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l.l. 41-659.2 D 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES PS-1, PS-2 AND PS-3 PILOT WIRE 

SU-PERVISORY RELAYS 
(D-C OPERATED) 

CAUTION B efore putting protective relays in-

to service, remove all blocking -.rhich may have 

been inserted for the purpose of securing 

parts during shipment, make sure that all mov­

ing parts operate freely, inspect the contacts 

to see that they are clean and close properly, 

and operate the relay to check the settings 

and electrical connections. 

APPLICATION 

The types PS-1 and PS-2 supervisory relays 

are used to detect short circuits, open cir­

cuits, grounds and reversals on pilot wires, 

particularly those used with the type HCB 

relay. The type PS-1 relay is located at one 

terminal to introduce the supervisory d-e 

current to the pilot wires and to initiate an 

alarm when the pilot wires are faulted. The 

type PS-2 relay is located at the other end of 

the pilot wire circuit and operates to 

initiate an alarm at that terminal when the 

pilot wire is opened or shorted. This relay 

also provides the continuous visual indication 

and means of adjusting the supervisory signal. 

Where remote tripping is required, a type 

PS-3 relay with make contacts is used in place 

of the type PS-2 relay. This relay provides a 

means of tripping the local breaker by action 

of an auxiliary relay located at the type PS-1 
relay terminal, but does not act as a fault 

detector to initiate an alarm at its station. 

CONSTRUCTION AND OPERATION 

The d-e operated type PS-1 relay consists of 

a sensitive polarized relay element adapted to 

operate on .001 ampere or .002 ampere d-e 

SUPERSEDES I.L. 41-659.2 C 

pilot wire supervisory current. It is equip­

ped with internal resistor tubes to obtain 

this current from a battery source. The 22 
volt d-e relays utilize series resistors, 

whereas relays for operation from 48, 125, or 

250 volt batteries utilize the resistors in a 

potentiometer arrangement. For three terminal 

lines, where the output of the type PS-1 relay 

is· .002 ampere, the potentiometer models are 

equipped >rith different resistance values in 

the potentiometer than for tvo terminal lines, 

"'here the output of the type PS-1 is .001 am­

pere. 

The polarized relay consists of an armature 

and contact assembly mounted on a leaf spring 

supported symmetrically vithin a magnetic 

frame. The poles of a permanent magnet clamp 

directly to each side of this frame. Flux 

from the permanent magnet divides into t'·'O 

paths, one path across the air gap at the 

front of the element in vhich the armature is 

located, the other across tvo gaps at the base 

of the frame. Tvo adj ustable shunts are lo­

cated across the rear air gaps. These change 

the reluctance of the magnetic path so as to 

force some of the flux thru the moving arma­

ture vhich is fastened to the frame mid>ray be­

breen ·the t;ro rear air gaps. Flux in the 

armature polarizes it and creates a magnetic 

bias causing it to move toward the left-hand 

contact ( front viev ) . Tvo operating coils are 

placed around the armature vnd within the mag­

netic frame. The windings are connected in 

series vith each of the pilot vires. 

With the correct adj ustment of the magnetic 

shunts the armature vill always tend to travel 

tovards the left-hand side of the front air 

gap vith the coils de-energized. This holds 

the left-hand contact closed. When either of 
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TYPES PS-1. PS-2 AND PS-3 RELAYS _______________ _ 

To MoviNG 
CONTACTS 

To STATIONARY 
CoNTACTS 

@-.....::::�L--,��:t�;:::�L/im A- 48 V. ole 
185DA-48V.tl-c 
44-BOA-125 V.a'-cllii�c:H-�-�+-C:l--:f.'!) 
COILS ON 
POLARIZED EL£M£NT�--�_L--------r-

ReAR V1cw 

750A-125 V.d-c 

Fig. 1-Internal Schematic of the 48. or 125 Volt. D-C Type 
PS-I Relay In the Standard Case. When Remote 
Tripping is not Required, or for 48 Volts D-C with or 
without Remote Tripping. Terminals 7 and 8 and 
Associated Resistors are Omitted. 

the operating coils are energized, the arma­

ture is magnetized with a polarity that re­

verses the initial bias, thus causing it to 

move towards the right-hand contact. Normal­

ly, the cur�ent through the relay coils is of 

such a magnitude that the armature floats mid­

vay between the right and left stationary con­

tacts. 

The type PS-2 rela� consists of a telephone 

type relay, a 0-5 milliammeter, and adjustable 
resistor, and a rectox unit. The contacts of 

the telephone relay are closed at the deen_er­

gized position. When the relay is energized, 

the contacts stand open. 

The type PS-3 relay is identical to the type 

PS-2 except that the contacts are open in the 

deenergized position. This relay does not 

function to initiate an alarm when the pilot 

wires are faulted. 

The operation of these relays to supervise 
the pilot vire is as follows: 

(la). Normal Pilot Wire - Two Terminal Lines 

The relays are continuously energized with 

.001 ampere d-e -.rhich is introduced from the 

battery source thru the type PS-1 relay and 

.circulates over the pilot vire circuit. This 

current holds both the type PS-1 and PS-2 re­

lay contacts open, and tends to close the type 

PS-3 relay contacts. 

2 

To MOVING 
CONTACTS 

To STATIONARY 
CoNrAcrs 

------::::t,._ COILS ON 
POLARIZED 
ELCMCNT 

Fig. 2-Internal Schematic of the 22 Volt D-C Type PS-1 
Relay In the Standard Case. 

(lb). Normal Pilot Wire - Three Terminal Lines 

The action here is the same in principle as 

for two terminal lines, except that the type 
PS-1 relay must furnish .002 ampere total, 
,.rhich allovs . 001 ampere for each of the tvo 

type PS-2 relays involved. 

(2). Pilot Wire Short Circuited 

Short circuits of 2,000 ohms resistance or 

less cause the circulating pilot ,.rire current 

to increase above the normal value, thus clos­

ing the right-hand (front viev) contacts of 
the type PS-1 relay and the undercurrent con­
tacts of the type PS-2 relay to initiate an 

alarm at both terminals of the pilot vire. 

(3). Pilot Wire Open Circuited 

Open circuits on the pilot wire vill reduce 

the circulating supervisory current to zero, 

and again initiate an alarm at both the types 

PS-1 and PS-2 relay terminals. 

(4). Pilot Wire Grounded 

The connection of the separate windings of 

the type PS-1 relay in each of tlie pilot vire 

circuits providas tvo circuits of equal im­

pedance from the grounded midtap of the poten­

tiometer of the type PS-1 relay to the remote 
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l.l. 41-659.2 0 
TYPES PS-1. PS-2 AND PS-3 RELAYS-----------------'-

terminal o n  the pilot  wire. In the 22 vol t  

d- e model s, the midpo int o f  the battery is 

grounded. �he type PS-2 rel ay co ntains a 

rel ativel y high resistance, such that when 

either pilot  wire becomes gro unded at any 

po int alo ng its l ength, unequal currents flow 

to operate the type PS-1 rel ay. This pro vides 

pro tectio n fo r gro und faul t resistance val ues 

of  500 ohms o r  l ess. 

Statio n batteries are frequentl y grounded at 

the midpo int o f  a circuit co nsisting of two 

l amp s  co nnected in series acro ss the battery 

terminal s. An accidental gro und o n  the 

statio n battery circuits will no t affect the 

abil ity of the pilot  >rire supervisory rel ays 

to detect pilot wire short circuits o r  open 

circuits, al though the rel ative sensitivity of  

the type PS-1 to gro unds o n  one of  the t'•o 

wires of  a pilot  pair will be changed. Gro und 

faul ts on  the pilot >rire vrill no '.; affect the 

gro unding l amps o n  the statio n battery because 

of  the high internal resistance o f  the type 

PS-1 rel ay. 

(5). Reversed P ilot  Wires 

A reversal o f  the pilot  wires wil l tend to 

pass current thru the type PS-2 o r  PS-3 rel ays 

in the reversed directio n. The back resist­

ance of  the recto x units in these relays is 

sufficiently high and, therefo re, limits the 

magnitude of  superviso ry current so that bo th 

the types PS-1 and PS-2 rel ays operate o n  
under current. Where the type PS-3 relay is 
used in pl ace of the type PS-2 relay, only the 

PS-1 rel ay operates on  under current to ring 

an al arm. 

(6 ) .  Remote Tripping 

Remote tripping is acco mpl ished by appl ying 

a higher d-e vol tage to the pilot  >rires at the 

sending 

cated. 

end, where the type PS-1 rel ay is l a­

The pol arity of  this vol tage is the 

same as the normal vol tage. For 125 and 2 50 

V. d- e sources, resistors are used to l imit 

the pil o t  wire current. Fo r the 22 vol t  

mo del s, an extra battery so urce of  higher 

vol tage must be used. 

{7). Difference in Gro und Po tential 

These rel ays are co nnected directl y in the 

pilot  wire circuit and must be protected 

against high po tential resul ting fro m in­

ductio n or differences in gro und potential be­

tween the pilot  wire terminal s. If the magni­

tude of  this po tential is between 2 00 and 500 

vol ts, it is recommended that 5 mfd. capac­

itors be co nnected--one each between the rel ay 

pilot  wire terminal s and gro und at the type 

PS-1 rel ay. If the magnitude of this po ten­

tial exceeds 500 vol ts, special means o f  pro ­

tecting the rel ays are avail able. 

RELAYS IN TYPE FT CASE 

The type FT cases are dust-proof enclo sures 

co mbining rel ay el ements and knife-bl ade test 

switches in the same case. This co mbinatio n 

provides a comp act fl exibl e assembl y easy to 

maintain, inspect, test and adjust. There are 

three main units o f  the type FT case: the 

case, cover and chassis. The case is an all 

wel ded steel ho using containing the hinge hal f 

o f  the knife-bl ade test s1dtches and the ter­

minal s fo r external connections. The cover is 

a drawn steel frame with a clear windo w which 

fits over the fro nt of  the case with the 

switches clo sed. The chassis is a frame that 

houses the rel ay elements and suppo rts the 

contact jaw hal f o f  the test switches. This 

sl ides in and o ut o f  the case. The el ectrical 

co nnectio ns between the base and chassis are 

compl eted thro ugh the clo sed knife- bl ades. 

Remo ving Chassis 

To remo ve the chassis, first remo ve the 

cover by unscrewing the captive nuts at the 

co rners. There are two cover nuts o n  the S 

size case and fo ur o n  the L and M size cases. 

This expo ses the rel ay el ements and all the 

test switches for inspectio n and testing. The 

next step is to open the test switches. 

Al ways o pen the elo ngated red handl e switches 

first before any o f  the bl ack handl e switches 

o r  the cam actio n l atches. This opens the 

trip circuit to prevent accidental trip o ut. 

Then o pen al l the remaining switches. The o r­

der of  opening the remaining switches is no t 
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TYPES PS-1, PS-2 AND PS-3 RELAYS---------------

1850.fl..- 48 VOLT'.') O.C 

4480.Q-125VOLT-' D.C. IIZOO../t.-Z.SCVO\.TS O.C 

1\ 

TO 5TATI0NA�Y CONTACTS _;;Z-ii-TEST SWITCH 
I )�® 1 

I 
I_ COIL� ON PoLAR­

�-----------;� IZED E.Lr.MENT 

.>.I 

115Qfi - 48 VOLTS D.C. 
15o.n.. · IZ.S VOLTS. D.C. IO&.OA- 2.50VO\.TS. p,C � � �__:rE�S�I�H [\'1� 

-TC RELAY 

l_Q_� _ _Q__ 0 0 0 0 D lJ --TO SA5E TERMS. 
�RC:::.tn VIEW 

Fig. 3-Internal Schematic of the 48, 125 or 250 Volt, D-C 
Type PS-I Relay in the Type FT Case. 

