INSTALLATION

Westinghouse 1.L. 41-963B
OPERATION ¢ MAINTENANCE

INSTRUCTIONGS

TYPE TA-1
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
or non-permissive. The non-permmissive 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 singe the
phase and ground fault detecting relays agé 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 schemegorja trans-
former protection channel; therefore, these are c¢lass-
ified as non-permissive. Examples ofgioh-permissive
systems are shown in figs. 13 and 14\

The presence or lack of trip-ciréuit supervision
greatly influences the security “and reliability con-
siderations. As with all prote€tien systems, one must
strike a compromise between the ‘eonflicting require-
ments of security and reliability — security against
undesired tripping and*Tteliability in tripping when
required. With nen-permissive schemes the burden
for security rests entirelyswith the tones themselves;
whereas, thedfault-deteeting relays in the permissive
scheme share the bupden with tones for security.
Thus, we caneasefup 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 reliability.

Security Measures

The TA-1 frequency-shift receiver has been

SUPERSEDES I.L. 41-963A

*Denotes change from superseded issue.

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 recomménded 32 dbm maximum receiver
sensitivity, thiSWmeans that the a-f random noise
must be about)+18 dbm to cause undesired trip relay
operation. /Bhis“@empares with quiescent noise lev-
els on the orderthef —50 dbm.

This Teaves impulse noise to be considered. Not
onlymaregthese of higher energy level, but they also
cannet 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 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
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Fig. 1 — Front View of Full Chassis:

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“te ground.

* b) If KX642 gas tubes aré installed, connect
them only to ground as shown“in Eig. 16. Do not
connect the tube without shérting, H2 to H3. This is
especially important wherethe squelch receiver is
used, as a failure t@»follow these recommendations
will result in the squelch “disabling the channel
whenever the tube fhashes.

c) The pilot-wireypair must be twisted separately
from any other wires in the cable.

d) Do not use open pilot wires.

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

1-Telephone Type output relaysy(when used);
2-Current monitoring jacks (when used).

f) Use surge pretection across tone connection.

To ‘protéet, personnel, use isolating transformer
(S#185A195H01 serves the dual purpose of impedance
matching)y Mount it with the drainage and neutral-
izingdevicesin an enclosure marked ‘‘High Voltage.”’

Fig! 17 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 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
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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 specialdy tuned
discriminator, rectifying and filtering circuitrypand a
two-stage d-c amplifier. The band-pass filter “and
discriminator, which determines the operatingyfre-
quency of the receiver, are mounted on a separate
plug-in card. The discriminator outpuimis brought out
to separate screw terminals at the rear of) the chas-
sis to facilitate connection of a4ehanmelf monitoring
meter.

C. Voltage Regulator Module

The voltage regulator consists of a power-on
switch, power-on lighty fWse and two transistor-
Zener diode circuits. 4The regulator is capable of
supplying regulated 36pand 22 vdc to two complete
transmitter-réceiver assemblies with squelch circuits.

D. AM Receiver Noiise 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.

E0Qutput Relays

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

telephone type relays, the relays are mounted on the
same ¢hassisfas the modules and current jacks are
used toymonitor the relay coil current. In the type AR
relaymsystems, the output relay is mounted in an
FT-22 case separate from the tone chassis and must
bey, connected 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 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.
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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 onfthe
unit. At the receiving terminal, the reception of the
guard frequency develops an output from thesfeceiver
discriminator which operates the guardgelay,

When a tripping function is calledefor, operation
of the protective relay shifts the tone tramsmitter to
its trip frequency which is 85 cpsabove,the nominal
or center frequency of the tong. Atfithe receiving
terminal, the reception of the trip frequency develops
an output from the receiverfdiseriminator which op-
perates the trip relay. Since‘the guard discriminator
output is no longergpresenty, the guard relay drops
out.

A. FS Transmitter (HB-17845-2)

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

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

An oscillator, using the frequency determining
Lo, Cg and Cr, generates the guard and trip fre-
quencies. The voltage tap of Ryg, the output level
control, is used to drive transistor Qp, 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 Rq7. When resistor Ry 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)

S
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The input of the receiver is degSignedwto reject
adjacent channel tones by at least 40 db. The
sharply sloping skirts of the filter al§® aid in pre-
venting noise frequencies, just above the trip fre-
quency, from causing false trip, relay operation.

Transistors Q1 Qg, Q3 and, Q4 comprise a three
stage limiter amplifier_andywill provide full limiting
of the discriminatof input signal to approximately
-40 dbm.

The discriminator consists of two tuned circuits,
one tuned toypeak at 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
adjdstment, greatly reduces the receiver sensitivity
teprandom 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 Ry, 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 Rgo, 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 CRyq form a bias net-
work preventing operation of either transistor Q5 or
Qg during the no signal condition. Resistor Rgo,
diodes CR11 and CR12 perform the same function on
transistors Q7 and Qg.

Resistor-capacitor combinations, Ragg, Cio and
Rgg, Cjyy, form accelerating networks for the output
relays. Whentransistor Q7 is switched on by transis-
tor Q5, capacitor Cyq» momentarily shunts resistor
Rgg, 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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Fig. 5 — Outling%end Psilling Plan of 5 Module Chassis

C. AM Receiver Noise Squelch (When used - HB-
17840)

As shown in Figure 8, transistors Ql, Q2 and Q3
form a three stage linear amplifier/’ which drives
rectifiers CR1 and CR9. Dufingra low signal or low
noise condition, the wveltageddivider, resistor ng
and Rgg, biases theOutputytransistor Qq into a non-
conducting state. /If the positive voltage from the
rectifiers is large“enoudgh tofovercome the bias, tran-
sistor Q4 conducts. Terniinal E is connected to the
emitter of transistor Qq and the base of Qg on the F'S
Receiver. A negative voltage is applied to Q9 and
Qg when naise signals of sufficient amplitude cause
transistor_Q4yof the squelch circuit to conduct. Re-
verse biasingyof transistor Qg completely disables
the ES®Receiver and leaves the receiver in a no
signal “eondition. The negative voltage on Qg, al-
lows,Qgito conduct and keep the guard relay picked
up.

CHARACTERISTICS

General

Channel Frequencies:
cps

Shift in Frequency:

Operating Temperature:

Storage Temperature:

Operating Time:
(Includes guard
relay drop-out
time and trip
relay pickup time)

935 1955 1275
1615 2295 2635
(For special applica-
tions, additional fre-

quencies can be sup-
plied).

+ 85 cycles

-10°C to 60°C

-60°C to +75°C

17-20 ms with telephone
type output relays.
11-15 ms - with type AR
output relays.



