
Westinghouse 1. L. 41-963B 

INSTALL A Tl ON • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TA-l 

FREQUENCY SHIFT AUDIO TONES 

CAUTION: Check polarity of battery supply connec­

tions before applying power to the equipment. 

APPLI CATION 

The type TA- l 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 

a pilot wire pair, 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 i s  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 1 2. These fault detectors are 

not present in an underreaching scheme or a trans­

former protection channel; therefore, these are class­

ified as non-permissive. Examples of non-permissive 

systems are shown in figs. 13 and 14.  

The presence or lack of trip-circuit 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 and reliability in tripping when 

required. With non-permissive schemes the burden 
for security rests entirely with the tones themselves; 

whereas, the fault-detecting relays in the permissive 

scheme share the burden with tones for security. 

Thus,  we can ease up on the security requirements 

of the tones proper when used in a permi ssive 

scheme. This is desirable not just for economy, but 

al so to eliminate components which tend to detract 

from reliability. 

Secur ity Measures  

The T A- 1 frequency-shift receiver has been 

SU PERSEDES I.L. 41-963A 
*Denotes cha nge from sup erseded 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 recommended -32 dbm m aximum receiver 

sensitivity, this means that the a-f random noise 

must be about + 1 8 dbm to cause undesired trip relay 

operation. This comp ares with quiescent noi se 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 

cannot be classed as random in the sense that the 

energy i s  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 
noi se 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 - 3 2  dbm and a 

received signal level of at least - 20 dbm i s  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 p aralleled. This reduction to 

5dbm keep s the combined audio energy down to tol­

erable level s from a voice interference standpoint. 

P i l ot-Wi re Des ign  

I n  applying a tone system for protection, the 
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T YPE T A-l T ONE ASSEMBLY __________________________________ __________________ ___ 

* 

Fig. 1 - Front View of Full Chassis: 1 - Te/ephon e Typ e output re/oys (when u sed); 
2-Current moni toring ;ack s ( when used). 

user and the cooperating telephone comp any 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 install ation will range from 0- 10 seconds. Yet 

this infinitesimal period (co mpared to years) i s  pre­

cisely the time when noise level s can be abnormally 

high and 60 cycle di sturbing 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) U se a drainage reactor in all p aths to ground. 

b)  If KX642 gas tubes are installed, connect 

them only to ground as shown in Fig. 16 .  Do not 

connect the tube without shorting H2 to H3.  This i s  
especially important where the squelch receiver i s  

used, a s  a failure t o  follow these recommendations  

will result in  the squelch disabling the channel 

whenever the tube fl ashes. 

c) The pilot-wire p air must be twisted sep arately 

from any other wires in the cable. 

d) Do not u se open pilot wires. 

e) Shield any substantial length of wire between 

pilot wire and tone equipment. 

2 

f) Use surge protection across  tone connection .  

To protect personnel, use i solating transformer 

(Stt l85A495H01 serves the dual purpose of impedance 

m atching) . Mount it with the drainage and neutral­

izing devices in an enclosure m arked ' 'High Voltage. ' '  

Fig. 1 7  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 level s .  The shield 

should provide a shielding factor of 50% or less 
(actual induced voltage of 50% of c alculated value 

ignoring shielding effect).  

CONSTRUCTION 

The type TA- l tone equipment has been specifi­

cally designed for protective relaying application s .  

Modular design i s  u sed, 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 consist s  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. T ransmitter Mod u l e  

The transmitter module consists of  a transistor 
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T YPET A-1TONE A�EMBL Y �������������������������I . L_._4_1 -_96_3 B 

Fig. 2- Rear View of Full Chassis 

keying circuit, an oscill ator, an output amplifier and 

an output band-p ass 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. Recei ver Modu le  

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-e amplifier. The band-p ass filter and 
discriminator, which determines the operating fre­

quency of the receiver, are mounted on a separate 

plug-in card. The di scriminator output is brought out 

to separate screw terminals at the rear of the chas­

sis to facilitate connection of a channel monitoring 

meter. 

C. Vol tage Regulator Modu le  

The voltage regulator consists of a power-on 

switch, power-on light, fuse and two transistor­

Zener diode circuits. The regulator is capable of 

supplying regulated 36 and 22  vdc to two complete 

transmitter-receiver assemblies with squelch circuits .  

D. AM Receiver No i se Squelch (when used) 

This module consi sts 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-e amplifier. 

E. Output Re l ays 

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 j acks are 

used to monitor the rel ay coil current. In the type AR 

rel ay systems, the output relay i s  mounted in  an 

FT- 22  case separate from the tone chassis and must 

be connected to the output of the receiver module. 

Current test j acks 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 rel ays 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 �s shown in figure 10 .  

F.  Ph ys i c al 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 1 9 "  w x 9*" d, which mounts 

in standard rel ay 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\4" h x 9 1 5/ 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- Typic al Module 

T H EORY O F  O P E RATION 

Under normal 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 reception of the 

guard frequency develop s an output from the receiver 

discriminator which operates the guard relay. 

When a tripping function is called for, operation 

of the protective relay shifts the tone transmitter to 

its trip frequency which is 85 cp s above the nominal 
or center frequency of the tone. At the recei ving 

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 present, the guard relay drop s 

out. 

A. FS T ransm i tter (H B- 1 7845- 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 o s cilla­

tor tuned circuit. The guard c ap acitors are removed 

when the forward bias is removed from the emitter 

and the oscillator shifts to the trip frequency. This 

4 

i s  usually accomplished by a contact closure from 

terminal 6 on the connector block to battery positive. 

An oscillator, using the frequency determining 

L0, CG and CT, generates the guard and trip fre­

quencies. The voltage tap of R 1 2 . the output level 
control, is used to drive transistor Q 1 , an output 
buffer amplifier. The filter, FL-1 is  the collector 

load of the amplifier and also serves to d-e isolate 

the oscillator from the line and to m atch a line im­
pedance of 600 ohms. 

The filter and the oscillator are the only fre­

quency sensitive components in the transmitter and 
are pack aged together in a hermetically sealed plug­

in can. 

Frequency adjustment is obtained through the 

use of capacitor c6, resistor R7 and R 17. The effec­
tive capacitance introduced into the tuned circuit i s  

varied with resistor R 17· When resistor R 17 i s  ad­
justed to maximum resistance, the capacitor C5 i s  

isolated from the tuned circuit. Resistor R7 i s  used 

to prevent the entire value of capacitance from be­

coming effective in the tuned circuit. 

B .  FS Rece iver 
(HB- 1 6527- 2, H B -20835- 2, and H B- 20835-1 0) 
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T YPE T A-l T O NE ASSEMBLY ------------------------- '-·L_._4_1 -_96_3B 

TBI TB2 TB3 TB4 TBS TB6 TB7 TB8 TB9 TBIO TBII 

�------------19"------------� 

TYPICAL II- MODULE UNIT 

I" 5 • 
,------- SLOTS 4 X ii 

(FOUR PLACES) 

I � • RELAY PANEL 
!OPTIONAL) 

Fig. 4- Outline and Drilling Plan of 71 Module Chassis 

The input of the receiver is designed to reject 

adjacent channel tones by at least 40 db. The 

sharply sloping skirts of the filter also  aid in pre­

venting noise frequencies, just above the trip fre­

quency, from causing false trip relay operation. 

Transistors Ql Q2, Q3 and Q4 comprise a three 

stage limiter amplifier and will provide full limiting 
of the discriminator input signal to approximately 

-40 dbm. 

The discriminator consists of  two tuned circuits ,  

one tuned to peak 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 

adjustment, greatly reduces the receiver sensitivity 

to random noise. The in-band noise power delivered 

to the d-e amplifier s is much lower over the band of  

frequencies affecting the trip condition than it is in 

the remainder of the band. 

Resistor R20, the bal ance 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 R2 2 . the relay bias control. If resis­

tor R22 . is adjusted such that a greater portion of 
discriminator output is delivered to transistor Q6 
rather than transistor Q5 . it follows that more power 

must be delivered to transistor Q5 to cause conduc­

tion.  Resistor R23 and diode CR1 0  form a bias net­

work preventing operation of either transistor Q5 o r  
Q6 during the no signal condition. Resistor R3 2, 

diodes CRu and CR 12  perform the s ame function on 

transistors Q7 and Q8 . 

Resistor-cap acitor combinations, R28· c1 0  and 

R2g. Cu. form accelerating networks for the output 

relays. When transistor Q7 i s  switched on by transis­

tor Q5, capacitor c 10 . momentarily shunts resistor 
R2s . causing a l arge inrush current to energize the 

output rel ay. A low holding current limited by resis­

tor R2S· is required to keep the relay energized after 

capacitor C lQ, is fully charged. 
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TYPE TA- 1 TONE ASSEMBLY __________________________________________________ __ 

4-3/8 DIA 

MOUNTING HOLES 

Fig. 5 - Outline and Drilling Plan of 5 Module Chassis 

C. AM Recei ver Noi se Squelch (When u sed - H B -
1 7840) 

C H A R A C T E RI S TI C S 

As shown in Figure 8, transistors Q1 , Qz and Q3 
form a three stage linear amplifier which drives 

rectifiers CR 1 and CRz. During a low signal or low 
noise condition ,  the voltage divider, resistor R 19  
and R22. bi ases the output transistor Q4 into a non­

conducting  state. If the positive voltage from the 

rectifiers is large enough to overcome the bias, tran­

sistor Q4 conducts. Terminal E is connected to the 
emitter of transistor Q2 and the base of Q8 on the FS 

Receiver. A negative voltage is applied to Q2 and 

Q3 when noise signals of sufficient amplitude cause 

transistor Q4 of the squelch circuit to conduct. Re­
verse biasing of transistor  Q2 completely di sables 
the FS Receiver and leaves the receiver in a no 

signal condition. The negative voltage on Q3 , al­

lows Q3 to conduct and keep the guard rel ay picked 

up . 

6 

General 

Channel Frequencies: 
cps 

Shift in  Frequency: 

Op erating Temperature: 

Storage Temperature: 

Op erating Time: 

( Includes guard 
relay drop-out 

time and trip 

relay pickup time) 

935 
1 6 1 5  

1955 
2 29 5  

1 275  

2635  
( For special applica­

tions, additional fre­

quencies can be sup­
plied). 

± 85 cycles 

17-20 ms w ith telephone 

type o utput relays. 
1 1- 15 ms - with typ e AR 

output relays.  
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Fig.6- Typical discriminator output curve showing re lative noise power output effe cting trip re lay. 

DC supply voltage: 

Energy Requirements: 

FS Transmitter 

Output Level: 

Frequency Stability: 

Output Impedance: 

48 , 1 25, or 250 volts 

de, external dropping 
resi stors are used on 
1 25 and 250 v de. 

0 . 15  amperes de @ rated 
de voltage per chassi s,  

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 p ass-band 

ungrounded and unbal­

anced. 

FS Receiver 

Sensitivity: 

Input Impedance: 

Adj acent Channel 

Rejection: 

Noise rejection with­

out squelch circuit: 

0 dbm to -40 dbm for 

full limiting. 

600 ohms in the p ass­
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 rel ay operation .  
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AM Recei ver No ise  Squel ch (when used) 

Sensitivity: 

Input Impedance: 

- 40 dbm adjustable 

600 o hms with rising 

characteristics out of 

band. 

INSTALLATION 

The tone assemblies should be mounted on  relay 

racks or in suitable cabinets when the eleven module 

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 m ade 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 j acks: Standard tele­

phone-type current j acks 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- l tone chassis in a location free from dirt, 

moisture, excessive vibration, and he at. Mount. the 

relay vertically by means of the four mounting troles 

on the flange for semi-flush mounting, or by means 

of the rear mounting stud or studs for proj ection 

mounting. Either a mounting stud or the mounting 

screws m ay be utilized for grounding the relay. The 

electrical connections may be m ade directly to the 

terminals by means of screws for steel-panel mount­
ing or to the terminal studs furnished with the relay 

for thick-panel mounting. The terminal studs m ay be 
easily removed or inserted by locking two nuts on 

the stud and then turning the proper nut with a 
wrench. 

For detailed FT case information, refer to I . L .  
4 1-076.  

SETTINGS 

Tra nsm i tter: 

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 m arked 

"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. For example, in rel aying applications, general­

ly only one or two tone transmitters will b e  connected 

8 

to the pilot channel at any one terminal. If zero dbm 

is the maximum allowance level , a singl e 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-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 AC vacuum-tube voltmeter . The l evel 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 
j ack on the front p anel and recorded for maintenance 

and check-out p urposes. This avoids the necessity 

of disconnecting the transmitter from the line when 

l evels are to be checked or readjusted. 

