INSTALLATION

I.L. 41-973.3A

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPES PSA, PSD, PS-4,PS-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
PS-13 or PS-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 PS-13

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

One PS-23 or PS-4

At the other ends to receiveqoSupervisory current

(Three Terminal Line)

Two PS-23 or Two PS4 or
One PS-23 and One PS4

CONSTRUCTION

PS relayseonsistyof the following:

PSA

1 — Polar Unit

1 — Tapped transformer

1~ Full wave rectifier

1 —\External 4 mfd. capaciior

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*Denotes changed from superseded issue.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 &afixed resistors

PS-5

1 — Polar Unit

1 — Externalyd mfd Capacitor
PS-13

1"—Rolar,Alarm Unit (1)

1 —Polar Trip Unit (3)

1%=,Indicating Contactor Switch (ICS)

19— 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-c
trip voltage only)

1-— 4 mfd Capacitor (AC Relay Only)
PS-23
1 — Polar Unit

1 — Indicating Contactor Switch (ICS)
1 — Milliammeter, 5.0 ma

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 gap. 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-c indicating contactor switch is a small

EFFECTIVE DECEMBER 1958



TYPE PS SUPERVISORY RELAYS

MAGNET

| ARMATURE

i

r—ﬁ?{—b-ﬂl
-
t
o
=

wn
|
C

MOVING CONTACT

BALANCED AIR GAPS

[ PERMANENRT

SHUNT

] // <
D:II—.‘—-HI] |
{._._"_J‘Jrr._s___.)

o
&

UNBALANCED AIR GAPS

1834062

Fig. 1. Polar Unit Permanent Magnet FluxiRaths.

tact. When tripping the PS-13, current above 6 ma 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 ma at all voltages rated.

Polar Unit

Polar unit flux paths are shown in figure 1.v 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 seuthypoles, as
shown. By turning the left shunt in, some of ‘the flux
is forced through the armature, making, it a'morth pole.
Thus, reducing the left hand rear®gap will produce a
force tending to pull the armature tothe right. Simi-
larly, reducing the right handggap “will make the arm-
ature a south pole and producesa force tending to pull
the armature to the left.

The alarm unit{contacts of the PSA, PSD, PS-13,
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 arelisted

ineEables IV and V.

Voltage Ratings

Supply voltage ratings of the PSA, PSD, and PS-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-c.

Coil Resistance

Relay DC Resistance
PSA, PSD
& PS-13
Alarm Coils (2) 1050-1250 ()
PS-23 2200-2600 {2
PS-13
Trip Coil 790-970 ()

PS-4 and PS-23 Resistance

Nominal PS-4 and PS-23 total resistance when
adjusted for service is 17,000 ohms less pilot wire
loop resistance at 1 ma.

)

v
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TABLE IV

NOMINAL CALIBRATION VALUES - TWO TERMINAL LINES

M LOW CURRENT ALARM HIGH CURRENT ALARM l&_P_
PSA 0.7 ma 1.3 ma -
PSD 0.7 1.3 —
PS5t — 0.1 —
PS13 0.7t% 1.3t 25V
PS23t 0.6 — 3.5

t Same relay as for three terminal lines
tt These are pilot wire current values
TABLE V
NOMINAL CALIBRATION VALUES - THREEZTERMINAL LINES

RELA\_’ LOW CURRENT ALARM HIGH CURRENT ALARM TRIP
PSA 1.7 ma 2.3 ma -
PSD 1.7 2.3 —_
PS5t — +0.1 —
PS513 1.7tt 2.311 25V
PS23% 0.6 - 3.5

t Same reclay as for two terminal 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 —

2 terminahlineyrelay
3 terminal line relay

Varistor

Varistor resistance decreases Withdan increase
in applied voltage. With 1 ma @-c ‘through a varistor,
the voltage drop is 9 to 12,velts,, With 5 ma d-c, the
voltage drop is 15 to 18.5“Wwolts?” 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 dropr

Rectifiers (IN9T)

Approxipiate forwar@d resistance-120ohms at 1 ma
80ohms at 2 ma

Rating

Continuous forward
current - MA 150

Continuous back
voltage - rms volts 30

Remote Tripping

Remote trip resistors are listed in Table II and

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

The relays have sufficient thermal capacity to
withstand 20 MA d-c continuously when remote trip-
ping. Nominal trip currents in the tripping relays are
5.2 MA d-c with 48 volts, and 7.3 MA d-c, with 125
or 250 volts.