TYPE TA-1 TONE ASSEMBLY I.L. 41-9638
GUARD
-]
. Y,
//A//
! VAN
- 2% GUARD RELAY PULL
A IN AND DROP OUT
’ v
: \
el
s ) | CENTER
:o ADJAGENT TRIP ] | ADUACENT GUARD
8 | 7IN
< {c+30cCPS
z
3 4
[ 3
o2
Q
., \ /
= TRIP RELAY PULL )i
< R IN AND DROP OUT P
w N V.
[ J
5 TRIP
[ 4/ /] OPERATING AREA
HEEEEE
800 900 1000 1100 1200 1500 1400 1800 1600 1700 1800
FREQUENCY (CPS) 188A2}41
Fig.6 — Typical discriminator output cunve showing relative noise power output effecting trip relay.
DC supply voltage: 48, 125, _or (1250 volts _FS Receiver_
dc, externalg dropping Sensitivity:
resiStorsare/ used on ensitivity: 0 dbm to -40 dbm for

Energy Requirements:

FS Transmitter

Output Level:

Frequency Stability:

Output® Impedance:

125 and“250 v dc.

0.15. amperes dc @ rated
dc veltage per chassis,

including one or two
transmitter or receivers,

or one each, plus power
supply.

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

0.1% *+ 2 cps

600 ohms in the pass-
band: high impedance
outside of pass-band
ungrounded and unbal-
anced.

Input Impedance:

Adjacent Channel
Rejection:

Noise rejection with-

out squelch circuit:

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).

At least 40 db.

Audio frequency random
noise must be at least

50 db over the guard
signal to cause false
trip relay operation.
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AM Receiver Noise Squelch (when used)

Sensitivity: -40 dbm adjustable

Input Impedance: 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.

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 dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting hole§
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 mounfing
screws may be utilized for grounding the relay., The
electrical connections may be made directly™to the
terminals by means of screws for steelspanel mount-
ing or to the terminal studs furnished with, thémrelay
for thick-panel mounting. The terminal\'studsimay be
easily removed or inserted by loeking two nuts on
the stud and then turning the proper maut with a
wrench.

For detailed FT case ififformation, 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’”’ Gnyptransmitter module. In general, the tone
transmittersyare set to the maximum level allowed by
the telephone’ company on the pilot wire or telephone
pait."Berexample, in relaying applications, general-
l4menlyone or 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 trans-
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 transmitter is
measured by connecting a 600%ehmurésistor or load
across the signal output terminalsy Né¥other signal
should be present on the lime jif it¥is used. The
level can be measured at thetoutput terminals using
an AC vacuum-tube voltmeter. The level control is
then adjusted for the desired|output. After all the
transmitters are adjusted“preperly and multiplexed
a VTVM reading should be,taken at the ‘“OUT’’ pin
jack on the front paneland recorded for maintenance
and check-out purpeses. This avoids the necessity
of disconn€eting ghe transmitter from the line when
levels are to,beychecked or readjusted.

FS Re'ceiver,

Plug a d=e milliammeter of at least 50 ma. range
intereceiver trip relay jack. Close the keying circuit
of, thepassociated tone transmitter to shift its fre-
queney from Guard to Trip. (The tone transmitters
must/be previously 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
(such asthe Hewlett-Packard Model 350B 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
12dbbelow 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 32 ma for type
AR 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 oper-
ating 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
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suchthat the receiver is disabled whenever the noise
measured in the 300-480 cycle 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 cycle, -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-
tionofthe 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

Voltage Regulator

Non regulated voltage = 45 to 38 vdc
Hi regulated voltage = 36 vdc
Lo regulated voltage =22 vdc

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

Transmitter

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

All transmitter frequencies and output levels to
be checked with a 600 ohm loads

Guard frequencies —Nermal . or/ center frequency
minusy85 cycles.

Trip frequencies“@=Nonpmal or center frequency
plus 85 cycles.

Output -at least +] dbm

_FS Receiver

With, transmitter output set at -20 dbm, see that
guatd ‘and trip output relays function properly when
respective guard and trip signals are applied.

10

AM Receiver (Squelch when used)

With a 400 cps -10 to -15 dbm external tone
superimposed on existing guard signal, see that
there is a zero output across discriminator output
test points. Thisindicates that the receiver has‘been
biased off. This output may be checkeéd by plugging
a 500-0-500 microammeter with 4,5100fohm resistor
in series into the test points marked “Disc Out’’.

Type AR Output Relay (when used)

1. Contact gaps
a. Normally open ‘éentacts should have a gap
of .018 to .023%nch:
b. Normally €losed “contact gap should be
.013 minémum:

2. Contactypressure

On “twognormally open and two normally
clesedrelays, thenormally closed contacts
sheuld have approximately 8 grams con-
tact pressurein the de-energized position.
F.ach normally open contact spring should
have approximately 8 grams pressure
against the card.

3. Armature gap
The armature gap should be approximately
.009 inches measured at the narrowest part
of the armature gap.

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’’).

Transmitter

The frequency of the transmitter is adjusted at
the factory before shipment and does not normally
have to be readjusted. The adjustment, however,
should be 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 cycles 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.
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TYPE TA-1 TONE ASSEMBLY

1.L.,41-963B

_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. A'recheck
of the discriminator output may show a dewiation of
approximately 10% from previously balanced“eondi-
tion and a readjustment is not necessary.

Note voltage levels per Table 1.

AM Receiver Noise Squelch (when ‘used)

With transmitter set at -20 dbmyoutput and AM
receiver bias control fullyp€ounter clockwise super-
impose a 400 cycle -25 dbm3tone on existing guard
signal to F'S receiver, @nd adjust sensitivity of AM
receiver for zero output, om’ microammeter across
““Disc Out’’ test points: Receiver bias control should
remain in counter cle€kwise position.

Voltage Regulator

No adjustmentst’- Note voltage levels per Table

,When the TA-1 tones with an AR output relay is
used, the ‘Series resistor of the power supply has
been, set for 55 volts across the unregulated test
pointywith 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 thef/AR wunit in its
chassis, the non-regulated voltage will be
lower than the 55 volt.

Calibration of Type AR Output Relay

The type AR output relayfunit has been properly
adjusted at the factorygto insure correct operation,
and under normal fieldgconditions should not require
readjustment. If, howeverythe adjustments are dis-
turbed in error, or it (beeomes necessary to replace
some part, use the“following adjustment procedure.
This procedure“should not be used until it is appar-
ent that the relay is not in proper working order, and
then only ifysuitable tools are available for checking
the adjiistments.
as, Adjust the” set screw at the rear of the top of the

frameato obtain a 0.009-inch gap at the rear end

of the armature air gap.

b.®WAdjust 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



TYPE TA-1 TONE ASSEMBLY

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.

Asan 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 specifie order
will be supplied. The applicable ‘‘CR’’ drawing in-
formation is included as part of the nameplateidata.