FS Recei ver 

Plug a d-e milliammeter of at least 50 rna. range 

into receiver trip relay j ack. Close the keying circuit 

of the associated tone transmitter to shift its fre­

quency from Guard to Trip. ( The tone transmitters 

must be previously set to their desired output l evels). 

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 as the Hewlett-Packard Model 350B Attenuator) 

between the telephone line and the terminal equip­

ment. Set the attenuator for 1 2  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 1 2  db. 

With the level of the incoming "trip " tone set 

1 2  db below normal, advance the gain control of the 

tone receiver by adjusting l evel control on the re­

ceiver module ,  until the receiver output current in­

creases suddenly from zero to approximately 25 rna 
for telephone type o utput relays and 32 rna for type 
AR o utput relays, at this point the trip relay has 
operated. When the attenuator is removed from the 
circuit, the ton e  receiver will have a normal oper­
ating point 1 2db above the pickup signal level. 

Vol tage Regul ator 

No setting required. 

AM Recei ver No i se Sque lch (when used) 

The AM squelch receiver is set in the factory 
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TY P E  TA-1 TON E  ASSEMBLY I.L. 41-9638 

+ 
<D 
<D 
CD 
® 
<D 
(!) 
<D 
® 
(i) 
® 
® 
@ 
® 
® 
® 

REG U LATOR 

Nl-114 2 5  
Sll 

GUUO 

T U IU I TTEI 
C P S  

H I-ITIU - 2  
S I O  

• 
;::: a = ... 
.. -

R ECEI VER 
C P S  HB -20835-2 OR 

FI LTER NB- It 5 2T-2 
S 9 S I 

TB8  

� •w 
....... <&CD 

..... 
-
"" 
... 

"" .... 
= ..... 
... ... 

- = "" "" .... 
... UO CD 
... 

U REC 
3 8 0  C P S  
H B - 1 1 8 4 0  

S T  

T B T  

1200Jl. 
1/2 I 

1 5 11  FO 
2 5 V  

�---R£0----------------------------------------------� 

� I L U----------------------------------------� 

I. S S OClETS • PRiiTED CIRC U I T  B OARD SOClETS 

2. T1 • IARR IER STIIPS 
3. I I R I I G  I S  10 22 STRAIDED Of C OLOR IURIED 

UUARIED II R ! I C  IS I USS IIIIIG 

4. • I I D I C UES lEY LOCATIOI 

5. RELAYS, I H E I U SED , ARE SHOIN URENERGIZED 

8. IF TIO RECEIVEP.S ARE O N  SANE L I NE , CUT J�MPER 
UPHD Q 

1. COllECT I N G  KEYI NG LEAD TO B ATTERY P O SITIVE 
SE N D S  U PPER , O R  T R!r F R E Q U N C Y. 

t FOR CO"�CRSION FROII AN ALPHABET ICAL 

TERIII�'L 6LOCK NOTATION TO A 

Fig. 7 Typ i cal Terminal B lo ck Drawing of Type TA-l Assembly. (CR Dwg.) 
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TYP E TA- l TON E ASSEMBLY __________________________________________________ ___ 

such that 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 FS receiver, and adj ust sensitivity of AM 

receiver for zero output on microammeter across 

"Disc O ut "  test points. 

ADJ U STMENT AN D MAI N T ENAN C E  

The proper adjustments t o  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 

Vol tage Regu l a tor 

Non regulated voltage = 4 5  to 38 vdc 

Hi regul ated voltage = 36 vdc 

Lo regulated voltage = 22 vdc 

Voltages measured between common test point 

and the other specific test points. 

Tran smi tter 

Key transmitter to trip frequency by shorting 

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 load. 

Guard frequencies -Normal or center frequency 

minus 85 cycles. 

Trip frequencies -Normal or  center frequency 

plus 85 cycles. 

output - at least t 1 dbm 

FS Recei ver 

With transmitter output set at - 20 dbm, see that 

guard and trip output relays function properly when 

respective guard and trip signals are applied. 

10 

AM Recei ver (Sque lch 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. This indicates that the receiver has been 

biased off. This output may be checked by plugging 

a 500-0-500 microammeter with a 5 100 ohm resisto r  

in series into the test points m arked " Disc Out " .  

Type AR Output  Relay (when u sed) 

1. Contact gaps 

a. Normally open contacts should have a gap 

of . 0 1 8  to . 023 inch. 

b. Normally closed contact gap should be 
. 0 13 minimum . 

2. Contact pressure 

On two normally open and two norm ally 

closed relays, the normally closed contacts 

should have approximately 8 grams con­

tact pressure in the de-energized position.  

Each normally open contact spring should 

have approximately 8 grams pressure 

against the card. 

3. Arm ature gap 

The arm ature gap should be approximately 

. 009 inches measured at the narrowest p art 

of the armature gap . 

Adj u s tments 

Use the following procedure for adjusting the 

tones, if the tone adj ustments have been disturbed. 
This procedure should not be used unless it is ap­

p arent that the tones are not in proper working order 

(See " Acceptance Check" ) .  

Transmi tter 

The frequency of the transmitter is adjusted at 

the factory before shipment and does not normally 

have to be readj usted. The adjustment, however, 

should be checked if the filter- oscillator assembly is 

changed. To m ake the adjustment the transmitter 

output should be properly loaded and a counter or  

other device c ap able of measuring frequency within 

2 cycles attached to the output. The test point 
"OUT" (on the transmitter side of the filter) c an also 

be used. Readings should be m ade in both guard and 

trip condition and the frequency should be adjusted 

until an equal guard and trip shift from center is  

effected. 
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TYPE TA- l TONE ASSEMBLY _______________________________________________ ________ __ 
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IN 
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�� �R:*----------------------------------------, 

�---- - -- -------1 
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RECEIVER. Fl� TER 
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1>-SSEMB<-Y F\..1 
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r--- -- - --
1 
I 
I 
I 
I 
I RIO!"': 

Cl 
�7 

� R2 

-- , s� I 58 

�--
1 
I 

TP 
NON 
REO. 

0 
0 
In 

58 � N -� 
DISCR.L� 

: PowE-R SUPPL.Y HB-18425 
_________ T _ __ _ _  _ -------1 

I 
I I 

OK 
TR .... NSMITTER- R7, R8 ... NO C� M"-Y V ... RY FoR V"-RIOUS FREQUENCY R.._NGES 
SGIUEL.C:H- IF TWO RECEIVERS ON ::,._ME L.INi L.E ... D 15 CUT 

Fig. 8 Typical Schematic Diagram ofT� 
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_ -�T COMMON 

Q, ZN\414 

1200 

- 22 VOL;S 

TP 

TAANSMITTER l 
HB 17845-2 I 

( (4 
.47 

GR OUT �TP 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 

·peTA-l Assembly (with Telephone Relay Output). 

I. L. 41·9638 

T8·7 

Ta-lo 
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FS Receiver 

There are three receiver adjustments - an input 

sensitivity control, a bias control and a discriminator 

output balance control. 

The bias control and discriminator output balance 

control are factory adj usted for optimum operation. 

Except for sp ecial applications these controls should 

not be readj usted . 

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 5 100 ohm 

resistor in series with the meter terminal into the 

test points marked "Disc Out " .  With the receiver 

sensitivity control at its m aximum 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 adj ustment 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 deviation of 

approximately 10% from previously balanced condi­

tion and a readj ustment is not necessary. 

Note voltage levels per Table 1 .  

AM Recei ver No i se Sque l ch (when used) 

With transmitter set at - 20 dbm output and AM 

receiver bias control fully counter clockwise super-
* impose a 400 cycle -25 dbm tone on existing guard 

signal to FS receiver, and adj ust sensitivity of AM 

receiver for zero outp ut on microammeter across 

"Disc Out" test points. Receiver bias control should 

remain in counter clockwise position. 

Vo l tage Regul a tor 

No adjustments. - Note voltage levels per Table 

1 .  

. When the T A- 1 tones with an A R  output relay i s  

used, the series resistor o f  the power supply has 

been set for 55 volts across the unregulated test 

point with the following conditions: 

1 .  D . C. supply of 1 40 volts d . c .  

2 .  A R  relay removed from its chassis. This i s  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. 

Cal i bration  of Type AR Output Relay 

The type AR output relay unit has been properly 

adjusted at the factory to insure correct operation ,  

and under norm al field conditions should not  require 

readj ustment. If, however, the adj ustments are dis­

turbed in error, or it becomes necessary to replace 

some part, use the following adjustment procedure. 
This procedure should not be used until it is app ar­

ent that the relay is not in proper working order, and 

then only if suitable tools are available for checking 

the adjustments. 

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 .  

b .  Adj ust each contact spring t o  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. Adj ust each stationary contact screw to obtain  a 

contact gap of 0 . 020-inch. This will give 1 5- 30 

grams contact pressure. This completes the ad­

justment procedure for the AR tripping relay unit. 

Mai ntenance 

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 m ay 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 m ay 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 cont acts may be burnished on the same schedule 

as that for the associated protective relays. If a 

channel failure occurs bec ause 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 
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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 eircuits. 

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 eounter, H-P Model 523 

C or equivalent. 

2. D-C vaeuum-tube volt-ohmmeter, RCA Senior 

Voltohmyst or equivalent. 

3. Cathode-ray oscilloscope.  

GENE RAL I NF O RMATI ON 

Connection Drawings  

The drawings applicable to the specific order 

will be supplied. The applicable "CR" drawing in­

formation is included as p art of the nameplate data. 

Tone App l i cati on s 

Figures 1 1  thru 1 4  show typical relaying applica-

16 

RIGHT HUD 
RIGHT CENTER 

QUAID 
HIM QED 

ARM.IJVIE.UMIT 
(L •• • ) 

lEFT HAND 

U:FT CENTER 

INTERNAL SCHEMATIC 

LEFT UMO 

l.EFT CEIT!R 

I&HT CENTER 

CUIItEJIT TEST 
JACl 

TERMINAL 

836A990 
Fig. 10 Internal sch ematic of the type A R  relay for use 

with T A- 1 tones. 

tions which m ak e  use of the tone characteristics. 

R ENEWAL PARTS 

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts ean 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 p arts are shown in  Table 2.  
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T A B L E  I - V O L T A G E  L E V E L S  

Measurements taken with resp ect to circuit common; -20 dbm guard signal transmitted and received. 

E = Emitter; B = Base; C = Collector. 

Q 1  Q2 Q3 Q4 Q5 Q6 Q7 Q8 

MODULE VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOL TS 

AC DC AC DC AC DC AC DC AC DC AC DC AC I DC AC DC 

Voltage E 36 22  

Regulator B 36. 2 2 2. 2 

HB- 18425 c 43 29 

FS Transmitter E 7mv 4. 35 4. 2mv . 8  1 mv . 67 

HB-17845- 2 B 2mv 4. 5 . 045 . 9  <.1mv 0 

c . 1 2 9 . 6  3 . 0  4. 8 1mv . 67 I 

FS Receiver E . 5mv . 45 3mv . 75 2. 1 2 . 7  2 . 1 3 . 7 . 0 33 22  . 033  2 1  2mv 1 . 5  2mv 1 . 5 

HB-16527- 2 B . 8mv . 6  5mv .9  2 . 4  3 . 8  2 . 6  3 . 8  . 0 3  2 4  . 033 2 1 . 8  3mv 0 3mv 1 . 2  

HB-20835-2 36 
< . 1 m  

HB-20835- 10 
c 5mv 1 . 7 1 . 1  4 .8  12  22  12  22  4mv 0 .033  22  4mv 43 t 1 . 6 

AM Receiver E 2mv 2 . 15 . 0 1 6  2 . 1 5  . 1 3 2.45 . 0 2 7  20 

HB-17840 B 2mv 2 . 3  . 0 18 2 . 3  . 1 5 2 . 65 . 0 3  2 2  

(Adjusted to 
Squelch with 
-40 dbm 400 cps 

. 0 19 7 . 4  d6 7 .4 5 2 . 45 . 25 7. 5  tone inp ut. ) c 
t Collector of Q7 only for the HB-20835- 10 module. 

------------

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

TEST POINTS 

Hi Reg 36VDC 

Lo Reg 22VDC 

Non Reg 43VDC 

Out . 12VAC 

c .046VAC 

IN . 039VAC 

Disc. Out-Equal 
and opposite VDC 
at guard and trip. 

