INSTALLATION

l. L. 41-973A

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, opencircuits, grounds
and reversed pilot wires.

The type PS-1 relay is located at one tenmi-
nal to introduce the supervisory current"to
the pilot wires and to initiate an adarm)when
the pilot wire is opened or shorted.<) The type
PS-23 relay is located at the othefjendiof the
pilot wire circuit and operates to initiate an
alarm at that terminal when the pilot wire is
opened or shorted. If remote trippingris re-
quired, the type PS-23 relay prevides a means
of tripping the local breaker by action of an
auxiliary relay located at’ thejtype PS-1 relay

terminal. When used for this function, the
type PS-23 relayidoesghot act as a fault de-
tector to initiatedan alarm at its station.
The type PS-23“relay provides a continuous
visual indi€ation and means of adjusting the
supervisor$ current.

Note: [Unless otherwise specified, the refer-
endento the/type PS-1 relay pertains to both
the \d-¢yopérated and the a-c operated relays.

CONSTRUCTION AND OPERATION

The" d-c operated type PS-1 relay consists of
a polarized 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,
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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 6.
The relay is also supplied with a 4 mfd. andpa
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 dhe
pilot wires at the mid-tap of the type HCB /re-
lay insulating transformer.

The type PS-23 relay consists)of ajpolarized
relay element, a 0-5 milliammeter,yan,operation
indicator, an adjustable resiston and a Rectox
unit. These component partsiare connected as
shown in Figs. 7 and 8.

POLAR TYPE'RELAY'ELEMENT

The polarized grelay element consists of an
armature and contacet assembly mounted on a
leaf spring supported/symmetrically within a
magnetic frame. The poles of a permanent mag-
net clamp 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 ofgthelelement in which the armature is
located, the “other across two gaps at the base
of the) frame. Two adjustable screw type shunts
are ,Jocated in the rear air gaps. They change
the ‘reluetance of the magnetic path so as to
foree ‘some of the flux thru the moving armature
which 1s fastened to the frame midway between
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Fig. 4. Internal) sehemdtfic of the 22 volt d-c type PS-1

relay in the type FT case.

the twodrean,air gaps. Flux in the armature
polarizesyhit,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 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 smald ,solenoid
coil connected in the trip circuity, When the
coil is energized, a spring-restrainedjarmature
releases the white target which fadls byygrav-
ity toindicate completion of the (trip @ircuit.
The indicator is reset from outside of the
case by a push rod in the coveér orgcover stud.

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

Fig. 6y lnternal 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.
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Fig. 8. Internal schematic of the type PS-23 relay 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 BS-1
relay. This provides supervision_for ground
fault resistance values of 500 ohmsger less.
In the 22 volt d-c relays the@mid=point of the
battery is grounded.

Station batteries are frequently”grounded at
the midpoint of a circuit,consdsting of two
lamps connected in series aéross the battery
terminals. An accidental“ground on the station
battery circuits wild" not “affect the ability
of the pilot wire short circuits or open cir-
cuits, although the relative sensitivity of
the type PS-1 relayito grounds on one of the
two wires ofy,a pilot pair will be changed.
Ground faultsjon, thefpilot wire willnot affect
the grounding damps on the station battery be-
cause of themhigh internal resistance of the
type PS:=1, relay.

(5). (Reversed Pilot Wires
A 'reversal of the pilot wires will tend to

pass/current thru the type PS-23 relay in the
revenseéd direction. The back resistance of
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the Rectox units in this relay is sufficiently
high and, therefore, limits the magnitude “of
supervisory current so that both the type PS-1
and PS-23 relays operate on undercurrent/

(6). Remote Tripping

Remote tripping is accomplished by, applying
a higher d-c voltage to the pilot wiresyat the
sending end, where the type PS4 relay is lo-
cated.

For the d-c operated type(PS-1) see Figs. 11
and 12. The polarity ofgthismsvoltage is the
same as the normal voltage. ¢ For 125 and 250
volt d-c sources, resistors are used to limit
the pilot wire current.9For the 22 volt models,
an extra batterydsource 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 90 volt source is used, such
as a "B" BWattery, the two resistors shown in
the diagramishould be 1100 ohms each to limit
the pilot,wire tripping current to.005 ampere,
whichsisysufficient to operate the PS-23 relay
adjusted for .002 ampere pickup. On the other
hand,™a 45 volt battery source may be used and
the, resistors 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 ST 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

SR k. WO o L I -
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of screws for steel panel mounting or to ter+
minal studs furnished with the 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 typé HCB relay
see I.L. 41-658.

