfor 2860 Hz Tone
Channel

Operating

Temperature: 410° t@”+60°C

Storage

Temperature: -60°C to +75°C

Two terminal line 2 to 2.5 MS
Three terminal line 3.5 to 4 MS

Operating{ime:

Enepgy

Regquitements: 110 milliamperes at 12 volts d-c

FS Transmitter — HB-19925-2

Output Level: Adjustable from -30 dbm te

+2 dbm

Output Impedances: 600 ohms nominal, isolated and

balanced
Output Stability: +1.5 db from' -30°€ to +60°C

Frequency

Stability: +.25% toft1:8%

Keying Input: -10 volts

FS Receiver — HB-1991522

Sensitivity: Adjustable from-40 dbm to +6 dbm

Input Impedance: /Band-pass filter, 600 ohms nom-
inal

D-C output assumes a mark-hold
condition when level falls to the
sensitivity setting of receiver.

Squeleh, Circuit:

D-€\Output: Push-pull, -10 volt pulses at 5
to 40 MA. Rise and fall times

each less than 5 microseconds.
INSTALLATION

The tone assemblies should be mounted on relay
racks or in suitable cabinets. The mounting location
should be free from dirt, moisture, excessive vi-
bration as well as heat. All electrical connections
are made to a connector terminal on the rear of the
chassis.

SETTINGS

Transmitter

Only one setting is required on the tone transmitter
and that is the output level. This setting is made by
using the screwdriver type adjustor marked ‘“‘level’’
on transmitter module. In general, the tone trans-
mitters are set to the maximum level allowed by the
Telephone Company on the pilot wire or telephone
pair.

If zero dbm is the maximum allowance level, a single
tone transmitter will be set to that level (0.775
volt into 600 ohms).
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The audio output level of the transmitter is measured
by connecting a 600-ohm resistor or load across
the signal output terminals. No other signal should
be present on the line if it is used. The level can
be measured at the output terminals using an a-c
vacuum-tube voltmeter. The level control is then
adjusted for the desired output. After the transmitter
is adjusted properly, a VTVM reading should be
taken at the ‘““OUT’’ pin jack on the front panel
and recorded for maintenance and check-out purposes.
This avoids the necessity of disconnecting the trans-
mitter from the line when levels are to be checked
or readjusted.

Demodulator — Level Control

After the remote transmitter has been adjusted, pull *

out the local transmitter. Check the received signal
at top two terminals of the beat frequency oscillator
and demodulator module (H1, Lo). Pull out the local
F/Sreceiver filter and connect a 600-ohm load across
demodulator out and Lo (white) terminals. Connect a
VTVM across the 600-ohm load, and adjust the level
control for 3-dbm above the received signal.

FS Receiver

Plug a d-c voltmeter (at least 20 volt range) info TP
norm. and TP comm. of receiver. (The, toné trans-
mitters must be previously set to their desiredpout-
put levels.) Connect a VTVM across the tone re-
ceiver input terminals (TP Lo and TP Ai) and note
the normal received voltage (preférably“in db). Now
connect a calibrated attenuater (such as the Hewlett-
Packard Model 350B Attenuator), between the tele-
phone line and the terminaly equipment. Set the at-
tenuator for 12 db attenpationi§This value can be
checked on the VTVM. g4I suchf’an attenuator is not
available, connect a (variable resistor, 500 ohms
maximum is adequakepacreSs the incoming line and
reduce the resistancefuntil the incoming signal level
drops 12 db,

With the develdof the incoming tone set 12 db below
normal, advdnce the gain control of the tone receiver
by adjusting“level control on the receiver module
until the receiver output increases suddenly from
zero to approximately -12 volts, at this point the
sqielch has operated to clamp the receiver in a
mark) state. When the attenuator is removed from
the “circuit, the tone receiver will have a normal
operating point 12 db above the pickup signal level.

AM Receiver Noise Squelch (Where Used)

The AM squelch receiver is set in the factory such
that an output is obtained across TP%eut and TP
comm. when the noise measured in the 650—1050
band exceeds the F'S receiver setting by 5 db (e.g.
if frequency shift receivergsensitivity at -32 dbm,
AM receiver sensitivity at(=27¢dbm).

Carrier Level Monitor (WhenmUsed)

The following procedure is to be used when an AM
receiver is utilizedypin conjunction with a Weston
Model 1092 meter relay to detect a partial deteri-
oration of the“tone signal. Since the meter is also
calibrated “@with the AM receiver, these instructions
only appl$awhen, the meter is used.

a. On AM receiver, set bias control fully counter-
elockwise position.

bw Set potentiometer in series with meter to fully
counter-clockwise position. (zero resistance)

c. Pull AM receiver module from circuit and
adjust zero of meter such that the contacts
just close.

d. Push in AM receiver and adjust sensitivity
control such that meter is at full-scale de-
flection with normal received signal. Adjust
zero adjustment of meter such that the con-
tacts just close with the normal received
signal.

e. Lower incoming signal by 10 db, and adjust
sensitivity control of AM receiver such that
the meter contacts just make. The meter is
now calibrated for a 10 db deterioration of
signal.

f. For deterioration levels greater than 10 db,
lower the incoming signal to the desired
value and adjust the series potentiometer
until the meter contacts just make.

ADJUSTMENTS AND MAINTENANCE

(In service procedure to be used in conjunction with

SKBU Relay)

1. Beat Frequency Oscillator — frequency control

Check the frequency at bottom two terminals of

n
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the BF oscillator and demodulator module (H1,
Lo.) Readjust frequency if required to nameplate
marking.

2. Transmitter — level and frequency control

a. Check output of transmitter at terminals of
channel equipment. Adjust level control for
the desired output.

b. Check mark and space frequencies at green
terminals of F/S transmitter (Hi, Lo). (To
key transmitter to mark jumper keying lead
on J101 to -12 vdc; See Fig. 3.) Readjust
transmitter frequency if required so that the
space and mark frequencies are approximately
correct

3. Demodulator — level control

After remote transmitter has been adjusted, pull
out local transmitter. Check the received signal
at top two terminals (Hi, Lo). Pull out the local
F/S receiver filter and connect a 600-ohm load
across the demodulator out and Lo (white) termi-
nals. With a VTVM across the 600-ohm load,
adjust the level control for 3-dbm above received
signal.

4. Frequency Shift Receiver — sensitivity and
bias control

a. Reduce incoming space signal by 12-dbm @nd
adjust sensitivity control until the receiver
is clamped in a mark state. (-12 ydcjbetween
“Comm.”” T.P. and ‘“‘Nomm.’’ ¢T.Py:.on the
receiver module, with markpand“space outputs
connected to the relaying system.)

b. Apply sufficient a-c current b¥ using remote
terminal functional test, pamelfto pickup the
remote fault detectorfof 4he) SKBU—2 or SKBU
—21. With oscilloscop€ across “Comm.”’ T.P.
and ‘““Nomm.’20"T.P. “gn the receiver module,
adjust biasf control of tone set for pulses of
approximately®8 milliseconds.

5. Carrier Level Monitor Circuit

a. On AM receiver, set bias control fully counter-
clockwise position.

b. £Setypotentiometer in series with meter to full
counter-clockwise position. (zero resistance)

c.9Pull AM reciever module from circuit and

12

adjust zero of meter such that the contacts
just close.

d. Push in AM receiver and adjust sensitivity
control such that meter is at full-scale de-
flection with normal received signal. Adjust
zero adjustment of meter such that the contacts
just close with the normal received signal.

e. Lower incoming signal by 10nhdb, and adjust
sensitivity control of AM jréeeiver such that
the meter contacts just make. The meter is
now calibrated for a 10, db deterioration of
signal.

f. For deterioration levels greater than 10 db,
lower the dncoming signal to the desired
value and ddjust the series potentiometer
untilthe metercontacts just make.

6. AMNoise,Circuit — sensitivity control

a. 4Set bias control fully counter-clockwise.
b:Pull local and remote transmitters.

c.\Apply a 800-cycle signal to channel from
external oscillator, and connect d-c voltmeter
across ‘‘Comm. and T.P. ‘““‘Out” on A.M.
Noise Receiver.

d. Adjust sensitivity control of AM receiver un-
til the d-c voltmeter reads about -10 volts
when the 800-cycle signal is set at the de-
sired level.

Maintenance

The modules in this equipment use transistors and
other components which are conservatively rated
for reliability and long life. In normal operation, the
monitoring function provides a continuous check on
the performance of the equipment. At periodic in-
tervals, it may be desired to check the tripping
function. For such a check, the channel may have
to be taken out of service to prevent unnecessary
breaker operation. The keying circuit may then be
closed to check the operation of the tripping relay.

As long as the channel is operating satisfactorily, no
maintenance work is necessary other than seeing
that the equipment is free of dust or dirt. However,
a schéduled routine check will prevent down-time
loss, since it may indicate deterioration in the per-
formance of one of the units. If a channel failure
occurs because of the terminal equipment, a trouble-
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shooting procedure should be used similar to that
employed for any electronic equipment. First de-
termine where the failure has taken place (transmitter
or receiver); then determine the portion of the cir-
cuit at fault.

RENEWAL PARTS

Repair work can be done most satisfactorily at the\t

factory. However, interchangeable parts can
furnished to users who are equipped for doin
pair work. When ordering parts, always give
assembly style number and voltage rating, p
component identification and module in w,
located.

()O
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TABLE OF REPLACEABLE PARTS

SymBoL DESCRIPTION NUMBER
FS TRANSMITTER HB-19925-2

R1-R22 RESISTOR, fixed comp., see Note 5, Fig. 1 and 2.

R7 RESISTOR, variable, 250K, 0.1 watt, BD taper. CTS Corp., type PE 200 HA-14594

R10 RESISTOR, variable, 500 ohms, 0.125 watt, DB taper. CTS Corp., HA-13573
type PE2000.

C1 CAPACITOR, tantalum, 15 uf + 20%, 25V, Mallory TAM156M025P&C H-1007-439

C3,C4,C5,C6 CAPACITOR, tantalum, 33 uf + 20%, 10V, Mallory TAM336M010PS€. H-1007-438

C2 CAPACITOR, mica, see Note 4, Fig. 1 and 2 Elmenco TBypgDM20. H-1080-X

CcT CAPACITOR, ceramic, 0.47 uf + 80%, -20%, 25V, Sprague 5C11A. HA-13579

Q1,Q2,Q3,Q4 TRANSISTOR, germanium, PNP, Texas Inst. 21375 HA-17117

Q5,Q6,Q7 TRANSISTOR, silicon, NPN, Texas Inst., 2N706 A} HA-19928
BP Filter and Osc. Assy. HB-19925 F'S Transmitter and Mod. HB-58200
Test Jacks, Sealectro Corp., SKT-10.
Filter Cable connector, 3-terminal socket,®Eby Sales Co. HA-21091

BF OSCILLATOR AND. DEMODULATOR HA-19905

R1-R29 RESISTOR, fixed comp. See Note 6, Fig. 1

R3 RESISTOR, variable, 250K, Oh1 watt, BD taper. CTS Corp., type PE200. HA-14594

R20 RESISTOR, variable, 500 ohms + 20%, 125 watt, BD taper. CTS Corp., HA-13573
type PE200.

C1 CAPACITOR micay, see Note 5, Fig. 1. H-1080- #

C2,C3,C4,C5 CAPACITORjytantalum, 15 uf + 20%, 25V. Mallory, TAM156M025P5C. H-1007-439

C6 CAPACIT@R , tantalum, 22 uf + 20%, 15V. Mallory, TAM226M015P5C H-1007-494

T1 TRAN SFORMER, modulation, 4000 C.T./2400 C.T. HB-18936

T2 TRANSFORMER, input, 600/600. Microtran, MT1FB. HA-14791

Q1-Q6 TRANSFORMER, germanium, PNP. Texas Inst., 2N1375. HA-17117
BF Oscillator and unted Transformer assembly, HA-58600

plug in

Test Jacks, Sealectro Corp., SKT10.
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TABLE OF REPLACEABLE PARTS (Cont.)

DIAGRAM RART T
SYMBOL DESCRIPTION NUMBER
FS RECEIVER

R1-R35 RESISTOR, fixed comp. See Note 7, Fig. 1

R2 RESISTOR, variable, 2.8K + 20%, 0.12 watt, AC taper. CTS @oIp., HA-23742
type PE200.

R25 RESISTOR, variable, 1K + 20%, 0.25 watt, linear taper. CES Cerp., HA-14593
type PE200.

C1,C2,C4 CAPACITOR, tantalum, 22 uf + 20%, 15V. Mallory, JPAM226M015P5C. H-1007-494

C3, C6 CAPACITOR, tantalum, 56 uf + 20%, 6V. Mallory, T’TAM566M006P5C H-1007-495

C5,C17,C8 CAPACITOR, tantalum, 0.47 uf + 10%, 35V. Texas\Inst,. H-1007-511
SCM474FP035D2. See Note 6, Fig. 1

L1 CHOKE, See Note 6, Fig. 1. HA-23703

CR1,CR2 DIODE, silicon, 200 PIV., 250 MA, Diode, Inc., DI42. HA-17197

Ql-Q4, TRANSISTOR, silicon, NPN. Texds Inst.s 2N118 HA-19938

Q6—Q14

Q5 TRANSISTOR, silicon, PNP./Moterola, MM998. HA-19751
DISCRIMINATOR ASSEMBLY, plug-in HB-58400
BAND-PASS FILTER module, Channels below 4000 cps. HB-58300
TEST JACKS, Sealeetro Cerp., SKT-10.

AM RECEIVER

R2-R19, RESISTOR, fixed comp.: All + 10%, % watt, values as shown in Fig.2 H-1009-X

R22 Int. Res. Corp. #GBT-%

R1 RESISTOR\Gvarjable: comp., 5K, .25W, ‘““AC’’ Taper CTS #PE200. HA-13572

R20 RESISTOR,, variable: comp., 2.5K, .25W, ““D’’ Taper CTS #PE200. HA-13588

C1,C2,C5, CAPRACITOR, tantalum: .47 uf, + 20%, 35V, Tex. Instr. H-1007-433

C8,C9 # SCM4T4FP035A4.

C3, C6,CT CAPACITOR, tantalum: 33 uf,+ 20%, 10V., Mallory # TAM336M010P5C. H-1107-438

c4 CAPACITOR, tantalum: 22 uf, + 20%, 15V., Mallory #TAM226M015P5C. H-1107-494

Q1,Q2 TRANSISTOR, PNP: 2N415. G.E. #1415. HA-21519

Q3 TRANSISTOR, PNP: 2N1414. G.E. #1414. HA-21514

Q4 TRANSISTOR, NPN: T1493. . Tex. Instr. #T1493 HA-17113
Jack, Pin: various colors. Sealectro #SKT-10.