In . 0 1 VAC 

OUT 1 . 2VDC 

v 5 .0VAC 

-t 
-< 
., 
m 

-t :'!>" ..... 
-t 
0 
z 
m 
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m 
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TYP E TA-l TONE ASSEMBLY __________________________________________________ ___ 

TRA.WSHlTT\WG 'tER�lt-lAL 

POS. �--=¢====�1;=====---
WL 

I. TTIT 

TilT AND TT/fl 
TESl S\NITCW 

POSITION· 
CONTACT NOA.M OFF 1EST 
.All-!oll 

X DENOTES CONTACT CL05ED 
C.ONTACTS ,oi.,S·BS rl.\<40 A.i-B7 IN PARALLEL SUPER"'15E TONE 
CIRCUIT TO PILOT WIRE� AT 
TR'A.W$..,1TTIHC. TEW'MINAL. 

TA-l RECEIVER 

g4G- GUARD RELAY 
�4T-TRIPPIHC:. RELA'f 

TT9- CI-IANNEL �.t.ILUitE. 
ALARM RELA..Y 

Fig. 1 3  Transformer P rotection - Single Channel Tran sfer 
Trip. 

DRILLING PLAN 

/ 

�--2�--� 

+ 

.1!57 OIA. 
(2 HOLES) 

"� TT/T 

es � 

���������--� �· 
•• 

TT/T """'TT/r( 
... EST .SWITC!-1 

�11-811 X 
"'-'2-Bn! X 
..._1·81 X 
"-2· 82 
A.3·1S3 X 
A.,4·1S4 X 
,to..�·B5 X 
.._,-ew 
1>.1·8, X 
>.8·1!8 X 
...._OJ·ect )( 
/1..10·810 

... 

X 

" 
')1... DE.N,TES C.ONT�T' CLOSED 

CL.OS.EO CO"--T .... CTI I 1'-t PO$ 
Clol.l ( CI·L2 l-1US'T" NOT 
OVER.L."'P• CONTM,TS Ae•!!&l 
.t..:�-&�4:,lrr,.IO·�o CoNNe'CTEc l'N 
PNlt11.. 1..iL .. 5UPtiR.VISr!o 
TONii C\lt.C.UIT TO PILOT WilliS 
�T ..,.!t ... N\M I TTl NC.. 
TtlllM1N ... l.. 

�.F.I... ftiCEIV'ifl 
�·�- �U .... IIlO Rii...A..Y 

T'T�_,.,.,__t...INEl. S:lltt.U ... UU 
"-LARM Rli:L.Jrt,.'f' 

763A215 
*Fig. 14 Tran sformer Protection - Dual Channel Transfer 

Trip. 

i -28 THO. 
TERMINALS 

410Cl25 
* Fig. 1 5  Outline and Drilling P lan For Carrier Level Meter. 
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TYP E TA-1 TON E ASSEMBLY ______________ ____________________ ________________ ___ 

22 

SURGE 
_e£l_Q!!_CTOR 

GhJ. 
•AT 

#1H 'A995rlQI 
13G;:"ATING 

T f.ANSF N6Tf l) 

STATION � 
GRO. . ., 

S""IB7A<:?95H01 -
ISOLATING � {NOTE I) 

TWISTED 
PILOT-WIRE 

PAIR 

._.::, • SHIELDED CABLE 

TEL EPH)Nh HCF;l\\�� 
- -:R-� ' 

� ' 

T: 'If . I rr:; CfNTRAL 

�I 

TO 
OTHER 
POWER 
STATION 

OFFICE 
GROUND 

� T'i[S� CCNNEC'IQNS •'55UM[ A PILOT-WIRE Zc-' 600ft 

�77H D�A INAGE REAC' R ANC '-::ARBON BLCCK MAY 
><"-PLACE -,#248A691-'C2 ASSEMBLY C'ONNE :T 377H 
S.:IME AS AT TELEPhONE CE"'TRA_ OFF, ( 

{0) W>-iE�E IMc�C:::D VOL TAGE MAY EXCEED 700 VOLTS. USE ONLY v.HERE STATIC·N 

AND CFN�RAL OFFICE GROUNDS ARE INTERCONNECTED VI.::. w:ntR SYSTEM PIPf-S 

_3-WINOING_ 
_!:!!:UTRALIZING TRANSF, 

I 

I 

I 

L:_• SHIELDED CABLE 

;L 

RE'-IOTE 
GROUND 

_.,E-\ 
t a_·x,.; 

: !�_, I > g���� �// I STATION 

'-----+-T' ___ J 
� THESF CJNN[;TIONS ASSV<E A FI_QT-WIRE Zo·6(C.f\_ 

(b) SE WHERE STATION ANC CENTRAL OFFICE GROUNDS ARE NOT INTERCONNECTED 

VIA WATER SYSTEM PIPES DO NOT USE IF INDUCED VOLTAGE MAY EXCEED 

700 VOLTS. 

/::.. • SHIELDED CABLE REMOTE 
GROCOID 

..!:!2.!f_l THESE CONNECTIONS ASSUME A PILOT-WIRE Zo'¥600n 

_lj'-�� 37-;"H DRAINAGE REACT('R AND CARflON f-LOC!< MAY 
REPLACE ".rt?48A69!G02 ASSEMBLY CONNECT 377H 
SAME AS AT TELEPHONE CENTRAL OfFICE 

(CJ vSE WHERE INDUCED VOLTAGE MAY EXCEED 700 VOLTS AND WHERE THE 

STATION AND C ENTRAL OFFICE GROUNDS ARE NOT INTERCONNECTED VIA 

WATER SYSTEM PIPES. 

407C932 

* Fig. 1 7  -Recomme nded Conne ctions and Protective Arrange ments for leased Cable for Two Terminal Line s. 
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TYP E TA-1 TON E ASSEMBLY __________________________________________________ __ 

?,( _ ,  
,,_, 

"' 

187A995 
� ------------------------------��� 

Fig. 79 I solating Transformer 187A 995H0 1.  

PROV I S I ON FOR MOUNT I NG KX6it2 
PR OTE CT I V E TUBE 

Hl  t;2 H3 Hit 

4 

A R R OWS I ND I CATE RE LA T I VE l h STANTA H E O U S  D I R EC T I ON OF I KD UCED VOLTAGE S .  

GRO . 

247A775 

Fig. 20 Drainage Reactor Connections. 
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MOUNTING PURPOSES. IT IS NOT TO BE RE­

GARDED AS INDICATING THE EXACT DETAILS OF. 

CONSTRUCTION. 

Fig. 21 Drain age Reactor Outline 
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Fig. 22 Outline and Drilling p lan for the typ e AR relay in the FT-22 case. 
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TY P E  TA- l TON E ASSEMBLY ____________________________________________________ I ._L_. 4_1_-9_63�B 

RFL 

PART NO. 

HB-57 100 

H-1007-439 

H-1007-439 

HA-1 3579 

H-1080-245 

H-1009-620 

H-1009 -429 

H-1009-442 

H-1009-530 

H-1009 -446 

H-1009 -607 

H- 1009-408 

H-1009 -442 

H- 1009 -419 

H-1009-639 

H-1009-640 

HA-1 3573 

H-1009-473 

H-1009 -39 1 

HA-14594 

HA- 3 167 

HA- 3 166 

HA- 171 1 3  

HA-3165 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 
DIAGRAM 

SYMBOL 

HB-17845 -2 FS TRANSMITTER :==:::=:::=:::=:::=:::=:::=:::=:::=:::=:::=:::=:::=:::=:::=:::=:::=:::=:=:::=:::=:=:=: 

TRANSMITTER FILTER & TUNED C IRCUIT, 1 70 cps bandwidth, 
340 cps spacing. 

CAPACITOR, tantalum: 33 /lF , 1 0 V. 

CAPAC ITOR , tantalum: 1 5 /lF , 25V. 

CAPACITOR , ceramic: 0. 47 1lF ,  25 V DC + 80% , -20%, 

CAPAC ITOR , silver mica: , 001 /lF ± 5%. 

RESISTOR , fixed comp; 1 5 K, ± 1 0% , t w. 

RESISTOR, fixeli: comp; 1 K ,  ± 10% , j W. 

RESISTOR, fixed: comp; 47 K ,  ± 10 % ,  t w. 

RESISTOR, fixed: comp; 5. 6 K , ± 10%, j W. 

RESISTOR, fixed: cornp; 1 . 8 K , ± 10% , j W. 

RESISTOR, fixed: comp ; 1 80 ohms ± 10 % ,  j W. 

RESISTOR , fixed: comp; 1 5 K  ± 1 0% , j w. 

RESISTOR, fixed: comp; 57 K ,  ± 10% , jw.  

RESISTOR, fixed comp ;  3. 3 K, ± 10% , 1 W, 

RESISTOR , fixed: comp; 1 8 K, ± 10 % ,  tw. 

RESISTOR, fixed: comp; 6.  8 K ,  ± 10% , j W, 

RESISTOR, variable: 500 ohms, . 125 V; linear taper, std. length 
shaft 1 /8" beyond mtg, surface ; ear mounted; screwdriver adj; 
printed circuit board, 

RESISTOR, fixed: comp; 680 ohms, ± 10% , !-W. 

RESISTOR, fixed: comp; 10 K ,  ± 10% , t W. 

RESISTOR, variable: 250 K ohms , 0, 2 W bd, taper; 1/ 8" screw­
driver shaft; printed circuit; ear mounted, 

TRANSISTOR: type PNP; 2N1 414. 

TRANSISTOR: type PNP ; 2N1 415 

TRANSISTOR: type NPN , silicon; TI493, 

DIODE , silicon: SG22 (Stabistor). 

C 1 , 2 , 3 , &  5 

C7 

C4 

C6 

R1 

R 1 6  

R 3  

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

Rl l 

R 1 2  

R 1 3  

R 1 4 ,  15 

R17 

Q1 

Q2 

Q3 , Q4 

CR1 , CR2 
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RFL 

PART NO. 

HB-53900 

HA-1 3579 

H-1007-479 

H- 1007 -439 

H- 1007 -92 

H-1007-403 

HA- 1 3576 

HA- 1 0271 

HA- 1 3242 

H-1009 - 391 

H-1009 -429 

H-1009-434 

H- 1009-497 

H- 1009 -530 

H- 1009 -54 1  

H-1009-544 

H-1009-598 

H-1009-608 

H-1009-640 

H-1009-697 

H-1009-665 

H- 1009 -249 

HA- 1 3573 

HA-14593 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 
DIAGRAM 

SYMBOL 

HB - 1 6527 FS RECEIVER :=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:= 

BAND-PASS F ILTER & DISCRIMINATOR. 

CAPACITOR, ceramic: 0. 47 j.IF , 25 V DC + 80%, -20 %. 

CAPACITOR, tantalum: 6. 8 f1F , 25 V. 

CAPACITOR, tantalum: 1 5 f1F,  2 5 V .  

CAPACITOR , ceramic disc: • 0047 f1F ,  600 V, 

CAPAC ITOR , soli d  electrolytic tantalex: 6.  8 j.IF , ± 20% , 35W VDC. 

CHOKE: 1 H. 

DIODE , silicon. 

DIODE, germanium. 

JU:SISTOR, fixed: comp; 10 K ± 1 0% , i W. 

RESISTOR, fixed: comp; 1 K ± 10%, i W .  

RESISTOR, fixed: comp; 2. 2 K ± 10% , i W .  

RESISTOR, fixed: comp; 330 ohms, ± 10% , i W .  

RESISTOR, fixed: comp; 5. 6 K, ± 10%, i W. 

RESISTOR, fixed: comp; 2. 7 K ,  ± 1 0% ,  i W. 

RESISTOR, fixed: comp; 220 ohms , ± 10% , i W. 

RESISTOR, fixed: comp; 27 K ,  ± 10%, f W. 

RESISTOR, fixed: comp; 820 ohms, ± 10% , i W. 

RESISTOR, fixed: comp ; 6. 8 K, ± 10% , f W. 

RESISTOR, fixed: comp ; 6. 2 K, ± 5% ,  i W .  

RESISTOR, fixed: comp; 1 20 ohms, ± 10% , tw.  

RESISTOR, fixed: comp; 56 ohms, ± 10% , i W .  

RESISTOR, variable: 500 ohms, 0. 1 25 W ;  standard length shaft 
1 / 8" beyond mounting surface; screwdriver adj .  for PC board; 
taper bd; terminals are to be at right angles to shaft. 

RESISTOR, variable: 1000 ohms, 0. 25 W ;  linear taper; standard 
length shaft 1 /8" beyond mounting surface ;  screwdriver adj. for 
PC board; terminals are to be at right angles to shaft. 