Tone Applications

Figures 11 thru 14 show typicaljrelaying applica-
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INTERNAL SCHEMATIC
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Figs 10 “Internal 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.
Ql 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, | D€' | 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 14.2mv .81 Imv .67 Out .12VAC
HB-17845-2 B | 2mv 4.5 .045 .9 [<Imv |0 C .046VAC
Cc| .12 9.6 |3.0 4.8 | 1mv .67
FS Receiver E |.5mv .45 | 3mv 5] 2.1 2.7 | 24 3.79.033 22 | .033 21 | 2mv | 1.5 | 2mv | 1.5 |IN .039VAC
HB-16527-2 .8mv .6 | 5Smv .9 2.4 3.8 2.6 3.8 (.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+ .Im | 1.6 at guard and trip.
AM Receiver E | 2mv 2.15| .016 | 2.15 | .13 {%2.45 |-027 | 20 In .01VAC
HB-17840 B | 2mv 2.3 .018 | 2.3 .15 02.65 .03 | 22 ouT 1.2VDC
(Adjusted to
Squelch with
-40 dbm 400 cps
tone input.) c | -019 7.4 16 | 7.4 5 2.45| .25 | 7.5 \% 5.0VAC

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

ATT9WASSY IANOL 1-V1 3dAL

€96-1¥ “1°I
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TYPE TA-

1 TONE ASSEMBLY

POS.

TRANSHITTING TERWINAL
P.B.

I‘WL
Aj FY/T Ll\ TU/T

BI Bt NORM

Pﬂé TEST

XMTR
KEYING
CIRCUIT

NEG.

RECEIVING TERMINAL

NEG

_IQG

-
3
9

TO
ALARM

TTT AND TT/R

TEST SWITCH
POSITION®

CONTACT [N\oRM[OFF [TEST
A - Bt x
A12-B12 X
Al - BL x -
AS5- BE X
AG-Bb X
787

X DENOTES CONTACT CLOSED
CONTALTS AS-BS AND A7-B7 IN
PARALLEL SUPERVISE TONE
CIRCUIT TO PILOT WIRES AT
TRANSMITTING TERMINAL.

TA-I| RECEIVER
946-GUARD RELAY
24T-TRIPPING RELAY

TT9- CHANNEL FAILLURE
ALARM RELAY

836A893

Fig. 13 Transformer Protection — Single Channel Transfer
Trip.

TRANSMITTING TERMINAL
PoS

TT/T AND TT/R

ATNII Al FrT
BIT 820 82 Norm CHI cu TEST SWITCH
CconTacth POSITION
AS, Raas As_ T or® [Moamc n.i [cuz
BS’ W cH.2 K-8 | X
Al2-B12 X
®i xMTR 2 \MTR Al-8 had
KEYING | | KEYING | A2- 82 %
CIRCUIT ¢ CIRCUIT A3-B3 | X,
NEG i i A4-84 X
AS:BS X
RECEIVING TERMINAL 1o BG X
Az] A ag[TT/R 94-1 1 341 RT:B1 [ X
= T NoRv T w—
2] 817 e2cuice & T K885 X
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Alo,8lo kS
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€4.1 ¢ CH.2 MUST NoT
OVERLAP, CONTACTS A2-88,
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TONE CIRCUIT TO PILOT WIRES
AT TRANSMITTING
TERMINAL.

RFL. RECEIVER
24G- GUARD RELAY
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TTO- CHANNEL FALURE
RELAY

763A215

*Fig.) 14 Transformer Protection — Dual Channel Transfer

Trip.
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GRD. =

MAT .

THESE CONNECTIONS ASSUME A RIEOT-WIRE Zo™=600 -

NOTE2 COMPLETED CABLE FIELD,TEST*VOLTAGE OF 1OKV DC. FOR 10 MINUTES FROM
EACH CONDUCTOR TO ALL OMHER CONDUCTORS AND SHEATH. SHIELDING
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TYPE TA-1 TONE ASSEMBLY

S*248A691G02 T PHON RA
MUTGAL DRAINAGE 37TH AINAGE.
REn TOR 8 TUBE (NOTE 23 REACTOR. N
k4 —— e —
e
; = |
| TWISTED / ARBON
| PILOT - WIRE j  BLOCK .
SURGE \ PAIR | / 10
PROTECTOR Sy | / OTHER
— A4 | i POWER
50 i CENTRAL * STATION
| : OFFICE
YA~ ! GROUND
TONES 50 T’
N
Az SHIELDED CABLE
THESE CONNECTIONS ASSUME A F 2= 6000
STATION L
GRD. —
MAT
2 377H DRAINAGE RBON BLCCK MAY
HePLACE o # 24 3 LY CONNECZT 377H
SAME AS AT TEL| CENTRA_ OFF .E
(@) .5 WHERE IN[UCZC VOLTAGE MAY EXCEED 700 VOLTS. USE ONLY
AND CENTRAL OFFICE GROUNDS ARE INTERCONNECTED Vii WATER- S
- #15>8995101
T5CCATING _3-WINDING _
THRANSF. NEUTRALIZING TRANSF.
WNOTE 1T 7
TWISTED
= PILOT, 3
SURGE 4 i TC
PHOTECTOR OTHER
~p POWER
. oriicde | smatiow
Al | GROUND | Ay
TONES | J

THESF CONNECTIONS ASSUVE A FI_@T- WIRE Zo-8CCN

NCTE |

STATION = =
GRD. -
MAT £\® SHIELDED cnal.m

(i) SE W STAT|, C CENTRAL OFFICE GROUNDS ARE NOT INTERCONNECTED
‘A Wi R SYS PIPES. DO NOT USE IF INDUCED VOLTAGE MAY EXCEED

x$

#;
T I e TELLPHONE CENTRAL OFFICE
" TRANSF. = REACTOR & TUBE (NOTE 2) STTH DR

/
CARI
TWISTED / BLO?:?(N

PILOT- WIRE
PAIR H T
fay Pt A . OTHER
e centraL [ Soario
STATION
OFFICE
GROUND

|

THESE CONNETTIONS ASSUME A PILOT-WIRE Zo¥6000

NCTE |
. STATION = = . -
= * SHIELDED CABLE R JCE L 277H DRAINAGE REACTOR AND CARRON FLOCK MAY
s & b3 T REPLACE ©274B8A€9IG02 ASSEMBLY. CONNECT 3T7TH
SAME AS AT TELEPHONE CENTRAL OFFICE

(€) USE WHERE INDUCED VOLTAGE MAY EXCEED 700 VOLTS AND WHERE THE
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WATER SYSTEM PIPES.
4070932

ig. 17 —~ Recommended Connections and Protective Arrangements for leased Cable for Two Terminal Lines.
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I.L. 41-963B

Table of Electrical Parts
oy o, NAME OF PART AND DESCRIPTION M
HB-17845-2 FS TRANSMITTER