Trip Circuit

The rmain contacts will safely close 30 amperes at
250 volts d-c and the seal-in contacts of the indi-
cating contactor switch will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes. 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 arrpere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c resistance

SETTING THE RELAY

Crerating units of all relays are adjusted in the
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Fig. 2. Internal Schematic of the Type PSA Relay in the
FT21 Case — 120Volt, 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 rsquired 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-c with the supervisien
circuits connected for service. Use the milliammeter
in the PS-23 for this purpose or use a portablemilli2
ammeter with a resistance of less than 200 ohms,
Where it is not practical on three termiral lines to
adjust both receiving relays simultaneously,,set/one
receiving relay for 16,000 ohms total gesistance by
measurement prior to final adjustmentiof the other
receiving relay. This procedure will minimize the
the change in supervision current in thé" 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 4eltage. The full wave rectifier is
connected to a secondary gransformer 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
selectiongofathe 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
frontiofathe tap block to the desired setting by means

Fig. 3. Internal, Schématic of the Type PSD Relay in the
FT11 \\Case ="DC Supply — For Two Terminal
Lines.

of the conneeting screw. When the relay energizes a
type “WL relay switch, or equivalent, use the 0.2
ampere 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 therelay. 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 terminal stude may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For deteiled FT caee 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 PS-13 station. If
the potential to ground can exceed 500 volts, gap or
neutralizing reactor protection is recommended.
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Fig. 4. Internal Schematic of the Type PS-13 Relay in the
FT32 Case: DC Supply — For Two Termindl

Lines.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure corrgct operation
of this relay have been made at the factoryand] should
not be disturbed after receipt by the gustomer. If the
adjustments have been changedgthe ‘relay taken apart
for repairs, or if it is desired to cheek the"adjustments
at regular maintenance periods,4he instructions below
should be followed.

Contasts

All contacts shouldmbe“€leaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. Theluseofsabrasive material for clean-
ing contactsds not reeemmended, because of the dan-
ger of embedding small particles in the face of the
soft silver and'thusdimpairing the contact.

Indicating Contactor Switch (ICS)

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

Fig. 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-c 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-c 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 ma d-c through the varistor and check the voltage
across the varistor. It should fall between 9 to 12
volts. Now apply 5 ma d-c 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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Fig. 6. Internal Schematic of the Type PS-4 Auxiliary Unit
in the Small Molded 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 shoft
circuit. The left hand contact should close withyan
open circuit. Now successively short circuit terminals
6 and 3, 7 and 3. In both cases the right-hand4con-
tact should close.

PSD Relay

Connect per figure 10 except load terminals_6/and
7 with 17,000 ohms resistance for twofterminal line
relays and 8500 ohms. For three terminalyline relays.
Apply rated d-c voltage to terminals%8 and 9. The
contact should float. Then succes§sively short circuit
and open circuit terminals 6 and)7. The right-hand
contact should close with ahort circuit. The left-
hand contact should close withfan open circuit. Now
successively short cireuit terminals 6 and 5, 7 and 5.
In both cases the gightshand“contact should close.

PS-4YAuxiliary 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-c
back voltage'\(positive on “minus” terminal). The
voltage acroSs,the resistors should be substantially
Z€ero.

PS5

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

Fig. 7. Internal) Schematic of the Type PS-5 Ground De-
tector,Relay in the FT11 Case.

polafity of voltage. Both left and right hand contacts
should clese.

PS-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-c 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 dc to terminals 8 and 9. The upper
polar unit should close.

PS-13 (AC)

Ioad 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.
‘ine 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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Fig. 8. Internal Schematic of the Type PSD Relay in the
FT11 Case — DC Supply — For Three Terminal

Lines.

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

Apply 48 volts dc to terminals 8 andg9.%, The
upper polar unit should close.

Calibration Check

CAUTION While the PS relays are connectedyto the
pilot wire it should be assumed that{they‘are ener-
gized. Adjustments should be made withithe pilot
wire disconnected.