! TRANSFORMER: 2000 CT/8000 CT, 150 MW. Berkshire #BTC 5080. HA-3175

CR1,CR2 DIODE silicon: 200 PIV, 250 MA. Diodes, Inc., #DI42. HA-17197
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INSTALLATION

I.L. 41-963B
MAINTENANCE

Westinghouse
OPERATION o

INSTRUCTIO NG

TYPE TA-I
FREQUENCY — SHIFT AUDIO TONES

CAUTION: Check polarity of battery supply connec-
tions before applying power to the equipment.

APPLICATION

The type TA-1 tones are high-speed frequency-
shift audio-frequency tones. They are designed for
use in transferred-tripping systems for transformer
and liné protection. They may be used directly over
apilot wire pair, or may be impressed on a microwave
channel.

Applications are classified as either permissive
ornon-permissive. The non-permissive system allows
the receiver relay to trip directly, as opposed to a
permissive system where a fault detecting relay
supervises receiver relay tripping. The overreaching
scheme is usually a permissive system since ‘the
phase and ground fault detecting relays are inher-
ently present. Examples of this type of“system, are
shown in figs. 11 and 12. These fault detectors are
not present in an underreaching schemé orja trans-
former protection channel; therefore, thesefare class-
ified as non-permissive. Examples of non-permissive
systems are shown in figs. 13 and 14,

The presence or lack of trip-cireuit supervision
greatly influences the security“and reliability con-
siderations. As with all protection, systems, one must
strike a compromise between the conflicting require-
ments of security and reliability — security against
undesired tripping @nd/reliability in tripping when
required. With @on-permisSive schemes the burden
for security résts entirely with the tones themselves;
whereas, the fault-detecting relays in the permissive
scheme sharefthe Burden with tones for security.
Thus, we can“ease up on the security requirements
of the tones proper when used in a permissive
scheme. This is desirable not just for economy, but
also, to eliminate components which tend to detract
from Teliability.

Security Measures

The TA-1 frequency-shift receiver has been

SUPERSEDES I.L. 41-963A

*Denotes change from superseded issue.

specially designed for secupity against noise. Audio
frequency random neise (must be at least 50 db peak
over the guard signal@to cause trip relay operation.
With the recommended’ -32 dbm maximum receiver
sensitivity, thisjmeans that the a-f random noise
must be abofit,+18 dbm to cause undesired trip relay
operationg®PBhis“eompares with quiescent noise lev-
els on the ordemof -50 dbm.

This“leaves impulse noise to be considered. Not
onlymare, these of higher energy level, but they also
cannot be classed as random in the sense that the
energy is uniformly distributed across the audio
spectrum. Inadvertently applied voice signals and
power-system arcs and disturbing voltages are prime
sources of impulse noise. To guard against the pos-
sibility that this impulse noise might fall in the trip
band, a noise squelch is recommended. This squelch
receiver disables the frequency shift receiver when-
ever the noise measured in the 300-480 cycle band
exceeds the dbm setting of the squelch.

The receiver guard relay also contributes to
security. In non-permissive applications a break
contact of this relay supervises the ftrip circuit. It
must be dropped out at the same instant that the trip
relay is picked up, in order to trip. This feature
helps when the receiver sees high-energy impulse
noise which intermittently tends to concentrate at
the trip frequency.

A high signal level, along with an insensitive
receiver, also helps the channel to ignore noise. A
receiver sensitivity no higher than -32 dbm and a
received signal level of at least -20 dbm is a good
objective. This means that the channel attenuation
should be no higher than -15 db on leased circuits
to allow for the required reduced transmitter output
where transmitters are paralleled. This reduction to
5dbm keeps the combined audio energy down to tol-
erable levels from a voice interference standpoint.

Pilot-Wire Design

In applying a tone system for protection, the

EFFECTIVE OCTOBER 1967
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Fig. 1 — Front View of Full Chassis:

1—Telephone Type output relaysifwhen used);

2—Current monitoring jacks (when used).

user and the cooperating telephone company should
recognize the peculiar requirements of a tone pro-
tection channel. Preconceived notions and practices
based on experience with tones for other uses must
be re-examined in the light of the following facts.
The period of usefulness during the lifetime of any
given installation will range from 0-10 seconds. Yet
this infinitesimal period (compared to years) is pre-
cisely the time when noise levels can be abnormally
high and 60 cycle disturbing voltages will appear on
the pilot wire. The recommendations summarized “in
Figs. 17, 18, and 19 have been formulated with the
above facts in mind.

For a recommended installation:

a) Use a drainage reactor in all paths t@yground.

»* b) If KX642 gas tubes arefinstalled, connect
them only to ground as shown in, Fig. 16. Do not
connect the tube without shorting’ H2 to H3. This is
especially important where the sguelch receiver is
used, as a failure toffollow,these recommendations
will result in thed'squelch disabling the channel
whenever the tube flashes.

c) The pilot-wire pair must be twisted separately
from any othermwires in the cable.

d) Dg notyuse open pilot wires.

é)wshield any substantial length of wire between
pilet wire and tone equipment.

f) Use surge,pratection across tone connection.

To proteétgpersonnel, use isolating transformer
(S#185A495H01 serves the dual purpose of impedance
matching)§Meunt it with the drainage and neutral-
izingdevicesin an enclosure marked ‘‘High Voltage.”’

Fig.” 17 shows the recommended practices for
privatély owned cable installations. The best ap-
proach is to make the cable self-protecting. The
incremental cost (installed) of better cable insula-
tion is relatively small. Good electromagnetic shield-
ing by the shield and by the messenger will keep
induced potential to reasonable levels. The shield
should provide a shielding factor of 50% or less
(actual induced voltage of 50% of calculated value
ignoring shielding effect).

CONSTRUCTION

The type TA-1 tone equipment has been specifi-
cally designed for protective relaying applications.
Modular design is used, and a system is assembled
using plug-in modules to meet the requirement of a
specific application.

In a typical relaying application, the tone sys-
tem consists of a power supply module, a transmitter
module, two receiver modules, an optional squelch
module, and two output relays. These components
are mounted on separate chassis.

Basic construction is shown in Figs. 1 through
3.

A. Transmitter Module

The transmitter module consists of a transistor

o
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Fig. 2 — Rear View of Full Chassis

keying circuit, an oscillator, an output amplifier and
an output band-pass filter. The band-pass filter and
oscillator frequency determining components are
contained in a separate plug-in enclosure to simplify
changes in frequency assignments and stocking of
spares.

B. Receiver Module

The receiver module consists of an input®Band-
pass filter, a limiting amplifier, a specially tuned
discriminator, rectifying and filtering circuitry@nd a
two-stage d-c amplifier. The band-pass “filterdand
discriminator, which determines the operating, fre-
quency of the receiver, are mounted On @& separate
plug-in card. The discriminator outputsis brotight out
to separate screw terminals at thelrear Of the chas-
sis to facilitate connection of agchannel monitoring
meter.

C. Voltage Regulator Module

The voltage regulator consists of a power-on
switch, power-on light, f@sSe and two transistor-
Zener diode circuits./ The regulator is capable of
supplying regulated “86gdnd 22 vdc to two complete
transmitterAfecelverassemblies with squelch circuits.

D. AM Receiver Noise Squelch (when used)

This module consists of an input filter, normally
tuned for a,pass band of 300 to 480 cps, a three-
stage amplifier, rectifying and filtering circuitry and
an output d-c amplifier.

E™Output Relays

The output relays are either telephone type re-
lays or high speed type AR relays. On systems with

telephone typetelays, the relays are mounted on the
same“ehassiS as the modules and current jacks are
usedte manitor the relay coil current. In the type AR
relaymsSystems, the output relay is mounted in an
FT=222 case separate from the tone chassis and must
be,_econnected to the output of the receiver module.
Current test jacks on the FT case are used to mon-
itor the AR coil current.

The AR output relay is a small high-speed at-
tracted-armature type of unit. An insulated member,
fastened to the free end of the armature, draws down
four moving-contact springs to close the trip-circuit
contacts when the relay coil is energized.

A typical tone assembly using telephone type
output relays is shown in figure 8.

The tone assembly for an AR type system is

shown in figure 9, and the schematic of the type AR
output relay is shown in figure 10.

F. Physical Features

The modules are the same size, and plug into
either of two basic chassis.

a) An eleven module chassis with a nominal
overall size of 5%’ h x 19" w x 9%’’d, which mounts
in standard relay rack. Outline and drilling dimen-
sions are shown in Figure 4.

b) A five module wall mount chassis with a nom-
inal overall size of 5%’ h x 9 15/16”” w x 10 5/8”’
d. Module shelf swings out 180° for easy access to
rear terminals. Outline and drilling dimensions are
shown in Figure 5.
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Fig. 3 — Typical Module

THEORY OF OPERATION

Undernormal line conditions, the tone transmitter
operates at its guard frequency which is 85 cps be-
low the nominal or center frequency marked onghe
unit. At the receiving terminal, the reception ofithe
guard frequency develops an output from the pe@eiver
discriminator which operates the guard relay.

When a tripping function is called for, opesation
of the protective relay shifts the ton€ transmitter to
its trip frequency which is 85 cps aboveythe nominal
or center frequency of the tone. At ¢he receiving
terminal, the reception of the trip frequency develops
an output from the receiver discriminator which op-
perates the trip relay. Since ‘the guard discriminator
output is no longer presenty.the guard relay drops
out.

A. FS Transmitter (HB-17845-2)

For guard frequency transmission, the transistor,
Q3, is biased into €onduction by application of a
negative voltage on the emitter. This in effect in-
serts the guard frequency capacitors in the oscilla-
tor tuned@eircuit. The guard capacitors are removed
when the, forward bias is removed from the emitter
and the“eseillator shifts to the trip frequency. This

is ‘usually accomplished by a contact closure from
terminal 6 on the connector block to battery positive.

An oscillator, using the frequency determining
Lo, Cga and CT, generates the guard and trip fre-
quencies. The voltage tap of Ryg, the output level
control, is used to drive transistor Q1. an output
buffer amplifier. The filter, FL-1 is the collector
load of the amplifier and also serves to d-c isolate
the oscillator from the line and to match a line im-
pedance of 600 ohms.

The filter and the oscillator are the only fre-
quency sensitive components in the transmitter and
are packaged together in a hermetically sealed plug-
in can.

Frequency adjustment is obtained through the
use of capacitor Cg, resistor R7 and Ryq. The effec-
tive capacitance introduced into the tuned circuit is
varied with resistor Ry7. When resistor Ry7 is ad-
justed to maximum resistance, the capacitor Cg is
isolated from the tuned circuit. Resistor Ry is used
to prevent the entire value of capacitance from be-
coming effective in the tuned circuit.

B. FS Receiver

(HB-16527-2, HB-20835-2, and HB-20835-10)
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The input of the receiver is designeddto reject
adjacent channel tones by .t least 40 db. The
sharply sloping skirts of the filter“als® aid in pre-
venting noise frequencies, just abeve the trip fre-
quency, from causing falSe tpip relay operation.

Transistors Q1 Qg, (Q3 and Q4 comprise a three
stage limiter amplifier and will provide full limiting
of the discriminatdr imput signal to approximately
-40 dbm.

The diScriniinator’consists of two tuned circuits,
one tunedtempeak 4t the trip frequency and the other
tuned to peak“below the guard frequency. The effect
of this tuning is shown on the discriminator output
curve Figure 6. This tuning, combined with a bias
adjustment, greatly reduces the receiver sensitivity
te_random noise. The in-band noise power delivered
topthetd-c amplifiers is much lower over the band of
frequencies affecting the trip condition than it is in
the remainder of the band.

Resistor Rg(, the balance control, is essentially

a trimmer for the discriminator, allowing precise ad-
justment of the output at the guard and trip fre-
quencies. The discriminator output also appears
across resistor Rgo, the relay bias control. If resis-
tor Roo, is adjusted such that a greater portion of
discriminator output is delivered to transistor QG
rather than transistor Q5, it follows that more power
must be delivered to transistor Q5 to cause conduc-
tion. Resistor Ryg and diode CRjg form a bias net-
work preventing operation of either transistor Q5 or
QG during the no signal condition. Resistor R32,
diodes CRy; and CRj2 perform the same function on
transistors Q7 and Q8‘

Resistor-capacitor combinations, Rapg, C;g and
Rog, Cq1, form accelerating networks for the output
relays. Whentransistor Q7 is switched on by transis-
tor Q5, capacitor Cyq» momentarily shunts resistor
R28, causing a large inrush current to energize the
output relay. A low holding current limited by resis-
tor Rog, is required to keep the relay energized after
capacitor C10, is fully charged.
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FS Receiver

There are three receiver adjustments - an input
sensitivity control, abias control and a discriminator
output balance control.

The bias control and discriminator output balance
control are factory adjusted for optimum operation.
Except for special applications these controls should
not be readjusted.

Prior to setting the receiver bias, the discrimina-
tor output should be balanced for both the guard and
trip frequencies. Plug the connections of a 500-0-500
microammeter (zero center scale) with a 5100 ohm
resistor in series with the meter terminal into the
test points marked ‘‘Disc Out’’. With the receiver
sensitivity control at its maximum setting (fully
clockwise) and the receiver bias control at its me-
chanical center adjust discriminator balance control
for equal outputs at guard and trip frequencies.

In order to make the proper bias adjustment an
external variable frequency source (oscillator) is
required. With the output of the oscillator set at —20
dbm, adjust bias control for trip relay pickup of{30
cycles above center frequency of receiver. Afrecheck
of the discriminator output may show a deviation of
approximately 10% from previously balancedfcondi-
tion and a readjustment is not necessary.

Note voltage levels per Table 1.

AM Receiver Noise Squelch (whenused)

With transmitter set at -20 dbm output and AM
receiver bias control fully eounter clockwise super-
impose a 400 cycle -25 dbmjtone” on existing guard
signal to F'S receiver, @and adjust sensitivity of AM
receiver for zero output on microammeter across
““Disc Out’’ test pointSyReceiver bias control should
remain in counter clo¢kwise position.

Voltage Regblatok

No adjustmentss — Note voltage levels per Table

When the TA-1 tones with an AR output relay is
used, the 4series resistor of the power supply has
been set for 55 volts across the unregulated test
pointowith the following conditions:

1. D.C. supply of 140 volts d.c.

2. AR relay removed from its chassis. Thisis to

protect the electronic components against
excessive voltages. With thefAR unit in its
chassis, the non-regulated veltage will be
lower than the 55 volt.

Calibration of Type AR Output Relay:

The type AR output rglaygunit has been properly
adjusted at the factory, to“insure correct operation,
and under normal field conditions should not require
readjustment. If, howewvern, the adjustments are dis-
turbed in error, or it (becomes necessary to replace
some part, use theljfollowing adjustment procedure.
This proceduredshould not be used until it is appar-
ent that thefrelay is not in proper working order, and
then only4f suitable tools are available for checking
the adjusStments.

a. Adjust the set screw at the rear of the top of the
frame\to obtain a 0.009-inch gap at the rear end
of the armature air gap.

buwyAdjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This is
measured when the spring moves away from the
edge of the insulated crosspiece.

c. Adjust each stationary contact screw to obtain a
contact gap of 0.020-inch. This will give 15-30
grams contact pressure. This completes the ad-
justment procedure for the AR tripping relay unit.