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

340 cps spacing.
H-1007-439 CAPACITOR, tantalum: 33p.F, 10V, C1,2,3,6 5
H-1007-439 CAPACITOR, tantalum: 15pF, 25V, c7
HA-13579 CAPACITOR, ceramic: 0.47pF, 25VDC +80%, -20%. C4
H-1080-245 CAPACITOR, silver mica: ,001 pF + 5%. c6
H-1009-620 RESISTOR, fixed comp; 15K, +10%, 3 W, R1
H-1009 -429 RESISTOR, fixed: comp; 1K, £10%, $W. R16
H-1009-442 RESISTOR, fixed: comp; 47 K, +10%,95 W R3
H-1009-530 RESISTOR, fixed: - comp; 5.6K, +10%, W4 R4
H-1009-446 RESISTOR, fixed: comp; 1.8 K 10% W W, RS
H-1009-607 RESISTOR, fixed compi80chms £10%, W, R6
H-1009-408 RESISTOR, fixed comp; 5K +10%, $W. R7
H-1009-442 RESISTOR, fixed: comp; 57K, +10%, 3 W, R8
H-1009-419 RESISTOR, fixed compi3. 3K, +10%, 3 W, R9
H-1009-639 RESISTOR, fixed: ‘comp; 18K, +10%, 4 W, R10
H-1009-640 RESISTOR, fixed:f comp; 6.8K, +10%, § W, R11
HA-13573 RESISTOR, variable: 500 ohms, . 125 V; 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, 0.2 W 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; T1493, Q3, Q4
HA-3165 DIODE, silicon: SG22 (Stabistor). CR1,CR2
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Table of Electrical Parts
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PART G, NAME OF PART AND DESCRIPTION pamiond
HB-16527 FS RECEIVER
HB-53900 BAND-PASS FILTER & DISCRIMINATOR.
HA-13579 CAPACITOR, ceramic: 0.47uF, 25V DC +80%, -20 %. C5, C6, C4
H-1007-479 CAPACITOR, tantalum: 6.8pF, 25V, C1, C2
H-1007 -439 CAPACITOR, tantalum: 15uF, 25V, C3,C7,C8
H-1007-92 CAPACITOR, ceramic disc: .0047 uF, 600V, c9
H-1007-403 CAPACITOR, solid electrolytic tantalex: 6.8 uF, +20%435SWVDC, 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%gmpd W. R37
H-1009-429 RESISTOR, fixed: comp; 1K +10%, 5W. R26,27 6 3
H-1009-434 RESISTOR, fixed: comp; 2, 2K £10%, $W, R8
H-1009-497 RESISTOR, fixed: comp; 330 ohmis, +10%, % W. R16
H-1009-530 RESISTOR, fixed compy5¥6 Ky#£10%, % W. R6
H-1009-541 RESISTOR, fixed: ‘compiiR. 7K, +10%, ¥ W. R10, R5
H-1009-544 RESISTOR, fixed:4'comp; 220 ohms, +10%, § W. R11,7,14
H-1009-598 RESISTOR, fixXediycomp; 27K, +10%, 4 W, R4
H-1009-608 RESISTOR, | fixed: |\comp; 820 ohms, +10%, 3+ W. R13
H-1009-640 RESISTOR, fixed: comp; 6.8K, +10%, % W, R23, 30, 31,32
H-1009-697 RESISTORssfixed: comp; 6.2K, +5%, 3 W, R24,25
H-1009-665 RESISTOR, fixed: comp; 120 ohms, +10%, $ W, R1,R9,R17
H-1009-249 RESISTOR, fixed: comp; 56ohms, +10%, § 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.,

ﬁ%
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DIAGRAM
PAI?;LNO. NAME OF PART AND DESCRIPTION SYMBOL
HA-14643 RESISTOR, variable: 500 ohms, 0.25 W; 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, Qs, Q6
HA-3167 TRANSISTOR: PNP, germanium 2N1414, Q1, Q2
HA-17117 TRANSISTOR: PNP, germanium; 2N1375. 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, ceramiec: 0.47 uF, 25V DC +80%, -20% (5 req.). C1,2,5,
Cc8¢&9
H-1007-438 CAPACITOR, tantalumy, 33'F, 10V. C3,6,76 4
HA-17197 DIODE, silicon, CR1, 2
HA-13572 RESISTOR, fvariable:” SK, 0.25W, log taper; std. length shaft R1
1/8"4beyond mtg, surface; screwdriver adj.
H-1009-639 RESISTOR, fixed, comp: 18K, +10%, iW (2 req.). R2,R7
H-1009-485 RESISTOR ) fixed, comp: 4.7K, +10%, 4 W (2 req.). R3, R8
H-1009-446 RESISTOR, fixed, comp: 1.8K, +10%, QW (2 req.). R4, RS
H-1009-435 RESISTOR, fixed, comp: 100 ohms, £+10%, QW (2 req.). RS, R10
H-1009-608 RESISTOR, fixed, comp: 820 ohms +10%, iw (3req. ). R6, R11
R16
H<1009 4497 RESISTOR, fixed, comp: 330 ohms, +10%, iw, R12
H-1009-423 RESISTOR, fixed, comp: 33K, +10%, 4 W. R13
H-1009-391 RESISTOR, fixed, comp: 10K +10%, QW. R14
H-1009-607 RESISTOR, fixed, comp: 180 ohms, +10%, ¥ W, R15
H-1009-419 RESISTOR, fixed, comp: 3.3K, +10%, 4 W, R17
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T
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%, ¥ 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: 500uF, 50V4 C1, C2
HA-17994 DIODE, zener: 22V, 1W', +5%.
HA-17506 DIODE, zener: 36V, 1W, +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; 300ohms, +5%, 20 W, R2
H-1009-481 RESISTOR, fixed:qWW; 4.7K, £10%, 2W, R3
H-1009-314 RESISTOR, fixed: 2.2 K, £10%, 1W, R4, R6
H-1220-33 RESISTOR fixed: “"WW; 100 ohms, +5%, 3W, RS
HA-13554 SWITCH, pushbutton, S1
HA-13273 TRANSISTOR, power: germanium; 2N2063A, Q1,Q2
MISCELUANEOUS == e 0

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

WESTINGHOUSE ELECTRIC CORPORATION

RELAY-INSTRUMENT DIVISION

NEWARK, N. J.

Printed in U.S.A.
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INSTALLATION

Westinghouse 1.L. 41-963A
OPERATION e MAINTENANCE

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 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 non-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 sin€e ‘the
phase and ground fault detecting relays afe inher-
ently present. Examples of this type of §ystem are
shown in figs. 11 and 12. These fault detectors are
not present in an underreaching schemeforia trans-
former protection channel; therefore, these are|class-
ified as non-permissive. Examples offnon-permissive
systems are shown in figs. 13 and 14.

