
I.L. 41-973.3A 

,::�;) INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS \��� 
� * • �------------------------------------------------------------------� 

TYPES PSA, PSD, P S·4, P S·5, PS·13 AND PS-23 

PILOT WIRE SUPERVISORY RELAYS 

CAUTION Before putting protective relays into ser­
vice, remove all blocking which may have been in­
serted for the purpose of securing parts during ship­
ment, make sure that all moving 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 

Type PS Supervisory Relays provide continuous 
supervision of a pilot wire circuit to detect open cir­
cuits, short circuits, grounds, and wire reversal. In 
addition, remote tripping can be effected where the 
P&13 or P&23 relays are used. Table I illustrates 
the functions available with each relay. 

Each circuit requires the following: 

At one end to introduce supervisory current 

One PSA or PSD or P& 13 

At the other end to receive supervisory current(Two 
Terminal Line) 

One P&23 or PS-4 

At the other ends to receive supervisory current 
(Three Terminal Line) 

Two P&23 or Two P8-4 or 
One P&23 and One Ps-4 

CONSTRUCTION 

PS relays consist of the following: 

PSA 
1 -Polar Unit 
1 -Tapped transformer 
1 -Full wave rectifier 
1 -External 4 mfd. capacii.or 

PSD 
1 -Polar Unit 
1 -Set of potential divider resistors 

SUPERSEDES I.L. 41-973.3 
*Denotes changed from superseded issue. 

PS-4 
1 -Blocking rectifier 
1 -Set of adjustable & fixed resistors 

PS-5 
1 -Polar Unit 
1 -External 4 mfd Capacitor 

PS-13 
1 -Polar Alarm Unit ( 1) 
1 -Polar Trip Unit (3) 
1 -Indicating Contactor Switch (ICS) 
1 -Set of Potential Divider Resistors 
1-Tapped Transformer (AC Relay Only) 
1-Full Wave Rectifier (AC Relay Only) 
2 -Varistors 
2 -Remote Trip Resistors (125 & 250) volts d-e 

trip voltage only) 
1- 4 mfd Capacitor (AC Relay Only) 

PS-23 
1 -Polar Unit 
1 -Indicating Contactor Switch (ICS) 
1-Milliammeter, 5 . 0  rna 
1 -Set of adjustable resistors 
1 -Blocking rectifier 
1-Varistor 

Polar Unit 
The polar unit consists of a rectangular shaped 

magnetic frame, an electromagnet, a permanent magnet, 
and an armature. The poles of the crescent shaped 
permanent magnet bridge the magnet frame. The 
magnetic frame consists of three pieces joined in the 
rear with two brass rods and silver solder. These 
non-magnetic joints represent air gaps, which are 
bridged by two adjustable magnetic shunts. The wind­
ing or windings are wound around a magnetic core. 
The armature is fastened to this core and is free to 
move in the front air ga p, The moving contact is 
connected to the free end of a leaf spring, which, in 
turn, is fastened to the armature. 

Indicating Contactor Switch 
The d-e indicating contactor switch is a small 
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TYP E PS SUP E RVISO R Y  R ELAYS _________________________ _ 

SHUNT 

BALANCED AIR �APS UN8ALANCED AIR JAPS 

ADDITIONAL 

FLUX PATH 

l83A062 

Fig. 1. Polar Unit Permanent Magnet Flux Paths. 

tact. When tripping the PS-13, current above 6 rna is 
circulated in the reverse direction through the PS-13 
to operate the trip unit (3). 

See Tables II and III for tripping resistor values. 
Nominal trip current is 5.2 rna at all voltages rated. 

Polar Unit 

Polar unit flux paths are shown in figure 1. With 
balanced air gaps, permanent magnet flux flows in two 
paths, one through the front, and one through the rear 
gaps. This flux produces north and south poles, as 
shown. By turning the left shunt in, some of the flux 
is forced through the armature, making it a north pole. 
Thus, reducing the left hand rear gap will produce a 
force tending to pull the armature to the right. Simi­
larly, reducing the right hand gap will make the arm­
ature a south pole and produce a force tending to pull 
the armature to the left. 

The alarm unit contacts of the PSA, PSD, P&l3, 
and PS-23 are biased to move to the left when the 
relay is deenergized. The PS-13 trip unit contact is 
biased to move to the right when the relay is de­
energized. The PS-5 is adjusted so that the moving 
contact floats when the relay is deenergized. 

CHARACTERISTICS 

Nominal Calibration Values 

Nominal current values to close contacts are listed 

4 

in Tables IV and V. 

Voltage Ratings 

Supply voltage ratings of the PSA, PSD, and P& 13 
to obtain continuous supervision current are as 
follows: 

DC- 48, 125, and 250 volts 
AC - 120 volts, 60 cycles (Primary taps 100, 110, 

120 & 130) 

Voltage impressed on the pilot wire is a nominal 
17 volts for supervision. 

Supply voltage ratings to obtain remote tripping 
are: 48, 125 and 250 volts d-e. 

Coil Resistance 

Relay 

PSA, PSD 
& PS-13 
Alarm Coils (2) 

P&23 

P&13 
Trip can 

PS-4 and PS-23 Resistance 

DC Resistance 

1050-1250 D 
2200-2600D 

79o-970D 

Nominal PS-4 and PS-23 total resistance when 
ad justed for service is 17,000 ohms less pilot wire 
loop resistance at 1 rna. 
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TABLE IV 
NOMINAL CALIBRATION VAL U ES TWO T E RMINAL LINES 

RELAY 
PSA 

PSD 

PS5t 

PS13 

PS23t 

LOW CURRENT ALARM 
0. 7 rna 

0.7 

0.7tt 

0.6 

t Same relay as for three terminal lines 

t t These are pilot wire current values 

HIGH CURRENT ALARM 
1.3 rna 

1.3 

±0.1 

1.3tt 

TRIP 

25 v 
3.5 

TABLE V 
NOMINAL CALIBRATION VALU ES 

RELAY LOW CURRENT ALARM 
----

PSA 1.7 rna 

PSD 1.7 

PS5t 

PS13 1. 7tt 

PS23t 0.6 

t Same relay as for two terrninal lines 

tt These are pilot wire current values 

PSA and AC PS-13 Burden 

0.5 VA at tap voltage 

1.0 VA at tar voltage 

Varistor 

2 terminal line relay 

3 terminal line relay 

Varistor resistance decreases with an increase 

in applied voltage. With 1 rna d-e through a varistor, 

the voltage drop is 9 to 12 volts. With 5 rna d-e, the 

voltage drop is 15 to 18.5 volts. One varistor is 

used in the PS-23; two are used in the PS-13. The 

above voltage drops are doubled when measuring the 

PS-13 total varistor drop. 

Rectifiers (1 N91) 

Approximate forward resistanc e - 120 ohms at 1 rna 

80 ohms at 2 ma 

Hating 

Continuous forward 

current - T-'A 

Continuous back 

voltage - rms volts 

Remote Tripping 

150 

30 

Remote trip resistors are listed in Table II and 

TH R E E  T E RMINAL LINES 

HIGH CURRENT ALARM TRIP 
2.3 rna 

2.3 

±0.1 

2.3tt 25 v 
3.5 

III for 48, 125 and 250 volts d-e. 

The relays have sufficient thermal capacity to 

withstand 20 MA d-e continuously when remote trip­

ping. Nominal trip currents in the tripping relays are 

5.2 MA d-e with 48 volts, and 7.3 MA d-e, with 125 

or 250 volts. 

Trip Circuit 

The n'ain contacts will safely close 30 amperes at 

250 volts d-e and the seal-in contacts of the indi­

cating cont actor switch will safely carry this cur· 

rent long enough to trip a circuit breaker. 