C 5 ,  C6 , C4 

C l , C2 

C3,  C7,  C 8  

C 9  

C 10, C l l  

11 

CR1 1 , CR12 

CJU ,  2,  3, 4,  5,  
CR6,  7 ,  8,  9 ,  10,  

CR1 3 ,  14 

R37 

R26 , 27 & 3 

R8 

R16 

R6 

R10,  RS 

Rl l ,  7 , 14 

R4 

R1 3 

R23, 30 , 31 , 32 

R24 , 25 

R1 , R9 , R1 7  

R 1 2 ,  R 1 5  

R 2  

R22 
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TY PE T A- 1 TONE ASSEMBLY _________________________ I ._L_. _41_-9_6_3 8_ 

RFL 

PART NO. 

HA-14643 

HA-3175 

HA-1 3575 

HA-13806 

HA-3167 

HA-171 17  

HA-16523 

HA-16524 

HB-56500 

HA- 13579 

H-1007-438 

HA-17197 

HA-1 3572 

H-1009-639 

H-1009-485 

H-1009-446 

H-1009-435 

H-1009-608 

H-1009-497 

H-1009-423 

H-1009-39 1  

H-1009-607 

H-1009-419 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 

R,ESISTOR, variable: 500 ohms, 0. 25 W;  linear taper; standard 
length shaft 1 /8" beyond mtg. surface ; screwdriver adj . for 
PC board; terminals are to be at right angles to shaft. 

TRANSFORMER: primary impedance ohms 2000 CT; secondary 
impedance ohms 8000 CT; 1 50 MW 0/A. 

TRANSFORMER, 

TRANSISTOR: NPN, germanium 2N169A. 

TRANSISTOR: PNP, germanium 2N1414. 

TRANSISTOR: PNP, germanium; 2N1375. 

Guard Relay. 

Trip Relay. 

HB-17840 RECENER MODULE W /0 FILTER 

RECENER BAND-PASS FILTER, 

CAPACITOR, ceramic: 0. 47 JlF, 25 V DC + 80%, -20% (5 req, ). 

CAPACITOR, tantalum: 33 JlF , 10V. 

DIODE, silicon, 

RESISTOR, variable: S K, 0. 2SW, log taper; std. length shaft 
1/8" beyond mtg. surface ; screwdriver adj. 

RESISTOR, fixed, comp: 1 8K ,  ± 10%, t W (2 req. ). 

RESISTOR, fixed, comp: 4. 7 K, ± 10%, t W (2 req, ). 

RESISTOR, fixed, comp: 1 . 8 K, ± 10%, t W (2 req. ). 

RESISTOR, fixed, comp: 100 ohms, ± 10% , !W (2 req. ) , 

RESISTOR, fixed, comp: 820 ohms ± 10% , tW (3 req. ), 

RESISTOR, fixed, comp: 330 ohms, ± 10% , l; w. 
RESISTOR, fixed, comp: 33K,  ± 10%, t W. 

RESISTOR, fixed, comp: 10 K ± 10% , t W. 

RESISTOR, fixed, comp: 180 ohms, ± 10% , t W. 

RESISTOR, fixed, comp: 3, 3 K, ± 1 0% ,  !W. 

DIAGRAM 

SYMBOL 

R20 

T1 

T2 

QS, Q6 

Q1 , Q2 

Q4 , 7 , 8 & 3 

C 1 ,  2, S, 
C8 & 9 

C3 , 6, 7  & 4 

CR1 , 2 

R1 

R2, R7 

R3, R8 

R4, R9 

RS, R10 

R6, Rl l 
.R16 

R12 

R13 

R14 

R15 

R17 
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RFL 

PART NO. 

HA- 1 39 1 3  

H-1009 -431 

HA-13588 

H-1009-530 

HA-3 175 

HA-3166 

HA-3 167 

HA-13806 

HA-1 3569 

HA-17994 

HA-17506 

HA-9348 

H-1009-730 

H-1 100-375 

H-1009-481 

H-1009 -314 

H-1 220-33 

HA- 1 3554 

HA-13273 

HA-17 1 59 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 

RESISTOR, fixed, comp: 8. 2 K, ± 10%, t W. 

RESISTOR, fixed, comp: 270 ohms, % 10% , ! W, 

RESISTOR , variable: 2, 5 K, 0. 25 W, std. length shaft 1 I 8" 
beyond mtg, surface ; linear taper; screwdriver adjust. 

RESISTOR, fixed, comp: 5. 6 K, ± 1 0% ,  t W. 

TRANSFORMER: primary impedance ohms 2000 CT; sec, 
impedance ohms 800 CT; 150 mv 0/A 1 x 3/4 x 3/4. 

TRANSISTOR: type PNP (2 req. ) 2N141 5, 

TRANSISTOR: type PNP 2N1414. 

TRANSISTOR: NPN 2N169A. 

HB-1 8425 VOLTAGE REGULATOR 

CAPACITOR , electrolytic: SOO J.IF , 50V. 

DIODE, zener: 2 2 V ,  1 w·, ± 5% .  

DIODE , zenen 36 V, 1 W , : 5%. 

FUSE: 0,  5 amp; 250 V ,  3 AG. 

RESISTOR, fixed: comp; 3. 3 K, ± 10% , 1 W. 

RESISTOR, fixed: comp; 300 ohms, ± 5% ,  20 W. 

RESISTOR , fixed: WW; 4. 7 K, ± 10% , 2W, 
RESISTOR, fixed: 2, 2 K, : 10% , 1 W, 

RESISTOR, fixed: WW; 100 ohms, : 5% ,  3 W. 

SWITCH, pushbutton, 

TRANSISTOR, power: germanium; 2N2063A, 

CAPACITOR; plastic, 0. 5 mfd. , 2000 WVD, UJed on chassis, 

DIAGRAM 

SYMBOL 

R18 

R19 

R20 

R22 

T1 

Q1, Q2 

Q3 

Q4 

C 1 , C2 

F 1  

R 1  

R 2  

R 3  

R4, R6 

R5 

S1 

Q 1 , Q2 

W E S T I N G H O U S E  E L E C T R I C  
R E LAY- I N STR U M E NT D IV I S I O N  

C O R P O R A T I O N  
N EWAR K, N .  J. 

Printed in  U.S.A. 
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INSTALLATION • 

Westinghouse I . L .  41 - 963A 

OPERATION • MAINTENANCE 

INSTRUCTIO N S  
TYPE TA- 1  

FREQUENCY SHIFT AUDIO TONES 

CAU TION: Cpeck polarity of battery supply connec­

tions before applying power to the equipment. 

* APPLICATION 

The type TA- l tones are high-speed frequency­

shift audio-frequency tones. They are designed for 

use in transferred-tripping systems for transformer 

and line protection. They m ay be used directly over 

a pilot wire pair, or m ay 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 since the 

phase and ground fault detecting relays are inher­

ently present.  Examples of  this type of  system are 

sho wn in figs. 1 1  and 1 2. These fault detectors are 

not present in an underreaching scheme or a trans­

former protection channel; therefore, these are class­

ified as non-permissive. Examples of  non-permissive 

systems are shown in figs. 13 and 1 4 .  

The presence or lack o f  trip-circuit superv1s10n 

greatly influences the security and reliability co n­
siderations. As with all protection systems, one must 

strike a compromise between the conflicting require­

ments of security and reliability - security against 

undesired tripping and reliability in tripping when 

required. With non-permissive schemes the burden 
for security rests entirely with the tones themselves; 
whereas, the fault-detecting relays in the permissive 

scheme share the 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 reliability. 

Secur ity Measu re s  

The T A- 1 frequency-shift receiver has been 

S U P E RSEDES I . L. 41 - 963 
* Denotes Changes From S u perseded I ssue 

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 - 3 2  dbm m aximum receiver 

sensitivity, this means that the a-f random noise 
must be about + 18 dbm to cause undesired trip relay 

operation. This comp ares 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 

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 app lications 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 - 3 2  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 p aralleled. This reduction to 

5dbm keeps the combined audio energy down to tol­

erable levels from a voice interference standpoint. 

P i l ot-Wi re Des i gn 

In applying a tone system for protection,  the 
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TY P E  TA- l TOM E ASS EMB LY __________________________________________________ ___ 

*Fig, 1 - Front View of Full Chassi s: 7-Te/ep hon e Type output  relays ( wh en used); 
2-Current mon itoring jack s  ( wh en u sed). 

user and the cooperating telephone comp any should 

recognize the peculiar requirements of a tone pro­

tection channel. Preconceived notions and practices 

based on experience with tones for other u ses must 

be re-examined in the light of the following facts. 

The period of usefulness during the lifetime of any 

given install ation will range from 0- 10  seconds.  Yet 

this infinitesimal period (co mp ared to years) i s  pre­

cisely the time when noise levels can be abnormally 

high and 60 cycle di sturbing voltages will appear o n  

the pilot wire. The recommendations summarized in  

Figs.  17 ,  18 ,  and 1 9  have been formul ated with the 

above facts in mind. 

For a recommended installation:  

a)  Use a drainage reactor in all p aths to ground. 

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 windings of the 

drainage reactors. This is especially important 

where the squelch receiver is used , as a failure to 

follow these recommendations will result in  the 

squelch dis abling the channel whenever the gap s  

flash. Note that gaps may b e  completely byp assed; 

however, this will interfere with the detection of  
accidental cable grounds. 

c)  The pilot-wire p air must be twi sted sep arately 

from any other wires in the cable. 

d) Do not use open pilot wires. 

e) Shield any sub stantial length of wire between 

pilot wire and tone equipment. 

2 

* 

f) Use surge protection across  tone connection .  

To protect personnel , use isolating transformer 

(S!t l8 5A495H0 1 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 i s  to m ake 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 mes senger will keep 

induced potential to reasonable levels .  The shield 

should provide a shielding factor of 50o/c or less 

( actual induced voltage of 50o/c of calculated value 

ignoring shielding effect) .  

CONSTRUCTION 

The type TA- l tone equipment has been specifi­

cally designed for protective relaying application s .  
Modular design i s  u sed, 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 tran smitter 

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. Transmi tte r  Modu l e  

The transmitter module consists of a transistor 
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Fig. 2 - Re ar V ie w  of Full Chassis 

keying circuit, an oscillator, an output amplifier and 

an output band-pass filter. The band-p ass filter and 

oscillator frequency determining comp onents are 

contained in a separate plug-in enclosure to simplify 

changes in frequency assignments and stocking of  
sp ares. 

* B. Recei ver Modu le  

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-e 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 out 

to separate screw terminals at the rear of the chas­

sis to facilitate connection of a channel monitoring 

meter. 

* C. Vo l tage Regulator Modu le  

The voltage regulator consists of a power-on 

switch, power-on light, fuse and two transistor­

Zener diode circuits. The regulator is capable of 

supplying regulated 36 and 22 vdc to two complete 

transmitter-receiver assemblies with squelch circuits. 

* D. AM Receiver No i se Squel ch (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-e amplifier. 

* E. Output Relay s  

The output relays are either telephone type re­

lays or high speed type AR rel ays. O n  systems with 

telephone type relays, the relays are mounted on the 

same chassis as the modules and current j acks 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 

be 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 i.s shown in figure 10.  

* F .  Physi cal 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 51.1" h x 1 9 "  w x 934" 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 51.1" h x 9 15/ 1 6 "  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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Fi g. 3- Typi c al Module 

TH EORY O F  O P E RATION 

Under normal line conditions , the tone  tran smitter 

operates at its guard frequency which is 85 cps be­

low the nominal or center frequency mark ed on the 

unit. At the receiving terminal ,  the reception of the 

guard frequency develop s an output from the receiver 
discriminator which operates the guard relay. 

When a tripping function is called for ,  operation 

of the protective relay shifts the tone transmitter to 

its trip frequency which i s  85 cp s above the nominal 

or center frequency of the tone .  At the recei ving 

terminal ,  the reception of the trip frequency develop s  

an output from the recei ver discriminator which op­

perates the trip rel ay. Since the guard discriminator 

output i s  no longer present, the guard relay drops 

out. 

A. FS Transm i tter (H B- 1 7845- 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 cap acitors in the oscilla­

tor tuned circuit. The guard cap acitors are removed 

when the forward bias is removed from the emitter 

and the oscillator shifts to the trip frequency. This 

4 

i s  usually accomplished by a contact closure from 

terminal 6 on the connector block to battery positive.  