The PS relays may be removed “ffom service for
testing, without jeopardizingy HCB“relay protection,
provided that the connections“between the 10 mfd
capacitor and HCB insulatinggtransformer are not
distrubed. However, it{is reéommended that the HCB
relaytrip circuits be openedprior to the circulation of
remote trip current,/even though the HCB relays should
not operate on neminal remote trip currents.

Currents forgcontact closing aie shown in Tables
IV and Vi), 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
1G,000 ohms for three terminal lines.) With contact
initially floating, check current values to close
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RECTIFIER
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8500 0 - 250 V.0.C.

T

RED WANOLE
TEST SwITCH
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Fig. 9. Internal Schematic of the Type PS-13 Relay in the
FT32 Case — 120 volt, 60 cycle supply — For Two
Terminal Lines.

contacts.
PS-5 Relays
Open switches 8 and 9. Apply approximately 5
volts dc across switch jaws 8 and 9. Check pick up
current with relay initially floating.

PS'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-c across
switch jaws 8 and 9, with positive on 9. Check
pickup of upper polar unit contact with contact
initially reset.

PS-23 Relay

Open switches 8,9 and 10and apply approximately
48 volts d-c across switch jaws 8 and 9, with positive
on 9. Check pickup with contact initially reset or
floating.
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POS.
NEG.

00 -
REMOTE 5600 2 - 1
TRIP CONTACTS 14000 Q -

HCB RELAY
INSULATING
TRANSFORMER
SECONDARY

PILOT

1800 Q

2120 Q -

OPTIONAL

1250 @ - 12& V.D.C.
1120 @ - 250 V.D.C.

5600 0 - 125 ¥.0.C.
11200 @ - 250 v.0D.C.

A - REQUIREDRONLY
WHEN HCB RELAY
I SCUSED.

DEVICE NUMBER CHART

OPT IONAL

74 - TYPE PSD RELAY
74G - TYPE PS-5 RELAY
74X - TYPE PS-4 RELAY
85 - TYPE PS-23 RELAY

7.1K 7.1k
8L
L_Rg ., S
7.1
POS g
8 85
10 2
PS
23
1cs —PS
23
8 8s
1 3
TRIP ALARM

USE EITHER

BUT NOT
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™
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TYPE PSA RELAY
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5600 0 125 V.D.C. SECONDARY POS
1180C R 250 V.D.C. lﬁi
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O ¥——
L OPT10NAL

2629632

SAVIIY AYOSIAYILNS Sd 3dAL

5
3

gt

Figre”



£l

»

‘SUyT Joususd ) dday | 103 — shojay p-Sq puo £7-Sd sIdA| Yyym Aojay gsd 294 L aYy4 J0 D1yDWAYDG JouIdxy °S1 614

c62d6Q2e

7.1k

4

. 00- 48 V.D.C
PoS, T 50 0 - 125 V. 0.C
;:rg € 9500 N - 250 v. D.C HCB {NSULATING
nea. CONTACTS ,17 TRANSFORMER
: 1 SECONDARY
L -
) 7% " et
3 __PILOT
\n§ |4
A;: 10 A;: 10
NFD. MFD.
[ 11
AN 4000 0 - 48 V. D.C. Wit
— 8 2240 A~ 125 V. D.C,
1900 A -250 V. D.C.
L 2800 N~ 48 V. D.C.
7500 A -125 V. 0.
15000 A -250 V. D.C
A REQUIRED
ONLY, WHEN
PSD HCB RELAY
1S USED
i} 74
10 T
ALARM ‘l&*’
POS. —o
85

DEVACE NUMBER CHART

74 = TYPE PSD RELAY

74X - TYPE PS-4 AUX. UNIT ) (13 ;:
85 - TYPE PS-23 RELAY
89
1
TRIP

ol

PS
23

85
3

ALARM

==—-P$§-23 RELAY MAY
BE USED (N PLACE
OF PS~4 AUX. UNIT

=— PS-4 AUX. UNIT MAY
BE USED IN PLACE
OF PS-23 RELAY
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Fig. 16. Outline & Drilling Plan for External Remote Trip
Resistor Assembly.