Maintenance

The modules in this equipment use transistors
and other components which are conservatively rated
for reliability and long life. In normal operation, the
monitoring function provides a continuous check on
the performance of the equipment. At periodic inter-
vals, it may be desired to check the tripping function.
For such a check, the channel may have to be taken
out of service to prevent unnecessary breaker opera-
tion. The keying circuit may then be closed to check
the operation of the tripping relay.

As long as the channel is operating satisfactor-
ily, no maintenance work is necessary other than
seeing that the equipment is free of dust or dirt.
However, a scheduled routine check will prevent
down-time loss, since it may indicate deterioration
in the performance of one of the units. The output
relay contacts may be burnished on the same schedule
as that for the associated protective relays. If a
channel failure occurs because of the terminal equip-
ment, a trouble-shooting procedure should be used
similar to that employed for any electronic equip-
ment. First determine where the failure has taken

15
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place (transmitter or receiver); then determine the
portion of the circuit at fault.

Follow the tables of voltage levels which apply
to these circuits.

Test Equipment - For routine maintenance, the
following equipment will be adequate:

1. A-C vacuum-tube voltmeter, H-P Model 400D
or equivalent.

2. Calibrated attenuator, H-P Model 350B or
equivalent.

As an alternative, a 500-ohm variable resistor
can be used.

For trouble shooting, the following additional
test equipment is desirable:

1. Electronic frequency counter, H-P Model 523
C or equivalent.

2. D-C vacuum-tube volt-ohmmeter, RCA Senior
Voltohmyst or equivalent.

3. Cathode-ray oscilloscope.

GENERAL INFORMATION

Connection Drawings

The drawings applicable to the specifiec order
will be supplied. The applicable ‘‘CR’’ drawingsin-
formation is included as part of the nameplatejdata.

Tone Applications

Figures 11 thru 14 show typicalyrelaying applica-
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INTERNAL SCHEMATIC
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Fig. 10Winternal schematic of the type AR relay for use
with TA-1 tones.

tions which make use of the tone characteristics.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to users who are equipped for doing repair
work. When ordering parts, always give the assembly
style number and voltage rating, plus the component
identification and module in which it is located.

Replaceable parts are shown in Table 2.

.
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TABLE

VOLTAGE LEVELS

Measurements taken with respect to circuit common; —20 dbm guard signal transmitted and received.

E = Emitter; B = Base; C = Collector.
Q1 Q2 Q3 Q4 Q5 Qb Q7 Q8
MODULE VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS TEST POINTS
AC DC AC DC AC DC AC | DC AC | DC AC DC AC DC AC DC
Voltage E 36 22 Hi Reg 36VDC
Regulator B 36.2 22.2 Lo Reg 22VDC
HB-18425 C 43 29 Non Reg 43VDC
F'S TransmitterE | Tmv 4.35 |4.2mv .8 1mv .67 , Out .12VAC
HB-17845-2 B | 2mv 4.5 .045 9 |I<Imv | 0 C .046VAC
Cc| .12 9.6 |3.0 4.8 1mv .67
F'S Receiver .5mv .45 | 3mv 151 2.1 2.7 24 3.79.033 22 | .033 21 [ 2mv | 1.5 | 2mv | 1.5 | IN .039VAC
HB-16527-2 .8mv .6 | 5mv 9 2.4 3.8 2.6 3.8 1.03 24 | .033 | 21.8| 3mv 0 3mv | 1.2 | Disc. Out-Equal
HB-20835-2 36 and opposite VDC
<

HB-20835-10 5mv 1.7 1.1 |4.8 12 22 12 22 | 4mv 0 .033 | 22 4mv 43+ .1m | 1.6 at guard and trip.
AM Receiver E | 2mv 2.15] .016 | 2.15 13 42.45 |V027 20 In .01VAC
HB-17840 B | 2mv 2.3 .018 | 2.3 .199,2.65 .03 | 22 ouT 1.2VDC
(Adjusted to
Squelch with
-40 dbm 400 cps
tone input.) c | -019 7.4 :16 | 74 5] 2.45] .25 | 1.5 \" 5.0VAC

t Collector of Q7 only fordthe HB-20835-10 module.

ATTEW3SSY INOL (V1 3dAL

g9€96-1v " 1°1
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TYPE TA-1 TONE ASSEMBLY
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TYPE TA-1 TONE ASSEMBLY

A
#IE7A9I5HOI S*248A6916GC2 W“&Rﬁﬂm
ISOLATING MUTJAL DRAINAGE 377H__DRAINA
TRANSF. TOR 8 TypE (NOTE 2) REAQYQE N
e LU N, - \
i L
. =] !
| TWISTED ‘/ CARBON
PILOT - WIRE r BLCCK
SURGE \q—xmz K ) PAIR | s g? R .
- ~ - HI
_PROTECTOR A = ‘ =1 POWER
50 " - CENTRAL STATION
» GRD ; OFFICE
TA-1 i ) GROUND
TONES 50 oa ; T
( o \3)—2— i
MTG. |
N STUD
s SHIELDED CABLE
THESE CONNECTIONS ASSUMI Pl 2Zc = 6004
STATION L
GRD. =
MAT
NOTE 2 377H CRAINAGE REAC' R ARBON BLOCK MAY
QZPLACE ># 2484 S Y CONNECT 377H
SAME AS AT TEL| SV OFFILE
(Q) . WHERE IN{JCZI0 VOLTAGE MAY EXCEED 700 VOLTS. USE ONLY v. E S N
AND CENTRAL OFFICE GROUNDS ARE INTERCONNECTED Vid WATER - SY PIPES
#1578 995H01
- _3-WINDING
NEUTRALIZING TRANSF.
TWISTED = pisd
palelchey PILOT-WIRE A l
SURGE — = PAL i / p TG
PROTECTOR. s g ey QIher
i e e central [ ROWER
— o P (8T RS / P ,‘ STATION
Tae1 = eoog | 3::\2/ &= GROUND
TONES 50 - & :;‘ R ‘
b - I 33— ,
[R{=]
s ser /
NOTE THESE CONNECTIONS ASSUVE A FI_OT- WIRE Zo-60C N
STATION
GRO.
[r* SHIELDED CABLE
(b)‘SE WHE ATIO! CENTRAL OFFICE GROUNDS ARE NOT INTERCONNECTED
VIA WA SYSTEM, PIPES. 00 NOT USE IF INDUCED VOLTAGE MAY EXCEED
.o VO! .
_ #:
S#187. A?_Ilz?NG fAJZl‘JaKtsg‘BFGI?EIGE TELEPHONE CENTRAL OFFICE
150, iSF. REACTOR & TUBE {NOTE 2) 37
T
/' carson
TWISTED
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PAIR | 9
Jay ~ £ " OTHER
S POWER
CENTRAL [ sTaTion
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GROUND
‘%’ NOTE | THESE CONNECTIONS ASSUME A PILOT-WIRE 2,¥6000n
snmonl: = MOTE L 277H DRAINAGE REACTOR AND CARBON ELOCK WAY
= = SHY s
* GRO. A+SHIELOED CABLE REMOTE REPLACE ©#74BA€9IGO2 ASSEMBLY CONNECT 377w
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(C) USE WHERE INDUCED VOLTAGE MAY EXCEED 700 VOLTS AND WHERE THE
STATION AND CENTRAL OFFICE GROUNDS ARE _NOT INTERCONNECTED VIA
WATER SYSTEM PIPES .

ig. 17 — Recommended Connections and Protective Arrangements for leased Cable for Two Terminal Lines.
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TYPE TA-1 TONE ASSEMBLY

! ||’|s - FREQUENCY RESPONSE CIRCUIT
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Fig. 20 Drainage Reactor Connections.
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TYPE TA-1 TONE ASSEMBLY

LL.[41-963B

THIS OUTLINE CAN BE USED FOR ERECTION OR

MOUNTING PURPOSES.

IT IS NOT TO BE RE-

GARDED AS INDICATING THE EXACT DETAILS OF
CONSTRUCTION.
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Fig. 21 Drainage Reactor Outline

25



TYPE TA-1 TONE ASSEMBLY
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Fig. 22 Outline and Drilling plan for the type AR relay in the FT-22 case.
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TYPE TA-1 TONE ASSEMBLY

L.L. 41-963B

Table of Electrical Parts

oo NAME OF PART AND DESCRIPTION oy
HB-17845.2 FS TRANSMITTER

HB-57100 TRANSMITTER FILTER & TUNED CIRCUIT, 170 cps bandwidth,

340 cps spacing.
H-1007-439 CAPACITOR, tantalum: 334F, 10V, C1,2,3,65
H-1007-439 CAPACITOR, tantalum: 15pF, 25V, c7
HA-13579 CAPACITOR, ceramic: 0.47puF, 25V DC +80%, -20%. C4
H-1080-245 CAPACITOR, silver mica: .001 yF +5%. c6
H-1009-620 RESISTOR, fixed comp; 15K, +10%, W, R1
H-1009-429 RESISTOR, fixed: comp; 1K, +10%, ¥ W, R16
H-1009-442 RESISTOR, fixed: comp; 47K, +10%, 3W. R3
H-1009-530 RESISTOR, fixed: comp; 5.6K, +10%, $iW, R4
H-1009-446 RESISTOR, fixed: comp; 1.8K,-410%;.4 W. RS
H-1009 -607 RESISTOR, fixed comp;.1800ohms £10%, §W. R6
H-1009-408 RESISTOR, fixed: cdmp; 15K +10%, $ W, R7
H-1009-442 RESISTOR, fixed: comp; SZK, +10%, W, R8
H-1009-419 RESISTOR, fixedfcomp; 3.8K, +10%, 3 W. R9
H-1009-639 RESISTOR, fixed: (comp; 18K, +10%, $W. R10
H-1009-640 RESISTOR, fixed: /¢omp; 6.8K, +10%, W, R11
HA-13573 RESISTOR, variable: 500 ohms,.125V; linear taper, std. length R12

shaft 1/8" beyond mtg. surface; ear mounted; screwdriver adj;

printed circuit board,
H-1009-473 RESISTOR, fixed: comp; 680 ohms, +10%, iW. R13
H-1009-391 RESISTOR, fixed comp; 10K, +10%, 4 W. R14, 15
HA-14594 RESISTOR, variable: 250K ohms, 0.2W bd. taper; 1/8" screw-

driver shaft; printed circuit; ear mouated. R17
HA-3167 TRANSISTOR: type PNP; 2N1414, Q1
HA-3166 TRANSISTOR: type PNP; 2N1415 Q2
HA-17113 TRANSISTOR: type NPN, silicon; TI493, Q3,04
HA-3165 DIODE, silicon: SG22 (Stabistor). CR1,CR2




TYPE TA-1 TONE ASSEMBLY

Table of Electrical Parts
PR NG, NAME OF PART AND DESCRIPTION i
HB-16527 FS RECEIVER
HB-53900 BAND-PASS FILTER & DISCRIMINATOR.
HA-13579 CAPACITOR, ceramic: 0.47pyF, 25V DC +80%, -20%. Cc5, C6, C4
H-1007-479 CAPACITOR, tantalum: 6.8pF, 25V, C1, C2
H-1007-439 CAPACITOR, tantalum: 15pF, 25V. C3,C7,C8
H-1007 -92 CAPACITOR, ceramic disc: .0047 yF, 600V, C9
H-1007-403 CAPACITOR, solid electrolytic tantalex: 6.8pF, +20%435W.VDC. C10, C11
HA-13576 CHOKE: 1H. L1
HA-10271 DIODE, silicon, CR11,CR12
HA-13242 DIODE, germanium, CR1,2,3,4,5,
CR6,7,8,9,10,
CR13,14
H-1009-391 RESISTOR, fixed: comp; 10K £10%, 3 W, R37
H-1009-429 RESISTOR, fixed: comp; 1K +10%, 3 W. R26,27 6 3
H-1009-434 RESISTOR, fixed: comp; 2.2 K& 10% 3% W. R8
H-1009-497 RESISTOR, fixed: comp; 330'chms, +10%, %W. R16
H-1009-530 RESISTOR, fixed: comp;5,6K, #10%, 3 W. R6
H-1009-541 RESISTOR, fixed: 4comp; 2.7K, +10%, ¥ W. R10, RS
H-1009-544 RESISTOR, fixed:,(comp220 ohms, +10%, 3 W. R11,7,14
H-1009-598 RESISTOR, fixedy comp; 27K, +10%, %W. R4
H-1009-608 RESISTOR, [ fixed:@.comp; 820 ohms, +10%, 3 W, R13
H-1009-640 RESISTORPfixed comp; 6.8K, +10%, 4 W, R23, 30, 31,32
H-1009-697 RESISTOR, fixed: comp; 6.2K, +5%, 3 W, R24,25
H-1009-665 RESISTOR, fixed comp; 120 ohms, +10%, 4 W. R1,R9,R17
H-1009 -249 RESISTOR, fixed: comp; 560hms, +10%, 3 W, R12,R15
HA.13573 RESISTOR, variable: 500 ohms, 0.125W; standard length shaft R2
1/8" beyond mouating surface; screwdriver adj. for PC board;
taper bd; terminals are to be at right angles to shaft,
HA-14593 RESISTOR, variable: 1000 ohms, 0,25 W; linear taper; standard R22
length shaft 1/8" beyond mounting surface; screwdriver adj. for
PC board; terminals are to be at right angles to shaft.
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TYPE TA-1 TONE ASSEMBLY I.L. 41-963B
Table of Electrical Parts
RFL DIAGRAM
PART NO. NAME OF PART AND DESCRIPTION SYMBOL
HA-14643 RESISTOR, variable: 500 ohms, 0.25 Wj; linear taper; standard R20
length shaft 1/8" beyond mtg. surface; screwdriver adj. for
PC board; terminals are to be at right angles to shaft,
HA-3175 TRANSFORMER: primary impedance ohms 2000 CT; secondary
impedance ohms 8000 CT; 150 MW O/A, T1
HA-13575 TRANSFORMER. T2
HA-13806 TRANSISTOR: NPN, germanium 2N169A, Q5, Q6
HA-3167 TRANSISTOR: PNP, germanium 2N1414, Q1, Q2
HA-17117 TRANSISTOR: PNP, germanium; 2N137S, Q4,7,86 3
HA-16523 Guard Relay.
HA-16524 Trip Relay.
HB-17840 RECEIVER MODULE W/O FILTER
HB-56500 RECEIVER BAND-PASS FILTER.
HA-13579 CAPACITOR, ceramié: 0.47 pF, 25V DC +80%, -20% (S req. ). C1,2,5,
c8¢69
H-1007-438 CAPACITOR, tantalum: 330F, 10V, C3,6,76 4
HA-17197 DIODE, silicon., CR1, 2
HA-13572 RESISTOR, gariable:® 5K, 0.25W, log taper; std. length shaft R1
1/8"sbeyond mtg, surface; screwdriver adj.
H-1009-639 RESISTOR, ixed, comp: 18K, +10%, § W (2 req.). R2,R7
H-1009 -485 RESISTOR)) fixed, comp: 4.7X, +10%, 4 W (2 req.). R3, R8
H-1009-446 RESISTOR, fixed, comp: 1.8K, +10%, 4 W (2 req. ). R4, R9
H-1009 -435 RESISTOR, fixed, comp: 100 ohms, +10%, § W (2 req. ). RS, R10
H-1009-608 RESISTOR, fixed, comp: 820 ohms +10%, $4 W (3req.). R6, R11
R16
H-1009-497 RESISTOR, fixed, comp: 330 ohms, +10%, iW. R12
H-1009-423 RESISTOR, fixed, comp: 33K, +10%, $W. R13
H-1009-391 RESISTOR, fixed, comp: 10K +10%, § W, R14
H-1009-607 RESISTOR, fixed, comp: 180 ohms, +10%, 4 W, R15
H-1009-419 RESISTOR, fixed, comp: 3.3K, +10%, §W. R17
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TYPE TA-1 TONE ASSEMBLY

v,
l T 1
Table of Electrical Parts
PART . NAME OF PART AND DESCRIPTION DIAGRAM

o
HA-13913 RESISTOR, fixed, comp: 8.2K, +10%, 4 W. R18
H-1009-431 RESISTOR, fixed, comp: 270 ohms, +10%, W, R19
HA-13588 RESISTOR, variable: 2,5K, 0.25 W, std. length shaft 1/8" R20

beyond mtg, surface; linear taper; screwdriver adjust.
H-1009-530 RESISTOR, fixed, comp: 5.6K, +10%, 4 W, R22
HA-3175 TRANSFORMER: primary impedance ohms 2000 CT; sec. T1
impedance ohms 800 CT; 150 mvO/A 1 x 3/4 x 3/4,