The indicating contactor switch has tv.o taps 

that provide a pickup setting of 0. 2 or 2 anq1eres. To 

change taps requires connecting the lead located in 

front of the tap block to the desired setting by means 

of a screw connection. 

Trip Circuit Constant 

Indicating Contactor Switch (ICS) 

0.2 ar;•pere tap 6.5 ohms d-e resistance 

2.0 ampere tap 0.15 ohms d-e resistance 

SETTING THE RELAY 

C'perating units of all relays are adjusted in the 
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TYP E  PS SUP E RVISO RY R E LAYS _______________________ _ 

183A964 
Fig. 2. Internal Schematic of the Type PSA Relay in the 

FT21 Case - 120Valt, 60 cycle supply- For Two 
and Three Terminal Lines. 

factory to the values listed in Tables IV and V to a 
tolerance of ±5%. No settings are required on these 
units. 

PS-4 and PS-23 Relays 

Adjust the resistors in the PS-4 or PS-23 relay or 
relays to a value of 1 MA d-e with the supervision 
circuits connected for service. Use the milliammeter 
in the PS-23 for this purpose or use a portable milli­
ammeter with a resistance of less than 200 ohms. 
Where it is not practical on three terminal lines to 
adjust both receiving relays simultaneously, set one 
receiving relay for 16,000 ohms total resistance by 
measurement prior to final adjustment of the other 
receiving relay. This procedure will minimize the 
the ch ange in supervision current in the first relay 
to be adjusted when making the final adjustment of 
the second relay. 

PSA and AC PS-13 Relay 

Select the transformer tap nearest to expected 
normal a-c supply voltage. The full wave rectifier is 
connected to a secondary transformer tap. Where de­
sired, the output voltage can be raised about 5% by 
reconnecting across the full secondary winding. 

Indicating Contactor Switch 

No setting is required on the ICS unit except the 
selection of ti1e 0.2 or 2.0 ampere tap setting. This 
selection is made by connecting the lead located in 
front of the tap block to the desired setting by means 

6 

T0140WING 
COftTACTS 

TO STATIOURY 
CONTACTS -

INT£RIAL SCHEMATIC 

l120 !'l - �8 Y.D.C. 
5600 !'/ -125 v.o.c. 

11200!'l-250V.D.c. 

taoo n - �a v.o.c. 
t2500-125v.o.c. 
1120 n -zso 'i'.o.c. 

TEST SWITCH 

183A971 
Fig. 3. Internal Schematic of the Type PSD Relay in the 

FT11 Case - DC Supply- For Two Terminal 
Lines. 

of the connecting screw. When the relay energizes a 
type WL relay switch , or equivalent, use the 0.2 
an1pere tap. 

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 four mounting holes 
on the flange for semi-flush mounting or by means of 
the rear mounting stud or studs for projection mount­
ing. Either a mounting stud or the mounting screws 
may be utilized for grounding the relay. The electrical 
connections may be made directly to the terminals by 
means of screws for steel panel mounting or to the 
terminal studs furnished with the relay for thick <;,anel 
mounting. The t�minal studF. may be easily removed 
or inserted by locking two nuts on the stud and then 
turning the proper nut with a wrench. 

For det�i.led FT case information, refer to 
I.L. 41-076. 

If the potential to ground impressed on the relays 
will exceed 200 volts, protection is recommended. If 
the potential will not exceed 500 volts, connect a 5 
mfd capacitor to ground on each side of the 10 mfd 
capacitor (or to the each pilot wire if HCB relays are 
not connected) at the PSA, PSD, or P&13 station. If 
the potential to ground can exceed 500 volts, gap or 
neutralizing reactor protection is recommended. 
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IIIDICATIIIQ 
COITACTDII 
SWITCII 

.0 D Ill V.D.C. 

IMTEitliAl SCHEMATIC 

® @ @rut� @ @ @ I I 
,-0--0-0_0_0_0_ ---- - ; 
!6 0 0 0 0 6 . : 
<-�----- --------- - - -- _J 

1 1 1 1 

=� � �: ::::�·:-1--t--+---1----L__l_ 

UPPEII POUIIUIIIT (TRIPPillll) 

LOWEll POLAI liMIT (SUPEII'IISOIY) 

... _. 

T£ST lftTCII 

Fig. 4. Internal Schematic of the Type PS-13 Relay in the 
FT32 Case. DC Supply - For Two Terminal 
Lines. 

ADJUSTMENTS AND MAl NTENANCE 

The proper adjustments to insure correct operation 
of this relay have been made at the factory and should 
not be disturbed after receipt by the customer. If the 
adjustments have been changed, the relay taken apart 
for repairs, or if it is desired to check the adjustments 
at regular maintenance periods, the instructions below 
should be followed. 

Conta.::ts 

All contacts should be cleaned periodically. A 
contact burnisher S#182A836H01 is recommended for 
this purpose. The use of abrasive material for clean­
ing contacts is not recommended, because of the dan­
ger of embedding small particles in the face of the 
soft silver and thus impairing the contact. 

Indicating Contactor Switch (ICS) 

Close the main relay contacts and pass sufficient 
d-e current through the trip circuit to close the con­
tacts of the ICS. This val•1e of current should not be 
greater than the particular ICS tap setting being used. 
The indicator target should drop freely. 

INDICATING 
COJITACTOR 
SWITCH 

FROIIT VIEW 

POUR UIIT 

VAiUSTOR 

·;;;.;;;.�-lED IWIDLE 

1--H--�TEST SW I TCM 

TEIMUAL 

183A615 
Fi g. 5. Internal Schematic of the Type PS-23 Relay In the 

Type FT21 Case. 

Rectifier Check 

If there is suspicion of a rectifier failure, apply 
30 volts d-e back voltage (positive on arrowhead), 
through a 300-ohm resistance. Measure the voltage 
across the rectifier. If this voltage is not essentially 
30 volts, the rectifier is shorted. Now apply 30 volts 
d-e in the forward direction through a 300-ohm re­
sistor and measure the voltage across the resistor. 
If this voltage is not essentially 30 volts, the recti­
fier is open. Also see "Acceptance Tests", below, 
for tests when the rectifiers are connected in the 
relay. 

Varistor Check 

If there is suspicion of a varistor failure, apply 
1 rna d-e through the varistor and check the voltage 
across the varistor. It should fall between 9 to 12 
volts. Now apply 5 rna d-e through the varistor and 
check the voltage across the varistor. It should be 
at a maximum of 18.5 volts. 

Acceptance Tests 

The following tests are recommended when the 
relay is received from the factory. If the relay does 
not perform as specified below, the relay either is 
not properly calibrated or it contains a defect. 

PSA Relay 

Connect per figure 11, except load terminals 6 and 
7 with 17, 000 ohms resistance for two terminal line 
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I 

I 
ADJUSTABLE. I 

RE'!>ISTORS 

---r---->o-JI I 
'L (-) (�\ I ,_ --� ----

fRONT VIEW 

TERtv\lNAL'5 

2-D-1845 
Fig. 6. Internal Schematic of the Type PS-4 Auxiliary Unit 

in the Small MolclecJ Case. 

relays and 8500 ohms for three terminal line relay. 
Set in 100 volt tap and apply 100 volts, 60 cycles to 
terminals 4 and 5. The contact should float. Then 
successively short-circuit and open-circuit terminals 
6 and 7. The right contact should close with a short 
circuit. The left hand contact should close with an 
open circuit. Now successively short circuit terminals 
6 and 3, 7 and 3. In both cases the right-hand con­
tact should close. 