Rccrox UNtrs 

PS-2. ®�------�A�r�------�0 
PS-2 0�------���r�------�® 

MtLLIAMH£T£R 

TeL£ PHON£ 
TYPE RELAY 

Fig. 5-Internal Schematic of the Type PS-2 Relay in the 
Stcmdard Case. 

c @)( 

�CTOX llN\T& 

PS-Z 
>II 
PS-2 
II 

RE.AR VIEW 

TEST &WITCH 

TE5T �'NITCI-I 

• 
)(® 

MILLIAMMETER 

� % �r- TC RELAY 

--;Fo;;RON= T=vo:OCEc:W;-'LJ=-=-'==-" ---To SASE TERMS 

F;·; 7-lnternal Schematic of the Type PS-2 Relay in the 
Type FT Case. 

4 

REAQ VIEW 

TE.ST SW\TCH 

COILS 0'1 I'OLA�­
tZED E L EM£NT 

iO ilELAY 

10 eASE; TE�MS. 

Fig. 4-Internal Schematic of the 22 Volt D-C Type PS-1 
Relay in the Type FT Case. 

UP£RATION 

INDICATOR ---f---_,� 

/1tLLIAMHETER 
TncPHONE: 
TYPE RELAY 

L Rt:AR Vtcw 

------· 

Fig. 6-Internal Schematic of the Type PS-3 Relay in the 
Standard Case. 

1 

Fig. 8 -Internal Schematic of the Type PS-3 Relay in the 
Type FT Case. 
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TYPES PS-1. PS-2 AND PS-3 RELAYS _______________ t._L __ 41_·6_59_·2_0 

important. In opening the test switches they 

should be moved all the way back against the 

stops. With all the svitches fully opened, 

grasp the two cam action latch arms and pull 

outward. This releases the chassis from the 

case. Using the latch arms as handles, pull 

the chassis out of the case. The chassis can 

be set on a test bench in a normal upright po­

sltion as >rell as on its top, back or sides 

for easy inspection, maintenance and test. 

After removing the chassis a duplicate 

chassls may be inserted in the case or the 

blade portion of the switches can be closed 

and the cover put in place without the chas­

sis. 

When the chassis is to be put back in the 

case, the above procedure is to be followed in 

the reversed order. The elongated red handle 

switch should not be closed until after the 

chassis has been latched in place and all of 

the black handle sv::.tches closed. 

Electrical Circuits 

Each terminal in the base connects thru a 

test svitch to the relay elements in the chas·· 

sis as sho·wn on the internal schematic dia­

grams. The relay terminal is identified by 

numbers marked on both the inside and outside 

of the base. The test switch positions are 

identified by letters marked on the top and 

bottom surface of the moulded blocks. These 

letters can be seen when the chassis is re­

moved from the case. 

The potential &1d control c1rcuits thru the 

relay are disconnected from the external cir­

cuit by opening the associated test switches. 

A cover operated switch can be supplied with 

its contacts wired in series with the trip 

circuit. This switch opens the trip circuit 

when the cover is removed. This switch can be 

added to the existing type FT cases at any 

time. 

Testing 

The relays can be tested in service, in the 

case but with the external circuits isolated 

or out of the case as follows: 

Testing In Service 

Voltages between the potential circuits can 

be measured conveniently by clamping #2 clip 

leads on the projecting clip lead lug on the 

contact jaw. 

Testing In Case 

With all blades in the full open position. 

the ten circuit test plug can be inserted in 

the contacts jaws. This connects the relay 

elements to a set of binding posts and crr:­

pletely isolates the relay circuits from "c 

external connections by means of an insulating 

barrier on the plug. The external test cir­
cuits are connected to these binding posts. 

The plug is inserted in the bottom test ja•rs 

with the binding posts up and in the top test 

switch jaws -.rith the binding posts down. 

The external test circuits may be made to 

the relay elements by #2 test clip leads in­

stead of the test plug. 

Testing Out of 
_
Case 

With the chassis I'emoved from the base, re­

lay elements may be tested by using the ten 

circuit test plug or by #2 test clip leads as 

described above. The factory calibration is 

made with the chassis in the case and removing 

the chassis from the case will change the 

calibration values by a small percentage. It 

is recommended that the relay be checked in 

position a.s a final check on the calibration. 

INSTALLATION 

The rela.ys should be mounted on switchboard 

panels or their equivalent in a location free 

from dirt, moisture, excessive vibration and 

heat. Mount the relay vertically by means of 

the two mounting studs for the standard cases 

and the type FT projection case or by means of 

the four mounting holes on the flan.ge for the 

semi-flush type FT case. Either of the studs 

or the mounting screws may be utilized for 

grounding the relay. The eler·trical connec­

tions may be made direct to t'�r t0rminals by 

means of screws for steel panel mourting or to 
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TYPES PS-L PS-2 AND PS-3 RELAYS ----------------

terminal studs furnished with the relay f'or 

ebony-asbestos or slate panel mounting. The 

terminal studs may be easily removed or in-

serted by locking two nuts on the studs and 

then turning the proper nut vith a vronch. 

Fisures 9 to 13 show the external connec­

tions of the types PS-1 and PS-2 relays. Fig­

ures 14 to 17 show the external connections of' 

the typo PS-1 and PS-3 relays. For informa­

tion concer•nine; the type HCB relay see I.L. 

41-6',8. 

SETTINGS 

The r·e lays are calibrated in the factory to 

be onvrfized continuously with one milli­

ampel"'" ci-c. Af'tccr the relays are checked and 

�lstalled, the only setting required is to ad­

just the slide \?ire resistance in the type 

PS-c' oP PS-3 relay, so that the milliameter in 

tho relay indicates that one milliampere d-e 

is circulating over the pilot wires< 

,-

CAUTION If' the pilot wires are subject to 

induction f'rom adjacent transmission lines, it 

is recommended that the relay be set in the 

laboratory rather than while they are directly 

connected to the pilot wires. This precaution 

is to prevent injury to the personnel from 

high induced voJ.;t·age s. 

formers are available 

voltage f'rom the relay. 

Neutralizing trans­

for use to keep high 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct 

operation of this relay have been made at the 

factory and should not be disturbed af'ter re­

ceipt by the customer. If' the adjustments 

have been changed, the relay taken apart f'or 

repairs, or if' it is desired to check the ad­

justments at regular maintenance periods, the 

instructions below should be followed. 

All conta.cts should be periodically cleaned 

with a fine f'ile. 8#1002110 f'ile is recom­

mended for this purpose. The use of abrasive 

INSULATIN(i TRANSFORMER� ..... ----------....,..----------.., 

To TYPE: ~ ,. PL ct TYPe 
I./ 10 MFD. . HCB RnAY Mro. MR<S J HCB R<LAY 

Pos. N£(i. PS-I 

Rt::>1!< VIEW 
-IC]--o"o-----·------' 

To ALARM Bus 

Pos. 

L-1@>---�1-t'----{1',*--lf-- To ALARM' 
Bus 

RECTOX UNITS 

Fig. 9-External Connections of the 48. 125 or 250 Volt D-C Type PS-1 and the Type PS-2 Relays in the Standard Case For 
Pilot Wire Supervisory. 
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TYPES PS-1. PS-2 AND PS-3 RELAYS _______________ u_

. 
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-
6_5 9_

·
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material fo r cleaning contacts is no t reco m­

mended, b ecause o f  the danger o f  emb edding 

small particl es in.the face o f  the so ft sil ver 
and thus imp airing the co ntact. 

Tzre PS-1 Rel ay, Pol arized Element 

With the rel ay de-energized, remove the per­

manent magnet and adjust the mo ving armature 
so that it flo ats b etween the poles or l ightly 

touches the l eft-hand pol e  piece. This ad­

justment is made by loo sening the • c�re screw 

at the back o f  the el ement and shifting the 

entire core and contact assembly. Adjust the 

statio nary co ntacts so that they make at the 

extreme l imits o f  the armature travel . Then 

turn each contact 

approximately 5/3211 
screw four turns to obtain 

between the stationary 

contacts. Reassemble the permanent magnet 

with the north pole to the right ( front vlew) 

and pass 

coils. 

.001 ampere thru the operating 

This sho ul d b e  do ne by co nnecting the rel ays 

per o ne o f  the figures 9 o r  1 7  using an equi­

val ent resistance in pl ace o f  the pilot.wires 

and insulating transfo rmer•. With this current 

thru the operating co il s, adjust the magnetic 

shunts acro ss the two rear air gaps so that 

the moving contacts flo at midway b etween the 

stationary contacts. With this adjustment, 

the right-hand co ntacts sho ul d operate at ap­

pro ximatel y .001 3 amp ere, and the l eft-hand 

co ntacts sho ul d close at . 0007 amp ere. For 

three termina:.. l ines, the type PS-1 rel ay co n-

tacts sho ul d flo at at . 002 ampere, clo se to 
the right at . 002 3 ampere, and clo se to the 
left at .0017 ampere. 

A goo d  way to adjust the el r;:·•ent is to start 

with both magnetic shunts at the extreme "in" 

position, then draw o ut the right-hand shunt 

until the right-hand contacts make at the de­

sired current. Then lo wer the current and 

draw o ut the l eft hand shunt until the l eft­

hand co ntacts make at the right val ue. This 

will upset the adjustment fo r the right hand 

contacts, which sho ul d then b e  rechecked. The 

pro cess is easil y carried b ack and forth until 

both val•-Ies will check properly. The shunts 

are held securely in place by means of a 

spring type clamp. 

Type PS-2 Rel ays, Tel ephone El ement 

With the rel ays co nnected per o ne o f  the 

figures 9 to 13, adjust the armature gap and 

spring tensio n o f  the tel epho ne-type rel ays so 

that its co ntacts open with .0008 ampere and 
above and close at app ro ximatel y . 0006 ampen; 

and below. The normal co ntact gap sho ul d  Lrc 
appro x. 1/32 inch and sho ul d have a co nta(;c 

follow  o f  approximatel y l/64 inch. 

Type PS-3 Rel ay, Telephone Element 

With the 

figures 14 

the sp ring 

that its 

abo ve. 

rel ays co nnected per o ne o f  the 

to 17, adjust the armature gap and 

tensio n o f  the tel epho ne rel ay so 

contacts close at .002 ampere and 

RENEWAL PARTS 

Repair work can b e  do ne mo st satisfacto rily 

at the facto ry. However, interchangeable 

parts can b e  furnished to the custo mers who 
are equipped for doing rep air work. When 

o rdering parts, always give the co mpl ete name­

plate data. 
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TYPES PS-L PS-2 AND PS-3 RELAYS _______________ _ 

Pos. Nu;. 
'-;0-----H----{f)-t-·+- To ALARM 

8us 

RECTO)( UNITS 

Fig. 10-Extemal Connections of the 22 Volt D-C Type PS-I and the Type PS-2 Relays in the Standard Case For Pilot Wire 
Supervisory. 

IN5ULATIN6 TR�5F012t4ER 
��y{] IOMFt>. 