Routine Maintenance

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 isrecommended
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 PS-13 and PS-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 PS-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 PS-23 relays and apply about 48 volts
d-c 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
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Fig. 17. Outline & Drilling Plan for 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, logsen
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 “s@ythat”they 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 permanentgmagnet with the north pole to
the right (front view)s# Turn both shunts all the way
in. With 1.3 or 2.3 na flowingdin 1 ma or 2 ma rating
relays, respectively, draw out the right hand shunt
until theright hand contacts close. Then, with 0.7 or
1.7 ma flowing in 1 ma or 2 ma rating relays, re-
spectively, draw out left-hand shunt until left-hand
contacts close. Recheck and readjust right-hand con-
tact pickup. W Then recheck and readjust left-hand
contact pickup® 'Continue as required.

PS-5 Relays

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

16

Fig. 18. Outline & Drilling Plan for the Type PS-4 Auxili-
ary Unityin the'Semi-Flush Molded Case.

floatingmidway between the pole pieces. Then turn
the contact, screws two full turns in the opening di-
rectionyto obtain approximately 0.050" contact open-
ing. m Reassemble permanent magnet with the north
polé to the right. Turn both shunts all the way in.
Energize with 0.1 ma, positive on terminal 9. Draw
out the right-hand shunt until the right-hand contact
closes. Reverse current of 0.1 ma. 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.

Forthe lowerpolar unit (alarm), draw out the righi-
hand shunt until the right-hand contact closes at 1.3
or 2.3 ma, for the 1 ma and 2 ma relay ratings, re-
spectively. Then draw out the left hand shunt until
the left-hand contacts close at 0.7 or 1.7 ma, for the
1 and 2 ma relay ratings respectively. Recheck and
readjust right hand contact pickup. Then recheck aad
readjust left hand contact pickup. Continue as
required.

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

R,
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l.L. 41-973,

hand shunt until contact closes to the left at 25
volts d-c 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 ma
d-c. Then adjust the right-hand shunt until the right-
hand contacts close at 1.4 ma d-c. 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

N
S

right hand stationary contact, such that 3 @ 1-c
are required to close the right-hand co he
pickup is too léw, move the screw to the lefts This
change will increase the amount of defl of the
moving contact assembly spring, which is required
in order to close the right-hand contact. Pass 10
ma d-c thru the relay, recheck and reaﬁust the right
hand pickup by moving the ment screw only.
Continue as required.

RE mARTS

Repair work canjbe done most satisfactorily at the

factory. H nterchangeable parts can be
furnished to customers who are equipped for doing
repair work. W ordering parts, always give com-

data.
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O
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INSTALLATION

I. L. 41-973A

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPES PS-1 AND PS-23 PILOT WIRE
SUPERVISORY RELAYS

CAUTION
into service,
have been inserted for the purpose of securing
parts during shipment, make sure that all mov-

Before putting protective relays
remove all blocking which may

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, opencircuits, 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.4 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 pilothywire is
opened or shorted. If remote trdpping is re-
quired, the type PS-23 relay provides“a means
of tripping the local breakergby aetion of an
auxiliary relay located at the type PS-1 relay

terminal. When uSed for this function, the
type PS-23 relay doés mnot act as a fault de-
tector to initiate an alarm at its station.
The type PS-28, relay provides a continuous
visual indigationgand means of adjusting the
supervisory current.

Note: WUnlessWotherwise specified, the refer-
ence to the ype PS-1 relay pertains to both
the d-c operated and the a-c operated relays.

CONSTRUCTION AND OPERATION

The, d-c operated type PS-1 relay consists of
aypolarized relay element adapted to operate
on .001 ampere or .002 ampere d-c pilot wire
supervisory current. It is equipped with in-
ternal resistor tubes to obtain this current
from a battery source. The 22 volt d-c 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,

4 e )

To MovinGg @ £l O | 7o Srationary
CoNTAacTS —] CoNTACTS
@ ®

Pgs. rea [ 250 0

4480

750 n

Coits ON
PoLARIZED
ELEMENT —1

Rear View

4-p-1685

PS-1

7o MovinG @ Lex) O | -To STatioNarRY
ConTACTS — CONTACTS
@ &
- ®
@)

Pos.

t~ CoiLs ON
Poirarizeo
ELEMENT

Rear View

5-D-1436

Fig. 1. Internal schematic of the 48, or 125 volt d-c type
PS-1 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 ommitted.