CAUTION These relays are/connéected directly
in the pilotwire circuit and must be protected
against high potential resulbting from induction
or differences in ground,potential between the
pilot wire terminals.

SETTINGS

The relays are calibrated in the factory to
be energized centinuously with one milliampere
d-c. After theyprelays are checked and in-
stalled/ the only setting required on the d-c
operated types®PS-1, PS-23 combination is to
adjust the shide wire resistance in the type
PS-23 (so 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 inthe 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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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 cleaned periodically.
A contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material
for cleaning contacts is not recommended, be-
cause of the danger of embedding small parti-
cles in the face of the soft silver and thus
impairing the contact.

TYPE PS-1 RELAY, POLARIZED ELEMENT

With the relay de-energized, removeé the/per-
manent magnet and adjust the movimg armature
so that it floats between the poles or lightly
touches the left-hand pole piecesm This ad-
justment 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" betweenthe stationary con-
tacts. Re-assemble thé ‘permanent magnet with
the north pole to thé right (front view) and
pass .001 ampere thru thejoperating 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 A£ransformer. With this current thru
the operating coids, 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 should operate at approximately
.0013 ampere, and the left-hand contacts should
closeat .0007 ampere. For three terminal lines,
themtype 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 i
with both magnetic shunts at the extreme "in" -

HOLE

SLOY

Fig. 16. Outline ond drilling plan for the extemal 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 (front view). 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 conta€éts
will have to be increased as the adjustment
screw is screwed farther against the contaeét
assembly spring.

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 the complete nameplate data.

ENERGY REQUIREMENTS

The 60 cycle burden of, the a-c type PS-1 is

approximately 0.5 Volt-ampere at tap voltage
with .001 amperedd-c “flowing over the pilot
wire.
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INSTALLATION

I. L. 41-973A

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 shortcircuits, 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. "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 pidothwire is
opened or shorted. If remote tripping)is re-
quired, the type PS-23 relay prowidesga means
of tripping the local breaker by action of an
auxiliary relay located at the typesPS-1 relay

terminal. When used /for this function, the
type PS-23 relay does “not act as a fault de-
tector to initiate am alarm at its station.
The type PS-23 relay provides a continuous
visual indicatioen and means of adjusting the
supervisory ‘eurrent.

Note: Unlesshotherwise specified, the refer-
ence to, the type PS-1 relay pertains to both
the d<c ‘operated and the a-c operated relays.

CONSTRUCTION AND OPERATION

Theyd-c operated type PS-1 relay consists of
a polarized 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,
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Fig. 1. Internal schematic of the 48, or 125 volt d-c type
PS-1 relay in the standard case., When remote
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or without remote tripping, terminals 7 and 8
and associated resistors are ommitted.
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Denotes change from superseded issue.

Fig. 2. Internal schematic of the 22 volt d-c type PS-1
relay in the standard case.

EFFECTIVE JUNE 1956



TYPES PS-1 AND PS-23 RELAYS

(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 re=
mote terminal on the pilot wire. The ftype
PS-23 relay contains a relatively high resist-
ance, such that when either pilot wire becomés
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 /#hms_or less.
In the 22 volt d-c relays the mid=point of the
battery is grounded.

Station batteries are freéquéntly grounded at
the midpoint of a circuit c¢onsisting of two
lamps connected in seriesWacross the battery
terminals. An accident@l, ground on the station
battery circuits widdy notwaffect the ability
of the pilot wire ,short9ecircuits or open cir-
cuits, although theyprelative sensitivity of
the type PS-1 pelay to grounds on one of the
two wires of a pilot pair will be changed.
Ground faultshon theé pilot wire willnot affect
the grounding, I'amps on the station battery be-
cause of%the high internal resistance of the
type PS-1Urelay.

(5). (Reversed Pilot Wires
A%reversal 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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the Rectox units in this relay is sufficiently
high and, therefore, limits the magnitude%ef
supervisory current so that both the type RS-1
and PS-23 relays operate on undercurrentf

(6). Remote Tripping

Remote tripping is accomplished by applying
a higher d-c voltage to the piloti wires at the
sending end, where the type BS»1“g:elay is lo-
cated.