HA-3166 TRANSISTOR: type PNP (2 req. ) 2N1415. Q1, Q2
HA-3167 TRANSISTOR: type PNP 2N1414, Q3
HA-13806 TRANSISTOR: NPN 2N169A, Q4

|

HB-18425 VOLTAGE REGULATOR
‘HA-13569 CAPACITOR, electrolytic: S00uF, 50V4 C1, C2
HA-17994 DIODE, zener: 22V, 1W’, +5%, o
HA -17506 DIODE, zener: 36V, 1 W, +5%,
HA-9348 FUSE: 0.5 amp; 250V, 3AG, F1
H-1009-730 RESISTOR, fixed: comp; 3, 3K, '+10%, 1W. R1
H-1100-375 RESISTOR, fixed comp; 300ochms, +5%, 20 W, R2
H-1009-481 RESISTOR, fixed:, WW; 47K, +10%, 2W, R3
H-1009-314 RESISTOR, Ifixed: 32, 2K, +10%, 1W, R4, R6
H-1220-33 RESISTORsfixed: QWW; 100 ohms, +5%, 3W. RS
HA-13554 SWITCH, pushbutton, S1
HA-13273 TRANSISTOR, power: germanium; 2N2063A, Q1,Q2
MISCELLANEOUS === ==

HA-17159 CAPACITOR; plastic, 0.5 mfd,, 2000 WVD, used on chassis,

WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION

NEWARK, N.

JI

Printed in U.S.A.



INSTALLATION

Westinghouse 1.L. 41-963.28
OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE TA-3 FREQUENCY-SHIFT AUDIO TONES

CAUTION: It is recommended that the user of this
equipment become thoroughly familiar with the
information in this instruction leaflet before ener-
gizing the tone assembly. Failure to observe this
precaution may result in damage to the equipment.

If the tone assembly is mounted in a cabinet, it
must be bolted down to the floor or otherwise se-
cured before swinging out the equipment rack to
prevent its tipping over.

Check polarity of battery supply connections
before applying power to the equipment.

APPLICATION

The Type TA-3 tones are of the high-speed
frequency-shift type and are available in two band-
widths: 170 Hz and 340 Hz. These tones &ave been
designed for use with transfer-trip relaying systems,
either solid-state or electromechanical. The TA-3
tones are suitable for use on a pilotzwire, pair, or
they may be multiplexed on a microwave or single-
side-band carrier channel.

Transfer-trip relaying system, applications are
classified as direct or permissive “transfer trip. A
system which allows the tone receiver to trip direct-
ly, either with an outputmrelayor through a solid-
state auxiliary such as ({the STU-92, is considered a
direct trip system. Directytsip systems are usually
applied to transformergprotection and shunt reactor
protection, where noYhigh side breaker exists and a
remote breaker must be tripped to clear a fault.
Another common application of direct trip systems
on EHV cireaits has been transfer trip for breaker
failure protection. The direct trip systems can use
either bandwidth TA-3 tone. The permissive type
relaying systems are applied for line protection. In
theSe systems the tones may trip a circuit breaker
onlky if a local fault detecting relay has operated.
Fon, protection of EHV lines with high-speed break-
ers,“the 340-Hz bandwidth TA-3 should be applied.

A receiver with a guard and trip output should

SUPERSEDES I.L. 41-963.2A

*Denotes change from superseded issue.

¥ be used to drive two HGyrelays which drive two AR

relays for use with feleetromechanical relaying
systems, and the feceiverfwith only the trip output
should be usedgwith Selid-state relaying systems.

SECURITY MEASURES

The 4T"A-3 tone system has been specially de-
signed (to/obta@in maximum security against noise.
The “EA-3\ takes advantage of the inherent noise
rejectionycharacteristics of a frequency-shift re-
ceiver so that the relaying can be depended upon to
trippwhen needed. The tone receiver is expected to
operate with a minimum in-band signal-to-noise
ratio of 9 db. Since an increased noise level on the
pilot wire may often be concurrent with a trip re-
quest, the noise clamps are adjusted at a level
based on the above minimum signal-to-noise ratio to
avoid unnecessary clamping of the receiver.

The system provides a 300-1000 Hz band-pass
filter and receiver to sample the random noise level
of the pilot channel. This receiver will protect
against false tripping due to random noise. In con-
junction with the band-pass filter there is a line
level monitoring system which samples the total
frequency spectrum of the channel, and is set to
operate for an overall increase of energy on the
pilot channel. This monitoring feature will protect
against false trips due to impulse noise which may
have energy concentrated about frequencies not
seen by the 300-1000 Hz noise filter. When noise
has caused the blocking of a receiver, the drop-out
of the blocking is delayed by 10 msec. to override
the receiver response time.

Also available as an option is a frequency
translation protection circuit. This is applied to
protect against tone frequency variations caused by
a pilot carrier frequency shift.

PILOT WIRE DESIGN

In applying a tone system for protection, the
user and the cooperating telephone company should

EFFECTIVE MARCH 1972
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recognize the peculiar requirements of a tone pro-
tection channel. Preconceived notions and practices
based on experience with tones for other uses must
be re-examined in light of the following facts. The
period of usefulness during the lifetime of any given
installation will be very small. Yet this infinitesi-
mal period (compared to years) is precisely thetime
when noise levels can be abnormally high and 60-
Hertz disturbing voltages will appear on the pilot
wire. The recommendations summarized in Figs. 1
and 2 have been formulated with the above facts in
mind.

For a recommended installation:

a. Use a drainage reactor in all paths to ground.

b. The pilot-wire pair must be twisted separate-
ly from any other wires in the cable.

c. Do not use open pilot wires.

d. Shield any substantial length of wire be-
tween pilot wire and tone equipment.

e. Use surge protection across tone connection.

To protect personnel, use isolating transformer
(S#187A995H01 serves the dual purpose of imped-
ance matching). Mount it with the drainage and
neutralizing devices in an enclosure marked ‘‘High
Voltage'’.

Fig. 1 shows the recommended practices"for
privately owned cable installations. The best ap-
proach is to make the cable self-protecting. The
incremental cost (installed) of better cabléyinsula-
tion is relatively small. Good, eléetromagnetic
shielding by the shield and by the{messenger will
keep induced potential to reasom@ble levels. The
shield should provide a shielding factor of 50% or
less (actual induced voltagegofy50%* 0f calculated
value ignoring shielding effect).

CONSTRUCGTION

Type TA-3 tone“equipment has been designed
for protective relaying applications. Modular design
is used, and a system is assembled using plug-in
modules to meet thegequirements of a specific ap-
plication. Figure 3 shows a typical system.

In a typiealyrelaying application, the tone sys-
tem consistsyof the following modules. (The basic
module @onstruction is shown in Figure 4).

A. POWER SUPPLY MODULES
(See Figure 5 for Internal Schematic)

1. D-C to D-C Converter HB25190 (48V d=ey,
HB25200 (125V d-c)

The converter contains a saturable coré in-
verter with two separate outpufgwindings and
rectifiers to deliver positive _and{inegative
output voltages to the regulator. &his module
is supplied for either 48Wer 125V d-c, and
there is a 125V d-c extermal|zener regulator
for use in conjunctiodywith,the 125V d-c con-
verter when a 250V,d-c sapply is used. There
is a blown fuse_indicator light and also a
power-on light 6n the,modules.

2. Voltage RegulatorpHB25210 (See Fig. 6 for
Internal Schematie)

The regulatoramodule consist of two regulator
transistors “with the necessary associated
cireuitryme hIn addition, there is a loss-of-
regulation indicator on the front panel and an
output#amplifier to operate an optional relay
for power supply loss-of-regulation indication.

In order to provide the proper heat dissipa-
tion, the Voltage Regulator Module is mount-
ed on the extreme left of the chassis. This
will provide the module with vent holes which
are beneficial for cooling of the regulator
transistors by natural convection. An addi-
tional regulator may be mounted on the ex-
treme right of the chassis.

B. FREQUENCY SHIFT TRANSMITTER
(Block Diagram Figure 7)

1. Frequency Shift Oscillator and Keyer HB25110
(See Fig. 8 for Internal Schematic)

The function of this module is to generate
the tone frequency with which the intelli-
gence of the protective relay channel is
communicated. It consists of a tuned oscil-
lator with an isolated impedance circuit
coupled to the tuned oscillator which shifts
the transmitter to a lower frequency when
operated. Figure 8 shows the internal sche-
matic of the transmitter. The frequency of the
oscillator is determined by plug-in unit
HB-62800.

2. Transmitter Amplifier HB-25220(See Fig. 10)

A,
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This module is designed to amplify the
oscillator output of HB-25110. One of these
modules is required for each oscillator
module since it provides matching for the
output of the transmitter. There are two
different matching output units used. The
band-pass filter HB62600 provides a 600-ohm
output impedance in the center of the chan-
nel pass-band with a high out-of-band im-
pedance characteristic to prevent adjacent
channel loading. This filter adds 1.5-milli-
second channel delay time. There is also a
transformer output HB55207 for applications
where a band-pass filter is not necessary.
These units are mounted on HB-25220 module.

Transmitter Amplifier HB-33375 (See Fig.11)

This module is used instead of Transmitter
Amplifier HB-25220 on 340 HZ bandwidth
tones. This module is the same as the
HB-25220 except for the addition of the beat
frequency oscillator circuit and its associate
filter (HB-63300-4) and the necessity of the
transmitter output filter HB-62600.

Frequency Shift Oscillator and Keyer
HB25110-3 (See Figure 9)

This module is used instead of“Erequency
Shift Oscillator and Keyer HB25110“on 340
HZ bandwidth tones. It is esgentially the
same as the HB25110 except for‘the addition
of the modulator circuit which gmixes the
frequencies of the beat“frequency oscillator
and the frequency shift gscillator.

C. RECEIVER MODULES (Block Diagram Fig. 12)

1.

. Receiver

Receiver Input Filter HB63100 (See Fig. 13)

A filter is ppovided to pass only the desired
incoming, signél to the receivers. One is
needed forgeach receiver. Typical receiver
filter chagacteristics are shown in Figure 13.

Limiter and Signal
Module HB25160-1 (Fig. 14)

Supervisory

One jnodule is required for each channel of
the system. This module together with the
input filter module provides a suitable input
for use with the discriminator module. It also
supervises the signal coming into the re-
ceiver, giving an absence-of-output indica-
tion when the signal falls below a predeter-
mined level and also clamping the output d-c

amplifier. A low signal condition isgindicated
by a light on the front panel.

F.S. Discriminator and D-C AmplifiemModule
HB25130-2 and HB25170 (Figs. 15 and 16)

This module provides the recei@er with the
information sent by the® transmitter at the
remote location. A heldiScriminator consists
of two tuned circuits, whieh respond to each
of the two transmitter fréequencies. The tuned
circuits are contained in unit HB-62700
A typical diSerimingtor output is shown in
Fig. 17.

Either thenHB265130 or the HB25170 module
is used to amplify the output of the discrim-
inatem,so that either electromechanical relays
orfsoldd=spate relays may be used.

Bet h"“modules are the same with the excep-
tionthat HB25170 (Internal Schematic in
Eigure 16) has only one output which occurs
on receipt of trip signal. On either module,
the trip output is blocked by the noise
supervisory module. However, the low-level
clamp from the signal supervisory module-
may be used for either blocking the output(s)
(Strap X) or biasing the trip amplifier into a
trip condition (Strap Y) without interfering
with the guard output. The latter system is
used for unblock applications. On either
module, the output(s) are indicated by lights
on the front panel.

D. NOISE SUPERVISORY MODULE
(Block Diagram Fig. 12)

NOTE: One set is needed for every telephone
line used.

1.

Noise Filter Module HB55187 or HB55183
(Fig. 18) (Notched for 425 Hz Transmitter)
(Some systems use 595 Hz Transmitter)
This module contains a filter (see Fig. 18)
that samples noise in the 300 to 1000 Hz
region. There are two different types of
filters. Filter module HB55183 has a rejec-
tion notch at 425 Hz and is used in con-
junction with a 425 Hz transmitter located at
the remote terminal for detection of carrier
drifts. This system is used on four-wire
telephone channels where there is a pos-
sibility of carrier shifting the telephone
band, which affects the F.S. receiver intel-
ligence by conditions existing outside of
the transmitters and receivers.
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2. Receiver Line Level and Noise Supervisory
Module HB25150 (Fig. 19)

This module consists of two receivers (see
Figure 19). One of them uses the output from
the noise filter module for the Noise Super-
visory function. The line level receiver uses
the ;entire tone band to supervise the total
in-band level of noise (this includes the
frequencies used for protective line relaying).

An abnormal signal of sufficient strength on
either of the receivers will cause an output
on the line level and noise supervisory mod-
ules which will block the receiver trip out-
put on the tone receiver and give an indica-
tion on the front panel.