PILOT 
WIRE!:> 

IOMF� 'TYPE 

HCB RELAY [} 

Fig. 11-External Connections of the 48, 125 or 250 Volt D-C Type PS-I and the Type PS-2 Relays in the Type FT Case For 
Pilot Wire Supervisory. 
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TYPES PS-1, PS-2 AND PS-3 RELAYS _______________ �.�L.-4_1 -6_59_·2 D 

· ------ -----------------------------------------------------------------------------� 
II'ISULATINb TRANSFORMER 

_C;:;�LAY ri .rl---IO_M_ft>_. ____ 

P

_IL,.O_ if _____ \O_M_F_0-. ----!11,-..._ 

l WIRES 

TO ALARM BUS 

[} TYPE. 
NCB RE.LAY 

Fig. 12-External Connections of the 22 Volt D-C Types PS- 1 and the PS-2 Relays in the Type FT Case For Pilot Wire 
Supervisory. 

Pos. Nn;. 

PS-2 BJ 

Pos. 

To ALARM 
Bus 

Fig. 13-External Connections of the 48, 125 or 250 Volt D-C Type PS-1 and the Type PS-2 Relays in the Type fT Case For 
Pilot Wire Supervisory of a Three Terminal Line. 
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TYPES PS-I. PS-2 AND PS-3 RELAYS ______________ _ 

Pos. N£4. 

AUXILIARY 7f?JPP1Nf4 
RELAY CONTACTS 

FOR 48 VOLTS d-e MAKE DoTTED CONNECTIONS 
As 7£RMINAS 7-8 AR.£ Nor FuRNISHED. 

Fig. 14-Externaf Connections of the 43, or 125 Volt D-C Type PS-I and lhe Type PS-3 Relays in the Standard Case for Pilot 
Wire Supervisory and Remote Tripping. 

Pos. Net;. 

PILOT WIRES 

1--=:-'10 VOLT 
- 8 

�----------------�-r;�8ATT£RY 
AUXILIARY TRIPPING RELAY CONTACTS 

toMFo. � [}To TYPE HCB RELAY 

·lr To TRIP CIRCUITS �v-� 1---��r--

..:....--..r.�J 

Fig. IS-External Connections of the 22 Volt D-C Type PS-I and the Type PS-3 Relays in the Standad Case For Pilot Wire 
Supervisory and Remote Tripping. 
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I.L. 41-659.2 D 
TYPES PS-1. PS-2 AND PS-3 RELAYS ______________ _ 

Pas. N£<:,. PS-I 
PS-I 2.7 

PS-I � 
6E 

AuxiLIARY TRIPPINC, 
R£LAY CoNrAc-rs 

RECTOX UNITS 
VALUES FoR RESISTORS R 

Jl'oLTS R 
4-8 0 
1"25 3150 

250 "700./L 

Fig. 16-Extemal Connections of the 48, 125 or 250 Volt D-C Type PS-1 and the Type PS-3 Relays in the Type Fl' Case For 
Pilot Wire Supervisory and Remote Tripping. 

INSULATIN4 TRANSFOR/Vf£R� .. ---------.,------------. 

j'--l [} To TYPE .10 PiLOT T< Ti HC:B R£LAY Mro. WiR£S 10 Mro. HC:BRELAY 

Pos. Nu,. 

l .J. 

To ALARM Bus 

i\l::t:y 
'-CJ-*<>+---. r1�+ 

J AUXILIARY 
TRIPPING 
ReLAY CoNTACTS Rt:.cTox UNITS 

Fig. 17-Extemal Connections of the 22 Volt D-C Type PS-1 and the Type PS-3 Ralays in the Type Fl' Case For Pilot Wire 
Supervisory and Remote Tripping. 
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TYPES PS-I. PS-2 AND PS-3 RELAYS----------------

l 
I 
I 
i 
I 

I 
I 

I 
I 

l I 
I 
l L---------· _j 
F:g. l!l-Outline aad Drilling Pio::,, For !!1e External Resistor 

Used With t';l<* Type PS-1 Relay in !he Type FT Case 
For Remole Tripping. :for Hder.1'nce· Only. 

. \�0-32 ---.1 
TE.�MS. 

lo 

MTC?.HOLES 
F'Of< .1�0 D\A. ;C.R'EW 

r H 

l__ 
I 

I 
I 

_____ _j 

Fig. 19-0u!lim:. a::1d Drilling Plan For the 10 mfd. Capacitor.. 
For Refer·ence Only. 

_ _ ___ ___, USE SCRD.JS )FOR THiN PANELS �-- --- -7�--- �-;7;/ ------�-rt(3J_ l-��=- --1 

i 
:: I I i ' ' USE STUDS I fOR THICK PAI,IELS 

I I 

.1�0-32 TERM SCR[It./S &. STUDS 
-41 -zo MOU NTINc; SCREWS 

8::. STUDS 

Fig'. 20-0utline and Drilling Plan of the Projection Type Standard Case. See the Internal Schematics For the Terminals 
Supplied. For Reference Only. 
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TYPES PS-I, PS-2 AND PS-3 RELAYS _______________ LL._4_1-_65_9·2_0 

. 190-J2. TtRM. 5CREW 
U5E .190- 32.. 5TUD FOR 

THICK P.t>.NEL MTG. 
P.t>..Nt.L LOCA.\ION. 
F"OR PROJECTION 
TYPE. MTG 

0 

[-J I I I 0 

I ' r-�----- 6"' ----- -1 

-

• 101 

� ,, lOOm 

I 
I � : .� il \ � ���-5� ---�.' - �\ 

VJ � \ , /f- - 6:. , / I 
PA.N.E.L LOC,.e...TtON FOR / I 
SE.�\ FLUSH IYPE. MT"'. 2f6 WITH 5CREW _ 

2� WITH STUD 

I. 6� 9i6 3l 

ill . ! I I_ 

! - + _L __ _ _ 

STUDS F"OR PROJ 

TYPE MT<;. i DIA. I 
HOLE.. (� RE.Q.). 

- fo-18 MTEj. STUD ( 2 REQ.) 

CUT OUT FOR 

5EMI- FLUSH 

N\OUNII N.G. 

CUT OUT FOR 
PROJECTION 

Fig. 21-0utline and Drilling Plan of the SlO Semi-flush or Pr ojection Type FT Flexitest Case. See the Internal Schematics 
for the Terminals Supplied. For Reference Only. 
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l.l. 41 -659 .2A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES PS-1, PS-2 AND PS-3 PILOT WIRE 

SU.PERVISORY RELAYS 
(D-C OPERATED} 

CAUTION Before putting protective relays in-

to service, remove all blocking vhich may have 

been inserted for the purpose of securing 

parts during shipment, make sure that all mov­

ing parts operate freely, inspect the contacts 

to see that they are clean and close properly, 

and operate the relay to check the settings 

and electrical connections. 

APPLICATION 

The types P S- 1  and PS-2 supervisory relays 

are used to detect short circuits, open cir­

cuits, grounds and reversals on pilot vires, 

particularly those used vith the type HCB re­

lay. The type PS-1 relay may also be used to 

block ope rat ion of the type HCB relays •rhen 

the pilot wires are opened. The type PS-1 re­

lay is located at one terminal to introduce 

the supervisory d-e current to the pilot vires 

and to initiate an alarm vhen the pilot vires 

are faulted. The type PS-2 relay is located 

at the other end of the pilot vire circuit and 

operates to initiate an alarm at that termi­

nal vhen the pilot •rire is opened or shorted. 

This relay also provides the 0ontinuous visual 

indication and means of adjusting the super­

visory signal. 

Where remote tripping is required, a type 

PS-3 relay vith make contacts is used in place 

of the type PS-2 relay. This relay provides a 

means of tripping the local breaker by action 

of an auxiliary relay located at the type P S-1 

relay terminal, but does not act as a fault 

detector to initiate an alarm at its station. 

CONSTRUCTION AND OPERATION 

The d-e operated type PS-1 relay consists of 

a sensitive polarized relay element adapted to 

operate on . 001 ampere or .002 ampere d-e 

SUPERSEDES l.l. 41-659.2 

pilot vire supervisory current. It is equip­

ped with internal resistor tubes to obtain 

this current from a battery source. The 22 
volt d-e relays utilize series resistors, 

whereas relays for operation from 48, 125, or 

2 50 volt batteries utilize the resistors in a 

potentiometer arrangement. For three terminal 

lines, where the output of the type PS-1 relay 

is· . 002 ampere, the potentiometer models are 

equipped with different resistance values in 

the potentiometer than for tvo terminal lines, 

,,,here the output of the type PS-1 is . 001 am­

pere. 

The polarized relay consists of an armature 

and contact assembly mounted on a·leaf spring 

supported symmetrically within a magnetic 

frame. The poles of a permanent magnet clamp 

directly to each side of this frame. Flux 

from the permanent magnet divides into tvo 

paths, one path across the air gap at the 

front of the element in which the armature is 

located, the other across t>ro gaps at the base 

of the frame. Two adj ustable shunts are lo­

cated across the rear air gaps. These change 

the reluctance of the magnetic path so as to 

force some of the flux thru the moving arma­

ture vhich is fastened to the frame midvay be­

t,.reen the two rear air gaps. Flux in the 

armature polarizes it and creates a magnetic 

bias causing it to move toward the left-hand 

contact ( front vie,.r ) . Tvro operating coils are 

placed around the armature •rnd within the mag­

netic frame. The windings are connected in 

series ,,rith each of the pilot •rires. 

With the correct adj ustment of the magnetic 

shunts the armature vill always tend to travel 

tovards the left-hand side of the front air 

gap vith the coils de-energized. This holds 

the left-hand contact closed. When either of 
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TYPES PS-1. PS-2 AND PS-3 RELAYS ________________ _ 

To MovtNG 
CONTACTS 

CoiLS ON 

To STATIONARY 
CONTACT$ 

@-....:::!""-L....;�w .... _��:;:__��+-"mA- 4B v. <I.e 
7�0A-t2� V.d-c 

i�����;D�--+-�-------r-
II 

Fiq. 1-Internal Schematic of the 48. or 125 Volt. D-C Type 
PS..l Relay In the Standard Case. When Remote 
Tripping is not Required. or for 48 Volts D-C with or 
without Remote Tripping. Terminals 7 and 8 and 
Associated Resistors are Omitted. 

the operating coils are energized, the arma­

ture is magnetized with a polarity that re­

verses the initial bias, thus causing it to 

move towards the right-hand contact. Normal­

ly, the current through the (elay coils is of 

such a magnitude that the armature floats mid­

,.,ay between the right and left stationary con­

tacts. 

The type PS-2 rela� consists of a telephone 

type relay, a 0-5 milliammeter, and adjustable 

resistor, and a rectox unit. The contacts of 

the telephone relay are closed at the deener­

gized position. When the relay is energized, 

the contacts stand open. 

The type PS-3 relay is identical to the type 

PS-2 except that thf contacts are open in the 

deenergized position. This relay does not 

function to initiate an alarm when the pilot 

wires are faulted. 

The operation of these relays to supervise 

the pilot vire is as follows: 

(la). Normal Pilot Wire - Two Terminal Lines 

The relays are continuously energized with 

.001 ampere d-e vhich is introduced from the 

battery source thru the type PS-1 relay and 

.circulates over the pilot vire circuit. This 

current holds both the type PS-1 and PS-2 re­

lay contacts open, and tends to close the type 

PS-3 relay contacts. 