An oscillator, using the frequency determining 

L0, c0 and CT, generates the guard and trip fre­
quencies. The voltage  tap of R 1 2 . 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-e isolate 

the oscillator from the line and to m atch a line im­
p edance 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 adj ustment is obtained through the 

use of capacitor c6 , resistor R7 and R 17. The effec­
tive capacitance introduced into the tuned circuit i s  

varied with resistor R 1 7· When resistor R 17 i s  ad­

j usted to maximum resistance, the capacitor C6 i s  

isol ated from the tuned circuit. Resistor R7 i s  used 

to prevent the entire value of capacitance from be­

coming effective in the tuned circuit. 

* B. FS Receiver 
(HB- 1 6527- 2, H B- 20835- 2, and H B-20835- 1 0) 
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TBI T82 TB3 TB4 TBS TB6 TB7 TB8 TB9 TBIO TBII 

TYPICAL II- MODULE UNIT 

I" 5 " 
,-- SLOTS 4 X ii 

(FOUR PLACES l 

!t r 1 , � , � , � · �  , � · � 1 � · � · � ·� � � � 1 LJL�I,__l�l........ol........ol........o.L......o.L......o.L......o.L......o.l..-o.l..-o.l..-o� _ ___..I.t __ 

4 \._ l 1 " J I r RELAY PANEL 

3 • ( OPT I O NAL l --- 18 T ----� 

�----------- 19"------------� 

Fig. 4 - Ou tline and Drilling Plan of 1 1  Module Chassis 

The input of the receiver is designed to rej ect 

adj acent channel tones by at least 40 db. The 

sharply sloping skirts of the filter also  aid in pre­

venting noise frequencies ,  just above the trip fre­

quency, from causing false  trip relay operation .  

Transistors Q l Q2, Q3 and Q4 comprise a three 

stage limiter amplifier and will provide full limiting 
of the discriminator input signal to approximately 

* -40 dbm. 

The discriminator consist s  of two tuned circuits, 

one tuned to peak 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 

adjustment, greatly reduces the receiver sensitivity 

to random noise.  The in-band noise power delivered 

to the d-e amplifiers is much lower over the band of 

frequencies affecting the trip condition than it is  in 

the remainder of the band. 

Resi stor R20· the bal ance control , is  essentially 

a trimmer for the discriminator, allowing preci se ad­

justment of the output at the guard and trip fre­

quencies. The discriminator output also appears 

across resistor R2 2 , the relay bias control. If resis­
tor R22 . is adj usted such that a greater portion of  
discriminator output is  delivered to transistor Q6 
rather than transistor Q5 , it follows that more power 
must be delivered to transistor Q5 to cau s e  conduc­

tion .  Resistor R23 and diode CR10 form a bias net­

work preventing operation of ei ther tran si stor Q5 or  
Q6 during the no signal condition. Resistor R3 2, 

diodes CR 1 1 and C R 1 2 perform the same function on 

transistors Q7 and Q8 . 

Resistor-cap acitor combinations, R28· C 10 and 

R2g . e l l , form accelerating network s for the output 

relays. When transistor Q7 is switched on by transis­

tor Q5, capacitor C 10, momentarily shunts resistor 

R2s ,  causing a large inrush current to energize the 

output rel ay. A low holding current limited by resis­

tor R28 · is required to keep the relay energized after 

capacitor C 1Q,  is fully charged. 
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4- 3/8 DIA 

MOUNTING HOLES 

g1 
8 

Fi g. 5 - Outli ne and Drilling Plan of 5 Module Chassis 

C. AM Recei ver Noi se Squelch (When u sed - H B· 
17840) 

C H A R A C T E R I S T I C S 

As shown in Figure 8 ,  transi stors Q1 , Q2 and Q3 
form a three stage linear amplifier which drives 

rectifiers CR 1 and CR2- During a low signal or low 

noise condition ,  the voltage divider, resistor R 19  
and R22. biases the  output tran sistor Q4 into a non­
conducting state. If the po sitive voltage from the 

rectifiers is l arge enough to overcome the bias, tran­

sistor Q4 conducts. Terminal E is connected to the 
emitter of transistor Q2 and the base of Q8 on the FS 

Receiver. A negative voltage  is applied to Q2 and 

Q8 when noise signals of  sufficient amplitude cause 

transistor Q4 of the squelch circuit to conduct. Re­
verse biasing of transistor Q2 completely disables 
the FS Receiver and leaves the receiver in a no 

signal condition. The negative voltage o n  Q3 , al-

* lows Q8 to conduct and keep the guard relay picked 

up . 

6 

* 

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 
1 6 1 5  

1 9 5 5  

2 29 5  
1 27 5  
2635 

(For special applica­

tions, additional fre­

quencies can be sup­
plied). 

± 85 cycles 

- 10°C to 60°C 

-60°C to + 7 5°C 

17-20 ms w ith telephone 

type o utput relays.  
1 1- 15 m s - with typ e  AR 

output relays. 
� 
··�-"""' 
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G U A R D  

5 
I-

4 l �I/ 
It: 0 1/ 1:\ 

3 J'l v/ � 
v/ Vj v 1:/:i G U A R D  R ELA Y P U L L  

1\ IN A N D  D R O P  O U T  2 ' ... 
:1 :: I 

CENTER :1 
0 

A D J A C E N T  T R I P  A D J A C E N T G U A R D  � 0 I IC + 30 CP S  I I I  � I z I i ' j & I � 2 � 0 \ 1/ � 3 TRIP R E L AY P U L L  , j ... 
c I N  A N D  D R O P  O U T  I� 1'/ :/'/, ;: •  � � • 

5 
T R I P  

� � O P E R AT I N G A R E A  

eo·o 900 1 0 0 0  1 1 00 1 2 0 0  1 3 0 0  1 4 00 1 5 0 0  1 15 0 0 1 7 0 0 1 8 0 0  

F R E Q U E N C Y  ( C P S  l 188A241 
* Fig.6 - T ypic al discriminator output c urve showing re lative noise power output effec ting trip relay. 

DC supply voltage: 

Energy Requirements: 

FS Transmi tter 

Output L evel: 

Frequency Stability: 

Output Impedanc e: 

48 , 1 25 ,  or 250 volts 

de, external dropping 
resistors are used on 
1 25 and 250 v de. 

0 . 1 5  amperes de @ rated 

de voltage per chassi s ,  
including one or two 
transmitter or receivers, 

or one each, plus power 

supply. 

t1 dbm to -30 dbm con­

tinuously adjustable. 

0.1% ± 2 cps 

600 ohms i n  the pass-

band: high i mpedance 

outside of p ass-band 

ungrounded and unbal­

anced. 

FS Receiver 

Sensitivity: 

Input I mpedance: 

Adj acent Channel 

Rej ection: 

Noise rej ection with­

out squelch circuit: 

0 dbm to -40 dbm for 

full limiting. 

600 o hms 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 rel ay operation. 
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AM Recei ver N o i se Squelch (when u sed) 

Sensitivity: 

Input Impedance: 

- 40 dbm adjustable 

600 o hms with rising 

characteristics out of 

band. 

* INSTAL LATION 

The tone assemblie s  should be mounted on relay 

racks or in suitable cabinets when the eleven module 

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 m ade to the terminal 

blocks o n  the rear of the chas si s ,  p er CR drawin g  

(See Fig. 7 )  which applies t o  the particular order. 

Use of current monitoring j ack s:  Standard tel e­

phone-typ e current j acks are shown on the connection 
diagrams. They are u s ed to monitor the guard and 

trip output relay coil current. 

The type AR relay should be mounted near the 

TA- l 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 means 

of the rear mounting stud or studs for proj ection 

mounting. Either a mounting stud or the mounting 

screws m ay be utilized for grounding the relay. The 

electrical connections m ay b e  m ade directly to the 

terminals by means of screws for steel-panel mount­
ing or to the terminal studs furnished with the relay 
for thick-panel mounting. The terminal studs may be 

easily removed or inserted by locking two nuts on 

the stud and then turning the proper nut with a 

wrench. 

For detailed FT case information, refer to I . L .  
4 1-076. 

SETTINGS 

T ran sm i tter: 

Only one s etting is required on the tone trans­

mitter and that is the output level. This s etting i s  

made by using the screwdriver type adj ustor 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.  For example, in rel aying applications,  general­

ly only one or two tone tran smitters will be connected 

8 

to the pilot channel at any one terminal .  If zero dbm 

is the maximum allowance level , a single tone tran s­

mitter will be set to that level ( 0 .  77 5 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 i s  

measured b y  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 m easured at the output terminals using 
an AC vacuum-tube voltmeter. The l evel control is  
then adj usted for the desi red output. After all the 

transmitters are adj u sted properly and multiplexed 

a VTVM reading should be taken at the "OU T "  pin 

j ack on the front p anel and recorded for maintenance 

and check-out p urposes.  This avoids the necessity 

of disconnecting the transmitter from the line when 

levels are to be checked or readjusted. 

FS Recei ver 

Plug a d-e milliammeter of at least 50 rna. range 

into receiver trip relay j ack . Close the keying circuit 

of the associated tone transmitter to shift its fre­

quency from Guard to Trip . (The tone transmitters 

must be previously set to their desired output l evel s) .  

Connect a vtvm across  the  tone receiver input ter­

minal s  and note the normal received voltage (prefer­

ably in db).  Now connect a calibrated attenuator 

( such as the Hewlett-P ackard Model 350B Attenuator) 

between the telephone line and the terminal equip­

ment. Set the attenuator for 1 2 db attenuation.  Thi s 

value can be checked on the vtvm. If such an attenua­
tor i s  not available, connect a variable resi stor, 500 

ohms maximum i s  adequate, across  the incoming line 

and reduce the resi stance until the incoming signal 

level drop s 1 2  db. 

With the level of the i ncoming "trip " tone set 
1 2 db below normal, advance the gain control of  the 
tone receiver by adjusting l evel control on the re­

ceiver module,  until the receiver output current in­

creases suddenly from zero to approximately 25 rna 
for telephone type output relays and 32 rna for type 
AR o utput relays,  at this point the trip relay has 
operated. When the attenuator i s  removed from the 
circuit, the tone receiver will have a normal oper­
ating point 1 2db above the pickup signal leveL 

Vol tage Regu l ator 

No setting required. 

>\< AM Recei ver No i se Squel ch (when used) 

The AM squelch receiver i s  set in the factory 
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4. • I I DICATES lEY LOCATIOI 
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UPHD Q 
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*Fig. 7 Typ i cal Terminal B lock Drawing of Type TA- 1 Assembly. (CR Dwg. ) 
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TYP E TA- l TON E  ASSEMBLY __________________________________________________ ___ 

such that the receiver i s  disabl ed whenever the noi s e  

measured in t h e  300-480 cycle band exceeds - 10 dbm. 

The squelch can be adju sted for other sensitivities 

by the method shown under " Adj ustments" . The 

- 10 dbm to - 15 dbm s etting is recommended in  order 

to take advantage of  the noise rej ection capabilities 

of the FS receiver. 

ADJUSTM EN T AN D MAI N T ENAN C E  

The proper adjustments t o  insure correct opera­

tion of the tones have been inad e  at the factory. Upon 

receipt of the tones, no customer adju stments other 

than tho se covered under "Setting s " ,  should be re­

quired. 

Acceptance Check 

* Vol tage Regul ator 

Non regul ated voltage = 4 5  to 38 vdc 

Hi regul ated voltage = 36 vdc 

Lo regulated voltage = 22 vdc 

Voltages measured b etween common test point 
and the other sp ecific test points .  

Transmi tter 

Key transmitter to trip frequency by shorting 

between terminals indicated on connection drawing, 
which is supplied for each order. 

All tran smitter frequencies and output levels to 

be checked with a 600 ohm load.  

Guard frequenci e s  -Normal or center frequency 
minus 85 cycles. 

Trip frequencie s  -Normal or center frequency 

plus 85  cycles. 

Output - at least + 1 dbm 

FS Receiver 

With transmitter output set at - 20 dbm, see that 

guard and trip output relays function properly when 

respective guard and trip signals  are applied. 

* AM Recei ver (Sque lch when used) 

With a 400 cps - 10 to - 15 dbm external tone 

superimpo sed on existing guard signal, see that 

there i s  a zero output across  discriminator output 

10 

* 

test points. This indicates that the receiver has b e en 

biased off. This output may be checked by plugging 

a 500-0- 500 micro ammeter with a 5 100 ohm resi stor  

in series into the test points m arked " Disc Out " .  

Type AR Output  Relay (when u sed) 

1. Contact gaps 

a. Normally open contacts should have a gap 

of . 0 18 to . 023 inch. 

b. Normally closed contact gap should be 

. 0 13 minimum. 