For the d-c operated type PS-1)see Figs. 11
and 12. The polarity of_this.voltage is the
same as the normal voltage., For 125 and 250
volt d-c sources, réesistorsare used to limit
the pilot wire currenty For the 22 volt models,
an extra batteryfdsource 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 90 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"wire tripping current to.005 ampere,
which®is sufficient to operate the PS-23 relay
adjusted for .002 ampere pickup. On the other
handy,as45 volt battery source may be used and
the ‘resistors 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
groundingthe relay. The electrical connections
may be made direct to the terminals by means

2
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L L 41-973A
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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/ftermi-
nal studs may be easily removed or inserted by
locking two nuts on the studs and then turming
the proper nut with a wrench,

The external connections for the types PS-1
and PS-23 relays are shown infFigs. 9 to 14.
For information concerning the «ype HCB relay
see I.L. 41-658.

CAUTION These relays are connected directly
in the pilotwire circuitvand must be protected
against high potential “restulting from induction
or differences in greund potential between the
pilot wire terminals.

SETTINGS

The relays/ are calibrated in the factory to
be energized contdinuously with one milliampere
d-c. AfterWthe relays are checked and in-
stalled, the 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“so,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.

e B o i e+




TYPES PS-1 AND P$S-23 RELAYS

LL 41-973A

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 cleaned periodically.
A contact burnisher S#182A836HO01 is recommended
for this purpose. The use of abrasive material
for cleaning contacts is not recommended, be-
cause of the danger of embedding small parti-
cles 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 adjust the moving4@armature
so that it floats between the poles or Tlightly
touches the left-hand pole piece. #This%ad-
justment 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 armaturejntravel. Then
turn each contact screw four turns to obtain
approximately 5/32" between theystationary con-
tacts. Re-assemble the permanent magnet with
the north pole to the sright (front view) and
pass .001 ampere thru the operating coils.

This should be done/fby\connecting the relays
per one of the ‘figures oOr using an eguivalent
resistance in placeyof the pilot wires and in-
sulating transformer.” With this current thru
the operating€oils| adjust the magnetic shunts
across the twojredr air gaps so that the moving
contacts float 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 i
with both magnetic shunts at the extreme "in" -
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Fig. 16. Outline ond drilling plon for the extemal resistor
uvsed 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



TYPES PS-1 AND PS-23 RELAYS

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 _curs
rent required to make the right-hand contacts
will have to be increased as the adjustment
screw is screwed farther against the contact
assembly spring.

RENEWAL PARTS

Repair work can be done mostysatisfactorily
at the factory. However, interechangeable parts
can be furnished to theg@ustaomers who are
equipped for doing repair/work.y When ordering
parts, always give the cemplete nameplate data.

ENERGY REQUIREMENTS

The 60 cycle burdenWef the a-c type PS-1 is

approximately 0.5"wolt-ampere at tap voltage
with .001 ampérend-¢ flowing over the pilot
wire.
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TYPES PS-1 AND PS-23 RELAYS
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INSTALLATION

Westinghouse

OPERATION o

I.L. 41-973%5
MAINTENANCE

INSTRUCTIOMS

TYPE PM LINE OF RELAYS FOR PILOT-WIRE
MONITORING AND TRANSFERRED TRIPPING

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 movingparts 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 PM Monitoring Relays provide continuous
monitoring of a pilot-wire circuit to detect open cir-
cuits, short circuits, grounds, and wire reversal. In
addition, transferred tripping can be effected where
the PM-3, PM-13, PMG-13 or PM-23 relays are usgd.
Tablel illustrates the functions available with each
relay. A 10 mfd. capacitor is supplied withi'each PM
relay. This capacitor provides an a-c path between
the two halves of the insulating transf@rmer<second-
ary windings as shown in Figs. 21 through¥27.

Each circuit requires the following:

At one end to introduce monitoringgenrrent
One of the following:
For a-c Supply

Ford-c Supply

PMA BRMD
PMA-1 PMD-1
PM-13 or PMG-13 (a.c4 PM-13 or PMG-13 (d.c.)

At the other end to receive/monitoring current (two-

Two PM-23'or two PM-4 or two PM-2 or any com-
bination of two of these relays.