The presence or lack of trip-ciréuit supervision
greatly influences the security “and reliability con-
siderations. As with all protéctien systems, one must
strike a compromise betwéen the ‘conflicting require-
ments of security and reliability — security against
undesired tripping ampd Teliability in tripping when
required. With nen-permissive schemes the burden
for security rests entirel¥ with the tones themselves;
whereas, theffault>-deteeting relays in the permissive
scheme shape ghe barden with tones for security.
Thus, we can“€asg up on the security requirements
of the tones proper when used in a permissive
scheme. This is desirable not just for economy, but
also,sto eliminate components which tend to detract
from reliability.

Security Measures

The TA-1 frequency-shift receiver has been

SUPERSEDES I.L. 41-963

* Denotes Changes From Superseded Issue

specially designed forfsecurity against noise. Audio
frequency random nqise must be at least 50 db peak
over the guard signal@to cause trip relay operation.
With the recommended)-32 dbm maximum receiver
sensitivity, thismeans that the a-f random noise
must be about \+18 dbm to cause undesired trip relay
operation.gFhis“eompares with quiescent noise lev-
els on the orderyef -50 dbm.

Thisleaves impulse noise to be considered. Not
onlymaresthese 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
pewer-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 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
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*Fig. 1 — Front View of Full Chassis:

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 toyground.

b) If gaps (gas tubes or carbon blocks) are in-
stalled, connect them only to ground. Do not connect
gaps in series with the separate wi—ndings of the
drainage reactors. This isgfespecially important
where the squeich receiyer is dised, as a failure to
follow these recommendations™will result in the
squelch disabling the channel whenever the gaps
flash. Note that gaps may b€ completely bypassed;
however, this will interfere with the detection of
accidental cable grounds.

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

d) Démnotyuse open pilot wires.

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

1-Telephone Type output relays (when used);
2—Current monitoring jacks (when used).

f) Use surgeypprotection across tone connection.

To pratect“personnel, use isolating transformer
(S#185A495H01 serves the dual purpose of impedance
matching).“®Mount it with the drainage and neutral-
izing devices in an enclosure marked ‘‘High Voltage.”

Fig. 17 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 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 509 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

v,
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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 cireuitryjy@nd a
two-stage d-c amplifier. The band-pass filter “and
discriminator, which determines the operating¥fre-
quency of the receiver, are mounted on @ separate
plug-in card. The discriminator output®s breught out
to separate screw terminals atgtherear of the chas-
sis to facilitate connection of a“ehanm€l monitoring
meter.

C. Voltage Regulator Module

The voltage regulator comsists of a power-on
switch, power-on Lighty fuse and two transistor-
Zener diode circuits./ The regulator is capable of
supplying regulated, 36"and 22 vdc to two complete
transmitter-feceiwer assemblies with squelch circuits.

D. AM Receiver Noise Squelch (when used)

This module consists of an input filter, normally
tuned for agpass band of 300 to 480 cps, a three-
stage amplifier, rectifying and filtering circuitry and
afmoutput 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 type relays, the relays are mounted on the
same, chassis as the modules and current jacks are
used to,monitor the relay coil current. In the type AR
relay "systems, the output relay is mounted in an
FT-22 case separate from the tone chassis and must
beypconnected 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%4’’ 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 Medule

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 on the
unit. At the receiving terminal, the receptiongef the
guard frequency develops an output from the(receiver
discriminator which operates the guard relay.

When a tripping function is calked for, operation
of the protective relay shifts the toneftransmitter to
its trip frequency which is 85 cpsfabove the nominal
or center frequency of the tone., At Jthe receiving
terminal, the reception of the iripifrequency develops
an output from the receiver digcriminator which op-
perates the trip relay.gSince, thesguard discriminator
output is no longerdpresent, ‘the guard relay drops
out.

A. FS Transmitter (HB-17845-2)

¥ For guard frequeney transmission, the transistor,
Q3, is biased into conduction by application of a
negative voltage 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 Mforward bias is removed from the emitter
afddythe, 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 CT, generates the guard and trip fre-
quencies. The voltage tap of Ryg, the output level
control, is used to drive transistor Q;, 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 Rjq. 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 R 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)

e
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Fig. 4 — Outline and Drilling Plan of 11 Module Chassis

The input of the receiver is deSignedwto reject
adjacent channel tones by at le@ast 40 db. The
sharply sloping skirts of the filter, alsé aid in pre-
venting noise frequencies, just above the trip fre-
quency, from causing falsé tripy relay operation.

Transistors Q1 Qg, Q3 and\Qq comprise a three
stage limiter amplifier_andywidl provide full limiting
of the discriminator input signal to approximately

% -40 dbm.

The digerimifator consists of two tuned circuits,
one tuned todp€ak af 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
toprandom 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 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 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 CRjq form a bias net-
work preventing operation of either transistor Q5 or
Qg during the no signal condition. Resistor R32,
diodes CR1] and CR12 perform the same function on
transistors Q7 and Q8'

Resistor-capacitor combinations, Rgg, CIO and
Rog, C11, form accelerating networks for the output
relays. Whentransistor Q7 is switched on by transis-
tor Q5, capacitor Cio momentarily shunts resistor
Rgg, 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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4-3/8 DIA
MOUNTING HOLES

AR

Fig. 5 — Outlinesond\Brilling Plan of 5 Module Chassis

C. AM Receiver Noise Squelch (When used)- HB-
17840)

As shown in Figure 8, transigtors Ql, Q2 and Q3
form a three stage linear amplifier/' which drives
rectifiers CR1 and CRg. Dwingya Iow signal or low
noise condition, the veltageddivider, resistor Rig
and Rg9, biases the gutputytransistor Q4 into a non-
conducting state. Af the positive voltage from the
rectifiers is large“enough tofovercome the bias, tran-
sistor Q4 conducts. Terminal E is connected to the
emitter of transistor Qg and the base of Qg on the F'S
Receiver. A negative voltage is applied to Qg and
Qg when nojse signals of sufficient amplitude cause
transistor_Qq4of the squelch circuit to conduct. Re-
verse biasingyof transistor Q9 completely disables
the F.S®Receiver and leaves the receiver in a no
signal “eondition. The negative voltage on Qg, al-

* lows,Qguto conduct and keep the guard relay picked

up.

m
1
/el
184757
CHARACTERISTICS
General
Channel Frequencies: 935 1955 1275
cps 1615 2295 2635
(For special applica-
tions, additional fre-
quencies can be sup-
plied).
Shift in Frequency: * 85 cycles
Operating Temperature: -10°C to 60°C
Storage Temperature: -60°C to +175°C
Operating Time: 17-20 ms with telephone
(Includes guard type output relays.
relay drop-ou.t 11-15 ms - with type AR —
time and trip output relays. "

relay pickup time)
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*Fig.6 — Typical discriminator oufpit,curve showing relative noise power output effecting trip relay.
DC supply voltage: 48, 125, gmor (250 volts _FS Receiver_
dc, , externall) dropping e
resistars Nare/ used on Sensitivity: 0 dbm to -40 dbm for

Energy Requirements:

FS Transmitter

Output Level:

Frequency Stability:

Qutput Tmpedance:

125,and 280, v dc.