PSD Relay 

Connect per figure 10 except load terminals 6 and 
7 with 17, 000 ohms resistance for two terminal line 
relays and 8500 ohms. For three terminal line relays. 
Apply rated d-e voltage to terminals 8 and 9. The 
contact should float. Then successively short circuit 
and open circuit terminals 6 and 7. The right-hand 
contact should close with a short circuit. The left­
hand contact should close with an open circuit. Now 
successively short circuit terminals 6 and 5, 7 and 5. 
In both cases the right-hand contact should close. 

PS-4 Auxiliary Unit 

Measure forward resistance with an ohmmeter. 
Resistance should be about 7,000 to 23,000 ohms, 
depending on resistor settings. Apply 30 volts d-e 
back voltage (positive on "minus" terminal). The 
voltage across the resistors should be substantially 
zero. 

PS-5 

Apply 5 volts d-e to terminals 8 and 9. Reverse 

8 

MOT£: 

CONTACTS CLOSE TO 
IIIOOT, IIttEII CURRENT 
FLOWS IN AT TERM.� 

$TATIOUIY I.EFT I 
CGNTACT (F. Y.) / 
STATIONMY liGMt 1 
COMlA;;T ( F.V, ) 

PS... P8-S 

J 
-Q--0 - �- - Q-0--Q­
_ _9 _ _  ¢ __ Q__Q._Q_Q_ - -- _ _J 

cv0e0°0° s s 
FROIIT YIEW 

POLARUtiiT 

TEST SWITCH 

CURRBIT TEST JACk 

TERMINAl 

183A046 
Fig. 7. Internal Schema tic of the Type PS-5 Ground De­

tector Relay in the FT11 Case. 

polarity of voltage. Both left and right hand contacts 
should close. 

P&13 (DC) 

Connect per figure 12, except load terminals 8 
and 9 with 17, 000 ohms resistance for 2 terminal line 
relays and 8,500 ohms for three terminal line relays. 
Apply rated d-e voltage to terminals 4 and 5. The 
lower polar unit contact should float. Then suc­
cessively short circuit and open circuit terminals 8 
and 9. The right-hand contact of the lower polar unit 
should close with a short circuit. The left-hand con­
tact should close with an open circuit. Now succes­
sively short circuit terminals 8 and 3, 9 and 3. In 
both cases the right-hand contact should close. Dur­
ing all of these operations the upper polar unit should 
remain reset to the right. 

Apply 48 volts de to terminals 8 and 9. The upper 
polar unit should close. 

PS-13 (AC) 

Load terminals 8 and 9 with 17,000 ohms for 
two terminal line relays and 8, 500 ohms for 3 ter­
minal line relays. Apply 100 volts, 60 cycles across 
terminals 4 and 5, with transformer tap at 100 volts. 
'i"ne lower polar unit contact should float. Then 
successively short circuit and open circuit terminals 
8 and 9. The right-hand contact of the lower polar 
unit should close with a short circuit; left-hand con­
tact should close with an open circuit. Now suc­
cessively short circuit terminals 8 and 3, 9 and 3. In 
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TO MIUH 
COIITACTS --------

TO STATIOIIARY 
CO!UACTS �=-:: 

POUR UIIIT 

IMTEOUL SCIIEMATIC 

FRONT VIEW 

2800 n - �a � .o.c. 7!i00 0 - 125 �. o.c. 
tsooo n - 250 v.o.c. 

�ooo A - ��� �.o.c. �22110 n-us t.o.c. t900 o - 2so �.o.c. 

TEST $ttl TC� 

183A972 
Fig. 8. Internal Schematic of the Type PSD Relay in the 

FTll Case - DC Supply- For Three Terminal 
Lines. 

both cases the right-hand contact should close. 
During all of these operations the upper polar unit 
should remain reset to the right. 

Apply 48 volts de to terminals 8 and 9. The 
upper polar unit should close. 

Calibration Check 

CAUTION While the PS relays are connected to the 
pilot wire it should be assumed that they are ener­
gized. Adjustments should be made with the pilot 
wire disconnected. 

The PS relays may be removed from service for 
testing, without jeopardizing HCB relay protection, 
provided that the connections between the 10 mfd 
capacitor and HCB insulating transformer are not 
distrubed. However, it is recommended that the HCB 
relay trip circuits be opened prior to the circulation of 
remote trip current, even though the HCB relays should 
not operate on nominal remote trip currents. 

Currents for contact closing a;·e shown in Tables 
IV and v. The following procedure can be used to 
check these values. 

PSA and PSD Relay 

Open switches 6 and 7 and connect a load and 
milliammeter across switch jaws 6 and 7. (The load 
should be adjustable between 13, 000 and 25, 000 
ohms for two terminal lines and between 7, 000 and 
10,000 ohms for three terminal lines.) With contact 
initially floating, check current values to close 

lliDICATIIHi 
COIITlCTOR-_ 
SWITCH 

31� o- us v.o.c. 8SOO 0 - 250 Y.O.C. 

I.IPP£1 PIW UliiT 
(TRIPPIIIQ) 

LOW'EI POLAIItiiiT 
(SUPEIYISOIY) 

I 

liD lll.IDI.E 
TEST SWITCH 

lEINIM"-· 

Fig. 9. Internal Schematic af the Type PS-13 Relay In the 
FT32 Case - 120 volt, 60 cycle supply- For Two 
Terminal Lines. 

contacts. 
Ps-5 Relays 

Open switch es 8 and 9. Apply approximately 5 
volts de across switch jaws 8 and 9. Check pick up 
current with relay initially floating. 

P&13 Relays 

Open switches 8, 9 and 10 and connect a load and 
milliammeter across switch jaws 8 and 9. (The load 
should be adjustable between 13,000 and 25,000 ohms 
for two terminal lines and between 7, 000 and 10,000 
ohms for three terminal lines). With lower polar unit 
contact initially floating check current values to 
close contacts. 

Then apply approximately 48 volts d-e across 
switch jaws 8 and 9, with positive pn 9. Check 
pickup of upper polar unit contact with contact 
initially reset. 

P&23 Relay 

Open switches 8, 9 and 10 and apply approximately 
48 volts d-e across switch jaws 8 and 9, with positive 
on 9. Check pickup with contact initially reset or 
floating. 
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I.L. 41-973.3A 
TYP E PS SUPE RVISORY RELAYS--

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

.,.._ __ F 

�--,F 

MTG,. H.o1..eS 
FOil . \  !»0 OIA 5CllEW 

MT(f.HOLES 
FOR .\'?JO DIA. 

REW 

ll-D-9524 

Fig. 15. Outline & Drilling Plan for 4 and 10 mfd. capaci­
tors. For Reference Only. 

f 

I 
• 

183A413 
Fig. 16. Outline & Drilling Plan for External Remote Trip 

Resistor Assembly. 

Routine Mainten an ce 

CAUTION While the PS relays are connected to the 
pilot wire, it should be assumed that they are ener­
gized. Adjustments should be made with the pilot 
wire disconnected. 

In addition to cleaning contacts it is recommended 
that a functional check be performed by open and 
short circuiting, and grounding the supervision cir­
cuits at the pilot wire terminals (7 and 6 of PSA and 
PSD; 9 and 8 of P&13 and P&23). These pilot wire 
faults should not be applied directly to the pilot wire 
when the HCB relays are in service. If the HCB re­
lays are not in service, simulate a remote trip oper­
ation with switch 10 of the P&23 and PS-13 relays 
open by closing the remote trip contacts. If the HCB 
relays are in service, open switches 8, 9 and 10 of 
the PS-13 and P&23 relays and apply about 48 volts 
d-e to switch jaws 8 and 9, with positive on jaw 9. 
The tripping contact of these relays should close. 

If the relays do not perform as expected and recti­
fier failure is suspected, the rectifier tests described 

15 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E PS SUP E RVIS O RY R ELAYS-------------------------

26-D-588 

Fig. 17. Outline & Drilling Plan lor the Type PS-4 Auxili­
ary Unit In the Projection Molded Case. 

under "Acceptance Tests" may be performed. 