SUPERSEDES |. L. 41-973

*Denotes change from superseded issue.

Fig. 2. Internal schematic of the 22 volt d-c type PS-1

relay in the standard case.
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Fig. 3. Internal schematic of the 48, 125 or 250 volt d-c

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-c circuit. See Figs. 5 and 64
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 off the
rectified current to practically constant®di-
rect current which is introduced ongto the
pilot wires at the mid-tap of the type (HCB re-
lay insulating transformer.

The type PS-23 relay consists,of ‘@,polarized
relay element, a 0-5 milliammetery,an operation
indicator, an adjustable resistor ‘amd a Rectox
unit. These component parts(are ‘eonnected as
shown in Figs. 7 and 8.

POLAR TYPE'RELAY ELEMENT

The polarized rélaygelement consists of an
armature and cofitact 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, ene path across the air gap at the
front of thejelement in which the armature is
located, themother across two gaps at the base
of the £rame. Two adjustable screw type shunts
are located™in the rear air gaps. They change
the €eluetance 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

Fig. 4. Internal ‘schemati€¢ of the 22 volt d-c type PS-1

relay in the'type FT case.

the twe rear air gaps. Flux in the armature
polarizes), it ‘and creates a magnetic bias caus-
ing it{ to meve toward one or the other of the
poles,Wdepending upon the adjustment of the
magnebtic shunts. For the type PS-1 relay, two
operating coils are placed around the armature
withindthe magnetic frame. The windings are
connected in series with each of the pilot
wires. The type PS-23 relay utilizes only 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
towards 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
primary. With tap voltage applied to the
transformer primary, the relay will supply .001
ampere d-c to the pilotwire with approximately
17 volts d-c 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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Fig. 5. Internal schematic of the a-c type PS-1 relay in

the standard case.

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

OPERATION INDICATOR

The operation indicator is a smalld solenoid
coil connected in the trip circuitiWhén the
coil is energized, a spring-restrained armature
releases the white target which fallsjby ‘grav-
ity toindicate completion of the £rdp circuit.
The indicator is reset from outsiderof the
case by a push rod in the coverpor cover stud.

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

Eig. 6. Intérnal 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 Wire-Two Terminal Lines

The relays are continuously energized with
.001 ampere d-c, which is introduced from a
battery source (for d-c operated relay) or an
external a-c source (for a-c operated relay)
through the type PS-1 relay and circulated over
the pilot wire circuit. This current holds the
contact of the type PS-1 relay and the left-
hand contact (front view) of the type PS-23
relay open, and tends to close the right-hand
(front view) contact of the type PS-23 relay.

( Y
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Fig. 7. Internal schematic of the ‘ype PS-23 relay in the

standard case.

Fig. 8. Internal schematic of the type PS-23 reluy in the

type FT case.
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(1b). 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,
which allows .001 ampere for each of the two
type PS-23 relays involved.

(2). Pilot Wire Short Circuited

Short circuits of 2,000 ohms resistance or
less cause the circulating pilot wire current
to increase above the normal value, thus clos-
ing the right-hand (front view) contacts of
the type PS-1 relay and the undercurrent con-
tacts, left-hand (front view) of the type PS-23
relay to initiate an alarm at both terminals
of the pilot wire.

(3). Pilot Wire Open Circuited

Open circuits on the pilot wire will reduce
the circulating supervisory current to zero,
and again initiate an alarm at both the types
PS-1 and PS-23 relay terminals.

(4). Pilot Wire Grounded
The connection of the separate windings of

the type PS-1 relay in each of the pilot wire
circuits provides two circuits of equal im-

pedance from the grounded mid-tap of the po-
tentiometer in the type PS-1 relay to the res

mote terminal on the pilot wire. The type

PS-23 relay contains a relatively high resist-

ance, such that when either pilot wire becomes

grounded at any point along its length, un-
equal currents flow to operate the type PS-1

relay. This provides supervision for ground

fault resistance values of 500 ohms or less.