2 

To MoviNG 
CONTACTS 

To STATIONARY 
CONTA.CTS 

-----::::L CoiLS ON 

POLARIZED 
EL£M£NT 

Fig. 2-lnternal Schematic of the 22 Volt D-C Type PS-1 
Relay In the Standard Case. 

(lb}. Normal Pilot Wire - Three Terminal Lines 

The action here is the same in principle as 

for two terminal lines, except that the type 
PS-1 relay must furnish .002 ampere total, 

vhich allovs .001 ampere for each of the bro 

type PS-2 relays involved. 

(2). Pilot Wire Short Circuited 

Short circuits of 2,000 ohms resistance or 

less cause the circulating pilot '·'ire current 

to increase above the normal value, thus clos­

ing the right-hand (front viev) contacts of 

the type PS-1 relay and the undercurrent con­

tacts of the type PS-2 relay to initiate an 
alarm at both terminals of the pilot '·rire. 

(3). Pilot Wire Open Circuited 

Open circuits on the pilot wire ,.rill reduce 

the circulating supervisory current to zero, 

and again initiate an alarm at both the types 

PS-1 and PS-2 relay terminals. If it is de­

sired to block the type HCB relay operation 

vhen this condition is encountered, the extra 

set of contacts on both relays should be con­

nected across the pilot ,.rfre relay terminals 
as shovn in the figures. 

(4) . Pilot Wire Grounded 

The connection of the separate windings of 

the type PS-1 relay in each of the pilot ,.rfre 

circuits providss tva circuits of equal im­

pedance from the grounded midtap of the poten­

tiometer of the type PS-1 relay to the remote 
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TYPES PS-1. PS-2 AND PS-3 RELAYS ______________ 1_. L_4 _1 • 6_59_·2_A 

terminal o n  the pilo t wire. In the 2 2  volt 

d- e models, the midpo int of  the battery is 

grounded. The type PS-2 relay co ntains a 

relatively high resistance, such that when 

either pilo t wire beco mes gro unded at any 

point alo ng its length, unequal currents flow 

to operate the type PS-1 relay. This provides 

pro tectio n fo r gro und fault resistance values 

of 500 ohms o r  less. 

Statio n batteries are frequently grounded at 

the midpo int o f  a circuit co nsisting o f  two 

lamp s co nnected in series acro ss the battery 

terminals. An accidental ground o n  the 

statio n battery circuits will not affect the 

ability of the pilo t >rire supervisory relays 

to detect pilo t wire sho rt circuits o r  open 

circuits, altho ugh the relative sensitiv ity of  

the type PS-1 to grounds o n  o ne of  the two 

wires o f  a pilo t pair will be changed. Gro und 

faults on the pilo t vire vill no t affect the 

gro unding lamps on the statio n battery because 

of  the high internal resistance of  the type 

PS-1 relay. 

( 5). Reversed P ilo t Wires 

A reversal of  the pilo t wires will tend to 

pass current thru the type PS-2 o r  PS-3 relays 

in the reversed directio n. The back resist­

ance of  the rectox units in these relays is 

sufficiently high and, therefo re, limits the 

magnitude of  superv iso ry current so that bo th 

the types PS-1 and PS-2 relays operate o n  
under current. Where the type PS-3 relay is 
used in place of  the type PS-2 relay, o nly the 

PS-1 relay operates on  under current to ring 

an alarm. 

(6). Remo te Tripping 

Remo te tripping is acco mplished by applying 

a higher d-e vo ltage to the pilo t vires at the 

sending end, where the type PS-1 relay is lo­

cated. The polarity o f  this vo ltage is the 

same as the no rmal vo ltage. Fo r 12 5 and 2 50 

V. d-e so urces, resisto rs are used to limit 

the pilo t wire current. Fo r the 2 2  volt 

models, an extra battery so urce of  higher 

vo ltage must be used. 

(7). Difference in Gro und Po tential 

These relays are co nnected directly in the 

pilo t wire circuit and must be protected 
against high po tential resulting fro m in­

ductio n o r  differences in gro und po tential be­

tween the pilo t wire terminals. If the magni­

tude o f  this po tential is between 2 00 and 500 

vo lts, it is reco mmended that 5 mfd. capac­

ito rs be co nnected--o ne each between the relay 

pilo t wire terminals and gro und at the type 

PS-1 relay. If the magnitude of  this po ten­

tial exceeds 500 vo lts, special means o f  pro ­

tecting the relays are available. 

RELAYS IN TYPE FT CASE 

The type FT cases are dust-proof enclo sures 

combining relay elements and knife-blade test 

£witches in the same case. This combinatio n 

prov ides a comp act flexible assembly easy to 

maintain, inspect, test and adjust. There are 

three main units o f  the type FT case: the 

case, cover and chassis. The case is an all 

welded steel ho using co ntaining the hinge half 

o f  the knife-blade test switches and the ter­

minals fo r external co nnectio ns. The cover is 

a drawn steel frame with a clear windo w which 

fits over the fro nt of  the case with the 
switches clo sed. The chassis is a frame that 

houses 

contact 

the relay 

jaw half 

elements and suppo rts the 

o f  the test switches. This 

slides in and o ut of  the case. The electrical 

co nnectio ns between the base and chassis are 

completed thro ugh the clo sed knife-blades. 

Removing Chassis 

To remove the chassis, first remove the 

cover by unscrewing the captive nuts at the 

co rners. There are two cover nuts o n  the S 

size case and fo ur on  the L and M size cases. 

This exposes the relay elements and all the 

test switches fo r inspectio n and testing. The 

next step is to open the test switches. 

Always o pen the elongated red handle switches 

first befo re any of  the black handle switches 

o r  the cam actio n latches. This o pens the 

trip circuit to prevent accidental trip o ut. 

Then open all the remaining switches. The o r­

der o f  opening the remaining switches is no t 
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TYPES PS-1, PS-2 AND PS-3 RELAYS -----------------

18SQ.rl_- 48 \IOL T'::o D-C 
4480Il-125 IIOLT� D.C. 

I I C:OO..Il-2.50VOLT'S o.C. 

J 
(2))( 

c @)( 

TO STATIONARY CONTACT& 4 
- --��--��\-TEST 5W\TCI-i ' r�--;L / , ..... , 
- YfJ )(CD 
\ CJ t • )(@ 

---- r- IZED E.L.�MENT 
rCO\L� ON f'CLAR.-

, 
• I 

",.,JI '" 

---�--�� 1150-D. - 48 \IOLTS [).C REAR VIEW ,son..- IZ.S VOLlS D.C. IOGO.II..- ZSOVOL'T!t O.C. 
TEST SWITCH 

I � �-� -If] r � � lfl �-r- TO RELAY 

L¢ o o cS o o o oM--TO BA5E TERM5. 
�RC::.NT VIEW 

Fig. 3-Internal Schematic of the 48, I25 or 250 Volt, D-C 
Type PS-I Relay in the Type FT Case. 

PS-'2 ®--------�;�r------�0 
PS-2 0--------�A�r------�® 

Rccrox UNITs 

REAR VIEW 

MILLIAHHETE:R 

TELEPHONe 
TYPE Rt:LAY 

Fig. 5-Internal Schematic of the Type PS-2 Relay in the 
StC!ndard Case. 

J ©X 
c @)( 

12E.C1'DX UNITS. 

TE:S.T �'NlTCH 
es,z .� II )( <D 
P>-2 B 
II )(® 

MILLIAMMETER 

REAR VIEW 

-TO ii:E.LAY 
TEST 5WITC� cp Gflt 0 0 6_ --To BASE TERMS 
FRONT VIEW 

Fig. 7-Internal Schematic of the Type PS-2 Relay in the 
Type FT Case. 

4 

TO STAT\ONARY CONTACTS, ro MOVING CONTAc-rs 
��------------�� 
®X'� 

@* \ 

""' 

t:Jt-�+-< 
Qt-...L.t_' � 

�EAQ VIE.W 

TE.5T SW\TCH 

COIL:> OW POLAR· 
IZ'ED ELEM£NT 

TO 5i?.ELAY 

lO SASE; TERMS. 

Fig. 4-lnternal Schematic of the 22 Volt D-C Type PS-I 
Relay in the Type FT Case. 

OPERATION 

INDICATOR 

RccTox UNITS 

PS-3 <?J----------11 t-----<V 

REAR Vtt:hl 

MILLIAMMETER 

TELEPHONE 
TYPt:RELAY 

Fig. 6-lnternal Schemallc of the Type PS-3 Relay in the 
Standard Case. 

OPERAT\ON lt.IDICATOR COVER OPERATED � � �TEST :::.W\TCI-l 
5WITt.H WHEN USED ( �-'� �.. ?.:>�3 A�� 

I �r-----l<K 

RECTOX 

l@x 
I 
I 
I 

PS-3 
II 

B )(@ 

1, 

I --t MILLIAMV\ETE.R 
(..NITS -

-
1

-
�
�/;- -t-TELE:P\-\()NE TYPE. RELAY 

I 
PO"So. I "\ 1-1 woo.. I MA P!>-3 II ' 

"'-----� 
RE.AR VLE.W 

.--RED HANDLE 
TE.�T SWLTC\4 � "  � �-�----�cp �� -TO «RAY 

�-Q_Q __ Q _______ 6_6_ Qr-- -- 10 SASE TE.�t-1s FRONT VIE..W 

Fig. 8 -Internal Schematic of the Type PS-3 Relay in the 
Type FT Case. 
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TYPES PS-1. PS-2 AND PS-3 RELAYS ____ � __________ L L_. 4_1-_65_9 ·_2A 

important. In opening the test switches they 

should be moved all the way back against the 

stops. With all the svitches fully opened, 
grasp the two cam action latch arms and pull 

outward. This releases the chassis from the 

case. Using the latch arms as handles, pull 

the chassis out of the case. The chassis can 

be set on a test bench in a normal upright po­

sition as well as on its top, back or sides 

for easy inspection, maintenance and test. 

After removing the chassis a duplicate 

chassis may be inserted in the case or the 
blade portion of the switches can be closed 

and the cover put in place without the chas­

sis. 

When the chassis is to be put back in the 

case, the above procedure is to be followed in 

the reversed order. The elongated red handle 

switch should not be closed until after the 

chassis has been latched in place and all of 

the black handle switches closed. 

Electrical Circuits 

Each terminal in the base connects thru a 

test switch to the relay elements in the chas­

sis as shown on the internal schematic dia­

grams. The relay terminal is identified by 

numbers marked on both the inside and outside 

of the base. The test switch positions are 

identified by letters marked on the top and 

bottom surface of the moulded blocks. These 

letters can be seen when the chassis is re­

moved from the case. 

The potential and control circuits thru the 

relay are disconnected from the external cir­

cuit by opening the associated test switches. 

A cover operated switch can be supplied with 

its contacts wired in series with the trip 

circuit. This switch opens the trip circuit 

when the cover is removed. This switch can be 

added to the existing type FT cases at any 

time. 

Testing 

The relays can be tested in service, in the 

case but with the external circuits isolated 

or out of the case as follows: 

Testing In Service 

Voltages between the potential circuits can 

be measured conveniently by clamping #2 clip 
leads on the projecting clip lead lug on the 

contact jaw. 

Testing In Case 

With all blades in the full open position, 

the ten circuit test plug can be inserted in 

the contacts jaws. This connects the relay 

elements to a set of binding posts and com­

pletely isolates the relay circuits from the 

external connections by means of an insulating 

barrier on the plug. The external test cir­

cuits are connected to these binding posts. 