. 425-Hz TRANSMITTER HB21050-2 (Fig. 20)
(Some systems use 595 Hz)

NOTE: One of these units is needed for each
telephone pair when used. This transmitter is to
be used in conjunction with HB55183 notch
filter. Its function is to block the end through
the noise supervisory module when there is fre-
quency deterioration between the transmitter and
the receivers in.a telephone line. It consists @f
a 425-Hz frequency-shift transmitter withgan
output filter.

OUTPUT RELAYS

Mercury relays or type AR relays may be dsed
for the outputs of this equipment. Exceptyfor the
AR, these relays are mounted on the baek of the
chassis in the position shownhen, Figure 21. The
AR relay is described in sepdrate instructions.

LINE TERMINATION MODULE HB25140
(Figure 22)

This module is to beypused,when the application
of the equipment calls“fer transmitters without
any output filfers.4Thisgmodule consists of two
hybrid transformers .and associated resistors
used for multiplexing tone channels on a single
telephone line or pilot pair.

HYBIRD)\FOR TWO WIRE TERMINATION
HB35315 (Eigure 23)

Thismmodule is used for applications requiring
justy two wire termination for both transmitter
and“receivers. It is used to isolate the local
transmitter from the receiver when a single line

pair is used. It contains plug in jumpersmfor
selecting capacitor values for matching tele%
phone line characteristics along with adjustabile
resistor R1. It also contains plug in jumpers for
selecting termination impedance of either 600
ohms or 900 ohms.

OPERATION

Under normal conditions, ghéytoneéytransmitter is
set to operate at the specified/freqiency for guard.
This frequency is above they,channel center frequen-
cy. During fault conditiens, the transmitter may be
keyed to a specifiedgfrequency below the center
frequency. This calses “@,trip output from the re-
ceiver terminal.

A. POWER'SUPPLY MODULES
(See Figures,5'and 6 for Internal Schematics)

Convertery(Fig. 5)

The, d-ejto d-c converter contains a saturable
core type multi-vibrator with Q1 and Q2 acting
asy switching transistors for transformer T1 in
series with the applied battery voltage. Starting
current is applied through R1 and oscillations
are maintained at a nominal 500 Hz by the drive
from the feedback windings in the base circuit.
Capacitor C1 provides the high-surge current
which occurs during the switching interval as
the magnetic field of T1 reverses and Ql and
Q2 change their conducting states. Capacitor
Cl and the 6.38-mHy choke provide a low-pass
filter section to reduce high-voltage transients
on the battery bus for protection of transistors
Q1 and Q2. Oscillator switching transients are
attenuated by R5 and C2. Two secondary wind-
ings on T1 feed the bridge rectifier circuits,
CR1 through CR8, to develop separate positive
and negative output voltages.

Regulator (Fig. 6)

Polar output voltages from the d-c to d-c con-
verter are applied to the Voltage Regulator
HB25210. Transistor Q3 is the series regulating
element for the positive voltage input. Resistors
R6,R7, and R8 comprise a voltage divider across

the emitter-follower output. A portion of this
output voltage is fed back to the base of Qi
and compared with a reference voltage across
the zener diode CR1 in the emitter circuit. The
difference voltage across the base-emitter
junction of Q1 controls the collector current
throughloadresistor R1. The voltage drop across
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R1 is coupled by emitter follower Q2 to the base
of Q3. Any change in the output voltage at the
emitter of Q3 is opposed by a change in base
voltage as a result of the controlling current
flow in R1l. The feedback voltage from the
voltage divider circuit is made variable by
resistor R7 to permit accurate setting of the
output voltage level. Transistors Q4, Q5 and
Q6 provide a similar regulator circuit for the
negative voltage output.

The regulation indicator circuit is essentially a
bridge connected across the positive and nega-
tive output terminals of the polar power supply,
a span of 36 volts. One leg of the bridge is the
18-volt zener diode CR3. The output leg of the
bridge is between the zener diode and the center
arm of potentiometer R19. R19 is adjusted for a
zero-volt output, or balance, at a total power-
supply output of 36 volts. A change in power
supply level after balance adjustment will
produce a * voltage change at the bridge output.
This is detected by a complementary Schmitt
trigger circuit consisting of Q7, Q8, Q10, and
Q1l1. At balance, Q7 and Q10 are both cut offy
and transistors Q9 and Q12 are two cdesed
switches in series to energize the indicating
lamp plus a remote relay. An increase Injoné€ or
both of the supply output voltages will cause
Q7 to conduct, and a decrease in ome Orgboth
voltages will cause Q10 to conductf Conduction
of either Q7 or Q10 will open the associated
series switching transistor, and the§ lamp and
relay will be de-energized.

B. FREQUENCY SHIFT TRANSMITTER

1. F.S. Oscillator and®KeyenHB25110 (For 170
Hz Bandwidth) (Block Diagram Fig. 7)

With reference”torthe schematic diagram in
Fig. 8, the oscdllator is a multivibrator type
consisting of, Q1™and Q2 with an LC circuit
collgetor #to collector, tuned to the guard
frequendy. THeé frequency shifting capacitor,
CT, is ‘eennected across a coupling winding
on the tank circuit by switching transistors
Q5 and Q6. For keying voltages below the
trip level, Q5 and Q6 will present high col-
lector impedances in series with CT effect-
ively removing it from the circuit, and a
guard frequency will be generated. When the
keying voltage exceeds the trip level, Q5
and Q6 will saturate and connect CT across
the oscillator causing a shift to the trip

*3.

frequency. The oscillator outpudy ISptaken
from the level control R24 acrdoss a #winding
on the oscillator coil.

In the keying circuit, Q3 and Q4 comprise a
Schmitt trigger. The trigger circuit is ener-
gized by the voltage @cross R2 when keying
current flows. The input to the base of Q3
is through zener diede“CR2. For voltages
below the zenef voltage, Q3 is cut off and
Q4 conducts; “current cannot flow through
coupling diodes, CR3 and CR4 to the bases
of switching transistors Q5 and Q6, and CT
is not gonnected across the oscillator. When
the zener voltage is exceeded, the Schmitt
trigger aetion causes Q4 to be cut off, and
current flows through CR3 and CR4 to clamp
the (switching transistors and generate a trip
freguency. Keying circuit characteristics
are shown in Figure 24.

Transmitter Amplifier HB25220 (Fig. 10) (For
170 Hz Bandwidth)

With reference to the schematic diagram of
Figure 10,amplifiers Q2 and Q3 are an emitter-
coupled pair with push-pull collector output.
Load coupling to the collectors is through
the optional plug-in assemblies, multiplexing
filter HB62600 or transformer HB55207.
Signals from the HB25110 F-S oscillator are
amplified by Q1 and applied to the base of
Q2, the input to the push-pull amplifier. The
GAIN control R2 can be set to maximum, and
the channel level adjustments can be ob-
tained using the LEVEL control on the os-
cillator module.

F.S. Oscillator and Keyer HB25110-3 (For
340 Hz Bandwidth) (See Fig. 9)

This is similar to the F.S. Oscillator and
Keyer HB25110 above except for the addition
of modulator transistors Q8 and Q9 for mixing
the frequency of the B.F.O. with the fre-
quency of the frequency shift oscillator. The
frequency from the beat frequency oscillator
is 10 KHz and is used to amplitude modulate
the frequency of the frequency shift oscil-
lator which in this case is 10 KHz plus the
tone frequency (guard or trip). This amplitude
modulation produces both the sum and dif-
ference frequencies of the two frequencies
which are fed to the transmitter amplifier
HB33375.
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A secondary winding on LO couples the out-
put of the oscillator to the LEVEL control
R10. This winding provides d-c isolation
between the oscillator circuit and the output
amplifier Q2 which operates from the full
—12V d-c. supply. Transistor Q2 is a Class
A common-emitter stage with the base input
signal coupled from the LEVEL control by
d-c blocking capacitor C5. The carrier band-
pass filter is the collector load.

This transmitter, together with HB55183
filter at the remote end is used to prevent
adverse effects from frequency translation.
When a telephone line is multiplexed with
other telephone lines, sometimes there is a
drift in band frequencies due to the receivers
and transmitters used in multiplexing. These
conditions, although lying beyond the con-
trol of the tone channels, are detected at

* the receiving end by applying the 425-cycle
transmitted frequency to the noise filter. The
noise filter HB55183 together with the noise
supervisory module do not tolerate a fre-
quency translation (due to line multiplexing)
of more than #40 Hz without blocking the
receivers.

D-C TO D-C CONVERTER AND VOLTAGE
REGULATOR

Converter HB25190 and HB25200, Regulator HB25210

Power Output:
Model HB25210 Voltage Regulator with™one of

the D-C to D-C Converter Modules, HB25190 ot
HB25200 — 7.5 watts maximum; +18 volts aty200
ma. and —18 volts at 200 ma.

Power Input:

Approximately 15 to 23 watts/forgabove output
power over the following conwverter input voltage
ranges;

HB25190 — 42 to 56 V d-c; 48 v.d.c. nominal.

HB25200 — 105 to 144 4V d-¢, 125 v.d.c. nominal.
See Figure 5 for 250V d-c battery input.

Regulation:

+18 and —18 v.d.ep within 0.1 volt.

Regulationfindieator:

Indicates, changes greater than 2 volts in +18 V
d-c output; module panel lamp extinguishes and
remote, relay 1s de-energized. Recommended alarm
relay¢is, HA?8574; two Form-C 5-ampere contacts,
2000-ohm™“€oil.

R ipple:

4 mv RMS maximum on +18 v.d.c. and —18 v.d.c.
outputs.
Converter Frequency:

Nominal 500 Hz; 380 Hz to 600 Hz over rated
input and output ranges.

Overloads:

No overload protective circuitry. Input to con-

CHARACTERISTICS

CHANNELS TRIP FREQUENCY GUARD FREQUENCY
170-Hz b.w. 340-Hz(b.w. 170-Hz b.w. 340-Hz b.w. 170-Hz b.w. 340-Hz b.w.

1275 1190 1360

1360 1190 36 1530
1615 1530 1700
1955 5040 1870 1870 2040
2295 2210 2380 2210
2635 2550 2720
2978 2720 2890 2550 3060 2890

When)»170-Hz and 340-Hz bandwidth (b.w.) channels are used in conjunction, the 340-Hz channel takes the
spaece, of the two 170-Hz adjacent channels. It is recommended that the lower frequencies be used for wide bands

(340-Hz b.w.).

Ay,
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CHANNEL DELAY TIME

170 Bw. 170 Bw. 340Bw.

W/TRANSF. W/FILTER W/FILTER

Channel Time (excluding telephone line) 7.5 ms. 9.0 ms. 5.0 ms.

Relay Time

2 Amp Mercury Wetted Relay or 3.0 ms. 3.0 ms. 3.0 ms.
Mercury Wetted Relay and 10W AR

Total 10.5 ms. 12:9,ms? 8.0 ms.

Ambient Operating Temperature: ........cccvviieeeeennnnn.

Approximate Weight: ...... ... i i

............................................ —20° to +55°C.
............................................ —60° to +75°C.

........................................................ 14 1b.

verter is fused; effective only for short-circuit loads.
Operation above maximum rated levels should be
avoided to prevent damage due to excessive heat
generation.

Isolation:

Output circuits are d-c isolated from grottnd and
the converter input battery supply. A transient 4olt-
age filtering capacitor, C3, in the converten module
is connected between the output COMMON, and,the
positive battery input and has a 2000WN dfc rating.
(See schematic diagram, Figure 5.)

F.S. OSCILLATOR AND KEYER), HB25110 and
HB25110-3
Output Level:

0.11 Vrms maximum —17 ‘dBm, unbalanced, +0.75
dB. Less than 0.25-dB difference between steady-
state guard and trip frequencies.

Keying Circuit:

Requires 16 mA +10%fto shift from guard to trip.
Return to goard,at“4, mA less than maximum trip
current. N@.intérmediate frequencies or stopping of
oscillation for,anyfkeying voltage. Nominal keying
voltages are 24V, 48V and 125V d.c. with series
resistance values per Fig. 8. Shift from guard to
trip is at apgroximately 50% of keying voltage. Input
resistance approximately 1000 ohms. See Figure 24.

Erequency: (HB25110 Only)

Guard is above channel center frequency. Trip
is) below channel center frequency. Frequency
stability 0.2% of channel frequency.

* Frequency: (HB25110-3 Only) (340 Hz Bandwidth

Only)

The guard frequency is equal to the chanel
center frequency plus 170 Hz plus 10 KHz for normal
applications. The trip frequency is the channel
center frequency minus 170 Hz plus 10 KHz for
normal applications.

(In dual channel systems, one of the channels
utilizes a shift up in frequency for trip. In this case,
the guard frequency for this particular channel
would be 10 KHz minus the channel center fre-
quency and minus 170 Hz. [fg = 10,000 — fc — 170].
The trip frequency would then be 10 KHzZ minus the
channel center frequency and plus 170 Hz. [ft =
10,000 — fc + 170]).

TRANSMITTER AMPLIFIER HB25220 and HB33375

Gain:
30 dB with transformer HB55207, 28 dB with
filter HB62600, —1 + 0.5 dB from setting.

Output Level:

+8 dBm maximum in 600 ohms with filter. +10
dBm max. in 600 ohms with transformer.

Harmonic Distortion:

Total distortion with HB25110 f-s. oscillator
input is 1.5% with transformer output, less than
0.2% with filter output, at maximum rated output
level.
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Transient Response:

With HB25110 f-s. oscillator input and filter
output, trip signal and transients are within —3dB
to +3dB of guard signal level.

Beat Frequency Oscillator: (HB33375 Only) (340 Hz
Bandwidth Only) 10 KHz # 0.25%.

RECEIVER LIMITER AND SIGNAL SUPERVISORY
HB25160-1, RECEIVER FILTER HB63100
Sensitivity:

Maximum sensitivity of the HB25160-1 receiver
module for block release after a signal-loss block
is —44 dBm, measured at CARRIER IN test point.
Maximum sensitivity referred to channel level on
communication circuit is determined by the loss in
the channel filter and coupling network. See Figure
23 for recommended nominal levels and Figure 12
for coupling scheme. This arrangement, when used
with the HB25150 noise supervisory module, will
permit a minimum nominal line level per channel of
—28 dBm. Sensitivity is constant within +1 dB.

Outputs:
Limited carrier signal, *17 volts for driving
discriminator module, 600-ohm driving impedancg.

Clamping voltage for trip block circuit in discrims
inator module.

Input Impedance:

HB63100 filter input 600 ohms in passband,
out-of-band rising impedance characteristig;

F.S. DISCRIMINATOR AND D-C AMPLIFIER
HB25170 and HB25130 (Dual Output)

Discriminator Input:

9V rms carrier signal derived from 17 volt limit-
ed signal from limiter section iMpHB25160 module.