0.15pamperes dc @ rated
dc @oltage per chassis,

including one or two
transmitter or receivers,

or one each, plus power
supply.

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

0.1% * 2 cps

600 ohms in the pass-

band: high impedance
outside of pass-band
ungrounded and unbal-
anced.

Input Impedance:

Adjacent Channel
Rejection:

Noise rejection with-

out squelch circuit:

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).

At least 40 db.

Audio frequency random
noise must be at least

50 db over the guard
signal to cause false
trip relay operation.
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AM Receiver Noise Squelch (when used)

Sensitivity: -40 dbm adjustable

Input Impedance: 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.

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 dirt,
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 méans
of the rear mounting stud or studs for projection
mounting. Either a mounting stud or the moumting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to,the
terminals by means of screws for steel*panel mount-
ing or to the terminal studs furnished withythe telay
for thick-panel mounting. The terminal studs“may be
easily removed or inserted by locking two nuts on
the stud and then turning thegpropengnut with a
wrench.

For detailed FT case infofmation, 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
transmitterssare set to the maximum level allowed by
the telephone company on the pilot wire or telephone
pair.,For ‘example, in relaying applications, general-
iy‘onlyone or 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/trans#
mitter will be set to that level (0.775 volt). Ifimore
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 transmitter is
measured by connecting a 600-ghm“resistor or load
across the signal output terminals:jNo other signal
should be present on the line/ify it is used. The
level can be measured at the output terminals using
an AC 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 bé taken at the ‘“‘OUT’’ pin
jack on the frontgpanelyand recorded for maintenance
and check-out purposes. This avoids the necessity
of disconneeting (the''transmitter from the line when
levels are topbedehecked or readjusted.

FS Receiver®

Plugya d-c milliammeter of at least 50 ma. range
intereceiver trip relay jack. Close the keying circuit
ofgptheWassociated tone transmitter to shift its fre-
quency from Guard to Trip. (The tone transmitters
mustbe previously 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
(such asthe Hewlett-Packard Model 350B 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 32 ma for type
AR 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 oper-
ating 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

()
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TYPE TA-1 TONE ASSEMBLY

suchthat the receiver is disabled whenever the noise
measured inthe 300-480 cycle band exceeds -10 dbm.
The squelch can be adjusted for other sensitivities
by the method shown under ‘‘Adjustments’’. The
-10 dbm to ~15dbm setting is recommended in order
to take advantage of the noise rejection capabilities
of the F'S receiver.

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

Voltage Regulator

Non regulated voltage = 45 to 38 vdc
Hi regulated voltage = 36 vdc
Lo regulated voltage =22 vdc

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

Transmitter

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

All transmitter frequencies and outpat, Ievels to
be checked with a 600 ohm load.

Guard frequencies -Normal or_center, frequency
minus 83 cycles.

Trip frequencies -Normal o6t center frequency
plus\85 cycles.

Output —@at least + 1 dbm

_FS Receiver_

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

* AM Reéeiver (Squelch when used)

Withy a 400 cps -10 to -15 dbm external tone
superimposed on existing guard signal, see that
there®™is a zero output across discriminator output

10

test points. Thisindicates that the receiver has been
biased off. This output may be checked by plugging
a 500-0-500 microammeter with a 5100 ohm resistor
in series into the test points marked ‘‘Disc Out™.

* Type AR Output Relay (when used)

1. Contact gaps
1. Normally open contacts sheuld have a gap
of .018 to .023 ingh.
b. Normally closed camtact gap should be
.013 minimum.

2. Contact pressure

On “two “nermally open and two normally
closedtelays, the normally closed contacts
should have approximately 8 grams con-
taet pressurein the de-energized position.
Fach normally open contact spring should
have approximately 8 grams pressure
against the card.

3. Armature gap
The armature gap should be approximately
.009 inches measured at the narrowest part
of the armature gap.

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’’).

Transmitter

The frequency of the transmitter is adjusted at
the factory before shipment and does not normally
have to be readjusted. The adjustment, however,
should be 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 cycles attached to the output. The test point
‘““OUT’’ (onthetransmitter 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.

()
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TYPE TA-1 TONE ASSEMBLY

I.L..41-963A

_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
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. Agecheck
of the discriminator output may show a deWviation of
approximately 10% from previously balamced“€ondi-
tion 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 and AM

% receiver bias control fullypeounter clockwise super-

impose a 400 cycle, —-10 dbm3dtone on existing guard
signal to F'S receiver, and adjust sensitivity of AM
receiver for zero output, on’ microammeter across
““Disc Out’’ test points,:

* Voltage Regylator

No adjustments.g— Note voltage levels per Table

When the TA-1 tones with an AR output relay is
used, the series resistor of the power supply has
been, set for 55 volts across the unregulated test
point ‘with 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 the AR unit in its
chassis, the non-regulated voltage/ will be
lower than the 55 volt.

x Calibration of Type AR Output Relay

The type AR output relay afiit has been properly
adjusted at the factorydto insure correct operation,
and under normal fieldgeconditions should not require
readjustment. If, howeverjthe adjustments are dis-
turbed in error, or, it Becomes necessary to replace
some part, use the fellowing adjustment procedure.
This procedure should not be used until it is appar-
ent that the #elay is not in proper working order, and
then only ifisuitable tools are available for checking
the adjustmentsy
a., Adjust/thevset screw at the rear of the top of the

frame ‘tegobtain a 0.009-inch gap at the rear end

of theyarmature air gap.

b ™Adjust 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



TYPE TA-1 TONE ASSEMBLY

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.

Asan 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 specifie, order
will be supplied. The applicable ‘‘CR’#drawing in-
formation is included as part of the nameplate data.

Tone Applications

Figures 11 thru 14 show typicalyrelaying applica-
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INTERNAL SCHEMATIC
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|

FRONT VIEW 836A990

* Fign 10 Unternal 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 VOL'TS VOLTS VOLTS TEST POINTS
AC DC AC DC | AC DC AC | DC | AC | DC AC Der| 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 [<1mv | 0 C .046VAC
Cc| .12 9.6 [3.0 4.8 1mv .67
F'S Receiver .5mv .45 | 3mv 151 2.1 2.7 2.1 37 [.033 22 | .033 21 | 2mv | 1.5 | 2mv | 1.5 | IN .039VAC
HB-16527-2 .8mv .6 5mv .9 2.4 3.8 206 3.8 |.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 4 2.45 | .027 | 20 In .01VAC
HB-17840 B | 2mv 2.3 .018 | 2.3 .15 |["2.,65 .03 | 22 ouT 1.2VDC
(Adjusted to
Squelch with
-40 dbm 400 cps
tone input.) c|-019 7.4 <16 | 7.4 5 2.45| .25 | 7.5 v 5.0VAC

t Collector of Q7 only forg4he HB-20835-10 module.