In the 22 volt d-c relays the anid=point of the

battery is grounded.

Station batteries are frequentlywgrounded at
the midpoint of a circuity consisting of two
lamps connected in series aeross the battery
terminals. An accidental®ground on the station
battery circuits willgmot “affect the ability
of the pilot wire short ciwrcuits or open cir-
cuits, although the Telative sensitivity of
the type PS-1 relay ito grounds on one of the
two wires ofap.a pilot Dpair will be changed.
Ground faultston, thespilot wire will not affect
the grounding lamps, on the station battery be-
cause of{theyhigh internal resistance of the
type PS=1,relay.

(5). Reversed Pilot Wires
Agreversal of the pilot wires will tend to

pass current thru the type PS-23 relay in the
reversed direction. The back resistance of

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

supervisory and remote tripping.

the Rectox units in this relay is sufficiently
high and, therefore, limits the magnitude of
supervisory current so that both the type £S=1
and PS-23 relays operate on undercurrent.

(6). Remote Tripping

Remote tripping is accomplishedby%applying
a higher d-c voltage to the pilot4wires“at the
sending end, where the type PS=1 relay is lo-
cated.

For the d-c operated type BS-1 /see Figs. 11
and 12. The polarity ofgthis voltage is the
same as the normal voltagef (For 125 and 250
volt d-c sources, resistors.are used to limit
the pilot wire curnfent. For the 22 volt models,
an extra battery#source of ‘higher voltage must
be used.

Remote tripping for a-c operated type PS-1
relays is accomplished as indicated in Figs. 13
and 14. When a 9@ volt source is used, such
as a "B" battery, the two resistors shown in
the diagram should be 1100 ohms each to limit
the pilot ware’ tripping current to.005 ampere,
which ds™“sufficient to operate the PS-23 relay
adjusted, for .002 ampere pickup. On the other
hand,, a%¢5 volt battery source may be used and
thewresistors omitted, in which case the pilot
wire current will increase to approximately

6

. 004 ampere for the remote tripping operation.
(7). Difference in Ground Potential

These relays are connected directly 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 this
potential is between 200 and 500 volts, it is
recommended that 5 mfd. capacitors be connect-
ed -- one each between the relay pilot wire
terminals and ground at the type PS-1 relay.
If the magnitude of this potential exceeds 500
volts, special means of protecting the relays
are available.

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 ¥T 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 connections
may be made direct to the terminals by means
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of screws for steel panel mounting or to ter-
minal studs furnished withthe relay for ebony-
asbestos or slate panel mounting. The termi-
nal studs may be easily removed or inserted'\by
locking two nuts on the studs and then turning
the proper nut with a wrench.

The external connections for the types PS-1
and PS-23 relays are shown in Figs®™ 9 to 14.
For information concerning the, typedHCB relay
see I.L. 41-658.

CAUTION These relays are cgonneeted directly
in the pilotwire circuit and ‘must /be protected
against high potential resulting®rom induction
or differences in groundqpotential between the
pilot wire terminals.

SETTINGS

The relays are(calibrated in the factory to
be energized ‘continuously with one milliampere
d-c. After theWrelays are checked and in-
stalled, she only setting required on the d-c
operated types™PS-1, PS-23 combination is to
adjust the slide wire resistance in the type
PS-23 so6 that, the milliammeter in the relay
indicates that one milliammeter d-c is circu-
lating,over, the pilot wires.

If (an /a-c operated type PS-1 is used with a
type PS-23 relay, the only setting required is
to select the proper voltage tap in the type
PS-1 relay and to adjust the slide wire re-
sistance in the type PS-23 relay, so that the
milliammeter in the relay indicates that one
milliampere d-c is circulating over the pilot
wires. If difficulty is experienced in getting
.001 ampere d-c supervisory current in the
pilot wire, select the next lower or higher
voltage tap in the type PS-1 relay, as may be
required.