Low Signal Block Input:

Block — 3 mA4 +0,8V.“Block release — -3.4V,
0 mA. From sign@l supervisory section in HB25160
module.

Noise Block Input:

Block—2 to 3 mA, +14 to +17V. Block release —
—3.4V, 0QmA. From noise supervisory module
HB25150n

HB25130-2%0Qutputs:

Triphamplifier, 100 mA capability. Nonconduct-
ingyfor a guard signal, collector at —18 volts. Con-

10

ducting for a trip signal, collector at +18 voltsk
Guard amplifier, 100 mA capability. Nonconddcting
for a trip signal, collector at +18 volts. Condueting
for a guard signal, collector at —18 volts.

HB25170 Output:

Trip amplifier, 100 mA capability. Nonconduct-
ing for a guard signal, collect@r at®=18 wyolts. Con-
ducting for a trip signal, collectorat, +18 volts.

LINE LEVEL AND NOISE ,SUPERVISORY HB25150
AND FILTERS HB55183 AND\HB55187

Output:

Clamping voltage)for trip block circuits in up to
six F.S. Discriminator@and D-C Amplifier modules
(HB25170 or HB25430)7 +13V to +17V at 2 to 3 mA
block, —3.4VWat O0mA block release. Block release
delay time is, I'Oypmilliseconds. D-C amplifier cap-
able ofideliwering up to 100 mA at 36V to an indi-
catingddeviee, or voltage pulses to logic circuitry.
Amplifiery is, conducting for a block, collector at
+18W¥;,. nonconducting for block release, collector
at' =18

Naise Filters HB55187 and HB55183

300 to 1000 Hz passband, 600-ohm input impe-
dance in passband, out-of-band rising impedance
characteristic. 600-ohm output impedance. Noise
filter HB55183 is the same as HB55187 except for a
25-db rejection notch at 425 Hz.

Noise Filter Amplifier:

600-ohm input impedance. Sensitivity adjustable:
Maximum sensitivity for a trip block is —52 dBm,
+0.5 dB —1 dB.

Line Level Amplifier:

11.2K input impedance. Sensitivity adjustable;
maximum sensitivity for a trip block is —27 dBm;
+0.5dB -1 dB.

425-HZ TRANSMITTER HB21050-2 (Some Systems
Use 595 Hz)

Output Level:

600 ohms nominal, isolated and balanced.

Output Stability:
+1.5 dB from —30°C to +70°C.

Frequency Stability:
HB21050-2 +.25% from —30°C to +70°C.
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Keying Inputs:
Neutral voltage pulses, —10V nominal. Input
resistance approx. 5K to 15K.

INSTALLATION
(Outline and Drilling Plan, Figure 19)

The tone assemblies should be mounted on relay
racks or in suitable cabinets when the eleven-module
chassis is used. The mounting location should be
free from dirt, moisture, excessive vibration, or heat.
All electrical connections are made through a 24-
terminal connector on the rear of the chassis per
CR drawing which applies to the particular order
and appears on the nameplate.

Use of current monitoring jacks: Standard tele-
phone-type current jacks can be supplied on special
order to monitor the guard, trip or alarm, output relay
coil currents when such are mounted on the bottom
of the TA-3 tone assembly. This assembly will be
three rack units high.

The type AR relays, when used, should be
mounted near the TA-3 tone chassis in a location
free from dirt, moisture, excessive vibration, oxfheat.

SETTINGS

Transmitters

Only one setting is required on thel{tofie trans-
mitter and that is the output level. Fhis Setting is
made by using the screwdriver type @adjuster marked
‘““gain’’ on the transmitter amplifier module. In
general, the tone transmitters @re set®o the maxi-
mum level allowed by the teléphonéycompany on the
pilot wire or telephone paim FOrdexample, in pro-
tective relaying applications,{generally only one
or two tone transmitters willgbe connected to the
pilot channel at anyfoné terminal. If zero dBm is
the maximum allowablé level, a single tone trans-
mitter will bedget to“that level (0.775 volt). If more
than one transmifter is used at one terminal, the
telephone company &Should be consulted as to the
allowable transmitting levels.

The audio output level of the transmitter is
measured by ¢onnecting a 600-ohm resistor or load
across)the signal output terminals. No other signal
shaéuld, ‘be present on the line if it is used. The
levelican be measured at the output terminals using
an a-C” vacuum-tube voltmeter. The level control is
then adjusted for the desired output. After all the
transmitters are adjusted properly and multiplexed,

a VTVM reading should be taken at the ‘“*OUT’’ pin
jack on the front panel and recorded for mlaintenance
and check-out purposes. This avoids the, necgssity
of disconnecting the transmitter from the Iine when
level are to be checked or readjusted. The 425-Hz
transmitter should be set the same a& any other
transmitter.

F.S. Receiver

(Refer to Fig. 26 for Relativetluevels)

The sensitivity is adjuStedrwith a carrier signal
present at the inputyof (the channel filter at the
nominal level for ,the pasticular installation. Short
circuit the two _testypoints designated sens. adj.
link on the pangl ofythe Receiver Limiter and Signal
Supervisory module. This will decrease the sensi-
tivity of the reeceiver by 6 dB. Turn the SENSITIV-
ITY cgentrol slowly from its extreme clockwise posi-
tion until the®BLOCK light is energized, then re-
meve theyshart from the test points. With this setting,
a ‘6-dB™decrease in channel level will generate a
trip bleck function; a 3-dB recovery is required to
releasée the block.

Rine Level and Noise Supervisory Module
(Refer to Fig. 26 for Levels)

NOTE: If a HB55183 notch filter is used, the cali-
brating procedure should not be altered.

The sensitivity of both noise detecting circuits
is adjustable with all channel signals present on
the line at their nominal levels for the system.
Adjust the noise-filter amplifier sensitivity as
follows: first turn the NOISE SENSITIVITY control
to its extreme counterclockwise position (if the line
level sensitivity has not been adjusted, turn this
screw to its extreme counterclockwise position
also). Remove the noise filter from the chassis.
Connect the CARRIER IN test point of any conven-
ient HB25160 Receiver module to the NOISE IN test
point on the HB25150 Noise Supervisory Module.
Slowly turn the NOISE SENSITIVITY control from
its extreme counterclockwise position until the
BLOCK light is energized. Remove the test point
connections and replace the noise filter in the
chassis; the light should turn off. With this adjust-
ment, a trip block will be initiated for an in-band
signal-to-noise ratio of 12 dB or less. A minimum
of 9 dB is required for security against false trip-
ping in type TA-3 Protective Relaying Channel.

The wide-band noise or line level amplifier sen-
sitivity can be adjusted in this manner: Connect the
LINE LEVEL SENS. ADJ. test point to the COMMON

n
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test point. This will increase the gain of the ampli-
fier by 4.5 dB. Turn the LINE LEVEL SENS. con-
trol slowly clockwise until the BLOCK light is
energized, then remove the test point connections.
When the combined level of signals plus noise in-
creases by 4.5 dB, a trip block will be generated.

A hysteresis of approximately 1.5 dB exists in
the trigger-type blocking circuit for a block release.
The 4.5-dB high-level block setting and a low sig-
nal-level block adjustment of 6 dB in the Limiter
and Signal Supervisory Module HB25160 will give a
dynamic operating range of 10.5 dB for the protective
relaying receiver,

F.S. Discriminator and D.C. Amplifier
(See Fig. 17, Typical Discriminator Output)

With a —5, 0, +5 v.d.c. voltmeter of at least
20,000 ohms-per-volt resistance connected between
common and ‘‘Disc. out’” T.P., check for equal
outputs at Guard and trip frequencies and adjust the
discriminator bias on the front panel to correct this
if necessary.

ACCEPTANCE CHECK

D-C to D-C Converter HB25190 or HB25200

Non-Regulated Voltages:
.+V d-c to common
—V d-c to common

+22 to +34 V'd:c
—22 to —344Vpd-C

Voltage Regulator
+18 V to common
—18 V to common

+18 Vi d-c
—18 Vid-c

Transmitter
(Consists of an oscillator and Keyer, ,and a trans-
mitter amplifier.)

Key transmitter to tripmfrequency by applying
the correct keying voltage atéthé terminals indicated
on the connection drawing.

All transmitter drequencies and output levels
should be checked withfa 600-ohm load connected
at the output.

Guard JFrequency: within 2 Hz of the frequency
specified in the Character-
istics section.

Teip Frequency: within 2 Hz of the frequency

specified in the Character-
istics section.

12

NOTE: Allow 4 Hz for 340-Hz bandwidth tones.

Output Level:
at least +8 dBm when supplied withafilter
output.

at least +10 dBm when supplied with trans-
former output.

* 425-Hz Transmitter (Some Systems ‘Use 595-Hz)

Frequency: 425 Hz within®™hHzZ
Output: at least + 1"dBm

should, shifthat least 40 Hz to block
Noise Supemvisory module.

Keying:

F.S. Receiver

With a transmitter<dnput set at —20 dBm, see that
the guard and frip/foutputs operate correctly.

Line LeveltandyNoise Supervisory

Shouldmeperate upon receipt of a 700-Hz tone at
—3TydBmjor any transmitter tone frequency at —15
dBm. Factory calibration is at a —20 dBm nominal
input signal.

ADJUSTMENTS

Use the following procedure for adjusting the
tones if the tone adjustments have been disturbed.
This procedure should not be used unless it is ap-
parent that the tones are not in proper working order.
(See ‘‘Acceptance Check’”).

POWER SUPPLY

The d-c to d-c converter has no adjustments.
The voltage regulator module HB25210 has adjust-
able reference voltages. In order to adjust the
reference voltages, a card extender (HB14583) is
needed because the adjusting resistors are not
accessible from the front of the panel. Connect a
d-c voltmeter to common and +18 volts (front of the
panel), and adjust R7 for +18 volts. Repeat this
operation by connecting the voltmeter between com-
mon and —18 volts and adjusting R15. The regula-
tion indicator is set by adjusting R19 for zero volts
between the reference zener diode CR3 and the
white test point on the front panel. The regulation
indicator will detect any changes over 2 volts by
the lamp being extinguished and the optional relay
being de-energized.

TRANSMITTER MODULES

F.S. Oscillator Keyer

Oscillator frequency is determined by the plug-
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in tuned circuit assembly. A FREQUENCY ADJUST-
MENT control on the module panel enables a slight
frequency trimming in the event that the channel
tuned circuit assembly is changed. This adjustment
affects the trip and guard frequencies simultaneously
and in the same direction. The LEVEL control
permits setting the oscillator output level to the
system requirement. Both adjustments can be mon-
itored at test points on the panel.

Transmitter Amplifier

The output level of the transmitter amplifier was
discussed in the SETTINGS section.

RECEIVER MODULES

The only adjustment needed in the receiver
modules (level adjustment was covered in the
SETTINGS section) is the adjustment of the Dis-
criminator Balance Control.

Adjustment of the DISCRIMINATOR BALANCE
control is made with alternate trip and guard fre-
quencies applied to the discriminator. With equal
output, as measured at the DISC. OUT test point, &
slight guard preference in operation will be derived.
This can be seen with reference to Fig. 15.

LINE LEVEL AND NOISE SUPERVISORY'MODULES

These modules require no adjustménts, exeept
for the settings covered before.

MAINTENANCE

The modules in this equipment Wse transistors
and other components which'are canservatively rated
for reliability and long lifemIn™nefmal operation, the
monitoring function provides &\continuous check on
the performance of the,equipment. At periodic inter-
vals, it may be desired’t@ check the tripping func-
tion. For such a%hecek, the channel may have to be
taken out of#Servicedto prevent unnecessary breaker
operation./The Keying circuit may then be closed to
check the “@peration of the tripping relay. The
acceptance cheek procedure will provide a more
thorough test.

As long as the channel is operating satisfactor-
ilgm, N0, maintenance work is necessary other than
seeing that the equipment is free of dust or dirt.

However, a scheduled routine check will“prevent
down-time loss, since it may indicate [deterieration
in the performance of one of the units.“%Lhefoutput
type AR relay contacts may be burnished on the
same schedule as that for the associated protective
relays. If a channel failure occurs because of the
terminal equipment, a trouble-shooting procedure
should be used similafyto “that employed for any
electronic equipment. Firsty, determine where the
failure has taken pla€e j(transmitter or receiver);
then determine the portion jof the circuit at fault.
Refer to Table I for ty¥picalftransistor voltages.

Test Equipment

For routine, maintenance, the following equip-
ment will fpe“adequate:

¥ 19, "A-CWacuum-Tube Voltmeter, at least 15 kHz,
1 mv sensitivity.

2y Calibrated Attenuator, 600 ohm.

For troubleshooting, the following additional
test equipment is desirable:

% 1. Electronic Frequency Counter, 15 kHz min-
imum.

2. D-C Vacuum-Tube Volt-Ohmmeter.
3. Cathode-Ray Oscilloscope.

* 4. Oscillator, 200 to 15,000 Hz.

GENERAL INFORMATION

Connection Drawings

The drawings applicable to the specific order
will be supplied. The applicable ‘‘CR’’ drawing
information isincluded as part of the nameplate data.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to users who are equipped for doing repair
work. When ordering parts, always give the assem-
bly style number and voltage rating, plus the com-
ponent identification and module in which it is
located.

Replaceable parts are shown in the Parts List.