The plug is inserted in the bottom test jaws 
with the binding posts up and in the top test 

switch jaws with the binding posts down. 

The external test circuits may be made to 

the relay elements by #2 test clip leads in­

stead of the test plug. 

Testing Out of Case 

With the chassis removed from the base, re­

lay elements may be tested by using the ten 

circuit test plug or by #2 test clip leads as 

described above. The factory calibration is 

made with the chassis in the case and removing 

the chassis from the case will chan.ge the 

calibration values by a small percentage. It 

is recommended that the relay be checked in 

position as a final check on the calibration. 

INSTALLATION 

The relays should be mounted on switchboard 

panels or their equivalent in a location free 

from dirt, moisture, excessive vibration and 

heat. Mount the relay vertically by means of 

the two mounting studs for the standard cases 

and the type FT projection case or by means of 

the four mounting holes on the flange for the 

semi-flush type FT case. Either of the studs 

or the mounting screws may be utilized for 

grounding the relay. The electrical connec­

tions may be made direct to the terminals by 

means of screws for steel panel mounting or to 
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TYPES PS-1. PS-2 AND PS-3 RELAYS -----------------

terminal studs furnished with the relay for 

ebony-asbestos or slate panel mounting. The 

terminal studs may be easily removed or in­

serted by locking two nuts on the studs and 

then turning the proper nut with a vrench. 

Figures 9 to 13 show the external connec­

tions of the types PS-1 and PS-2 relays. Fig­

ures 14 to 17 show the external connections of 

the type PS-1 and PS-3 relays. For informa­

tion concerning the type HCB relay see I.L. 

41-658. 

SETTINGS 

The relays are calibrated in the factory to 

be energized continuously with one milli­

ampere d-e. After the relays are checked and 

installed, the only setting required is to ad­

just the slide wire resistance in the type 

PS-2 or PS-3 relay, so that the milliameter in 

the relay indicates that one milliampere d-e 

is circulating over the pilot wireso 

CAUTION If the pilot wires are subj ect to 

induction from adjacent transmission lines, it 

is recommended that the relay be set in the 

laboratory rather than while they are directly 

connected to the pilot wires. This precaution 

is to prevent injury to the personnel from 

high induced vo;!.:t·ages. 

formers are available 

voltage from the relay. 

Neutralizing trans­

for use to keep high 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure correct 

operation of this relay have been made at the 

factory and should not be disturbed after re­

ceipt by the customer. If the adjustments 

have been changed, the relay taken apart for 

repairs, or if it is desired to check the ad­

j ustments at regular maintenance periods, the 

instructions below should be followed. 

All contacts should be periodically cleaned 

with a fine file. 3#1002110 file is recom­

mended for this purpose. The use of abrasive 

/NSULATIN(f TRANSFORMER 'j_ r-'1>-------------r-----------, 

To TYP< 1 , . P"or ,oHro. i170TYP£ 
HCB Rt::LAY ___j .-..+-""'-r:_o_. -+-. MReS r----4H-, L_ J HCB R£LAr 

Pos. NE(i. 

ReAR VtEW 

Pos. 

PS-2 
PS-2 YIQJ----:Ifl"----<0+---f-To ALARM 

Bus 

Fig. 9-External Connections of the 48, 125 or 250 Volt D-C Type PS-I and the Type PS-2 Relays in the Standard Case For 
Pilot Wire Supervisory. 
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TYPES PS-1. PS-2 AND PS-3 RELAYS _______________ L L_. _4 1_-6_s9 _.2 _A 

material fo r clea ni ng contacts i s  not reco m­

mended, b ecau se o f  the danger o f  emb eddi ng 

small parti cles in  the face o f  the so ft silver 

and t hus i mpai ri ng the contact. 

Tn2e PS-1  Relazz Polarized Element 

Wi th the relay de- energi zed, remov e the per­

manent magn et and adjust the moving armature 

so that i t  floats b etween the po les o r  li ghtly 

touches the left- hand po le piece. Thi s ad­

justment is made by loo sening the co re screw 

at the back o f  the element and shifting the 

enti re core and contact assembly.  Adjust the 

stationary contacts so that they make at the 

extreme limi ts o f  the armature travel. Then 

turn the contact screw o ne- half turn to ob tain 

appro ximately . 012 i nch contact fo llow . Re­

assemb le the permanent magnet with the no rth 

po le to the left ( front view ) and pass . 001 

ampere thru the operating coi ls. 

Thi s should b e  do ne by connecting the relays 

per o ne o f  the fi gures 9 o r  1 7  u si ng an equi­

va lent resistance i n  place of the pi lo t wi res 

and i nsulati ng transformer. With thi s current 

thru the operating coils, adju st the magnetic 

shunts across the two rear ai r gaps so that 

the moving co ntacts float mi dway b etween the 

stationary co ntacts. With thi s adjustment, 

the ri ght-hand co ntacts should o perate at ap­

pro ximately . 001 3 amp ere, and the left- hand 

co ntacts should clo se at . 0007 ampere. Fo r 

three termi nal lines, the type PS-1 relay con­

tacts should float at . 002 amp ere, clo se to 

the right at . 0023 amp ere, and clo se to the 

left at . 0017 ampere. 

A goo d  way to adju st the element i s  to start 

sired cu rrent. Then lower the cu rrent 
draw out the left hand shu nt unti l the 
hand co ntacts make at the right value. 
will upset the adju stment fo r the right 

Type PS-2 Relays, Telepho ne Element 

Wi th the relays connected per o ne o f  the 

fi gures 9 to 1 3, adjust the armature gap and 

spri ng tension o f  the telepho ne- type relays so 

that i ts co ntacts open with . 0008 ampere and 
abov e and clo se at app ro ximately . 0006 ampere 

a nd below. The no rmal contact gap should b e  

approx. 1/3 2  i nch and should have  a contact 

fo llow o f  appro ximately 1/64 inch. 

Type PS-3 Relay, Telepho ne Element 

Wi th the 

fi gu res 14 

the spring 

that its 

above. 

relays co nnected per o ne of the 

to 1 7, adjust the ar�ture gap and 

tensi o n  of the telephone relay so 

co ntacts clo se at . 002 ampere and 

RENEWAL PARTS 

Repair• work can be do ne most sati sfacto ri ly 

at the facto ry. However, i nterchangeable 

parts can be furnished to the customers who 
are equi pped fo r doi ng repai r wo rk. When 

o rdering parts, always give the comp l ete name­

plate data. 

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES PS-I. PS-2 AND PS-3 RELAYS----------------

Pos. NEfi. 

PtLOT 
MRES 1 0  MFo. [ -} To TYPE: 

...-·--+......, 
- HCB RELAY 

Fig. 10-External Connections of the 22 Volt D-C Type PS-I and the Type PS-2 Relays in the Standard Case For Pilot Wire 
Supervisory. 

IN5ULATIN6 TRtSFO�ER 
"'�Y {] OMFD. 

PILOT. 

WIRE5 

IOMFD. "IYPE 

flCB �ELAY [} 

Fig. l l-External Connections of the 48. 125 or 250 Volt D-C Type PS-I and the Type PS-2 Relays in the Type FT Case For 
Pilot Wire Supervisory. 
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TYPES PS-1. PS-2 AND PS-3 RELAYS _______________ LL_. 4_1 --65_9._2A 

[} TYPE 
1-\CB REl-AY 

Fig. 12-External Connections of the 22 Volt D-C Types PS- 1 and the PS-2 Relays in the Type FT Case For Pilot Wire 
Supervisory. 

t---<oot-+ To 
ALA-"M' 
Bus 

0 
To TYPe HCB R£L14Y 

PS-2 15 3  

Pos. 

To ALARM 
8us 

Fig. 13-External Connections of the 48. 125 or 250 Volt D-C T ype PS-1 and the Type PS-2 Relays in the Type FT Case For 
Pilot Wire Supervisory of a Three Terminal Line. 
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TYPES PS-1. PS-2 AND PS-3 RELAYS _______________ _ 

/NSULATIN(i TRANSFORMER� ----------.---------

ii'cJ'tf,,, [�] ,;:� CJ,;';; [} Ji'cl!'..-,w 

Pos. N£f:i. 

AUXILIARY 7RIPPIN(4 
RELAY CotvTAcrs 

FoR 48 VoLTS d-e MAKE DoTrco CoNNECTIONS 
As TcRMINAS 7-8 ARE Nor FuRNISHeD. 

Fig. I4-Externai'Connections of the 48. or I25 Volt D-C Type PS-I and the Type PS-3 Relays in the Standard Case for Pilot 
Wire Supervisory and Remote Tripping. 

Pos. Net;. PS·I 

10 MFD. PILOT WIRES 

�-. -:= qO VOLT - B 
L---------1--,H 3+ BATTERY 

AUXILIARY TRIPPING RELAY CONTACTS 

PS- 3 ) 
'-4-Cz).....Jf:.----:i ..:--�N--+-- "2R��f'rs 

'---Uii)--..., 

Fig. IS-External Connections of the 22 Volt D-C Type PS-I and the Type PS-3 Relays in the Standard Case For Pilot Wire 
Supervisory and Remote Tripping. 
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TYPES PS-1, PS-2 AND PS-3 RELAYS _______________ LL_. 4_1_-65_9_.2A 

[]To TYPE' 
HCB RELAY 

Pos. N<Ci· PS-I 
PS·f 2 .7  A I  +---11ot-f-To A<M?H Bus 

RECTOX UNITS 
VA�uEs FoR RESisToRs R 

VoLTs R 
48 0 
1 2 5  3150./l 

250 '-100./l 

Fig. IS-External Connections of the 48, 125 or 250 Volt D-C T ype PS-1 and the Type PS-3 Relays in the Type FT Case For 
Pilot Wire Supervisory and Remote Tripping. 

Pas. Nc(j. PS-I 

To ALARM Bus 

i\1::£:, 
LC::::J--*<J+-.. � �+ J AUXILIARY 

7RJPPJN4 
RE:�AY CoNTAcTs 

PS- 3 ) 
._.-<»._,,;...___, t----'AifOI+-+-- �R�'::::.s 

4 c  P3· 3  8 3  

RccTox UNITS 

Fig. 17-External Connections of the 22 Volt D-C Type PS-1 and the Type PS-3 lialays in the Type FT Case For Pilot Wire 
Supervisory and Remote Tripping. 
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TYPES PS-L PS-2 AND PS-3 RELAYS ----------------

·-·-·--------------------; 

I .1�0-�� TW'D 

' I'" 
i-ff) · =t_l \ II '-11\l 

. Z06 DIA. (e Ho«>V 

Fig. IS-Outline and Drilling Plan For the External Resistor 
Used With the Type PS-1 Relay in the Type FT Case 
For Remote Tripping. For Reference· Only. 

. \�0-�Z 
TE.�N\5 . 

I 
c l_ 
0-
u_ A 
I "  4 

D 

MT(? .HOLES 
!="OR . 1�0 D l A ­

C. R E W  

t 
I H 

_L 
Fig. 19-0utline and Drilling Plan For the 10 mfd. Capacitor. 

For Reference Only. 