2. Contact pressure 

On two normally open and two normally 

closed relays,  the normally clo sed contacts 

should have approximately 8 gram s  con­

tact pressure in the de-energized p o sition.  
Each 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 .  

Adj u stments 

Use the following procedure for adjusting the 

tones , if the tone adj ustments have been disturbed. 

This procedure should not be u sed unless it is ap­

p arent that the tones are not in prop er working order 
(Se e "Acceptance Check" ) .  

Tran smitter 

The frequency of the transmitter is  adj usted at 

the factory before shipment and does not normally 

have to be readjusted. The adjustment, however, 

should be checked if the filter-oscillator assembly i s  

changed. To m ake the adjustment the transmitter 

output should be properly loaded and a counter or 

other device cap able of measuring frequency within 
2 cycles attached to the output . The test point 

"OUT ' '  (on the transmitter side of the filter) c an also 

be used. Readings should be made in both guard and 

trip condition and the frequency sho uld be adj usted 

until an equal guard and trip shift from center i s  

effected. 

Note voltage levels per table 1 .  
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FS Recei ver 

There are three receiver adj ustments - an input 

sensitivity control ,  a bias control and a discriminator 

output balance control. 

The bias control and discriminator output balance 

control are factory adj usted for optimum operation. 

Except for sp ecial applic·ations 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 5 100 ohm 

resi stor 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 m e­

chanical center adjust discriminator balance control 

for equal outputs at guard and trip frequencies. 

In order to make the proper bias adj ustment an 

external variabl e frequency source (oscillator) i s  

required . With the output o f  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 deviation of 

approximately 10% from previously balanced condi­

tion and a readj ustment is not necessary. 

Note voltage levels per Table 1 .  

AM Recei ver No i se Sque lch (when used) 

With transmitter set at - 20 dbm output and AM 

* receiver bias control fully counter clockwise sup er­

impo se a 400 cycle ,  -10 dbm tone on existing guard 

signal to FS receiver, and adjust sensitivity of AM 

receiver for zero output on micro ammeter acro ss 

"Disc Out" test points. 

* Vol tage Regul ator 

No adjustments. - Note voltage levels per  Table 

1 .  

When the T A- 1 tones with an A R  output relay i s  

used, the series resi stor o f  the power supply has 

been set for 55 volts across  the unregulated test 

point with the following conditions:  

1 .  D .C .  supply of 1 40 volts d .c .  

2 .  AR relay removed from i ts  chassis .  This is 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. 

* Cal i bration of Type AR Output Relay 

The type AR output relay unit has been properly 

adjusted at the factory to insure correct operation,  

and under normal field conditions should not require 

readj ustment. If, however, the adj ustments are di s­

turbed in  error, or it becomes necessary to replace 

some part, use the following adju stment procedure. 
This procedure should not be used until it is app ar­

ent that the relay i s  not in proper working order, and 

then only if suitable tools  are available for checking 

the adjustments .  

a. Adj ust 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 .  

b .  Adj ust each contact spring t o  obtain 4 gram s 

pressure at the very end of the spring. This is 

measured when the spring moves away from the 
edge of the insul ated cro sspi ece. 

c .  Adj ust each stationary contact screw to obtain a 

contact gap of 0 . 0 20-inch. This will give 1 5- 30 

grams contact pressure. This completes the ad­

justment procedure for the AR tripping relay unit. 

Mai ntenance 

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 break er opera­

tion. The keying circuit m ay then be closed to check 
the operation of the tripping relay. 

As long as the channel is  operating satisfactor­

ily, no m aintenance 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 d eterioration 

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 u sed 

similar to that employed for any electronic equip­

ment. First determine where the failure has taken 
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TYPE TA- l TON E 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. 

As an alternative, a 500-ohm variable resistor 

can be used. 

For trouble shooting, the following additional 

test equipment is desirabl e: 

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.  

G E N E RAL I N FO RMATI ON 

Connection Drawings 

The drawings applicable to  the specific order 

will be supplied. The applicable "CR" drawing in­

formation is included as p art of the nameplate data. 

Tone App l i cations  

Figures 1 1  thru 1 4  show typical relaying applica-

1 6  

RIGHT H.UD 

It I GHT CENTER 

QUAID 
HINGED 

lRMllVIE,UIIT 
(L.H. ) 

lEFT HAND 

U:FT CENTER 

INTERNAL SCHEMATIC 

LEFT HAND 

LEFT CEITO 

16HT CENTER 

TRIP 
HINGED 
l!IIATUIE UNIT 

(R.H. ) 

L�U YOLTAGE 
RATING IF tMSSrMrtJR 

CUitltEMT TEST 
JACK 

TEitMIUl 

836A990 
* Fig.  10 Internal s chemat i c  of th e type AR relay for use 

with TA- 1 tones. 

tions which m ak e  use of the tone characteristics.  

R EN EWAL PARTS 

Repair work can be done m o st satisfactorily at 

the factory. However, interchangeable p arts can be 
furnished to users who are equipped for doing repair 

work. When ordering parts, alw ays give the assembly 

style number and voltage  rating, plus the component 

identification and module in which it is located. 

Replaceable p arts are shown in Table 2.  
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* T A B L E  I - V O L T A G E  L E V E L S  

Measurements taken with resp ect to circuit common; -20 dbm guard signal transmitted and received. 

E = Emitter; B = Base; C = Collector. 

Q 1  Q2 Q3 Q4 Q5 Q
"6 Q7 Q8 

MODULE VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS VOLTS 

AC DC AC DC AC DC AC DC AC DC AC DC AC I DC AC DC 

Voltage E 36 22 
! 

Regul ator B 3 6 . 2  22 . 2 

HB- 184 25 c 43  29  

FS Transmitter E 7mv 4 . 35 4. 2mv . 8  1mv . 67 

HB- 17845- 2 B 2mv 4 . 5  . 045 . 9  <. 1mv 0 

c . 1 2 9 . 6  3 . 0  4 . 8 1mv . 67 

FS Receiver E . 5mv .45  3mv . 75 2. 1 2 . 7  2 . 1 3 . 7  . 033  22  .033  2 1  2mv 1 . 5  2mv 1 . 5  

HB-1 6 5 27- 2 B . 8mv .6  5mv . 9 2 . 4  3 . 8  2 . 6  3 . 8  . 0 3  24 . 033 2 1 . 8  3mv 0 3mv 1 . 2  
HB-20835-2 36 

< . 1 m  
HB-208 35- 10 

c 5mv 1 . 7 1 . 1  4 . 8  1 2  22  1 2  22  4mv 0 . 0 33 22  4mv 43 t 1 . 6  

A M  Receiver E 2mv 2 . 15 . 0 1 6  2. 15 . 1 3 2 .45  . 0 27 20 

HB-1 7840 B 2mv 2 . 3  . 0 1 8  2 . 3  . 1 5 2. 65 . 0 3  22  

(Adj u sted to  
Squelch with 
-40 dbm 400 cp s 

. 0 19 7 . 4  d 6  7. 4  5 2 .45  . 25 7 . 5  t o n e  input. ) c 
t Collector of Q7 only for the HB-20835- 10 module. 

-
....... 

I 

TEST POINTS 

Hi Reg 36VDC 

Lo Reg 22VDC 

Non Reg 43VDC 

Out . 1 2VAC 

c .046VAC 

IN . 039VAC 

Disc.  Out-Equal 
and oppo site VDC 
at guard and trip. 

In . 0 1VAC 

OUT 1 . 2VDC 

v 5 .0VAC 

-1 
-< 
-a 
m 

-1 � ...... 
-1 
0 
z 
m 

>­
CII 
Cll 
m 
� 
D:l 
.­
-< 

r 

� 
.Q .... ... 
,.. 
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CCI 

* :!) 'fl 

r­�· ., 
., a iD !l c;· ::. 
I 
"' 0 l> 
� 
-1 
-1 -
..... 
-1 .. g .. 
iD' .. 
-1 
�· 
VI n ::r 
., 3 
�-
n 
w 
-1 
., 3 �· � 

POS 

0 

t.&�r:. 

) 

g:g��� ZOH[ I sf�iP'IG TIMER 
� � � ....----"----\ 

.LJQL .L S6 lozm:l=lrul�..§!L rT nr T co 1;ulzt¢��M- h 'os 

..___ [ i: 

][ 

� OS 

0 1: 

DEVICE tfO. DEVICE 
2 I TO 4 TIMER 

2H I KD RELAY ( Z CJII E I 
���-----=-+S!:'.'� 
521• 
� 
67N 
67 NT � I K s FtELAY {O.OS.) BLOCKING 
79Z sx RELAYtSELECr AECLosi,.. Gl 

T5 I TEST SWITCH ------' 

T X  

<II 

011 

ZONE 2 

a� � 
4¥--

¥-
:-Po- I 

� J c; 85 I 

(. I  r _  l ;, 0 4 

B )  

) 

INSTANTANEOUS 
GROUND 

lilli � *� "!...1 - li &iT s 

.J� T JI5_ 
1 1 1 1  " I o?r R 

C-HANNEL CONTROL 

"'f�'T'I'' 
9�-:> 'T ;.e s Y 20 

85 19" !!+ ?� 9H- 96(--� . . 
W .,______!�� 

�0 � 
LO 

L O  ,08 

t---+-------' 

� 9� 

SURGE PROTECTOR �CJ_D_2_'l��_' -- , l 
Cl F.OM I � 
TA-I TONE I I 

DHASSIS 
I 

WHEN USED 1 
50tl. 1 

L.. - � - - - - _J  

TO ISOLATING 
TRANSFORMfR 

94·1. 
T 

94-2. 
T" 

..____ 

[}'""" 
T� 'T E.�T SWITCH 

I I POSITION cm.r 
" 
" 
� 

&II 
�-&12. 
-� 

Re.C. !OFF !NOR 
' 

.1'1'::1· &5  
�I Y Ai-�7 
C\1 u 
CI'2.-0I'Z Cl:-o cs:o c;:o ( .f..1.:.lL 
'" F l l  �'Z � 
e.S·F5 
Efo F'-� 

X '- DE.NOTES. CON'T,e..C..T 
CL05E.D 
':IWITC.H S�OWN IN 
NORMP.\.. POS.ITION 

411C280 

( ) 

-t 
-< 
., 
m 

-t � .... 
-t 
0 
z 
m 

,.. 
Cl' 
Cl' 

� 
OJ 
,... 
-< 
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-
-o 

.. 
::!! 
'!l 
-N 
c 
::J 
Ill 
"'tl 0 .. Ill !l 
a· ::J 
I 
"' 0 l> 
� 
-1 -1 
;::: 
-1 ... Q ::J 
Ill 
f 
-1 ... 
�· 
.. n :r­
ID 3 
�-
n 

� 
-1 Ill 
�. 
::J 

� 

OS 

s 

tiJ�r.. 

GROUND BACK UP ZONE I o.os 
BLOCKII'IG TIMER 

INSTA N TANEOUS 

GROUND 

CHANNEL CONTROL 

� � � �  
ZONE 2 

� 

JQL las 
T TB 

DEVIC E N O. 

2 1- 1  21-=2 
52/d 
52/b 
52/TC 57N 
67 NT w-
79Z 

.!!.;____ 
� 
94 /G 

94/T � T5 

rT .r;;:-}2 - · lo s 
�

1

1

68 'i!'�'WT''r Ifillil O S 
6B 

I 

OS 

2 
J X  

I� 
rx 

+-­�� t�) 
� 

ll IO 
0 1  

SB 
ilS 

.6.§__ 8 

-¥--

1� 
� l s7N 
-!Q 

�� 
2 0  

1\ �  T S  !)\T s 

Jl5_ DTf R 

--¥ li _L li  G T T 

.llJL 1 4  
1! 
f" 

, �·" I '" 1w- LO �LO 

B5 19 " 0 4 
!l2_ 1 5  IU__ 1 3  JJ 

fo7 � LO 

1 2  
X �  

� l_--�-------t---t---t------�--� DZ r X 
I �: w- lBt-

DEVICE 
TO 4 TIMER 

K D  RELAY{ Z�E I) 
KD RELAY { ZONE Zl · CiR.BKR� 
CIR. BK R. AUX. SW. 
CIR.BKR. TRIP C O I L  

INSTANTANEOUS GNO. RELAY 

K S RELAY(O.O.S.) BLOCKING 
SX RELA�I.__BECLDSINr.) 