13
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TABLE

TYPICAL VOLTAGE MEASUREMENTS (REFERRED TO ‘“COMMON’’)

200 mA LOAD +22.5V INPUT

14

Q1 Q2 Q3 Q4 Q5 Q6
HB25210
Voltage Vdec. C +19.4 +22.0 +22.5 —19.4 22270 —22.5
Regulator B +12.1 +19.4 +18.7 —12.1 =194 —18.7
E +11.4 +18.7 +18.0 —11.4 £18m —18.0
NO LOAD #34.2V INPUT
Q1 Q2 Q3 Q4 Q5 Q6
HB25210
Voltage Vdc C +19.2 +33.5 +34.2 A 192 —33.5 —34:2
Regulator B +12.1 +19.2 +18.8 =12.1 —19.2 —18.8
E +11.4 +18.8 +48.1 ~11.4 —18.8 —18.1
Q1 Q2 Q1 Q2
HB25110
F.S. OSC Vdc C +18 +18 AC Signals C 34 34
And Keyer B + 7 +. 7 Vp — p. B 10 10
(Fig. 8) E + 6.5 + 6.9 E 5 5
F.S.OSC & Keyer Q1 Q2 Q3 Q4 Qs Q6 Qs Q9
HB25110
& vDC C +18 —
HB25110-3 B P17 See Fig. 24 -
Fig. 8 & Fig. 9
(Where applicable B + 6.5 0
vae 34 — 34
pP-D. 10 — — .2
5 — _
Q1 Q2 Q3
HB25220
Transmitter Vdc C 7 15 15
Amplifier B 0 —0.3 —-0.3
E —0.7 —0.9 —0.9
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TABLE | (Continved)
TYPICAL VOLTAGE MEASUREMENTS (REFERRED TO ‘*COMMON"’)
Trans. Ampl. @« Q2 Q3 Q4 Qs
& vde C 7 15 15 —-5.8 —12
B.F. Osc. B 0 -0.3 -0.3 —1.1 —2.2
HB33375 E| -0.1 -0.9 0.9 - .9 —2.
Fig. 11
vac o) 15 2.7
p-p B .08 .08
E 0 -
Q1 Q2 Q3 Q4 Q5 Q6
vde cl| +16.6 +18 + .9 +0 4 18 —18
B 0 0 +16.6 15V 9| — 4
E| - 71| - 1 +1702 L16 - -
HB25160-1 7 Q8 Q9 Q10 Qnu Q12 Q13
. w/0 h
Rec. Lim. And | o, cl +18 + 7 $17.2 +17.9 +18 0 —18
Sig. Supv. vde B 0 _18 -1 4% +17.2 +17.9 | +17.5 | +18
El — 0.7 —14.90 |4—1#9 +18 +17.2 | +18 +18
cl| -14.7 +18 —2.7 +18 0 +17.9
W/Sig. B| ~14.5 W, —15.1 +18 — 2.7 — 2.8 | +17
vde E| —15.2qm —215.2 +18 — 34 + .05| +18
Q2 Q3 Q5 Q6 Q7 Q8 Q9 Q10
Guard @] W75 +6.1 +18.0 ~18.0 —0.45 | —-1.6 —6.9 | -17.9
vde By, —0:6 +1.2 + 4.0 +18.0 1.1 —0.1 1.6 ~17.2
HB25130-2 E|. +0.55 +0.55 + 6.8 +18.0 —0.43 | -0.43 | —6.8 +18
HB25170
F.S. Disc. Trip c| +0.45 +1.4 + 6.9 +17.9 +7.5 3.7 _18 +18
and D-C Amp, vde B| +1.1 +0.1 + 7.4 +17.2 +1.1 —1.22 | -3.65 | —18
E| +0.42 +0.42 + 6.8 +18.0 +0.56 | —0.56 | —6.8 —18
Q3 Q4 Q5 Q6 Q7 Q8 Q9
Block C <—15 + 0.8 —0.1 +17.9 +18 + 0.1 +17.9
HB25150
vde B| <-16 >16.8 —0.7 +17.2 +17.9 | + 0.7 +17.2
Line Level
E| <-16.4| <16.4 0 +18 +17.2 0 .18
and, Noise
Supv. Release C -15 3 +18 — 2.6 +18 +18 —18
vde B| < 16.3| —15.8 ~ 28| +18 —2.55 | — 2.75| +18
E 16.4 | —16.4 0 +18 -33 0 18

15
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ELECTRICAL PARTS LIST

DIAGRAM

SYMBOL NAME OF PART AND DESCRIPTION PART(NO.
HB25110 AND HB25110-3 F.S. OSCILLATOR AND KEYER
¥ 4
R3 thru R20,
R22, R23 RESISTOR, fixed comp., +5%, Y4 watt, unless otherwise specified
R2 RESISTOR, fixed WW: 1.5K +5%, 1%2 watt, Ohmite type 995-1A. H-1100-421
R1 RESISTOR, fixed WW: 600 +5%, 3 watt, Ohmite type 995-3A. HA-1220-22
R21 RESISTOR, variable: 250K +30%, 0.1 watt, BD taper, C.T.S. P@ HA-14594
R24 RESISTOR, variable: 500 +20%, 0.125 watt, BD taper. C.T. HA-25253
Cl1 CAPACITOR, mylar, 0.1 ¢ F £10%, 100V, Cornell Dubilie%l. H-1007-624
C3 CAPACITOR, mica, 1200pF #2%, Elmenco DM19D122 4CR. H-1080-333
C4 CAPACITOR, tantalum, 1 uF +20%, 35V, Texas I 5FP035D4. H-1007-496
CRI1 DIODE, zener, 6.8V 5%, Motorola 1N4736A HA-21504
CR2 DIODE, Zzener, 5.1V #5%, Motorola 1N4733\ HA-24328
CR3, CR4 DIODE, silicon, 200 PIV, 500mA, DiodeskDI—Q. HA-17197
Q1 thru Q6 TRANSISTOR, silicon NPN, VECO 4@2 case, Motorola 2N3903. HA-21562
Q8, Q9 TRANSISTOR, Germanium, P as tr. 2N1375 HA-17117
Tuned oscillator ckt., seal n assembly. HB-62800
Test jacks, Sealectro Cor:x).
HB2522 MITTER AMPLIFIER
R3, R4, R6, RT, *
R8, R10 RESISTOR, fixe &t 5%, Y4 watt unless otherwise specified.
R1 RESISTOR, *200 +5%, 12 watt, Ohmite type 995-1A. H-1100-427
R9 RESISTOR ed ., 1300 +5%, 1% watt, Ohmite type 995-1A. H-1100-529
R2 RESISTOQI& 5K +30%, 0.25 watt. log taper, C.T.S. PE200. HA-13572
R5 ), fixed comp., 10K +5%, Y% watt. H-1009-416
Cl1, C2 , tantalum, 15 uf +10%, 35V. Texas Inst. SCM156GP035D4. H-1007-654
C4. C5 OR, tantalum, 1.0 pf +20%, 35V. Texas Inst. SCM105FP035D4. H-1007-496
C3 CITOR, mica 470pf +2%, Emeco DM-19. HA-16632
Q2, Q3 TRANSISTOR, silicon NPN Vcgo 65V TP-5 case. 2N2102 HA-22678
Ql RANSISTOR, silicon NPN Voo 40V, TO-92 case. 2N3903 HA-21562
TRANSFORMER, Plug-in assembly. HB-55207
Multiplexing filter, plug-in assembly. HB-62600

Test jacks, Sealectro Corp. SKT-10.
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ELECTRICAL PARTS LIST O
?\'&GBRO'}_M NAME OF PART AND DESCRIPTION T NO.
» HB33375 TRANSMITTER AMPLIFIER & B.F. OSC. @

R3, R4, R6,R7,R8| RESISTOR, fixed comp., +5%, Y4 watt unless otherwise specifi\%

R10,R11,R12,R13

R14,R15,R16,R17

R18,R19,R20,R21 @

R1 RESISTOR, fixed WW., 200 +5%, 1% watt, Ohmite Type 995- H-1100-427

R9 RESISTOR, fixed WW., 1300 +5%, 1% watt, Ohmite T 9 H-1100-529

R2 RESISTOR, Variable, 5K £30%, '4 watt Loog Taper, .S. PE 200 HA-13572

RS RESISTOR, fixed comp. 10K +5%, Y2 watt H-1009-416

Cl1, C2 CAPACITOR, tantalum, 15uf +10%,35V, C P03504 H-1007-654

C4, C5 CAPACITOR, tantalum, 1.0 pf +20%, 105FP035D4 H-1007-496

C3 CAPACITOR, Mica 470pf *2%, Eme :1 HA-16632

C17, C8, C9, C10 &

Cl11 CAPACITOR, 15 i f £20%, 25V Ma , TAM156M025P5C H-1007-439
Ql TRANSISTOR, Silicon NPN, 2% HA-21562
Q2, Q3 TRANSISTOR, Silicon N 2 HA-22678
Q4, Q5 TRANSISTOR, Silicon Q\mgos HA-21564

Transmitter Filter, Plugsi embly HB-62600
Tuned Transformer cillator Assy. HB-63300
¥ HB-21050 ‘:5 9 S TRANSMITTER (Also Applies To 595Hz)
R1-R6,R8, RY, Q
R11-R18 RESIS \ ed comp., *5%, '4 watt unless otherwise specified.
R7 RESI xmble, 250K, 0.1 watt, BD taper. CTS Corp., type PE200. HA-14594
R10 RESISTOR) variable 500 ohms, 0.125 watt,BD taper, CTS Corp.,type PE200. HA-13573
Cl1 R, tantalum, 15pf +20%, 25V, Mallory TAM156N025P5C. H-1007-439
C3,C4,C5,C6 TOR, tantalum, 33uf £20%, 10V, Mallory TAM336MO010P5C. H-1007-438
C2 \ACITOR, mica, Elmenco Type DM20. H-1080-X
(oki APACITOR, ceramic, 0.47uf +80% —20%, 25V, Sprague 5C11A. HA-13579
Ql,Q2,Q3, Q4 TRANSISTOR, germanium, PNP, Texas Inst. 2N1375. HA-17117
Qb5 TRANSISTOR, silicon, NPN, Texas Inst., 2N706A. HA-19928
* BP Filter and Osc. Assy.for HB-21055 and HB-21050 F'S Transmitter. HB-58500 or
HB-58900
BP Filter and Osc. Assy. for HB-21040 and HB-19925 F'S Trans.& Mod. HB58200
Test Jacks, Sealectra Corp., SKT-10.
Filter cable connector, 3-terminal socket, Eby Sales Co. HA-21091

17
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ELECTRICAL PARTS LIST

[;'YAMGBR;LM NAME OF PART AND DESCRIPTION PART N0,
HB-25160-1 RECEIVER LIMITER AND SIGNAL SUPERVISORY
R1,R3-R5,
R8-R42 5%, Y4-watt, unless otherwise specified.
R6 RESISTOR, metal film, 13K +1%, 1/8 watt, I.R.C. Type CEA-T-O. H-1510-778
R7 RESISTOR, metal film, 10K +1%, 1/8 watt. I.R.C. Type CEA-T-O. H-1510-775
R43 RESISTOR, wirewound, 2.5K +5%, 1% watt. Ohmite Type 995-1A H-1100-423
R2 RESISTOR, variable, 500 +20%, 0.125 watts, BD taper. C.T.S. RE-200 HA-25253
C1 CAPACITOR, poly., 0.0068 pF, 2% 400V. Wesco 32P. H-5115-127
Cc3 CAPACITOR, mica, 320pF +2% 500VDCW. Elmenco DM-19-891G. HA-16628
c2 CAPACITOR, tantalum, 33pF, £20%, 10V. Texas Inst. 48CM336BP010D4. H-1007-653
C4, C17, C8 CAPACITOR, tantalum, 1.0pF, +20%, 35V. Texasfinst:; SCMIO5FP035D4. H-1007-496
C5, C6 CAPACITOR, tantalum, 15 uF', +20%, 35V. Texas InstySCM156GP035D4. H-1007-654
C9 CAPACITOR, tantalum, 0.47 pF, +10%, 35V. TeXas Inst., SCM474FP935D2. H-1007-511
CR1,CR2, CR5 DIODE, silicon, 250mw Texas Inst., IN914} HA-24325
thru CR10
CR11 DIODE, silicon, 200 PIV. Diodes Inc. DI-42¢ HA-17197
CR3,CR4 DIODE, zener, 5.1V £5%, 1N4733 A. MatorolaIM5. Q 1ZS5. HA-24328
Ql, Q2,Q4,Q5
Q7,Q8,Q9,Ql1 TRANSISTOR, silicon, NPN, Véro 40V, TO-92 case, Motorola, 2N3903. HA-21562
Q3,Q6,Q10,Ql2 | TRANSISTOR, silicon, PNPV~@@§ 40V, TO-92 case, Motorola, 2N3905. HA-21564
Q13 TRANSISTOR, silicon, PNP, Vago 66V, TO-5 case. RCA 2N4036. HA-24003
IC1 Integrated circuit, operation@l*amplifier, Motorola MC1430, TO-5 case. HA-25158
11 Data lamp, red, 10VDC, 0.014A. Dialco No. 507-3910-1431-600. HA-25156
Lamp holder, Dialco N@: 508-7538-504. HA-17504
Test jacks, Sealectrg Corp. SKT-10.
HB25170 AND HB25130-2 F.S. DISCRIMINATOR AND D.C. AMPLIFIER
R2 thru R15,R17{ +5%, Y4 watt{ unlegs otherwise specified.
R16 RESISTOR,, wirewound, 2.5K +5%, 1% watt. Ohmite type 995-1A. H-1100-423
R1 RESISTIOR4 vériable, 5K +30%, %4 watt, linear C.T.S. PE-200. HA-14655
C1 CAPACITOR/ poly., 0.082 uF 2%, 100V. Wesco 32P. H-5115-79
C2 CAPACITOR, mylar. 0.255 ¢ F 2%, 100V. Wesco 32M. H-1007-572
CR2 DIODE £ zener, 6.8V 5%, 1N14736-A, Motorola 1M6, 8ZS5. HA-21504
CR1,CR3, CR4 DIODE, silicon, 200 PIV. Diodes Inc. DI-42. HA-17197
Ql, Q2,Q3,Q4,Q5| TRANSISTOR, silicon NPN, Voro 40V., TO-92 case, Motorola 2N3903. HA-21562
Q6 TRANSISTOR, silicon PNP, Vogo 65V., TO-5 case, RCA 2N4036. HA-24003
L1 Choke, 0.892 Hy. HB-55201
11 Datalamp, red cartridge, 0.014A, 10VDC. Dialco 507-3910-1431-600. HA-25156
Lampholder, Dialco 508-7538-504. HA-17504
Test jacks, Sealectro Corp., SKT-10.
Discriminator plug-in assembly. HB-62700