. - ----1 I USE STU D S  
FOR THIC K PANELS . I 

��- - ---- - ---- --- --#----f+ 

\__ fz DIA. DRILL 
( 2 - HOLES) 

. 1 30 ·32 TERM SCR[WS It STUDS 
-41 · 20 MOUNTIN� SCREWS 

& STUDS 

Fig. 20-0utline and Drilling Plan of the Projection Type Standard Case. See the Internal Schematics For the Terminals 
Supplied. For Reference Only. 

12 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES PS-1. PS-2 AND PS-3 RELAYS _______________ LL_. 4_1_·65_9_.2A 

PA.Nt:L LOC�'TION 

FOR. PRQJ(.CTlON 

TYPE MIG. -

0 

- -- ----

.190 - JZ. TERM. 5CRLW 
USE . 190 - 32. STUD FOR 

THICK PA.NE.L MTG. 

[J oo ; 

J I I U . . � 1 : 

::! D I A.. HOLE DRILL � 3 /z -l 
PE.R INTE.RN P..L � S i 
S C H E M ATIC FOR� · L-- 2.!2 = 
PROJECTION MT�. :1 1 16 

ON "THICK PA.NE.L5. I ' I 
a R. 

I --

� Gfu ------1 7l'' �. , ,  +i) I STUDS F"OR PROJ. 
I 

- - 6 1<  - ----" I TYPE MT<;. i D\A.  
PP...NE.L LOCATION FOR 

I
I HOLE. ' (c. RE.Q.) 

SE.M.I FLU S H  "TYPE. MTG. 2fi W1TH SCRE� _ _ __ _ _ / 
2!WITH STUD L_ t\·18 MT<; STUD (2 REQ) 

2 ... 

C U T  OUT FOR 

5 E. M I  F L U S H  

M O U N T \  NG. - l/' CUT OU"T FOR 
� P R O .J E C T \ O N  

MTG. ON "T H I N  

PANELS 

{- CIA HOLE S FOR 
SEMI FLUSH TYPE. 
MTG. (4 H O LE.S) . 

Fig. 21-0utline and Drilling Plan of the SlO Semi-flush or Projection Type FT Flexitest Case. See the Internal Schematics 
for the Terminals Supplied. For Reference Only. 
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l . L .  4 1- 6 59 . 2  

Westinghouse 
TYPES P S- 1 ,  PS- 2 AND PS- 3 P ILOT WIRE SUPERVISORY RELAYS (D- C OPERATED) 

INSTRUCTIONS 

CAUTION 

Before putting protective relays into 
s ervi c e ,  remove all blo cking which may have been 
inserted for the purpose of securing parts dur­
ing shipment, make sure that all moving parts 
operate freely, inspect the c ontac ts to see that 
they are c lean and close properly, and operate 
the relay to check the settings and electric al 
c onne c tions . 

APPLI CATION 

The types PS- 1 and PS- 2 supervisory 
relays are used to de tect short c ircuit�� open 
circui t s ,  grounds and rever sal s on pil�i �ire s ,  
parti cularly those used with the type H�B .frelay . 
The type PS- 1 relay may also be used 1 ti bloc 
operation of the type HCB relays when t pilo 
wir e s  are opened.  The type PS- 1 relay \ lo� 
cated at one terminal to introduce the super� 
v i sory d- e current to the pilot wire s · nd te 
initiate an alarm when the pilot wi JL�fo , 
faulted. The type PS- 2 relay i s  loca 1'\::he , 
other end of the pilot wire circuit a :f!late si -�· 
to initiate an alarm at that termina n the\ i 
pilot wire i s  opened or shorted. relay ., 
al so provide s the c ontinuous vi sual i cation 
and means of adjusting the supervi se signal . 

Where remote tripping i s  required, a 
type PS- 3 relay with make contacts i s  used in 
place of the type PS- 2 relay . Thi s relay pro­
vide s a means of tripping the l ocal breaker by 
action of an auxiliary re lay located at the type 
PS- 1 relay terminal, but doe s not act as a fault 
detector to initiate an alarm at its  s tation . 

CONSTRUCTI ON AND OPERATION 

The d- e operated type PS- 1 relay con­
sists of a sensitive polarized relay · element 
adapted to operate on . 001 ampere or . 002 am­
pere d- e pilot wire supervisory current . I t  i s  
equipped with internal resi stor tubes to obtain 
thi s current from a battery source . The 22 volt 
d- e re lay s utilize seri e s  r e s i s tor s ,  whereas re­
lays for operation from 48, 125, or 250 volt 
batteri e s  utilize the resi s tor s in a potentio­
meter arrangement . For three terminal line s ,  
where the output o f  the type PS- 1 relay i s  . 002 
ampere , the potentiometer mode l s  are equipped 
wi th different resistance value s in the po tenti­
ome ter than for two terminal line s ,  where the 
output of the type PS- 1 i s  . 001 ampere . 

The polarized re lay consi sts  of an 
armature and contact assembly mounted on a leaf 
spring supported symme tri cally wi thin a magne tic 
frame . The pole s of a permanent magnet clamp 
dire ctly to each side of thi s frame . Flux from 
the permanent magne t divide s into two paths, one 
path acro s s  the air gap at the fr ont of the ele­
ment in whi ch the armature i s  located, the other 
acr o s s  two gap s at ·the base of the frame . Two 
ad justable shunts are located acro s s  the rear 

- 1 -

air gap s .  The se change the reluctance of the 
magnetic path so as to force some of the flux 
thru the moving armature ·which is fas tened , to 
the frame midway between �two rear air gap s . 
Flux in the armature polar s it and create s a 
magne tic bias causing it move towards the 
left-hand c ontact ( front vi w ) .  Two operating 
coils are place�d around tq,e; rmature and within 
the magne tic fr �. Tpe · wfn ings are connec ted 
in seri e s  with e � o\cth� pilot wire s .  

With �e 6orrect adjus tment of the 
magnetic sh�s . We armature will always tend to 
travel towar� .the left- hand side of the front 
air ga

. 
p /'l{iuh the coils de- energi zed.  Thi s holds 

the l�ft'...:<lie:nd c ontact closed.  When either of 
the �Pating co�l s  are energi zed, the armature 
i� m�gnetized Wlth a polarity that reve r s e s  the 
in\l.,.tial bias, thus causing i t  to move towards 
the right-hand ontac t .  Normally, the current 
through the rel� c • s is of such a magni tude 
that th

.
t: armil:-tur /'float s midway between the 

right aUf ltft st onary contac t s .  
'll if ! 

,;; \ �e t .  e S- 2 r!;t l�Y c onsists of a 
telephone type , a 0-5,�' mll ammeter, an ad-
j u stable re s i s  , and a · c unit .  The c on-
tact s  of the telephone rel re closed at the 
deenergized positi�. When the relay i s  ener­
gized, the contact s

.

>t� open . 
T type � re lay s ide to 

the type PS exce ·t  ithat the ntaQ.t open 
in the dee gizf(l,/ position .  i s�· doe s  
not funct . !nitiate an ala fh .· pilot 

ted. ./), ·!>'• 

operation of \th se ;elays 
pilot wire is as f lows : 

( la ) . Normal Pilot Wire - Two Ter inal Line s .  

to 

The relays are continuous ly energi zed 
with . 001 ampere d- e whi ch is introduc ed from 
the battery sourc e thru the type PS- 1 re lay and 
circulate s over the pilot wire c ircui t .  This 
current holds both the type PS- 1 and PS- 2 relay 
contacts open, and tends to close the type PS- 3 
relay contac t s .  

( lb ) .  Normal Yilot Wire - Three Terminal Line s .  

The action here i s  the same in prin­
c iple as for two terminal line s ,  except that the 
type PS- 1 relay must furnish . 002 ampere total, 
whi ch allows . 001 ampere for each of the two 
type PS- 2 relay s  involved .  

( 2 )  Pilot Wire Short Circuited. 

Short circuits of 2, 000 ohms re s i s­
tance or le s s  cause the circulating pi·lot wire 
current to increase above the normal value , thus 
clo sing the right-hand (front view ) c ontacts of 
the type PS- 1 relay and the under current c on­
tac t s  of the type PS- 2  relay to initiate an 
alarm at both terminals of the pilot wire . www . 
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TYPES PS- 1 ,  PS- 2 AND PS- 3 RELAYS 

To MO VING 
CONTACTS 

To STATIONARY 
CoNTACTS 

(f)-_...;�-t-���C��;;.��--1--//>0 ./1.- 48 V. d-e 
7�0./L-12� V. d-c 

ReAR VtEW 

Figure 1 
Internal Schematic of the 48, 125 or 250 
D- C Type PS- 1 Relay In the Standard Cas e . 
Remote Tripping i s  not Required, Terminals 
8 and As soc iated Resistors are Omitted . 

( 3 ) . Pilot Wire Open Circui ted . 

Volt, 
When 

7 and 

Open circui t s  on the pilot wire will 
reduce the circulating supervi sory current to 
zero, and again ini tiate an alarm at both the 
types PS- 1 and PS- 2 relay terminal s .  I f  i t  i s  
desired to block the type HCB relay operation 
when thi s c ondition is encountered, the extra 
set of c ontact s  on both relays should be c on­
nec ted across the pilot wire relay terminals as 
shown in the figure s .  

(4) . Pilot Wire Grounded 

The connection of the separate wind­
ings of the type PS- 1 relay in each of the pilot 
wire circui ts  provi des two circui t s  of equal im­
pedance from the grounded midtap of the poten­
tiometer of the type PS- 1 relay to the remote 
terminal on the pilot wire . In the 22 volt d- e 
models,  the midpoint of the battery i s  grounded. 
The type PS- 2 relay contains a relatively high 
re sistance, such that when either pilot wire be­
c ome s grounded at any point along its  length, 
unequal c urrents flow to operate the type PS- 1 
relay . Thi s provides protection for ground 
fault res i s tance values of 500 ohms or less . 

Station batteri e s  are frequently 
grounded at the midpoint of a circuit c onsisting 
of two lamps connected in series  across the bat­
tery terminals . An acci dental ground on the 
s tation battery circui ts  will not affect the 
ability of the pilot wire supervi sory relays to 
detect pilot wire short circuits or open cir­
cui t s ,  although the relative sensitivity of the 
type PS- 1 to grounds on one of the two wires of 
a pilot pair will be changed .  Ground faults on 
the pil ot wire will not affec t  the grounding 
lamps on the station battery because of the high 
internal resistance of the type PS- 1 relay . 

( 5 ) .  Reversed Pilot Wires 

A reversal of the pilot wires will 
tend to pas s  curr-ent thru the type PS- 2 or PS- 3 
relays in the reversed direction .  The back re­
si stance of the rectox unit s  in the se relays i s  
sufficiently high and, therefore, limi t s  the 
magnitude of supervi sory c urrent so that both 
the type s PS-1 and PS- 2 relays operate on under 
current . Where the type PS- 3 relay i s  used in 
place of the type PS- 2 relay, only the type PS- 1 
relay operates on under current to ring an 
alarm . 

70 MoviNG 
CONTACTS 

To STATIONARY 
CONTACTS 

------4 ... CoiLS ON 

Figure 2 

POLARIZED 
ELEMENT 

Internal Schematic of the 22 V�lt D- C Type PS- 1  
Re lay In the Standard Case . 

(6 ) .  Remote Tripping 

Remote tripping is accompli shed by 
applying a higher d- e voltage to the pilot wires 
at the sending end, where the type P�- 1 relay is 
located .  The polarity of thi s voltage is  the 
same as the normal voltage . For 125 and 250 V.  
d- e sources,  resi stors are used to limi t the pi­
lot wire current . For the 22 volt models ,  an 
extra battery source of higher voltage must be 
used.  