Calibration 
If the relay has been dismantled or the calibration 

has been disturbed, use the following procedure for 
calibration. 

With the permanent magnet removed see that the 
moving armature floats between the poles or lightly 
touches the left-hand pole piece. If necessary, loosen 
the core screw in the center rear of the unit and shift 
the core and contact assembly until the armature 
floats. Then retighten the core screw. Continue as 
follows: 

PSA and PSD Relay 

Adjust the stationary contacts so that the y just 
make when the armature touches the pole faces. Then 
turn each contact screw four turns to obtain approxi­
mately 5/32" between the stationary contacts. Re­
assemble the permanent magnet with the north pole to 
the right (front view). Turn both shunts all the way 
in. With 1.3 or 2.3 rna flowing in 1 rna or 2 rna rating 
relays, respectively, draw out the right hand shunt 
until the right hand contacts close. Then, with 0. 7 or 
1. 7 rna flowing in 1 rna or 2 rna rating relays, re­
spectively, draw out left-hand shunt until left-hand 
contacts close. Recheck and readjust right-hand con­
tact pickup. Then recheck and readjust left -hand 
contact pickup. Continue as required. 

P&5 Relays 

Adjust the stationary contacts so that they just 
make with the moving contact when the armature is 

16 

lR-D-5295 

Fig. 18. Outline & Drilling Plan lor the Type PS-4 Auxili­
ary Unit In the Semi-Flush Molded Case. 

floating midway between the pole pieces. Then turn 
the contact screws two full turns in the opening di­
rection to obtain approximately 0.050" contact open­
ing. Reassemble permanent magnet with the north 
pole to the right. Turn both shunts all the way in. 
Energize with 0.1 rna, positive on terminal 9. Draw 
out the right-hand shunt until the right-hand contact 
closes. Reverse current of 0.1 rna. Draw out left 
hand shunt until left hand contact closes. Recheck 
and readjust right-hand contact pickup. Then recheck 
and readjust left hand contact pickup. Continue as 
required. 

PS-13 Relay 

Adjust the stationary contacts so that they just 
make when the armature touches the pole faces. Then 
turn each contact screw four turns to obtain approxi­
mately 5/32" between stationary contacts. Reassem­
ble the permanent magnet with the north pole on the 
left. Turn both shunts all the way in. Continue as 
follows. 

For the lowerpolar unit (alarm), draw out the right­
hand shunt until the right-hand contact closes at 1.3 
or 2.3 rna, for the 1 rna and 2 rna relay ratings, re­
spectively. Then draw out the left hand shunt until 
the left-hand contacts close at 0. 7 or 1. 7 rna, for the 
1 and 2 rna relay ratings respectively. Recheck and 
readjust right hand contact pickup. Then recheck a:1d 
readjust left hand contact pickup. 
required. 

Continue as 

For the upper polar unit (trip), draw out both 
shunts about 5 turns. Continue to draw out the left-

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE PS SUP E RVISO R Y  R E LAYS _______________________ I . _L ._ 4_1 _-9_73_.3_A_ 

hand shunt until contact closes to the left at 25 
volts d-e across pilot wire terminals. The contact 
should reset to right at 20 volts. 

PS-23 Relay 

Adjust the stationary contacts so that they just 
make when the armature touches the pole faces. Then 
turn each contact screw four turns to obtain approxi­
mately 5/32" gap between stationary contacts. Re­
assemble the permanent magnet with the north pole 
on the left. Turn both shunts in all the way and then 
draw both out about seven turns. Adjust the left-hand 
shunt until the left-hand contacts close at 0. 6 rna 
d-e. Then adjust the right-hand shunt until the right­
hand contacts close at 1.4 rna d-e. Recheck and re­
adjust left-hand contact pickup. Then recheck and 
readjust the right-hand pickup. Continue as required. 
Now position the adjustment screw located below the 

right hand stationary contact, such that ;j,5 rna d-e 
are required to close the right-hand contact. If the 
pickup is too low, move the screw to the left. This 
change will increase the amount of deflection of the 
moving contact assembly spring, which is required 
in order to close the right-hand contact. Pass 10 
rna d-e thru the relay, recheck and readjust the right 
hand pickup by moving the adjustment screw only. 
Continue as required. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at the 
factory. However, interchangeable parts can be 
furnished to the customers who are equipped for doing 
repair work. When ordering parts, always give com­
plate nameplate data. 
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TYPE PS S U P E RVISO RY R ELAYS-------------------------
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Fig. 19. Outline & Drilling Plan for the Type PSD and PS-5 Relays In the Type FT11 Case. 
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I.L. 41-973.3A 
TYPE PS SUP E RVISO RY RELAYS ________________________________________________ __ 
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Fig. 20. Outline & Drilling Plan for the Type PSA and PS-23 Relays in the Type FT2 1 Case. 
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Fig. 2 1. Outline & Drilling Plan for The Type PS- 13 Relay in the Type FT32 Case. 
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I. L. 41-973A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES PS-1 AND PS-23 PILOT WIRE 

SUPERVISORY RELAYS 

CAUTION Before putting protective relays 
into service, remove all blocking which 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 type PS-1 supervisory relay is used with 

the type PS-23 relay on HCB pilot wire systems 
to detect short circuits, open circuits, grounds 
and reversed pilot wires. 

The type PS-1 relay is located at one termi­
nal to introduce the supervisory current to 
the pilot wires and to initiate an alarm when 
the pilot wire is opened or shorted. The type 
PS-23 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. If remote tripping is re­
quired, the type PS-23 relay provides a means 
of tripping the local breaker by action of an 
auxiliary relay located at the type PS-1 relay 

To tvfov!NG 
CoNTAcTs 

COILS ON 

i:�����D�-4��-----�� 

ReAR Vt£1N' 

To STATIONARY 
CoNTACTS 

750A 

4-D-1685 

Fig. J. Internal schematic of the 48, or 125 volt d-e type 
PS-1 relay in the standard case. When remote 
tripping is not required, or for 48 volts cl-c with 
or without remote tripping, terminals 7 and 8 
and associated resistors are ommitted. 

SUPERSEDES I. L 41-973 
*Denotes change from superseded issue. 

terminal. When used for this function, the 
type PS-23 relay does not act as a fault de­
tector to initiate an alarm at its station. 
T he type P S-23 relay provides a continuous 
visual indication and means of adjusting the 
supervisory current. 

Note: Unless otherwise specified, the refer­
ence to the type PS-1 relay pertains to both 
the d-e operated and the a-c operated relays. 

CONSTRUCTION AND OPERATION 
The d-e operated type PS-1 relay consists of 

a polarized relay element adapted to operate 
on .001 ampere or .002 ampere d-e pilot wire 
supervisory-current. It is equipped with in­
ternal 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 ar­
rangement. See Figs. 1 to 4 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 two terminal lines, 

To MOVING 
CONTACTS 

To STATIONARY 
CONTACTS 

-------=:JL COILS ON 
PoLARJzro 
ELt:M£NT 

5-D-1436 

Fig. 2. Internal schematic of the 22 volt d-e type PS-1 
relay in the standard case. 
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T Y P ES PS- 1 ANDPS - 23 R E LAYS ______________________________________________ __ 

TO MOVII\I& COt.sTAC\5 TO STATIONARY CONTACTS 

---�"�/ ' 
J PSI , " A _; � TE5T SWITCH 

��·)� 'c�> l 
0 E l ����> ."."<���· 

__ --_'- -.:::--� 1150fi- 48 VOLTS O.C 
REAR VIEW 150.ll- · 1<!5 VOLl5 D.C. 

\010.0-A- 2.50YO\..TSO.C. 