ATgWISSY INOL V1 3dAL

VEYS-LY “T1°I
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TYPE TA-1 TONE ASSEMBLY

TRANSMITTING TERMINAL
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3 g TUT ANDTT/R B1] 82] B2 Nomm,CHI,CH2 TEST SWITCH
__{] TPESBT I WL TEST SWITCH PoSITIoN
- POSITION® mNTM*o F |nor| cn2
CONTACT [iiGRR T OFF [VEST W\_ T""/1' EF jrowicw Len
A} AAVAS Al TT/T e % A-B | X
Bit NORM AiZ-Biz ¥ !
R % AI2-Bi2 X ‘
AS- BE X - 1
e oo % *| XMTR 2 xw-z LS X
XMTR Sl KEYING, KEY NG Ae- *
KEYING X DENOTES CONTACT CLOSED GRCUIT CirCUIT A3-
CIRCUIT CONTACTS A5-BS AND AT.87 IN T T
PARALLEL SUPERVISE TONE NEG -
NEG. CIRCUIT TO PILOT WIRES AT ™
TRANSMITTING TERMINAL. RECEIVING TERMINAL o x
KECEIVING TERMINAL pos e~ —— o
SRCERRE ToEE A2] Al NEI_TT/R Toa1 [aa- A
TA-| RECEIVER g eizlcn m G T 8 %
946-GUARD RELAY h—g A9BO X
94T-TRIPPING RELAY -Blo %

K. DENPTES CONTALT CLOSED
CLOSED CONTACTS IN POS
CH.1 € CH.2 MUST NOT
OVERLAP. CONTACTS AB*BS,
A9-B9 & AlO-BIO CONNECTED IN
PARALLEL SUPERVISES

ToNE CIRCUIT TO PILOT WIRES
AT TRANSMITTING
TERMINAL,

TT9- CHANNEL FAILURE
ALARM RELAY

T
ALARM

R.FL. RECEIVER
924G GUARD RELAY

P4T- TRIPPING RELAY

TTA - CHANNEL FAILURE
ALARM RELAY

7634215

8364893

*Fig. 13 Transformer Protection — Single Channel Transfer . ansformer Protection — Dual Channel Transfer

(§
&

4

Q
o
¥

L 4



1z

'SBUI] |DUIWIS | OM | 104 3|GDT) PIUMO A[3DALIH 404 UBISSQ 341\ 40]14 PUB SUOIIDBUUCY) papudWWOddy — G| 14 %

LrTodgzgée

S#187 A 995HOI

SURGE TWISTED PILOT-WIRE PAIR TO
PROTECTOR WalalaWaWala WU W 13
- __ 00 (NOTE 2) STATION

TA-I
TONES

NOTE |

NOTE 2

A SSHIELDED CABLE

STATION —
GRD. =

THESE CONNECTIONS ASSUME A PILOT-WIRE Zo™=600 N

COMPLETED CABLEFFIELD¥TEST VOLTAGE OF IOKV DC. FOR 10 MINUTES FROM
EACH CONDUCTOR,.TO ALL OTHER CONDUCTORS AND SHEATH. SHIELDING

FACTOR OF S50%WORESS. EACHPAIR TWISTED SEPARATELY. GROUND SHEATH
TO STATION MAT AT BOTH ENDS AND TO REMOTE GROUND AT EACH SPLICE

ATTgWISSY INOL L-V1 3dAl

VE96-LY " T°I



TYPE TA-1 TONE ASSEMBLY _

v,

SWB7 4935 HOl S#248A691602
T ISQLATING MUITUAL DRAINAGE
TRANSF. REACTQR T!
{N [}

a TWISTED CARBON
Danei PILOT- WIRE BLOCK
SURGE X A PAIR OTHER
PROTECTOR 2)2007 P PNPNPS H " Ogwer
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4 1
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3 =
MTG,
A STUD
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NOTE | THESE CONNECTIONS ASSUME A PILOT-WIRE Zo= 600N
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GRD. =
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NOTE 2 377H DRAINAGE REACTORAND ‘CARBON BLOCK MAY
T REPLACE S#248A691G02  ASSEMBLY. CONNE.CT 377H
SAME AS AT TEREPHONE CENTRAL OFFICE
(@) USE WHERE INCUCED VOLTAGE MAY EXCEED 700 VOLTS. USE ONLY WHERE ‘STATION
AND CENTRAL OFFICE GROUNDS ARE INTERCONNECTED VIA WATER - SYSTEM PIPES
S#IA7A995H01
TSOLATING _3-WINDING _
TRANSF. NEDTRALIZING TRANSF. TELEPHONE I
(NOTE 1) HLDRAIN
REACIOR .
i—. 7
CARBON
TWISTED
PILOT-WIRE 7 BLock 10
SURGE PAIR
PROTECTOR. I~ o oThER
CENTRAL | sTATION
L OFFICE
GROUND
_l_ NOTE | THESE CONNECTIONS ASSUME A PILOT- WIRE Zo0:600N
STATION = =
ot {\= SHIELDED CABLE REMOTE
GROUND

(b) USE  WHERE [STATION AND CENTRAL OFFICE GROUNDS ARE NOT INTERCONNECTED
VIA 4WATER (SYSTEM PIPES. DO NOT USE IF INDUCED VOLTAGE MAY EXCEED

700 VOLES .
3-WINDING S#24BA6AGO2
S#1824935H01 NEUTRALIZING ~ _WUTUAL DRAINAGE TELEPHONE CENTRAL_OFFICE
AT! RANSF. "REACTOR 8 TUBE [NOTE 2} o
o L /on N
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PILOT-WIRE T] BLOCK
PAIR 10
A AL " OTHER
S POWER
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OFFICE
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T

/
NOTE || THESE CONNECTIONS ASSUME A PILOT-WIRE 2 Ye00n

1

STATION = . = _NOTE 2 377 DRAINAGE REACTOR AND CARBON BLOCK MAY
GRO. £ *SHIELDED CABLE REMOTE REPLACE S#248A691G02 ASSEMBLY. CONNECT 377 H
MAT. GROUND 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 WIA
WATER SYSTEM PIPES.