( 7 ) . Difference in Ground Potentlal 

The se relays are connected direc tly 
in the pilot wire circuit and must be protected 
against high potential resulting from induction 
or differences in ground potential between the 
pilot wire terminals .  If the magnitude of thi s 
potential i s  between 200 and 500 volts, it i s  
rec ommended that 5 mfd .  capacitors be c onnected­
- one each between the relay pilot wi re terminals 
and ground at the type PS- 1 relay . If the mag­
ni tude of thi s potential exceeds 500 vol t s ,  
special means o f  protec ting the relays are 
available .  

RELAYS IN TYPE FT CASE 

The type FT cases are dust-proof en­
closure s combining relay elements  and knife­
blade test switches in the same case . Thi s c om­
bination provide s a c ompact flexible assembly 
easy to maintain, inspect,  test and adjust . 
There are three main unit s  of the type FT case : 
the case, cover and chas s i s . The case i s  an 
all welded steel housing c ontaining the hinge 
half of the knife-blade test switches and the 
terminal s for external connections . The cover 
is a drawn steel frame wi th a c lear window which 
fit s  over the front of the case with the swi tch­
e s  closed . The cha s si s i s  a frame that house s 
the relay elements and support s  the c ontact jaw 
half of the test  switche s . Thi s' slides in and 
out of the case . The electrical connections be­
tween the base and chassis  are completed through 
the closed knife-blades .  

Removing Chassis  

To remove the chassi s,  fir st  remove 
the cover by unscrewing the captive nuts at the 
corners . There are two cover nuts on the S size 
case and four on the L and M size case s .  Thi s 
exposes  the relay elements and all the test 
swi tche s for inspec tion and te sting . The next 
step is to open the test switche s .  Always open 
the elongated red handle switche s first  before 
any of the black handle swi tche s or the cam ac­
tion latche s .  Thi s opens the trip circuit to 
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TYPES PS- 1,  PS- 2  AND P S- 3 RELAYS 

TO "MOVIN& C()tt..ITACTS TO STATIONAR.Y CONTACTS 

1850.0... - 48 vo..n o.c. 
4'\-801'1.- I'ZS W'JL."T:) o.C. l l l:OO./\.-l,SO \IOLT'S-0.(.. 

TEST 5W\TCH 

COil.!. ON 'POLAR. · 
IZED E.L.�MENT 

'-------... .... -=====..L___ ���! � ,1� �'L�s� oo�. 
I O•OA - Z.S 0 VOLTS D.C. 

TO RELAY 

"TO BA� TERMS, 

Figure 3 
Internal Schematic of the 48, 12 5 or 250 Volt , 
D- C Type PS- 1 R elay in the Type FT C ase . 

Rccrox UNITS 

P$-2. ®�----�JHr�------0 
PS-2. @------�JHr�------® 

R�AP. VICW 

Figure 5 

MILLIAHHcTCR 
TELePHoNe 
TYPE ReLAY 

Internal Schematic of the Type PS- 2 Relay in the 
St andard Case . 

"T£$"1" $'NITCil 
� Pf>·Z A 

@ )(  •W )( Q)  
c Pf>·Z 8 

@ )(  "'' )( @  

Figure 7 
Internal Sc hematic of the Type PS-2 Relay in the 
Type FT Case . 

Te.l>T SWITC� 

£All VIEW 

Figure 4 
Internal Schematic of the 22 Volt D- C Type PS- 1 
Relay in the Type FT Case. 

OPERATION 
INDICATOR 

Rt:CTOA UNITS 

Figure 6 

/11LLIAMMETER 

Tf:Lt:PHON£ 
TYP£ Rt:LAY 

Internal Schematic of the Type PS- 3 Relay in �ne 
Standard Case . 

COVEll. OPER-'TEO "T£:.T $WI"TCil 
5WITl:.H WHEN USED P,-3 .. I )( Q)  

c f'$-!1 8 
@ )(  II )( @  

IAILLIAI .. U, .. ETEJi! 
R.EC"TOX l)NITS 

TO 11.ELAY 

TO BASE TEeMS. 
FRON,. VI£.W 

Figure 8 
Internal Schematic of the Type P � 3 - Re lay in the 
Type FT Case . 
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TYPES PS- 1 ,  PS-2 AND PS- 3 RELAYS 

prevent a c c i dental trip out . Then open a l l  the 
remaining cwi tche s .  · The order of opening the 
ren,aining swi tche s i s  not important . In opening 
the te st swi tche s they should be moved all the 
way bd c k  aga inst the s t op s .  With all the 
swi tche s fully opened, grasp the two cam action 
latch arr s and pull outward . Thi s release s the 
cha s s i s  from the case . Using the la tch arms as 
handle s ,  pull the cha s si s  out of the cas e .  The 
cha s s i s  can be set on a t e s t  bench in a normal 
upright p o s i ti on a s  wel l  as on i t s  top, back or 
s i d e s  for easy inspe c ti on, maintenance and te s t .  

After removing the cha s s i s  a dup l i cate 
cha s si s may be inserted in the case or the b l ade 
portion of the swi tche s can be c l o sed and the 
c over put in place without the chas si s .  

When the cha s si s i s  t o  be put back in 
the case,  the above procedure is to be followed 
in the reversed order . The elongated red handle 
swi tch should not be c l o sed until after the 
cha s s i s  has been latched in place and all of the 
black handle swi tches c l o s e d .  

E le c t rical C i r cuit s 

Each terminal in the base c onne c t s  
thru a t e s t  swi tch to the relay e lements i n  the 
cha s s i s  as shown on the internal schemati c dia­
grams . The r elay terminal i s  i dentifie d by num­
bers marke d on both the inside and outside of 
the base . The t e s t  swi tch p o s i t i ons are i denti­
fied by l etters marked on the t op and bottom 
surface of the moulded blocks . The se letter s 
can be seen when the cha s s i s  i s  removed from the 
c as e .  

The potential and c ontrol circuits 
thru the relay are di s c onnec ted from the exter­
nal circuit by opening the a s sociated t e s t  
switche s .  

A c over operated swi tch can be sup­
p l i ed with i t s  c ontac t s  wired in ser i e s  with the 
trip circui t .  Thi s swi tch opens the trip cir­
cuit when the c over i s  removed .  Thi s swi tch can 
be added to the exi sting type FT cases at any 
time . 

Te st ing 

The relays c an be t e s te d  in s ervi c e ,  
i n  the c a se b u t  with the external circui t s  i s o­
lated or out of the case as foll ows : 

T e s t ing In Se rvice 

Voltag e s  be tween the potential c ir­
c ui t s  c an be measured c onveniently by c lamping 
#2 clip leads on the pro j ec ting c l i p  l e a d  lug on 
the c onta c t  jaw .  

Te st ing In Case 

With all blade s in the full open posi­
tion, the ten circuit t e s t  plug can be inserted 
in the c ontac t s  jaws . Thi s c onne c t s  the re lay 
elements to a set of binding p o s t s  and c omplete­
ly i s olate s the relay circui t s  from the external 
c onnec t i on s  by mean s of an insulating barrier on 
the plug . The ext ernal t e s t  circui t s  are c on­
nected to the se binding p o s t s . The plug i s  in­
s e rted in the bottom te st j aws with the binding 
po s t s  up and in the t op te st swit ch jaws with 
the binding p o st s down . 

The external te s t  c i r c ui t s  may be made 
to the relay elements by #2 t e s t  c l ip leads in­
s tead of the t e s t  plug , 

Te sting Out of Case 

With the cha s s i s  removed from the 
base, re lay element s may be t e s te d  by u sing the 

ten c ircuit te s t  plug or by #2 t e s t  clip leads 
a s  de s cribed above . The factory cal ibration i s  
made with the cha s si s  in the case and removing 
the cha s si s  from the case wi ll change the cali­
bration val ue s by a small percentage . I t  i s  
rec ommended that the relay be checked in posi­
tion as a final ·check on the calibrat i on .  

INSTALLATION 

The relays shoL ld be mounted on 
switchboard panel s or their equivalent in a lo­
cati on free from dirt,  moi s t ure, exc e s s ive vi­
bration and hea t .  Mount the relay ver ti cally by 
means of the two mounting s tuds for the standard 
c a s e s  and the type FT pro j e c t i on case or by 
means of the four mounting hol e s  on the flange 
for the semi- flush type FT case . Ei ther of the 
s t uds or the mounting s c rews may be uti li zed for 
grounding the re lay . The electri cal c onnec t i on s  
may be made dire c t  t o  the terminal s b y  means o f  
s c rews f or s teel panel mounting o r  to terminal 
s tuds furnished with the relay for ebony­
a sb e s t o s  or slate panel mounting . The terminal 
s tuds may be easily removed or inserted by l ock­
ing two nut s  on the studs and then turning the 
proper nut with a wrench . 

Figur e s  9 to 13 show the external 
c onne c t l ons of the type s PS- 1 and PS- 2 relays . 
Figures 14 to 17 show the external c onnec ti ons 
of the type PS- 1 and PS- 3 relays . For informa­
t i on c oncerning the type HCB relay see I . L .  41-
658. 

SETTINGS 

The r elays are calibrated in the fac­
tory to be energi zed c ontinuously with one 
milliampere d- e .  After the relays are checked 
and installed, the only setting required i s  to 
adj u s t  the slide wire resi stanc·e in the type 
PS- 2 or PS-3 relay, so that the mi lliammeter in 
the relay indi cates that one milliampere d- e i s  
circulating over bhe pilot wire s .  

CAUTION 

If piLo� wir e s  are s ub j e c t  to induc­
tion from adjac ent transmi s s i on line s ,  it i s  
rec ommended that the realy be s e t  in the labora­
tory rathe r than whil e  they are direc tly c on­
nec ted to the pilot wire s .  Thi s precaution i s  
t o  prevent inj ury t o  the pers onnel from high in­
duced voltage s .  Neutrali z ing tran s former s are 
available for use to keep high vol tage from the 
relay. 

ADJUSTMENT AND MAINTENANCE 

The proper adjus tment s to insure c or­
rec t  operati on of thi s  relay have been made at 
the fac tory and ·shou ld not be di s turbed after 
receipt by the c u s t omer . If the adj u s tment s 
have been changed, the relay taken apart for re­
pai r s ,  or i f  it i s  de s i re d  to check the adju st­
ments at regular maintenance peri o d s ,  the in­
s truc tions below should be followe d .  

All c onta c t s  should be periodi cally 
c leaned with a fine fi l e . 3#1002110 file i s  re­
c ommended f or thi s purp o s e . The use of abrasive 
material for c leaning c onta c t s  i s  not rec ommend­
ed, because of the danger of embedding sma l l  
parti c l e s  i n  the fac e of the s oft si lver and 
thus impairing the c ontac t .  

Type PS- 1 Relay, Polarized Element 

With the relay de- energi zed, remove 
the permanent magnet and adj u s t  the moving arma­
ture s o  that it fl oat s between the poles or 
l i ghtly t ouche s the left-hand pole pie c e . Thi s 
ad j u s tment i s  made by l o o s ening the c ore s crew 
at the back of the element and shifting the en-
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TYPES PS- 1 ,  PS- 2 AND PS- 3 RELAYS 

tire c ore and conta c t  as sembly . Adjust the sta­
tiona.ry contacts so that they make at the ex­
treme limits of the armature travel .  Then turn 
the contact sere� one-half turn to obta in ap­
proximately . 012 inch contact follow .  Re-as sem­
ble the permanent mae;net with the north pole to 
the left ( front view) and pass . 001 ampere thru 
the operating coils . 