9-D-8184 

Fig. 3. Internal schematic of the 48, 125 or 250 volt d-e 
type PS- 1 relay in the type FT case. 

where the output of the type PS-1 is .001 am­
pere. 

The a-c operated type PS-1 relay consists of 
a small transformer with taps on the primary, 
and secondary windings, a full wave Rectox unit, 
a polarized relay, and a potentiometer for 
grounding the d-e circuit. See Figs. 5 and 6. 
The relay is also supplied with a 4 mfd. and a 
10 mfd. capacitor to be used with it as shown 
in Figs. 13 and 14. The two capacitors serve 
as a filter to smooth out the pulsation of the 
rectified current to practically constant di­
rect current which is introduced on to the 
pilot wires at the mid-tap of the type HCB re­
lay insulating transformer. 

The type PS-23 relay consists of a polarized 
relay element, a 0-5 milliammeter, an operation 
indicator, an adjustable resistor and aRectox 
unit. These component parts are connected as 
shown in Figs. 7 and 8. 

POLAR TYPE RELAY ELEMENT 
The polarized relay element consists of an 

armature and contact assembly mounted on a 
leaf spring supported symmetrically within a 
magnetic frame. The poles of a permanent mag­
net �lamp directly to each side of this frame. 
Flux from the permanent magnet divides into 
two paths, one path across the air gap at the 
front of the element in which the armature is 
located, the other across two gaps at the base 
of the frame. Two adjustable screw type shunts 
are located in the rear air gaps . They change 
the reluctance of the magnetic path so as to 
force some of the flux thru the moving armature 
which is fastened to the frame midway between 

2 

TO MOVING CONTACTS 

REAR. VIEW 

-TO RELAY 

- m SASE TERMS. 

9-D-8185 

Fig. 4. Internal schematic of the 22 volt d-e type PS- 1 
relay in the type FT case. 

the two rear air gaps. Flux in the armature 
polarizes it and creates a magnetic bias caus­
ing it to move toward one or the other of the 
poles, depending upon the adjustment of the 
magnetic shunts. For the type PS-1 relay, two 
operating coils are placed around the armature 
within the magnetic frame. The windings are 
connected in series with each of the pilot 
wires. The type PS-23 relay utilizes ohly one 
operating coil and it is placed around the 
armature in a similar manner as the two opera­
ting coils of the type PS-1 relay. The type 
PS-23 relay coil is connected across the pilot 
wires. 

With the correct adjustment of the magnetic 
shunts the armature will always tend to travel 
t ow ards the left side of the front air gap 
with the coils de-energized. This holds the 
left-hand contact closed. When either of the 
operating coils is energized, the armature is 
magnetized with a polarity that reverses the 
initial bias, thus causing it to move towards 
the right-hand contact. Normally, the current 
through the relay coils is of such a magnitude 
that the armature floats approximately midway 
between the right and left stationary contacts. 

TRANSFORMER 
The a-c type PS-1 relay transformer has 100, 

110, 120 and 130 volt taps on the transformer 
p rimary . With tap voltage a pplied to the 
transformer primary, the relay will supply . 001 
ampere d-e to the pilot wire with approximately 
17 volts d-e at the output terminals. If nec­
essary as much as 130 volts may be used con­
tinuously on any of the taps marked from 100 
to 130. 
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T Y P E S P S - 1 A N D P S - 2 3 R E LAYS _______________________________________________ �I. �L.�41�- 9�7�3A� 

REAR V I EW 
' 

POLARIZED 
ELEMENT 

WHEN NORMALLY ENERGIZED, 

CUR RENT FLOWING OUT OF 

TERMINAL 10 AND IN 1\T 

TERMINAL 9 TENDS TO CLOSE 
THE R.H (FRONT VIEW) CONTACTS 

13-D-5763 

Fig. 5. Internal schematic of the a-c type PS- 1 relay in 
the standard case. 

The sec onda ry winding also has a tap, the 
use of which is described under " Settings" . 

OPERATION INDICATOR 
The operation indic ator is a small solenoid 

c oil connected in the trip circuit . When the 
c oil is energized, a spring-restrained armature 
releases the white target which falls by grav­
ity to indic ate completion of the trip circuit. 
T he indicator is reset from o utside of the 
case by a push rod in the c over or cover stud. 

The operation of the type PS-1 and PS-23 re-

( t UPE H .\. T I Or-1 l riO I C ATOR 

. rc_ . 'se.._,o.=-- 7',-- ---
1 "-'�---�, v � 1 ! I j I �sls 1 
I '--->1'-------Q I I , 
i I I 
I i 
I
! =-5--·-- -- - M i cL I I<.HER 

- ,-/ -e;_. -. .  --· P0L�k l lE O  ELEMfl'lr ·'JS '" � :'! _ �  · G)�_')- cy----- 0 l � 

3 1-D-5083 

Fig. 7. Internal schematic of the �ype PS-23 relay in the 
standard case. 

TO MOY!NC. 
C-ONI ACT 

WHEI'I NilRMALLY fNE�\lED 6 CuR�E'NTFlOWIN.(l OUT OF ll:£MH'I,O..L 10 J>.ND 11'4 AT 
TERWNAL 9 lENDS TO 

�'" ''''""'"" t�=;:--'=5=1 ::::::!:=:!Jr->+----:;-%11 

FRON"T "' I E.W 

TO STATIONARY 
CONTP,C.OS 

- TE'ST SWtTCt-1 

-- TRANSFORMER 

- - -- F ULL WAVE 
RECTIFIER 

---- POLA.R\Z.ED 
ELEMENT 

l l -D-9404 

Fig. 6. Internal schematic of the a-c type PS- 1 relay in 
the type FT case. 

lays for pilot wire supervision is as follows: 

( la) . Normal Pilot Wi re-Two Terminal Lines 

The relays are continuously energized with 
. 001 ampere d-e, which is introduced from a 
battery source ( fo r  d-e oper ated relay) or an 
external a-c source ( for a-c oper ated relay ) 
through the type PS-1 relay and circulated o ver 
the pilot wire circuit. This current holds the 
c ontact of the type PS- 1  relay and the left­
h and c ontac t ( fr ont view ) of the type PS- 23 
r elay open, and tends to close the right-hand 
( front view ) contact of the type PS-23 relay. 

rfST SWI TCrl 

FROM T � I  EW 

OPERATION I M O I CATOR 

TEST SWITCH 

RED rU,IWLE 
TO RELAY 

TO tU,Sf TERNS. 

31 -D- 5074 

Fig. 8. Internal schematic of the type PS-23 reluy in the 
type FT case. 
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T Y P ES P S - 1 A N D P S - 23 R E LA YS------------------------------------------------

( 1 b) . Normal Pi lot Wire- Three Terminal Lines 

The act ion here is t he same in p ri ncipl e as 

for two term i n a l  l in e s ,  except that t he type 

PS- 1 re l ay m u s t  fur n i s h  . 0 0 2  ampere t o t a l , 

which al l ows . 00 1  ampere for each of the two 

type PS- 23 re l ays involved. 

( 2 ) . Pilot W i re Short C irc u ited 

Sho rt c i rcu its of 2 , 00 0  ohms resistance or 
less cause the c i rc ulating p i l ot wire c urrent 

to increase above the normal val ue ,  thus c l os­

ing the r i gh t - hand ( front v i ew ) contac t s  of 

t he type PS- 1 re l ay and the underc urrent con­

t acts,  le ft-hand ( front view) of the type PS-23 

rel ay to ini t i ate an a l arm at both terminals 
of the p i lot wire.  

( 3 ) . P i l ot Wire Open Circuited 

Open c i rcuits on t he p i lot w i re wil l reduce 

t he c i rc ula ting s upervi sory current to ze ro,  

and again i n i t iate an al arm at both the types 
PS- 1 and PS-23 relay terminals. 