407C932

% Fig. 16 — Recommended Connections and Protective Arrangements for leased Cable for Two Terminal Lines.
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TYPE TA-1 TONE ASSEMBLY

I.L. 41.963A

Table of Electrical Parts

oL NAME OF PART AND DESCRIPTION OCRAM
HB-17845-2 FS TRANSMITTER

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

340 cps spacing.
H-1007-439 | CAPACITOR, tantalum: 33pF, 10V, C1,2,3,65
H-1007-439 CAPACITOR, tantalum: 15pF, 25V, c7
HA-13579 CAPACITOR, ceramic: 0.47 uF, 25V DC +80%, -20%. C4
H-1080-245 CAPACITOR, silver mica: .001 yF +5%. Cc6
H-1009-620 RESISTOR, fixed comp; 15K, +10%, 3 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; 5.6K, +10%, W, R4
H-1009-446 RESISTOR, fixed: comp; 1.8K, +10%, + W. RS
H-1009-607 RESISTOR, fixed comp; 180ohmsi10%, § W, R6
H-1009-408 RESISTOR, fixed: compW5K +10%, $ W, R7
H-1009 -442 RESISTOR, fixed: comp;857 K, +10%, ¥ W, R8
H-1009-419 RESISTOR, fixed'comp;)3.3K, +10%, ¥ W, RS
H-1009-639 RESISTOR, fixed: €omp; 18K, +10%, W, R10
H-1009-640 RESISTOR, ‘fixed: comp; 6.8K, +10%, $W. R11
HA-13573 RESISTORjyvariable: 500 ohms,.125V; linear taper, std. length R12

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

printed “eircuit board.
H-1009-473 RESISTOR, fixed: comp; 680 ohms, +10%, 4 W. R13
H-1009 -394 RESISTOR, fixed comp; 10K, +10%, W, R14, 15
HA -14554 RESISTOR, variable: 250K ohms, 0.2 W 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; T1493, Q3, Q4
HA-3165 DIODE, silicon: SG22 (Stabistor). CR1,CR2
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panT oL NAME OF PART AND DESCRIPTION R
HB-16527 FS RECEIVER
HB-53900 BAND-PASS FILTER & DISCRIMINATOR.
HA-13579 CAPACITOR, ceramic: 0.47pF, 25V DC +80%, -20%. cS5, C6,C4
H-1007 -479 CAPACITOR, tantalum: 6.8pF, 25V, Ci1, C2
H-1007-439 CAPACITOR, tantalum: 15pF, 25V, C3,C7,C8
H-1007-92 CAPACITOR, ceramic disc: .0047 puF, 600V, C9
H-1007-403 CAPACITOR, solid electrolytic tantalex: 6.8uF, +20%,35W 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%104 W, R37
H-1009-429 RESISTOR, fixed: comp; 1K +10%, 4'W. R26,27 & 3
H-1009-434 RESISTOR, fixed: comp; 2.2K +10%, %W. R8
H-1009-497 RESISTOR, fixed: comp; 330 ohms;, +10%, % W. R16
H-1009-530 RESISTOR, fixed comp; 5.6 KWF+10%, 4 w. R6
H-1009-541 RESISTOR, fixed: compi2.ZK, +10%, ¥ W. R10, RS
H-1009-544 RESISTOR, fixed¥ comp; 220 ohms, +10%, 3 W, R11,7,14
H-1009-598 RESISTOR, fixedWcomp; 27K, +10%, ¥ W, R4
H-1009-608 RESISTOR, fixed:| comp; 820 ohms, +10%, 3 W. R13
H-1009-640 RESISTOR, fixed comp; 6.8K, +10%, 3 W, R23, 30, 31,32
H-1009-697 RESISTORY fixed: comp; 6.2K, +5%, 3+ W. R24,25
H-1009-665 RESISTOR, fixed comp; 120 ohms, +10%, $ W, R1,R9,R17
H-1009-249 RESISTOR, fixed: comp; 56 ohms, +10%, %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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Table of Electrical Parts
DIAGRAM
Pl NAME OF PART AND DESCRIPTION v hey
HA-14643 RESISTOR, variable: 500 ohms, 0.25 W; 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; secondaty
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; 2N1375, Q4,7,86 3
HA-16523 Guard Relay.
HA-16524 Trip Relay.
HB-17840 RECEIVER MODULE W/O EILTER
HB-56500 RECEIVER BAND-PASS FILTER,
HA-13579 CAPACITOR, ceramiey, 0.47 uF, 25V DC +80%, -20% (5 req. ). C1,2,5,
c8¢&9
H-1007-438 CAPACITOR, tantalum: 33 pF, 10V, C3,6,76 4
HA-17197 DIODE, silicon, CR1, 2
HA-13572 RESISTOR, \variable: 5K, 0.25W, log taper; std. length shaft R1
1/8" beyond'mtg. surface; screwdriver adj.
H-1009-639 RESISTOR, fixed, comp: 18K, +10%, § W (2 req.). R2,R7
H-1009-485 RESISTORy fixed, comp: 4.7K, +10%, 4W (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%2608 RESISTOR, fixed, comp: 820 ohms +10%, #W (3req. ). R6, R11
R16
H-1009%497 RESISTOR, fixed, comp: 330 ohms, +10%, $ W, R12
H-1009-423 RESISTOR, fixed, comp: 33K, +10%, iW. R13
H-1009-391 RESISTOR, fixed, comp: 10K +10%, 4 W, R14
H-1009-607 RESISTOR, fixed, comp: 180 ohms, +10%, § W, R1S
H-1009-419 RESISTOR, fixed, comp: 3,3K, +10%, 4 W, R17

29



TYPE TA-1 TON

E ASSEMBLY

(e —

Table of Electrical Parts
PN, NAME OF PART AND DESCRIPTION DIAGRAM
b
HA-13913 RESISTOR, fixed, comp: 8.2K, +10%, § W, R18
H-1009-431 RESISTOR, fixed, comp: 270 ohms, +10%, 4+ 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%, $ 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, h Q3
HA-13806 TRANSISTOR: NPN 2N169A, Q4
HB-18425 VOLTAGE REGULATOR ll
‘HA-13569 CAPACITOR, electrolytic: 500uF, SOV. C1, C2
. HA-17994 DIODE, zener: 22V, 1W, 5%,
HA-17506 DIODE, zener: 36V, 1W, +8%.
HA-9348 FUSE: 0.5 amp; 250V, 3AG; F1
H-1009-730 RESISTOR, fixed: comp; 3.3K, +10%, 1W, R1
H-1100-375 RESISTOR, fixe& comp; 300ohms, +5%, 20 W, R2
H-1009-481 RESISTOR, fixeds» WW; 4.7 K, +10%, 2W, R3
H-1009-314 RESISTOR, ‘fixed: “2,2K, +10%, 1W, R4, R6
H-1220-33 RESISTOR, fixed: “WW; 100 ohms, +5%, 3W, RS
HA-13554 SWITCH, pushbutton, S1
HA-13273 TRANSISTOR, power: germanium; 2N2063A, Q1,Q2
MISCELIANEOUS =s8sm= —————=—>———+==—"=-"" = ——-—0o——

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