Thi s should be done by c onnec ting the 
relays per one of the figures  9 or 17 using an 
equivalent resistance in place of the pilot 
wires  and insulating transformer . With thi s cur­
rent thru the operating coils,  adjust the mag­
ne tic 8hunt s acro ss  the two rear air gaps so  
that the r�oving c ontact s  float midway between 
the stationary c onta cts . With thi s adjustment, 
the right-hand contacts should operate at ap­
proximately . 0013 ampere, and the left-hand 
c onta cts  should c lose  at . 0007 ampere . For 
three 'terminal line s ,  the type PS- 1 relay con­
tact s  should float at . 002 ampere,  close to the 
right at . 0023 aP1pere , and c lose to the left at 
. 0017 ampere . 

A good way to adj ust the element i s  
to start with both magnetic shunts a t  the ex­
treme " in" posi tion, then draw out the right­
hand shunt until the right-hand contact s  make at 
the de sired current . Then lower the current and 
draw out the left hand shunt until the left-hand 
c onta cts  make at the right value . Thi s will up-

/NSULATINf; 

set the adjustment for the. right hand contac ts,  
which should then be rechecked .  The proc e s s  is  
easily carried back and forth until both value s 
will check properly . Final readings should be 
taken with the shunt locking screws tightened .  

Type P S- 2  Relays,  Te lephone Element 

With the relays connected per one of 
the figures 9 to 13, adjust the armature gap and 
spring tension of the telephone- type relay s  so 
that its  contacts  open with . 0008 ampere and 
above and close  at approximately . 0006 ampere 
�nd below .  The normal contac t gap should be 
�pprox. 1/32 inch and should have a c ontact fol­
low of approximately 1/64 inch. 

Type PS- 3 Relay, Telephone Element 

With the relays connected per one of 
the figures 14 to 17, adjust the armature gap 
and the spring tension of  the telephone relay so  
that its c ontact s  close at . 002 ampere and above • 

RENEWAL PARTS 

Repair work can be done mo st sati sfac­
torily at the factory . However, interchangeable 
parts  can be furni shed to the customer s who are 
equipped for doing repair work . When ordering 
parts,  always give the complete nameplate data . 

To 7YPF: 
HCB RnAY 

1 0  
Mro. 

PtLOT 
WlR£5 10 Mro. To TYPE 

HCB RELAY 

To BL OCK TYPE I I HCB RELA YS ---' I 
(OPTIONAL)� 

��--------------� L -- --- - -, 

Pos. N£fi. 
I 
I PS - I  

I To BLOCK 
TYPE HCB 
RELA Y$ 
(OPTIONAL) 

'--------�1-f-. Pos. rr------
1 

PS- 2 

r--r----"��-;��_t---<J>t�ltr To ALAR/111 Bus 
I '--f-®----i-1"---0�I-4-1-- To ALARM 
I Bus 
L �4r--��---f�� 

Figure 9 
External Connections of the 48, 125 or 2 50 Volt D- C  Type P S- 1  and the Type PS-2 Relays in the 
Standard Case For P ilot Wire Supervisory .  
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T�n�s PS- 1,  PS- 2 AND PS-3 RELAYS 

IN;�;��A�u:

R

MER� r+_M_
' o_Fo_.-+-> 

To BLOCK TYP�E I I 
HCB RELAYS (0Pr/ONAL) 

Pos. Nu;. 

��------------� L - - - - - - - -,  
I 
I 

PILOT 
MRES 

Figure 10 

10 MFo. ) �cZR£LAY 
'-----;--.� To BLOC/( 

, - - - - - -
1 PS-2 
I 

TvPc HCB 
I 17-RELAYS � (0PriONIIL) 

Pos. 

I '-f-(2)----::W---<V-IH-+- To ALA

R

M I B� 
L -t<fr---;t<--�»1-

External C onnections or the 22 Volt D- C Type PS- 1 and the Type PS-2 R elays in the Standard Case 
For P ilot Wire Supervisory . 

INsuL{AT

D
ING- �tsFoli!MER 

TYPE I 
1-lCS REl.I\Y : 

10 8LOC.I<: I 
T� I-ICB I I RELAYS<�� 

OMFD. PILOT 
WIRE5 

Figure 11 

IOMFO. [II l IYPE 

J HCB RELAY 

: I 10 BLOCK 
: .I __...... lYPE I-ICB � RELAY:> (QI>TIOI'IAL) 

External C onnections or the 48, 125 or 250 Vo lt D- C Type PS- 1 and the Type PS- 2 Relays in the 
Type FT Case For Pilot Wire Supervisory . 
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TYPES PS- 1, PS- 2 AND PS- 3 RELAYS 

IKSULATIN<:>. TRANSFORMER 

To l3l..OCK I 
TYPE I-ICB I I �ELAYSI.OPTIOWIL)j I � 

IO MF'D. 
PILOT 
WIRES 

Figure 12 

[I� } TYPE 
HC5 RE.LAY 

11 : TO BLOCK 
I �l- TYPE \.ICB �� RE.L-'VS toPTI�AL) 

I 

External Connections of the 22 Volt D- C Types PS- 1 and the PS-2 Re lays in the Type FT Case 
For Pilot Wire Supervisory . IN::;�;�A�A{"'ioRH£»� /.to. 

To 8LOCK 7YPE I :::���:�+-----���--��-----;--+---� 
HCB RELAYS (OPTIONAL) 

Pos. N£6. 
+--ltOHI- To 

ALARM 
Bus 

1 0  
fvfFD. 

Figure 13 

RECTO X UNITS 
Pos. 

PS-2 

PS-2 

PS- 2 

H ll 

To BLo.:K 
TYPE HCB 
RELAYS (OPTIONAL) 

To ALARM 
Bus 

External C onnections of the 48, 125 or 250 Volt D-C Type PS- 1  and the Type PS-2 Relays in the 
Type FT Case For Pilot Wire Supervisory of a Three Terminal Line . 
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125' V. a·c 
Pos. N£t;. 

��ES PS- 1,  PS- 2  AND PS- 3  RELAYS 

10 
f'1FD. 

PILOT 
Wo�cs 

Figure 14 

PS- 3  

To TYP£ 
HC8 ReLAY 

To TRIP 
CIRCUIT$ 

External Connections of the 48, 125 or 250 Volt D- C Type PS- 1 and the Type PS- 3  Relays in the 
Standard Case For Pilot Wire Supervisory and Remote Tripping . 

INSULAT/N(j 

To TYPE 
I'ICB RELAY 

I 
To BLOCK TYP�I 
HCB RELAYS 

10 
MFD-

(OPTIONAL) 
�+-------------� L - - - - - - - ..,  

Pos. Ncfi. PS-I I 
I 

PILOT 
WIRES 

AUXIL IARY TRIPPIN4 
RELAY CONTACTS 

Figure 15 

[ To TYP£ 
HCB RELAY 

To TRIP 
CIRCUITS 

External Connections of the 22 Volt D- C Type ?S- 1 and the Type PS- 3  Relays in the Standard Case 
For Pi lot Wire Supervi sory and Remote Tripping . 
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TYPES PS- 1 ,  PS-2 AND P S- 3  RELAYS 

INsu"AT'"" r.1A"'o�r•RMc\ 
lo TYPE: I 10 
HCB REL AY : ........... l'f._F._D .............. 

1o MFo. [)To TYP£ 
HCB RELAY 

7.0 BLoCK 7YP£ I I L-----��----------L-------�--�----� 
HCB RELA YS I (OPTIONAL)...::::.'----+'.., 

/ 2 5  1/. d· C 
Po�. N£c;,. 

��--------�� L _ _ _ _ _ _ l 
I 
I 

PS- J  

Rccrox Uf\IITS 

Figure 16 

To TRIP 
CtRCUITS 

External C onnect ions of the 48, 125 or 2 50 Volt D- C Type P S- 1 and the Typ e  P S- 3  Relays in the 
Type FT C a s e  For P i lot Wire Superv i s ory and Remote Tripping . 

I 8 J J ;�rt:£::, 
L.C:J-H.or--, rl J+ 

I 
j 'AuXILIARY 

TRIPPI NG 
REL,IIY CONT,IICTS 

[ 
PS- 3 

2 .T 0 P3· !J  A I 

8 3  

To TYPE 
HCB RUAY 

To TRIP CIRCtJITS 

Figure 17 
External Connect ions of the 22 Volt D- C Type P S- 1  and the Type PS- 3 Relay s  in the Type FT Case 
For P i lot Wire Supervi s ory and Remote Tripping . 

- 9 -www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPES ? .'l- 1,  P S- 2  AND PS- 3 RELAYS 

CAPAC ITOR OUTLINE 
o.!i DI M E "J S I O "' S  
LL A B c D E. F G 
I I�W" I� ��� r•rs. ,. I 

z. �1<4 1% 2% I� �' I£ ' . . 
3 " 3  ,3V. I 'I " ' t 

4 L 1% I� I .  . L 
5 � 3� 3l* � 
G ·� .3 � ' .v. •(4• 
7 � .. ''* z;:f 1'- L li·� 
8 b!:<_.t, 3 l4:i . L �':! i•t. - Z-

the External 
Relay in the 
For Ref'erence 

F1�;'s. 1c;; TO 30 

� 
10 
I I  
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14 
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>!T 
u:: A 
II;. 4 
1'1  
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i!l  
ao 
2.\  
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2' 
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Figure 19 

D I ME."' S I O N S  
B c D E. F G 
3 14'1'8 Z'z IW �.."J.• l l*  

H 

-. .  
� . 

-

H 
r.?.�! 

Figure 18 
Outline and Drilling Plan For 
Resistor Used With the Type PS- 1  
Type FT Case For Remote Tripping . 
Only , Outline and Drilling P lan For the 1 0  mf'd . Capa­

c itor , For Ref'erence Only . 

t-4--------7�----------11"" USE SC R E: W S  
FOR THIN PANELS 

�-----

. ---1 I USE STU DS 
FOR TH ICK PANELS 

. I 

--+----- - ---- - ----- - ----- - �--+r 

'- � D IA . DRILL 
( 2- HOLES) 

. 1 �0 -32 TERM SC R[WS &: STUDS 
-41 · 20 MOUNTING SCR E W S  

8::. STUDS 

Figure 20 
Outline and Drilling Plan of' the Pro jec tion Type Standard Case . �ee the Internal Schematics 
For the Terminal s  Supplied . For Ref'erence Only. 
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CVT OVT­OPCNING FDII THIN P4N£L 

tluA. HOL£ {Mtt4L HDL� A S  . Nif  1J46L I'Dit 711/CII PA EL.. 

TYPES PS- 1 ,  PS-2 AND PS- 3  RELAYS 

�------------ 6 1/ 

r----sf-'�.;;..._-t-

Figure 21 
Outline and Drilling Plan of the SlO Pro j ec tion Type FT Flexitest Case . See the Internal Schemati c s  
for the Terminals Supplie d . For Reference Only . 
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Figure 22 
Outline and Drilling Plan of the SlO Semi-Flush Type FT Flexitest Cas e .  For Reference Only .  
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