T T- 12  RELAY 
BUS DIFF. LOCKOUT RELAY 
GUARD RELAY ( TA - l )  
TRIPPING RELAY !TA-l 

B K R . CONTROL S W .  
TEST SWITCH 

0 5  t0�3�---+-----t------*--t--11 y *-
C I  
0 1  r-�--------�----------

� 
6 

}TO ISOLATING i'To)-(�.,.,_+f-+- TRANSFORMER 

SURGE PROTECTOR 
MOD 2086 A 

,- - - - - - - -- - ,  

f:l F�OM I 
T A-I TONE I Q-IASSIS 

WHEN USED 
L - _ _ _ _ _  ...J 

TO ISOL,..TING 
TRANSFORMfR 

[f"'" 

T S "T E.'ST '5W \TCH 
P0'2>\ T I O N  CDNT Rl.C. OFF N O R  SEN 

11.11 B-n 
Al2 Bl2 
AI Bl 
A':>·BS 
Ab-B<D [ ")( 
A<- Bi 
Cl\ D l l  CiTOI'l c:I-=-D\ (5""""0S � 
c 7- 07 

� 
( i '2 H2. 
E_i- F l  
E. 5 · "'" 5  
"EG:. FCD 
E_ .... -F-7 

' 

X "  DENOTE'S CONTAC.T 
CLOSED 

SWITCH S H O W N  I N  
�CRMP.L ?05.\T\ON 

411C279 

-t 
-< 
"'tJ 
m 

-t 
):>-. .... 
-t 
0 
z 
m 

)lo­
CI' 
Cl' 
m 
� 
Ill 
.­
-< 

:-
: 
� 
� ... "' 
� 
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TYP E  TA-l TON E  ASS EMBLY __________________________________________________ ___ 

lT9 
"9 

TilT AW.OTTIR 
l EST SWITCH 

POSITION· 
CONTAC1' liORM OFF 1E'S'T 

�-:,'� 

X ODIOTES COt-JTACT CLOSE:D 
C0t-<TAC.T5 AS·BS ANO Al·B7 IN 
P,b.,RALU.L SllPE.R\115E TONE 
CIRCUIT TO PILOT WIRE!:. AT 
TRAW!MITT\WC. T£RMINAL. 

TA· I RECEIVER 

94G- GUARO REI..A.Y 
�4T-TRIPPINC:o 'RELA'f 

TT9- C l-l ANNEL 1=".0.\LU�IE 
�LARM RELAY 

836A893 
*Fig. 13 Tran sfo rm er Protection - Single Channel Transfer 

Trip. 

20 

11.. 41 TT/T 

t------f>--'4_; CH":2 

�S ���R=EC�E�l�V�IN���l<==R�M=I�N=��L�---.-­�2 
B2 

T T/T AND TT/R. 
T€Si SWITCH 

CQNTM,. POSI T I O N 

o•• ""' < ' I 
"'1 1 - BI I  X 
1>..12·812 X 
A. l - 15 1 X 
�2- 62 
1\3- 6� X 
ft..4 - S4 " 
p.._s-As X 
�<io·B<.> 
f-.1·8, " 
M ·BB " 
"�-B� X 
.1\I0-810 

'"' 

" 

X 

" 
y.,_ DE NpTES CO"'T,._C.i CLOSED 

CLOSE"D CO!>..IT/Io..CTS IN POS 

CH- I ( C !-1  2 MuST NOT 
OVERL,.,_P. CONT�C.TS Afl•BSJ 
A,")-B., � .a..IO·BIO (oNNFCTED IN 
PJirt...R� L L E L  5UPERVI�E"5 
TON' CIRCUIT TO P I LOT W I RES 
,.._T TR. .... NSM 11'TI N� 

� F. I.. . REC.EIVER 
q,4-"' - GtUA..IIlO REL..A.Y 

TTC?l · C.H"-NNEL.. ):",a.,.I LIJRE 
A-LARM REL,tr...'{ 

(63A215 
* Fig. 14  Transformer Protection - Dual Channel Transfer 

Trip. 
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01 
I 

;;o 
I) n 0 3 3 
I) :J 
0.. I) 
0.. 
() 0 :J :J 
I) n .... 
c;· :J "' 
Q :J 
0.. 
\J 

� 
::;;: ::;· I) 
0 I) "' .o· :J 
0' ., 
\J ., 
<· Q 
iD 
� 
0 
� :J I) 
0.. 
() Q 
o-
i} 
0' ., 
-l � 0 
-l I) 3 :;· � 
r :;· 

�� 111 
l" 1\) 

b::t 0 
N I� -

rA - 1  

TONES 

/:::,. 

$#187 A 995@1 
ISOLATING 

TRANS F. 
( NOTE I )  

I 

I 
I 
I >- 600 
1 r .1"L 
I 
I M�II STUD 

STATION 
GRD. -= MA"t. 

/:::,. c SHIELDED CABLE 

NOTE I TH ESE CONNE CTI ONS ASSUME A PIL OT-WIRE zo"t600 1).. 

TWISTED PI LOT- W I R E  PAIR } TO 

1 f\PcPc.Pcr\.;r\f\:..F'>c.. OTHER 

( NOTE 2 )  STATION 

NOTE 2 COMP L ETED C A BL E  FI ELD TEST VOLTAGE OF I OKV D.C. FOR 10 MINUTES FROM 

E A CH C O NDU C T O R  TO A L L  0 THER CONDU C TORS AND S HE ATH. SHIELDI NG 

FA CTOR O F  50% OR LE SS_ E A CH P AIR TWISTED SEPA R A rELY- GROUND S HE A TH 

TO STATION M AT A T  B OTH E NOS AND TO REMOTE GR OUND A T  E A C H SP LICE 

I 

-t 
-< 
"'tl 
m 

-t � ..... 
-t 
0 
z 
m 

)> 
"' 
"' 
m 
3:: 
tJ:II 
r­
-< 

r-
... 
. -o ... ... 

,.. 
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TYP E TA-1 TONE ASSEMBLY�-------------------------------------------------

22 

SURGE 

STAT ION 
GRD. 
MAT 

S#lf P A 995HOI 
I S O L AT I  .. G 

� 
�-NO'fEI) 

STATION = 
GRO. 

-

MAT. 

TWfSTEO 
PILOT- WIRE 

PAIR 

� a  SHIELDED CABLE 

�t�l< 7:::TRAL I OFFICE 

GROUND 

TO 
OTHER 
POWER 
STATION 

� THESE CONNECTIONS ASSUME A PILOT -WIRE &! • 600ft 

377H DRAINAGE REACTOR AND CARBON BLOCK MAY 
REPLACE S # 248A691G02 ASSEMBLY .  CONNE.CT 377H 
SAM£ AS AT TELEPHONE CENTRAL OFFICE 

( Q )  uSE WHERE INCUCED VOLTAGE MAY EXCEED 700 VOLTS . USE ONLY WHERE STATION 

AND CENTRAL OFFICE GROUNDS ARE INTERCONNECTED VIA WATER - SYSTEM PIPES 

TRANSF. 

6• SHIELDED CABLE 

TWISTED 
PILOT -WIRE 

PAIR 

REMOTE 
Gf�OUNO 

TELEPH3��� &FfA�R� OFFICE 
REACTOR 

1 1f;i' ��

:���

RAL 
OFFICE 
GROUND 

I 

TO 
OTHER 
POWER 
STATION 

o,jQTE I THESE CONNECTIONS ASSUME A PILOT- WIRE -l o c 600 1l 

( b) LSE WHERE STATION AND CENTRAL OFFICE GROUNDS ARE NOT INTERCONNECTED 

VIA WATER SYSTEM PIPES . DO NOT USE I F  INDUCED VOLTAGE MAY EXCEED 

700 VOLTS . 

/:l � SHIELDED CABLE 

TWISTED 
PILOT-WIRE 

PAIR 

REMOTE GROUNO 

OFFICE t CARBON 

II �' 

BL:::TRAL 
OFFICE 
GROUND 

TO 
OTHER 
POWER 
STATION 

NOTE I THESE CONNECTIONS ASSUME A PILOT- WIRE !07 600.n 

NOTE 2 377H DRA�GE -REACTOR AND CARBON BLOCf< MAY 

REPLACE S#248A691G02 ASSE .. LY. CONNECT 377 H 
SAM£ AS AT TElEPHONE CENTRAl OFFICE . 

(C) USE WHERE INDUCED VOLTAGE MAY EXCEED 700 VOLTS AND WHERE THE 
STAT ION AND CENTRAL OFFICE GROUNDS ARE NOT INTERCONNECTED \/lA 
WATER SYSTEM PIPES . 407C932 

* Fi g. 16 - Recomme nded Connections and Prot ec tiv e A rrangements for / e ased Cable for Two Terminal L ine s. 
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3 
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r­
:;· ., 
., a .. ., n .. a· ? 

( 

+:"" 0 .....::] 0 \0 
I� 

TG 
'S T/.... 

[ 

STA . I  STA . II �---r---� 
�� , ru  

(a) THREE· TERM I NAL 
OPERATION 

TN T � :,  
PIL':JT-NIRE n PAIR 1 C) 0 0 ::::> :::; ::=� I  

I I 

PROTECTIVE 
DEVICES 

� !_EASED C IRCU I T 

L______;_ - - - - - - - c 

L: SHIELDED CABLE 

m 

}J �"' "'-. "'� _ .. � .. �� � � � �
-� �'() �'"� oi-� 1&� -j 0� " -?4( C)'6 
� \ ��,. ..... < Q  & "''-�< 

sysg[:�tbHO I  

�R 
(NOT£ I) 

SURGE 
_pROTECTOR 

50 

50 

STATION GAO. MAT. 

KEYING 

INTE RMEDIATE 
STATION 

TERMINATION 

( b) STATION III CONNECTIONS 

STATION GRO. 

TWISTED 
PILOT - WIRE 

PAIR 

NOTE I THESE CONNECTIONS ASSUME A PILOT-WIRE lo ""'; 600fl_ 

TO 
STA 

II 

( 

-t 
-< 
""0 
m 

-t 

� -
-t 
0 
:z 
m 

� 
VI 
VI 

� 
D:l 
r 
-< 

r-
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TYP E  TA-l TON E ASSEMBLY ________________________________________________ __ 

24 

Hl  

* Fi g. 18 I solating Transformer 187A 99SH0 1 .  

PROV I S I ON FOR MOUNT I NG KX 6�2 
PROTECT ! VE TUBE 

h2 H3 

r,_t I 
• ! "' 

187A995 

A R R OW S  I ND I CATE R E LA T I VE I N S TANTA N E O US D I R ECT I ON OF I MD U C E D  VOLTAGE S .  

GRO . 

*Fig. 19 Drainage R eactor Connections. 

247A775 
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//Y..5TRtXT/ON 
PL/JTE 

I 

T r 

JO! 
3#: � � � � 

I 
rr• -r-, L.. t--' l 

L J 
� 

I 

� SOCI<2 I I 
I I 
I I I(X 642 
I I PROTcCT/1/e 
I I TVB£ cY)I � I I I 
I I 
I I 
I I I � - I 

2'- 215 I 
I -APPRO)(. /v'T. - 40 LB.5. 

THIS OUTLINE CAN BE USED FOR ERECTION OR 

MOUNTING PURPOSES. IT IS NOT TO BE RE· 

GARDED AS INDICATING THE EXACT DETAILS OF. 

CONSTRUCTION. 

* Fi g. 20 Drain age R eactor Outline 
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TYP E  TA-l TON E ASS EMBLY ________________________________________ �----------

1-& � _.1 -.- ! 1 1 6  1 111  

l-- t-1 I 

L_ 
I 

-.1 3 ! � 
' 1 6  

3 I �- 6 - �· 
8 

� -J I  

I ;  � �  
I I  I I  ; I  , ,  
:_\ }I I 

PANeL LOCATIOII 
SEM I - FLUSII MTG. ----� 
P"OJ ECT I O• MTG. -------

cr: 
0 
� 

r /�c·,- - '\ . 1 90-32 SCREW 

; tl �-?:__.----- PANEL 
� ; 1 ---/ K , , I I ,_ ' 

/ 
cr: � -· SPACER1 FOil 

: � , ,� / TH I N  PANELS 

� I I I  / - t.-,�. 
-J \ (L' / !!L' j .  
1- � : 1 1  , 1 )/ pi ) 
6 ; ��t � t(D _ II 

) , • llDiJ . 190-32 .>cREW , r � y· -� FOil TH I CK PANEL \ ·- - · . 
" USE . 190-32 Sl\10 ( HJ / 

� 1-t' s3 --.... " �  =J:; I I I � e �� D I A. 2  NOLES t rc-- 2 - -------1 l / ,---� - - -�: r  · =�:; _js·} �"'--�· !r· !.�' · !� , l�---;(--7-_ \ ! 11 . t I 32 32 : 32 k:¥1 32 I 8 
- _ _j__ - -- T --\ - ' T �  "' I"" ' I ,. 