(4) . Pilot Wire Grounded 

The connect ion of the separate wind ings of 

the type PS- 1 re l ay in each of the p i l ot wire 
c i rc u i ts prov i d e s  two c i rc u i ts o f  equal i m-

POS.NEG. PS·I 

FOR �8 VOLT D-C RELAY - COIIIIECTI OilS 
SHOWII TO TERMINALS 7 AIID 8 SHOULD BE 
MADE TO TERMINALS 9 A liD 10 AS TERN IIIALS 
7 AND 8 ARE NOT FURN I SHED. 

p edanc e from the grounded m id - tap of the po­

tentiometer i n  the type PS- 1 re l ay to the re­
m o te t e r m i n a l  o n  t h e  p i l o t  w i re .  The type 
PS-23 relay contains a re l at ivel y  h igh res ist­

anc e ,  such that when e i ther p i lot wire becomes 

gr ounded at any p o i n t  a l o n g  i t s  l ength , un­

e qual c urrents flow to operate the type PS- 1 
r e l ay, Thi s  provides s uperv i s ion for ground 
fault res i s t ance val u e s  o f  500 ohms or l es s .  
I n  the 22 vol t d-e relays the mid-po int of the 

battery is grounded.  

Stat ion batteries are frequently grounded at 

t he m id po in t  o f  a c i r c u i t  cons i s t ing o f  t wo 

l amps conne c ted in se r i e s  ac ross the battery 

terminals.  An acc idental gro und on the stat ion 

battery c i rc u i ts w i l l  not affect the ab i l i ty 

of the p i lot w ire s hort c i rc u i ts or open c i r­

c u i ts ,  a l t h o u gh the re l at i ve s ens i t i v i ty of 

t he type PS- 1 re l ay to grounds on one of t he 
t wo w i r e s  o f  a p i l o t  p a i r  w i l l  be c hange d .  

Ground faults on the pilot w ire w i l l  not affec t 

the ground ing l amps on the station battery be­

c ause of the h i gh inte rnal re s i st ance o f  t he 

type PS-1 re lay. 

( 5 ) . Reversed P i l ot Wires 

A revers al of the p i l ot w i r e s  w i l l  t e nd to 

pass current t hru the type PS-2 3 re l ay in the 
rever sed d i rec t io n .  The b ac k  res i s tance of 

PI LOT 
WI RES 

AUX I L I ARY TR IPPING 
RELAY CONTACTS 

_ ,.. TO TR I P  
C I RCUITS 

'-----:>f--�++- TO ALARM 

12 -*-' ��'' o- 8 � � 
REAR V I EW 

DOTTED CONNECTIONS FOR 
REMOTE TR I PP I NG, WHEN USED 

31 -D-5270 

* Fig. 9. External connections of the 48, 125 or 250 volt cl- c  type PS·1 ancJ the type PS-23 relay in the standard case for 
pilot wire s upervisory ancJ n•mote tripping. 
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T Y P E S P S - 1 A N D PS - 23 RE LAYS __________________________________________ �I.�L�. 4�1 -�9�73�A 

"'"�'::. "l:J HCB RELAY J- to _TNFD. 

PO S. NEG. PS- 1  

� I� 
�� 

;:;,-. 6 -c:J-- ,-c:::rJ 
r l&---- 1 -v -

4-� 9 L,§ I 
I I 
I I 
I REAR V I EW 

- - - - � - - - - -

-rr::::n--o 

+ +  -
= ---=:L 

� -

• 

P I LOT 
W I R ES 

I 
' 

TO ALARM 

� ( l 'I �•- t JL_JJgs
T 

I . · - -

POS. 
OR 

NEG. PS-23 t 2 P5-2K- I - .. 

YPE 
RELAY 

-c�O 
PS• 3 .3 � 

TO TR I P  
C I RCU I TS 
TO ALARM 

- n - - , I I 
I 

.L -
--=- 90 VOLT ! - B 1 2  "2:5t1�'0\�� I -T- BATTERY , t +  

-,-- -{ f- __;  REAR V I EW 
' -'  �-

AUX I L I ARY TR I PP I NG 
RELAY CONTACTS 

DOTTED CONNECT I ONS FOR 
R EMOTE TR I PP ING, WHEN USED. 

31-D-5271 
* Fig. 1 0. External connecti ons of the 22 volt d-e type PS- 1 and the type PS-23 relays in the standard case for p i lot wire 

supervisory and remote tripping. 

POS. NEG. 

VALUES FOR RES I STOR R 

f�F�� 
250 6700 Q --� 

- ---- [ - .  > 

I to MFD. i 
' -l ... l -1 � � --- 1� _--:.. -�' -- -

REAR V I EW 

DOTTED CONNECT! OMS FOR 
REMOTE TR I PP ING,WHEN USED 

l TO TYPE 

J 
HCB RELAY 

31 -D-5272 

* Fig. 1 1 .  External connections of the 48, 125 or 250 volt d-e type PS- 1 and the type PS-23 relays in the type FT case 
for pilot wire supervisory and remote tripping. 
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T Y P ES P S - 1 A N D PS - 23 R E LAYS ______________________________________________ __ 

INSULATING TRANSFORMER �
�-------.----------,_ 

::.'m., { � ,......._.."'---t--. 

POS. NEG. 
2 J A I 

" C PS·I I 3 �0 
I E D 6 

12 I 

TO TYPE 
HCB RELAY 

_ _ TO TR I P  
C I RCUITS 

L-;>-1'-----*-0++--.. TO ALARM 

OOTTEO CONNECTI OMS FOR 
REMOTE TR I PP I NG, 
WHEN USEO. 

31-D-5273 

*.Fig. 12. External connections of the 22 volt d·c type PS- 1 and the type PS-23 relays in the type FT case for pilot wire 
supervisory and remote tripping. 

t he Rectox units in this relay is suf f ic i ently 

h i gh and , there fore , l im i ts t he magn i tude of 
s uperv i sory current so that both the type PS- 1 

and PS- 23 re lays operate on unde rcurrent. 

(6) . Remote Tr ipp ing 

Remo te tr ipping i s  accomp l ished by applying 
a h i gher d-e vol tage to the p i lot wires at the 

sending end , where the type PS- 1 r e l ay is l o­

c ated . 

For the d - e  operated type PS- 1 see F i gs. 1 1  

and 1 2 .  The pol ar i ty o f  t h i s  vo l tage i s  the 
s ame as the normal vol tage . For 1 2 5  and 250 

vol t  d- e sourc e s ,  res is tors are used to l im i t  

the p i l o t  w ire current . For the 22 vol t  mode ls,  

an extra battery source of h igher vol tage must 
be used. 

Remote tr ipping for a-c operated type PS- 1  

re lays i s  accomp l i shed as indicated i n  F igs . 13 

and 1 4 . Whe n a 90 vo l t  source is u s e d ,  such 

as a "B " bat tery, the two res istors s hown in 

the d iagram should be 1 1 00 ohms each to l i mit 

the p i l ot wire tr ipp ing current to . 00 5 ampere , 

which is suffic ient to operate the PS-23 re l ay 

adj usted for . 002 ampere pickup .  On the other 

h and, a 45 volt bat tery sourc e may be used and 

t he res istors omi tted , in wh ich c as e  the p i lot 

w ir e  current w i l l  i nc r e ase to approx i ma t e l y  

6 

. 004 ampere for the remote tr ipping op erat ion. 