Due to a relatively wide variation in Rectox
forward resistance characteristics, it is nec-
essary to provide an extra terminal on the
transformer secondary coil in the a-c type PS-1
relay for purposes of adjustment. In the event
that .001 ampere d-c supervisory current can-
not be obtained by the combined adjustments of
the slide wire resistance in the type PS-23
relay and the use of the primary voltage taps
in the a-c type PS-1 relay, then the connection
to the transformer secondary coil in the a-c
type PS-1 relay must be changed. 1In such
cases, remove the lead from the center terminal
on the secondary coil and connect it to the
extra terminal, which is the top terminal on
the coil. This connection will raise the volt-
age output of the a-c type PS-1 relay so that
the current may be adjusted to .001 ampere by
means of the slide wire resistance in the type
PS-23 relay.
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I L. 40-973A

CAUTION If the pilot wires are subject 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 voltages. Neutralizing reactors
are available for use to keep high voltage
from the relay.

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 re-
pairs, or if it is desired to check the adjust-
ments at regular maintenance periods, the in-
structions below should be followed.

All contacts should be periodically cleaned
with a fine file. Style #1002110 file is rec-
ommended for this purpose. The use of abrasive
material for cleaning contacts is not recom-
mended, because of the danger of embedding
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, remové the per-
manent magnet and adjust the movingharmature
so that it floats between the polesyor “hightly
touches the left-hand pole piece. “BhiS ad-
justment is made by loosening the @ere”screw
at the back of the element and shifiting the
entire core and contact assembly. JAdjust the
stationary contacts so that(they 'make at the
extreme limits of the armature, travel. Then
turn each contact screw fouryturns to obtain
approximately 5/32" betweenthe'stationary con-
tacts. Re-assemble the,permanent magnet with
the north pole to thepright (front view) and
pass .001 ampere thru thé operating coils.

This should befdone by connecting the relays
per one of the figures or using an equivalent
resistance, iniplacegOf the pilot wires and in-
sulating/transformer. With this current thru
the operating coils, adjust the magnetic shunts
across theftwo gear air gaps so that the moving
contacts fleat midway between the stationary
contacts. With this adjustment, the right-
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 right at .0023 am-
pere, and close to the left at .0017 ampere.

A good way to adjust the element is to start
with both magnetic shunts at the extreme "in"
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Fig. 16. Outline and drilling plan for the external resistor
used with the d-c type PS-1 relay in the type FT
case for remote tripping. For reference only.

position, then draw out the right-hand shunt
until the right-hand contacts make at the de-
sired current. Then lower the current and draw
out the left-hand shunt until the left-hand
contacts make at the right value. This will
upset the adjustment for the right-hand con-
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

With the relay de-energized and with the
permanent magnet removed, the moving armature
may be adjusted so that it floats between the
poles. This adjustment is made by loosening
the core screw at the back of the element and
shifting the entire core and contact assembly.
Adjust the stationary contacts so that they
make at the extreme limits of the armature
travel. Then turn each contact screw four
turns to obtain approximately 5/32" gap be-
tween the stationary contacts.

Re-assemble the permanent magnet with the

north pole to the left (frontview). Connect
the relay per one of the Figures and pass .001

9
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ampere through the relay. With this current
thru the operating coils, adjust the magnetic
shunts across the two rear air gaps so that
the moving contacts float midway between the
stationary contacts. With this adjustment,
the right-hand contacts (F.V.) should operate
at approximately .002 ampere, and the left-
hand contacts (F.V.) should close at .0006 am-
pere.

Starting with both magnetic shunts out ap-
proximately seven turns, adjust left hand shunt
until the left-hand contacts make at the de-
sired value. The right-hand calibration is
achieved after the left-hand calibration has
been completed by the use of the adjustment
screw, located below the right-hand stationary
contact, striking the moving contact assembly
spring. This allows for the necessary adjust-
ment to obtain the correct values for the cal-

ibration of the right hand contact. The cur-
rent required to make the right-hand contacts
will have to be increased as the adjustmént
screw is screwed farther against the contaet
assembly spring

RENEWAL PARTS

Repair work can be done most saptisfactorily
at the factory. However, inter@hangeablie parts
can be furnished to the customeré&®who are
equipped for doing repair workiy Whém ordering
parts, always give the complete mameplate data.

ENERGY REQUIREMENTS

The 60 cycle burdengef thefa-c type PS-1 is

approximately 0.5 vglt-ampere at tap voltage
with .001 ampere d-c@flowing over the pilot
wire.
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