::: { (DC)08-GJ : 11 - i � 
I ( :\ ct�� mt_· ,�j _ _  8 �-- _0 ___ � __ ) _ j ( \ t ' ' ' I  : Q I 

1__ --r'�c_ _ _  , - - =-� 
,_ 1 1 -....l n \4- i · 

�z=:l� u� 
- 811 D I A. 

! i ' ' 
TDIMI Ui. llu.tSEit --

� I! -ic-- l .! �  I !+t .!� 
32 32 32 32 

26 

TEIIMIUl AIID 
MOUMTI IIG DETAI LS PAIIEL DIII LLI116 011 tUTOUT FOil 

I'IIOJECTIOII NTG. 

( FI!OIIT VIEW) 

* Fig. 2 1  Outl in e  and Drilling plan fo r the type AR relay in the FT-22 case. 
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·� ···· 

RFL 

PART NO. 

HB-57100 

H-1007 -439 

H-1007 -439 

HA-1 3579 

H-1080-245 

H-1009-620 

H-1009-429 

H-1009-442 

H-1009 -530 

H-1009-446 

H-1009-607 

H-1009-408 

H-1009 -442 

H-1009 -419 

H-1009-639 

H-1009-640 

HA-1 3573 

H-1009-473 

H-1009 -39 1 

HA-14594 

HA-3167 

HA-3166 

HA-171 1 3  

HA-3165 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 
DIAGRAM 

SYMBOL 

HB-17845-2 FS TRANSMITTER ==::=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=::= 

TRANSMITTER FILTER & TUNED CIRCUIT, 170 cps bandwidth, 
340 cps spacing. 

CAPACITOR, tantalum: 33 /lF , l O Y .  

CAPACITOR, tantai urn: 1 5 /lF , 25 V, 

CAPACITOR, ceramic: 0. 47 /lF, 25 V DC  + 80% , -20%. 

CAPACITOR , silver mica: , 001 /lF ± 5%. 

RESISTOR , fixed comp; 1 5 K, ± tO%, ! W. 
RESISTOR, fixeP: comp; lK,  ± 10% , tw. 
RESISTOR, fixed: comp; 47 K ,  ± 10%, tw. 
RESISTOR, fixed: comp; 5. 6 K, ± 10%, t w. 
RESISTOR, fixed: comp; 1 , 8 K , ± 10%, ! W. 
RESISTOR, fixed: comp; 1 80 ohms ± 10%, tw. 
RESISTOR, fixed: comp; 1 5 K  ± 10%, tw.  
RESISTOR, fixed: comp; 57 K ,  ± 10%, tw. 
RESISTOR, fixed comp; 3. 3 K , ± 10% , !W. 
RESISTOR, fixed: comp; 1 8 K ,  ± 10%, tw. 
RESISTOR, fixed: comp; 6. 8 K, ± 10%, tw. 
RESISTOR, variable: 500 ohms, . 125V; linear taper, std. length 

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

RESISTOR, fixed: comp; 680 ohms, ± 10% , !W. 
RESISTOR, fixed: comp; lO K, ± 10% , !W. 

RESISTOR, variable: 250 K ohms, 0. 2 W bd. taper; 1/ 8" screw­
driver shaft; printed circuit; ear mounted, 

TRANSISTOR: type PNP; 2N1414. 

TRANSISTOR: type PNP; 2N1415 

TRANSISTOR: type NPN, silicon; TI493. 

DIODE, silicon: SG22 (Stabistor). 

C 1 , 2 , 3 , &  5 

C7 

C4 

C6 

Rl 

R16 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

Rl l 

R12  

R13  

R14 ,  15  

R17  

Ql 

Q2 

Q3 , Q4 

CR1 , CR2 
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RFL 

PART NO. 

HB-53900 

HA-1 3579 

H-1007 -479 

H- 1007-439 

H- 1007-92 

H-1007-403 

HA- 1 3576 

HA-10271 

HA-1 3242 

H-1009 - 39 1  

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- 1 3573 

HA-14593 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 
DIAGRAM 

SYMBOL 

HB-16527 FS RECEIVER :=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:==: 

BAND-PASS F ILTER & DISCRIMINATOR. 

CAPACITOR , ceramic: 0. 47 1JF ,  25 V DC + 80%, -20 % .  

CAPACITOR , tantalum: 6. 8 1JF ,  25 V. 

CAPACITOR , tantalum: l 5 1JF ,  2 5 V .  

CAPACITOR , ceramic disc: • 0047 1J F ,  600 V. 

CAPAC ITOR, solid electrolytic tantalex: 6.  8 1JF ,  ± 20% , 3SW VDC. 

CHOKE: l H. 

DIODE , silicon. 

DIODE, germanium. 

Jli.SISTOR, fixed: comp; l O K  ± 10% , ! w. 
RESISTOR, fixed: comp; 1 K ± 10%, i; W .  

RESISTOR , fixed: comp; 2. 2 K ± 10% , i; w. 
RESISTOR, fixed: comp; 330 ohms, ± 10% , i W. 

RESISTOR, fixed: comp; 5. 6 K, ± 10% , ! w. 

RESISTOR, fixed: comp; 2. 7 K, ± tO% , t w. 
RESISTOR, fixed: comp; 220 ohms, ± 10% , i W. 

RESISTOR, fixed: comp; 27 K ,  ± 10%,  ! W .  

RESISTOR, fixed: comp ; 820 ohms, ± 10% , ! W .  

RESISTOR, fixe d:  comp; 6. 8 K, ± 10% , t w. 
RESISTOR , fixed: comp ; 6 . 2 K, ± 5% ,  t w.  
RESISTOR, fixed: comp; 1 20 ohms, ± 10% , i; W .  

RESISTOR, fixed: comp; 56 ohms, ± 10% , i W. 

RESISTOR, variable: 500 ohms, 0. 1 25 W ;  standard length shaft 
1 / 8" beyond mounting surface; screwdriver adj. for PC board; 
taper bd; terminals are to be at right angles to shaft. 

RESISTOR, variable: 1000 ohms, 0. 25 W ;  linear taper; standard 
length shaft 1 / 8" beyond mounting surface; screwdriver adj .  for 
PC board; terminals are to be at right angles to shaft. 

C S ,  C6 , C4 

C l ,  C 2  

C3 , C7,  C 8  

C 9  

C lO, C1 1 

11 

CR1 1 , CR12 

CRt , 2,  3 ,  4, 5,  
CR6, 7 ,  8, 9 ,  10,  

CR1 3 ,  14 

R37 

R26,  27 & 3 

R8 

R 1 6  

R6 

R 1 0 ,  RS 

Rl l ,  7 , 14 

R4 

R 1 3  

R23, 30, 31 , 32 

R24 , 25 

R1 , R9 , R1 7  

R 1 2 ,  R 1 5  

R 2  

R22 
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PART NO. 

HA-14643 

HA- 3 175 

HA-1 3575 

HA- 1 3 806 

HA- 3167 

HA- 1 7 1 17 

HA- 1 6523 

HA-1 6524 

HB-56500 

HA- 1 3579 

H-1007-438 

HA- 1 7 197 

HA-1 3572 

H- 1009 -639 

H-1009 -485 

H-1009-446 

H-1009-435 

H-1009-608 

H-1009-497 

H-1009-423 

H-1009 -39 1 

H-1009-607 

H-1009-419 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 

R.ESISTOR, variable: 500 ohms, 0. 25 W ;  linear taper; standard 
length shaft 1 /8" beyond mtg. surface ; screwdriver adj. for 
PC board; terminals are to be at right angles to shaft. 

TRANSFORMER: primary impedance ohms 2000 C T ;  secondary 
impedance ohms 8000 CT; 1 50 WNV 0/A. 

TRANSFORMER, 

TRANSISTOR: NPN, germanium 2N169A. 

TRANSISTOR: PNP, germanium 2N1414. 

TRANSISTOR: PNP, germanium; 2N1375, 

Guard Relay. 

Trip Relay. 

HB-17840 RECENER MODULE W /0 FILTER 

RECENER BAND-PASS F ILTER, 

CAPAC ITOR, ceramic: 0. 47 p.F ,  25 V DC + 80%, -20% (5 req. ). 

CAPACITOR , tantalum: 33 p.F ,  lOY. 

DIODE, silicon, 

RESISTOR, variable: S K, 0. 2 S W ,  log taper; std. length shaft 
1/8" beyond mtg. surface ; screwdriver adj. 

RESISTOR, fixed, comp: 1 8 K, ± 10%, t W ( 2  req. ), 

RESISTOR , fixed, comp: 4. 7 K, ± 10%, i W (2 req. ), 

RESISTOR, fixed, comp: 1 .  8 K, :l: 10% , t W (2 req. ). 

RESISTOR, fixed, comp: 100 ohms, ± 1 0% , t W ( 2  req. ). 

RESISTOR, fixed, comp: 820 ohms ± 10% , tW ( 3 req. ), 

RESISTOR, fixed, comp: 330 ohms, ± 10% , t W. 

RESISTOR, fixed, comp: 3 3 K ,  ± 10%, t W .  

RESISTOR, fixed, comp: 10 K ± 10%, t W . 

RESISTOR, fixed, comp: 1 80 ohms, ± 10% , t W. 

RESISTOR, fixed, comp: 3, 3 K, ± 1 0% , t W . 

DIAGRAM 

SYMBOL 

R20 

Tl 

T2 

Q5, Q6 

Ql , Q2 

Q4 , 7 , 8 & 3 

C 1 ,  2, 5 ,  
C 8  & 9 

C 3 , 6 ,  7 & 4 

CRt , 2 

R1 

R2 , R7 

R3 , R8 

R4, R9 

RS, RlO 

R6 , R1 1 
.R16 

R12 

R 1 3  

R14 

R15 

R17 
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RFL 
PART NO. 

HA-13913 

H-1009-431 

HA-1 3588 

H-1009-530 

HA-3 175 

HA-3166 

HA-3167 

HA- 1 3 806 

Table of Electrical Parts 

NAME OF PART AND DESCRIPTION 

RESISTOR, fixed, comp: 8. 2 K, ± 10% ,  t W. 

RESISTOR, fixed, comp: 270 ohms, ± 10% ,  f W. 

RESISTOR, variable: 2, 5 K, 0, 25 W, std. length shaft 1/ 8" 
beyond mtg. surface; linear taper; screwdriver adjust. 

RESISTOR, fixed, comp: 5. 6 K, ± 10%, f W. 

TRANSFORMER: primary impedance ohms 2000 CT; sec, 
impedance ohms 800 CT; 150 mv 0/A 1 x 3/4 x 3/4, 

TRANSISTOR: type PNP (2 req. ) 2N1415. 

TRANSISTOR: type PNP 2N1414, 

TRANSISTOR: NPN 2N169A. 

DIAGRAM 

SYMBOL 

R18 

R 19 

R20 

R22 

T1 

Q1, Q2 

Q3 

Q4 

HB-1 8425 VOLTAGE REGULATOR .:===:==:==:==:==:==:==:::===:==:==:==::=::===:==:==:==::==a 

HA-1 3569 CAPACITOR, electrolytic: SOO JJF, SOV. C 1 , C2 

HA-17994 DIODE, zener: 22 V, 1 w·, ± 5%, 

HA-17506 DIODE, zener: 3 6 V ,  1 W ,  ± 5%. 

HA-9348 FUSE: 0. 5 amp; 2SOV, 3 AG. F 1  

H-1009-730 RESISTOR, fixed: comp; 3. 3 K, ± 10%, 1 W. R 1  

H-1 100-375 RESISTOR, fixed: comp; 300 ohms, ± 5% ,  20 W. R2 

H-1009-481 RESISTOR, fixed: WW; 4. 7 K, ± 10% , 2 W, R3 

H-1009 -314 RESISTOR, fixed: 2, 2 K, ± 10% , 1 W, R4, R6 

H-1220-33 RESISTOR, fixed: WW; 100 ohms, ± 5%, 3 W. R5 

HA-1 3554 SWITCH, pushbutton, S 1  

HA-1 3273 TRANSISTOR, power: germanium; 2N2063A, Q1, Q2 

MISCELLANEOUS 

HA-171 59  CAPACITOR; plastic, 0 .  5 mfd. , 2000 WVD, used o n  chassis, 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N ST R U M E NT D IVI S I O N  N EWAR K, N .  J. 

Printed in  U.S.A. 
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