( 7 ) .  D i ffe rence in Ground Potent ial 

These re l ays are connec t ed d i rectly in the 

p i l o t w i r e c i r c u i t  and m u s t  be p r o t e c t e d  
against h i gh pote ntial result ing from induc t i on 

or d i fferences in ground pote nt ial between the 
p i l ot w ire termina l s .  If the magnitude of this 

potent ial is between 200 and 500 vol ts , i t  is 

recommended that 5 mfd . capac i tors be connect­
ed - - one each b e tween the re l ay p i l o t  w i re 
terminals and ground at the type PS - 1  re lay.  
If the magn itude of this potent ia l exceeds 500 

vo l t s ,  spec ial means o f  protecting the r e l ays 

are ava i l able . 

INSTALLATION 
The re l ays should be mounted on switchboard 

p ane l s  or the i r  equivalent in a locat ion free 

f rom d i r t ,  mo i s ture , excess ive v ibrat ion and 

heat. Moun t the rel ay ve rt ically by means o f  

t he two mount i ng studs for the standard cases 

and the type �T proj ect ion case or by means o f  

the four mount ing holes o n  the fl ange for the 

semi - fl ush t�pe FT c as e .  E ither o f  the stud s  

o r  t h e  m o un t i n g  s c r ews m ay be ut i l iz e d  f o r  

grounding the rel ay .  The e lectr ical connec t ions 

may be made d ir e c t  to t he t e rm i n al s  by means 

I 
l 
l 
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TYPE SPS- 1 AND PS- 23RELAYS ___________________________________________ I .
_L_

. 4_1 -
_97_3_A 

1 '15 v. 60 CYC. 

� 

PS-I 
P S · I  I '-t<:r--__,._-----j f---o+-t-

3 

I I  

---1 � MFD. 
L _ _ _ _ _ _ _  , 

0-- - - - - - -j l- - - -c::=:J- j 
I 

TO ALARM 
C IRCU I T  

12 

D.C. / RESI STORS I DOTTED CONNECTIONS FOR 
BATTERY f 1 REMOTE TR I PP I NG, WHEN USED. 

90 v. � \m. : 

0- - - - - - -j f- - �R� ���N� 
RELAY CONTACTS 

TO TYPE 
HCB RELAY 

_ _ To TR I P  
C I RCU ITS 

L-,tf----c>+t--.TO ALARM 

REAR V I EW 

3 1 -D- 5274 

* Fig. 13. External connections of the a-c type PS- 1 and PS-23 relays in the standard case for pilot wire supervis ion and 
remote trip of a two terminal line. 

,--------f-\ 
PS-I i 

A I  

B 3  

TO TYPE 
HCB RELAY 

TO TR I P  
- - C I RCU I TS 115 v. 60 CYC. 

� 
"---:+J"----lro+-t-JTO ALARM 

C I RCU I T  

'--;t"-----cli-0-f-t- • TO ALARM 

I "---:-------j p-=-=---' L - - - - - - --,  

o- - - - - - - � 1- - - c:=J- -
90 Y. \ � EXT. 

12 1 H I I  

�� 
REAR V I EW 

�A�TERY 
/ RESI STORS. DOTTED CONNECTIONS FOR 

I , REMOTE TRIPP I NG, WHEN USED. 
o- - - - - - - -1 1- --- -c=:J- - - - - �  �-"'\ AUX I L l  ARY TR IPP ING 

RELAY CONTACTS 
3l -D-5275 

* Fig. 1 4. External connections of the a·c type PS· 1 and PS-23 relays in the type FT case for pilot wire supervision and 
remote trip of a two terminal line. 
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T Y P E S PS - 1  A N D PS - 23 R E L A Y S  ______________________________________________ __ 

... --...,.., F  

MT"Ci. 1"\0I.eS 
FOR . 1 �0 OIA SCREW 

MT4 .HOLES 
l=oR . 1 �0 DIA· 

REW 

, ,;  0 1 M E � 5 \ 0 N S  v r-�---r--�-,---r--�-,--� 
u. A B C D E  F G H 

94 -D-596 

Fig. 1 5. Outline and Dri lling plan for the auxi liary 4 and 
10 mfd. capacitors. For reference only. 

8 

of screws for steel pane l  mounting or to ter­
minal studs furn ished with the relay for ebony­

a sbes tos or s late panel moun t ing. The term i ­

nal studs may b e  eas i ly removed o r  inserted by 

l ocking two nuts on the studs and then turning 

the proper nut with a wrench. 

The external connect ions for the types PS- 1 

and PS- 23 re l ays are shown in F i gs . 9 to 1 4 .  

For informat ion conc ern ing the type HCB re l ay 

see I . L . 4 1 - 65 8 . 

CA UT I ON These re l ays are connected d irectly 

i n  the p i l o t  w ire c i rc uit and must be  protected 

against high potent ial re sul t ing from induct ion 

or d i fferences in ground potent ial between the 

p i lot wire termina l s .  

SETTINGS 
The re l ays are cal ibrated in the fac tory to 

be energized c ontinuously wi th one mil l iampere 
d - e .  Afte r the r e l ays are c h e c k e d  and i n ­

s tal l ed , the on l y  setting required o n  the d - e  

operated types PS- 1 , PS -23 comb ina t i on i s  t o  

adj ust t h e  s l ide w i re res is tance in t h e  type 

PS-23 so that the m i l l i amme ter in the r e l ay 

ind ic ates that one m i l l i amme ter d-e is c ircu­

l at ing over the pilot w i res . 

If an a-c operated type PS-1 is used with a 

type PS-23 re l ay,  the only setting re quired is 
t o  select the prope r vo l tage t ap in the type 

PS- 1 re l ay and to adj u s t  the s l i de w i re re­

s i stanc e in the type PS-23 rel ay ,  so that the 

m i l l iammeter in the re l ay i n d i c ates that one 

m i l l i ampe re d-e is c i rculating over the p i lot 
w ires. If di ff iculty i s  exper ienced in ge tting 
. 00 1  amp e r e  d - e  s up e rv i s o ry c u r r e n t  i n  t h e  
p i l o t  w i re , se l ec t  the next l ower o r  h i ghe r 

vol tage tap in the type PS- 1 re l ay ,  as may be 
required . 

Due to a re lat ive ly wide var iation in Rectox 
forward re s istance characteristics,  i t  is nec ­

e s s ary to p r o v i d e  an e x t r a t e rm i nal on t h e  

t ransformer secondary coil i n  the a - c  type PS- 1 

relay for purposes o f  adj ustment. In the event 

that . 00 1  ampere d-e supe rv i sory c urrent can­

not be obtained by the combined adjustments of 

the s l ide w i re r e s i s tance i n  the type PS-23 

re l ay and the use o f  the pr imary vo ltage taps 

in the a-c type PS- 1 relay ,  then the connect ion 

to the t rans forme r s econdary coi l in the a-c 

typ e PS- 1 r e l ay must b e  c ha n ge d . I n  s u c h  

case s ,  remove the lead from the center terminal 

on the sec ondary c o i l a nd c onnect i t  to the 

extra term in a l ,  which i s  the top t e rm i nal on 

the co i l . This connec t ion w i l l  raise the vol t­

age output of t he a- c type PS- 1  re l ay so that 

t he current may be adj usted to . 00 1  ampere by 

means of the s l ide w i re res istance in the type 

PS-23 re l ay .  
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TYPE SPS- 1 AND PS- 23 RE LAYS---------------------------------------��� l. l. 4 l - 973A 

CAUT I ON If the pilot w ires are subj ect to 
induction from adj acent transm ission lines it 
is recommended that the relay be set in

,
the 

laboratory rather than while they are di rectly 
c onnected to the pilot wires. This precaution 
is to prevent inj ury to the personnel from 
h igh induced voltages . Neutralizing reactors 
are avai lable for use to keep h i gh voltage 
from the relay. 