18




TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

I.L. 41

ELECTRICAL PARTS LIST

O

.2B

DIAGRAM
SYMBOL

NAME OF PART AND DESCRIPTION

5

HB25130-2 THESE PARTS ARE INADDITION TO PARTS LISTED ON PRECEDING P

%GE

R18 thru R27

+5%, Y4 watt unless otherwise specified

RESISTOR, wirewound, 2.5K +5%, 1% watt. Ohmite type 995114.\%

Test jacks, Sealectro Corp., SKT-10

R28 H-1100-423
CR5 DIODE, zener, 6.8V £5%, 1N14736-A, Motorola 1M6, 8ZS5. HA-21504
CR6 DIODE, silicon, 200 PIV, Diodes, Inc. DI-42. HA-17197
Q7,Q8,Q9 TRANSISTOR, silicon PNP, Vocgo 40V., TO-92 case. Mot a 905. HA-21564
Q10 TRANSISTOR, silicon NPN, Vogpo 65V., TO-5 case. RGA 2N2102. HA-22678
12 Datalamp, amber cartridge, 0.014A, 10VDC. Dialco 507- -1433-600. HA-25784
Lampholder, Dialco 508-7538-504. HA-17504
HB-25150 LINE LEVEL - NOISE SU RY MODULE
R1,R2,R4-R8,
R11-R16,R18,
R21;R42 +5%, Y4 watt, unless otherwise speci
R9, R10 RESISTOR, wirewound, 600 +5%, 1 H-1100-442
R43 RESISTOR, wirewound, 2.5K * H-1100-423
R19 RESISTOR, metal film, 12 H-1510-777
R20 RESISTOR, metal film, H-1510-714
R3 RESISTOR, variable, HA-25253
R17 RESISTOR, variable, 2. HA-19919
Cl1 CAPACITOR, H-5115-127
C6 CAPACITOR, H-5115-49
C3,Cs8 CAPACIT(‘R, ca, 390pF *£2%, 500WVDC Elemenco DM-19-391-G. HA-16628
c2, C7 CAPACITO m, 33uF £20%, 10VDC. Texas Inst. SCM336BP010D4. H-1007-653
C4, C9, C11 CAPACI lum, 1.0 uF £20%, 35VDC. Texas Inst. SCMi05FP035D4. H-1007-496
C5,C10,C13,C14 | CAPA ntalum, 15pF +20%, 35VDC, Texas Inst. SCM156GP035D4. H-1007-654
C12 CAPACIT , tantalum, 0.47pF £10%,35VDC, Texas Inst. SCM474FP035D2.{ H-1007-511
CRI1 thru CR4
CR7 thru CRI11 , silicon, 250 mw. Texas Inst., or G.E. Type 1N924. HA-24325
CRI12 DIODE, silicon, 200PIV, Diodes Inc., DI-42. HA-17197
CR5, CR6 DE, zener, 5.1V +5%, 1N4733A. Motorola IM5. 1ZS5. HA-24328
IC1, IC2 perational amplifier, TO-5 case. Motorola MC-1430. HA-25158
Q3,Q4,Q5,Q TRANSISTOR, silicon, NPN, Vogpo 40V, TO-92, Motorola 2N3903. HA-21562
Q6 TRANSISTOR, silicon, PNP, Vopo 40V, TO-92, Motorola 2N3905. HA-21564
Q1, Q2 s TRANSISTOR, silicon, NPN, Vogpo 65V, TO-5, RCA 2N2102. HA-22678
Q9 TRANSISTOR, silicon, PNP, Vogp 65V, TO-5, RCA 2N4036. HA-24003
) T3 TRANSFORMER, 2.5K: 2.5K C.T. Microtran MMT 15-FB. HA-25157
Data Lamp, red cartridge. Dialco 507-3910-1431-600. HA-25156
Lamp holder, Dialco 508-7538-504: HA-17504
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

ELECTRICAL PARTS LIST

zv::gr NAME OF PART AND DESCRIPTION PART NO.
HB25190 48 VDC, D.C. TOD.C. CONVERTER
R3, R4 RESISTOR, fixed comp., 24 +5%, % watt. H-1009-827
R6, R7 RESISTOR, wirewound, 2.5K *5%, 3% watt. Ohmite 995-3A. H=1100-329
R1 RESISTOR, wirewound, 5K *5%, 3%4 watt. Ohmite 995-3A. H-1100-460
R5 RESISTOR, wirewound, 50 +3%, 10 watt. Dale Electronics RH-10. HA-23709
C1 CAPACITOR, elect., 80pF, 150VDC. Cornell Dubilier BR80-150. H-1007-395
Cc2 CAPACITOR, met. paper, 0.047p F', 200W VDC. Cornel Dubilier MP¥-2547. H-1007-674
C3 CAPACITOR, paper, 0.022p F +10%, 1000VDC. Aerovox V161616, H-1007-696
C4, C5 CAPACITOR, ELECT., 100p F, 50VDC. Cornell Dubilier BR=100-50. H-1007-209
CRI1 thru CR9 DIODE, silicon, 200 PIV, 1 Amp. Diodes Inc. SD-2. HA-17995
Ql, Q2 TRANSISTOR, silicon NPN, VCEO 175V, TO-66. RCA 2N3583, HA-21847
T1 TRANSFORMER, saturable core. HB-25182
I1 LAMP, cartridge, red, 10VDC, 0.014A. Dialco 507%891021431-600. HA-25156
12 LAMP, cartridge, amber, 10VDC, 0.014A. Dialeco 507-3910-1433-600. HA-25784
LAMPHOLDER. Dialco 508-7538-504. HA-17504
S1 SWITCH, push button. Leviton #579. HA-13554
F1 FUSE, 3AG. 0.5 AMP. HA-9348
SOCKET, TO-66 transistor mt’g. UID, Electronics PTS-4. HA-21848
INSULATOR, mica, TO-66 transigtor mt’g. Reliance Mica Co. DF-31-A. HA-23658
TEST JACKS, Sealectro Corp., SKT-10.
HB25200 125 VDG, D'C. TO D.C. CONVERTER
R3, R4 RESISTOR, fixed comp., 400 +9%} 4 watt. H-1009-758
R6 RESISTOR, fixed camp.,[100K |+ 5%, ' watt. H-1009-348
R7 RESISTOR, fixed compWpo6K *5%, Y% watt. H-1009-815
RS RESISTOR, wirewotind, 100" +3%, 10 watt. HA-23650
R1 RESISTOR, fixed"€@emp.»39K +5%, 2 watt. H-1009-885
Cl1 CAPACITOR felect., 80 F', 150VDC. Cornell Dubilier BR80-150. H-1007-395
C2 CAPACITOR,met. paper, 0.022F, 400 W VDC. Cornell Dubilier MPY-4522. H-1007-637
C3 CAPACITOR; paper, 0.022uF + 10%, 1000VDC. Aerovox V161-615. H-1007-696
C4, C5 CAPACITOR, elect., 100pF, 50 W VDC. Cornell Dubilier BR-100-50. H-1007-209
CRI1 thru CR11 | DIODE, silicon, 200 PIV, 1 Amp. Diodes Inc., SD-2. HA-17995
Ql, Q2 TRANSISEOR, silicon NPN, VCEO 300V, TO-66. RCA 2N3585. HA-22593
Tl TRANSFORMER, saturable core. HB-25183
11 LAMPY cartridge, red, neon, 105/125VDC. Dialco 507-3835-0931-600. HA-25203
12 LAMP, cartridge, amber, neon, 105/125VDC. Dialco 507-3835-0933-600. HA-25204
L'AMPHOLDER. Dialco 508-7538-504. HA-17504
Sl SWITCH, push button. Leviton #579 HA-13554
F1 FUSE, 3AG, 0.2A., Slo-Blo. HA-14691
SOCKET, TO-66 transistor mt’g. UID Electronics PTS-4. HA-21848
INSULATOR, mica, transistor mt’g. Reliance Mica Co. DF-31-A. HA-23658
L’I‘EST JACKS, Sealectro Corp., SKT-10.
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TEST JAEKS, Sealectro Corp. SKT-10.

TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES 1.L. 41:963.2
ELECTRICAL PARTS LIST O
R onevy NAME OF PART AND DESCRIPTION QRT No.
HB-25210 VOLTAGE REGULATOR L 4
R17,R21-R28,R31] +5%, Y% watt, unless otherwise specified. %
R1, R9 RESISTOR, wirewound, 2.2K *+5%, 1% watt. Ohmite 995-1A. \ H-1100-448
R3, R10, R29 RESISTOR, wirewound, 2.5K +5%, 1% watt. Ohmite 995-1A @ H-1100-423
R5, R13 RESISTOR, wirewound, 1K *5%, 1% watt. Ohmite 995-10 H-1100-429
R6, R16 RESISTOR, wirewound, 820 +5%, 1}, watt. Q H-1100-443
R8, R14 RESISTOR, wirewound, 2K *5%, 1% watt. Ohmiteg995- H-1100-422
R30 RESISTOR, wirewound, 1.6K +5%, 1'% wat -1A. H-1100-543
R2, R11 RESISTOR, wirewound, 75 +5%, 3 wat HA-13863
R4, R12 RESISTOR, wirewound, 56 +5%, 3 w i . H-1100-541
R18, R20 RESISTOR, wirewound, 5.6K *+5%, &lmite 995-3A. H-1100-542
R7, R15 RESISTOR, variable wirewound ohms. Muter Co. 50-2200 Series HA-12578
R19 RESISTOR, variable wir , 9 ohms. Muter Co. 50-2200 Series HA-20924
Cl1, C4 CAPACITOR, mica, 9 », 500V. Elemenco DM-15-910J. HA-16521
C2,C5 CAPACITOR, tantalum,1 +20%, 35VDC. Texas Inst., SCM156GP035D4. H-1007-654
C3, C6 CAPACITOR, elect , 50VDC. Sprague TVA-1315. HA-13569
CRI1, CR2 DIODE, zeqer, V +9%. Diodes Inc. 1D12B. HA-12920
CR3 DIODE, zener, 18V *5%. Diodes Inc. 1D18B. HA-25217
CR4 DIOD% 200 PIV. Diodes Inc. DI-42, HA-17197
Q7, Q8 TRA@ , silicon NPN, Voo 40V, TO-92. Motorola 2N3903. HA-21562
Q10, Q11 OR, silicon PNP, Vog 40V, TO-92. Motorola 2N3905. HA-21564
Ql,Q2,Ql2 @STOR, silicon NPN, Vopg 65V, TO-5. RCA 2N2102. HA-22678
Q4, Q5, NSISTOR, silicon PNP, Voo 65V, TO-5. RCA 2N4036. HA-24003
Q3 RANSISTOR, silicon NPN, VcEOo 60V, TO-3. Motorola 2N3055. HA-24327
Q6 TRANSISTOR, germanium PNP, Voo 50V, TO-3. RCA 2N2869/2N301. HA-17992
¢ TRANSISTOR socket, TO-3. Augat Bros. 8043-1G3. HA-18538
INSUL.ATOR, mica, TO-3 transistor mt’g. Reliance Mica Co. 732 HA-11964
LAMP, cartridge, amber, 10VDC., 0.014A. Dialco 507-3910-1433-600. HA-25784
LAMPHOLDER, Dialco 508-7538-504. HA-17504
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES
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NOTE2 COMPLETED CABLE FIELD TEST VOLTAGE OF 1OKV DC. UTES FROM
EACH CONDUCTOR TO ALL OTHER CONDUCTORS AND IELDING
FACTOR OF 50% OR LESS. EACHPAIR TWISTED SEPA ROUND SHEATH
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POWER STATION AREA

TELEPHONE "CENTRAL OFFICE

SEE NOTE 1
ISOLATION SEE_NOTE 2 _SEE_NOTE 3_
TRANSFORMER _ —_—
S-187A995HO1
1 4 1
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BLOCK . 2

aupio| | 1 SEE 2 " 5 ——=
tones| | ¥ %, ® NOTE 4 D‘T JA L o

] ] O

AN

5 . .
36 2
MTG. STUD"“? CENTRAL OFFICE GROUND
TITTIITITIIIYT
/\ = SHIELDED CABLE N TWISTED POLYETHYLENE — INSULATED
SEE PAIR IN SHIELDED CABLE.
TATION GROUND MAT NOTE 6
(a) FOR UNEXPOSED LINE STATION GROUND MA I

POWER STATION AREA

\— LIGHTNINGgARRESTER

TELEPHONE CENTRAL OFFICE

. SEE NOTE 1
ISOLATION SEE NOTE 3 SEE_NOTEN2 SEE NOTE 3
TRANSFORMER =~ — s " _—
S- 187A995HO01
0 1 114 1
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AUDIO e " A T
TONEY 2 —_——
3 3
O
- .
4 3 6 4
MTG. STUD —’1 CENTRAL OFFICE GROUND
T
- = TWISTED POLYETHYLENE — INSULATED
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STATION JGROUND | MAT NOTE 6
(b) FOR EXPOSED LINE o
LIGHTNING ARRESTER NOTES
1. PRIMARILY USED FOR IMPEDANCE - MATCHING PURPOSE.
2. WESTERN ELECTRIC INSULATING TRANSF. TYPE 22394 OR EQUIV.
3. WESTERN ELECTRIC DRAINAGE REACTOR TYPE 22324 OR EQUIV.
4. UNEXPOSED LINE - MAX. EXTERIOR DISTANCE ABOUT 7SFT. - USE SHIELDED CABLE.
S. EXPOSED LINE WiTH EXTERIOR DISTANCE OVER 7SFT. AND EXPOSED TO LIGHTNING.
POWER-SYSTEM CONTACT, AND POMER INDUCTION - USE SHIELDED CABLE.
6. 1SOLATE SHIELD FROM GROUND UNTIL OUT OF SIGNIFICANT INFLUENCE OF STATION

GROUND POTENTHAL.
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

i,

Fig. 3. Frent View of Full Chassis.
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TYPE TA-3 FREQUENCY - SHIFT AUDIO TONES

Fig. 4. Typical Module.
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Fig. 5. Power Supply HB-25190 and HB-25200.
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* Fig. 6. Voltage

Regulator HB-25210.
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% Fig. 7. Transmitter Block Diagram.
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I.L.41-963.2B
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Fig. 8. F.S. Oscillator and Keyer HB-25610.
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* Fig. 9. F.S. Oscillator and Keyer HB25110-3.
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% Fig. 10. Transmitter Amplifier HB-25220.
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Fig. 13. Tone Receiver Filter Characteristics HB-63100.
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% Fig. 15. F.S. Discrimingtor ‘and(D-C Amplifier for Relay Output HB-25130-2.
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% Fig. 18. Typical Noise Bandpass Filter.
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Fig. 21. Outline and Drilling Plan.
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Fig. 22. Line Termination Module HB-25140.
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Fig. 24. Transmitter Keying Circuit Charactéristics.

Fig. 25. Signal Supervisory Circuit Characteristics.

39



TYPE TA-3 FREQUENCY — SHIFT AUDIO TONES

RECEIVER DYNAMIC OPERATING RANGE

MAXIMUM LEVEL OF A SINGLE OUT-OF— BAND TONE
(ABOVE 1000 HZ) TO CAUSE A HIGH LINE TRIP BLOCK.

—-6dB ///////A BACKLASH |

LOW SIGNAL-LEVEL TRIP BLOCK

MINIMUM S/N“RATIO=9dB
FOR SECUREWOPERATION

-15dB
3dB MARGIN

~18dB 7 NOISE TRIP BLOCK
/ NOISE SAMPLED IN REGION OF

/ 300 TO 1000 HERTZ;BLOCKING IS

/ INDETERMINATE DUE TO RANDOM

3

N

\\

CHARACTER OF NOISE.

—-28dB 4~ BLOCK RELEASE

NUMBER OF CHANNELS OUT-OF-BAND TONE LEVEL
ABOVE NORMAL CHANNEYL
I 3.5dB
2. 8.6d B
3 10.5d8B
4. 1.8 dB
5. 12.4d B
6. B 12.9dB
+4.5dB HIGH LINE*=L EVEL TRIP-BLOCK
' 7
BACKLASH ~
+ 3dB 77 BLOCKIRELEASE
NOMINAL SIGNAL LEVEL RECEIVER
° > DYNAMIC
RANGE =10.5dB
-3dB BLOCK RELEASE

876A827
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Fig. 28. TA-3 F.S. Receiver, Li
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