ADJUSTMENTS AND MAINTENANCE 
The proper adj ustments to insure correct 

operation of this relay have been made at the 
factory and should not be d isturbed after re­
ceipt by the customer. If the adj ustments have 
been changed , the relay taken apart for re­
pairs, or if it is desired to check the adj ust­
m ents at regular maintenance per iods , the in­
structions below should be followed. 

All contacts should be per iodically cleaned 
with a fine f ile . Style #1002 1 10 f ile is rec­
ommended for this purpose. The use of abrasive 
mater ial for cleaning c ontacts is not recom­
mended, bec ause of the danger of embedd i ng 
small particles in the face of the soft silver 
and thus impairing the contact. 

TYPE PS-1 RELAY, POLARIZED ELEMENT 

With the relay de- energized, remove the per­
manent magnet and adj ust the moving armature 
so that it floats between the poles or lightly 
touches the left-hand pole p iece .  This ad­
j ustment is made by loosening the core screw 
at the back of the element and sh ifti ng the 
entire core and contact assembly . Adj ust the 
stationary contacts so that they make at the 
extreme lim its of the armature travel. Then 
turn each contact sc rew four turns to obtain 
approximately 5/3 2 "  between the stationary con­
tacts. Re-assemble the permanent magnet w ith 
the north pole to the right ( fr ont view) and 
pass . 001 ampere thru the operating coils. 

This should be done by connecting the relays 
per one of the figures or using an equivalent 
resistance in place of the pilot wires and in­
sulating transformer . With this current thru 
the operating coils, adj ust the magnetic shunts 
across the two rear air gaps so that the moving 
contacts float m i dway between the stat ionary 
c ontacts . W i th thi s  adj ustment, the r i ght­
hand contacts should operate at approximately 
. 0013 ampere, and the left-hand contacts should 
close at . 0007 ampere. For three terminal lines, 
the type PS- 1 relay contacts should float at 
. 002 ampere, close to the r ight at . 0023 am­
pere, and close to the left at . 0017 ampere. 

A good way to adj ust the element is to start 
w ith both magnetic shunts at the extreme " i n" 

Fig. 16. Outline and drilling plan for the external res istor 
used with the d-e type PS-1 relay in the type FT 
case for remote tripping. For reference only. 

posit ion , then draw out the r ight-hand shunt 
until the right-hand contacts make at the de­
sired current. Then lower the current and draw 
out the left-hand shunt unt i l  the left-hand 
c ontacts make at the right value . This w ill 
upset the adj ustment for the r ight-hand c on­
tacts, which should then be rechecked. The 
process is easily carried back and forth until 
both values will check properly. The shunts 
are held securely in place by means of a spring 
type clamp. 

TYPE PS-23 POLARIZED ELEMENT 

W ith the relay de- energ ized and w i th the 
permanent magnet removed, the moving armature 
may be adj usted so that it floats between the 
poles. This adjustment is made by loosen ing 
the core screw at the back of the element and 
shifting the entire core and contact assembly . 
Adj ust the stationary contacts so that they 
make at the extr em e  l i m i ts of the armature 
t ravel.  Then turn each contact screw four 
t urns to obta i n  approx i mately 5/32 " gap be­
tween the stat ionary contacts. 

Re -assemble the permanent magnet w i th the 
north pole to the left ( front view) . Connect 
the relay per one of the Figures and pass . 001 
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T Y P E S P S - 1 A N D P S - 23 R E LA Y S  ______________________________________________ __ 

a mpere th rough the r e l ay ,  W i th t h i s  current 

t hru the ope ra ting c o i l s ,  adj ust the magn e t i c  
shunts ac ross the t w o  rear a i r  gap s s o  that 

t he mov i ng c on tac t s  f l oat mi dway be tween the 

s t at i o nary c o n t ac t s . W i t h  t h i s  ad j u stm e nt , 

the r i g ht - ha nd contac ts ( F: v. ) shoul d operate 

at appr ox imat e l y  . 00 2  amper e ,  and the l e ft ­
hand contacts (F. V. ) s hould c l ose at . 0006 am­

pere. 

Start i ng w i t h  both magne t ic shunts out ap­

p rox imat e ly s e ve n  turns, adj ust left hand shunt 

un t i l  the l e ft -hand contac ts make at the d e ­
s i red v a l ue . The r i g h t - hand c a l ibrat i on i s  
a c h i e ve d  a f t e r  the l e ft- hand cal ibrat i on has 

b e e n  comp l e t e d  by t h e  u s e  o f  the adj u s t m e n t  

screw, l oc ated below the r i ght- hand s t at ionary 

c ontac t ,  s t r i k ing the mo v i ng contact assembly 
spr ing. Thi s  al lows for the nec ess ary adj ust­

ment to obtain the corre c t  va lues for the c a l -

ibrat ion o f  t he r i ght hand contac t .  The c ur­

rent requi red to make the r i ght- hand c ontac t s  

w i l l  have t o  b e  i n c r e as e d  a s  the adj u s t ment 

sc rew i s  sc rewed farther against the contact 

assembly sp r ing. 

R E NEWAL PARTS 
Repair work can be done mos t sat is fac t or i l y  

a t  the factory. Howeve r ,  interchange abl e parts 

c a n  be furn i s h e d  t o  t h e  c us t o m e r s  who a r e  

e qu ipped for d o i n g  repair work . When ordering 

parts , always give the c ompl ete nameplate data. 

ENERGY REQUIRE ME NTS 
The 60 cyc l e  burden of the a - c  type PS- 1 is 

approx ima t e l y  0 . 5 v o l t - ampe re at tap v o l tage 
w i th . 00 1  amp e r e  d - e  f l o w i n g  over the p i l o t 

wire.  

r------7 ��---

/ -i DIA DRILL 
FOR THICK 
PANELS 

- -J 
I
� �3-
��-=r 

--+----------tt----1,--_�_:=J-

U5o( S C R E W S  
FOR THIN PAN£.LS 

\ I f: = 
� 

II U S E  S T UD S 
,�FOR THI(K PAN£LS 

- - -
-----1_�1 

/ 
Ji._ OIA DRILL OPfNIN�S fOR 

(Z 1-WLES) THIN PANE.._L 
MOUNTING. 

1�0 3l TERM SC.R£:W &_ STUDS .t_ ,zo MOUNT LNG �un .. -..; 
&._ S T\..1 0 5  

3 9 - C - 94 2  

Fig. 1 7. Outline and dri 1/ing plan for the standard case. See the internal schematics for the terminals suppiied. For 
reference only. 
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T Y P E S  PS - 1  A N D  P S - 23 R E LAYS 

PAN E L  LOC P..T\ON 
FOR PROJ ECTIO N 
T Y P E  MTG. -

PANEL L O CAT I O N  
S E M I  FLUS H T Y P E.  MT�. 

.190-32. TERM. S C R E W  
U S E  . 1 9 0 - 3 2. S T U D  FOR 
T H IC K  PA N E L  MTG. 

i D l A. .  HOLE D R I LL 

PE.R I N T E R N P...L 
S C H E M ATIC FOR\ 
P R O J E. C T I O N MTG. 
ON THICK PP..NE.LS. 

� -

I. L 41-973A 

CUT OUT FOR 

S E M I - FL U S H  

PRO..J E. CT I O N  

4 H  sf> 

j__J_'__���-� 
STUDS FOR P R O J, 

TYPE MT(;. i O I A .  

I H O L E .  (i'. REQ.). 
-fs- 1 8  MTc;. STUD ( 2 REQ.) 

:;j, DIA . HOLES FOR 
SEMI FLU S H  TYPE 
MTG. (4 H O L ES) . 

1 6 -B-2470 

F i g. 1 8 .  Outline and dri lling plan for the 5 1 0  semi-flush or proiection type F T  case. See the internal s chematics for 
the terminals supplied. For reference only. 
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