CONSTRUCTION

BM relays consist of the following:

PMA PMA-1

1-Polar Alarm Unit (1) 1-Polar Alarm Unit

NEW INFORMATION

1-Polar Ground @nit (5)
1-Tapped Transformer
1-Full-Wave Reetifier
3-4 mfd. Qapaecitors
1-Set of Voltage
Dividing Resistors

PMD

1-BolarmpAlarm Unit (1)
1=RBelar Ground Unit (5)
2=4 mfd. Capacitors
1-Set of Potential
Divider Resistors

PMG-13

1-Polar Alarm Unit (1)

1-Polar Ground Unit (5)

1-Polar Trip Unit (3)

1-Indicating Contactor
Switch

1-Set of Potential
Divider Resistors
1-Tapped Transformer
(A.C. Relay only)
1-Full-Wave Rectifier
(A.C. Relay only)
1-Blocking Rectifier
2-Remote Trip Resistors
3-4 mfd. Capacitors
(A-C Relay)
2-4 mfd. Capacitors
(D-C Relay)
PM-23

1-Polar Alarm Unit (2)
1-Polar Trip Unit (3)
1-Indicating Contactor
Switch (ICS)
1-Milliammeter, 5.0 ma.
1-Set of Adjustable and
Fixed Resistors
2-Blocking Rectifiers

1-Tapped Transformer
1-Full-Wave Rectifier
1-4 mfd. Capacitor
1-Set of Voltage
Dividing Resistors

PMD-1

1-Polar Alarm Unit
1-Set of Potential
Divider Resistors

PM-13

1-Polar Alarm Unit (1)
1-Polar Trip Unit (3)
1-Indicating Contactors
Switch
1-Set of Potential
Divider Resistors
1-Tapped Transformer
(A.C. Relay only)
1-Full-Wave Rectifier
(A.C. Relay only)
1-Blocking Rectifier
2-Remote Trip Resistor
1-4 mfd. Capacitor

PM-2

1-Polar Alarm Unit (2)
1-Milliammeter, 5.0 ma.
1-Set of Adjustable
Resistors
1-Blocking Rectifier

EFFECTIVE FEBRUARY 1965
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PM-3
1-Polar Trip Unit (3)

1—-Resistor

1-Blocking Rectifier
1—-Indic¢ating Contactor
Switch (ICS)

PM-4

1--Blocking Rectifier
1—Set of Adjustable &
Fi xed Resistors

TABLE |

PM-5

1—-Polar Ground Unit (5)
2—4 mfd. Capacitors

1-Fixed Resistor

FUNCTION

PMA & PMD

PMA-1 & PMD-1

PM-13 | PMG-13

PM-23

PM-2

PM-3

PM.4

PM-5

Monitoring
Current
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits
Trip
Signal

x 1

X 1

x 1

Receives
Trip
Signal

Sensitive
Ground
Detection

Measures
Monitoring
Current

>

t With External

Resistors
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The polar unit consists of a rectangular shaped
magnetic frame, an electromagnet, a permanent mag-
net, 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
winding 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
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic core upon energization of the switch.
When the switch closes, the moving contacts bridge
two stationary contacts, completing the trip circuit.
Also during this operation two fingers on the arma-
turedeflect a springlocated on the front of the switchf
which allows the operation indicator target to drop.
The targetis reset from the outside of the gaseby a
push rod located at the bottom of the cover.

The front spring, in addition to holding,thedtar-
get, providesrestraint for the armaturefandythus con-
trols the pickup value of the switch.

OPERATILON
Pilot ¥ maitoring
M- citeing »or 4 is"imtroduced into the pilot
wire as Luown S oo gternal’'schematics, figures 21
to 27, by . . Eb . current source. External
schematics:. »wiw®™S® reombinations are available
on request. 4 ro.qundl 20 volts is impressed across

the 10 mfdg cpaciteors@at the left-hand line terminal
in Figure§ 21 go 279%This voltage produces a current
circulating thiroughfene winding of the HCBinsulating
transformer;enedpilot wire, the PM-23, PM-2, or PM-4,
and back through the other pilot wire and the other
winding of HCB insulating transformer.

Adjustment of the resistors of the PM-23, PM-2
OrPEM-4 relay at the other end of the pilot wire pro-
vides a normal one-milliampere d-c circulating cur-
rent. In the caseof three-terminal lines, the monitoring
source relay output current is 2 ma. in order to pro-

vide each receiving end relay with 1 mad Thejalarm
unit of the monitoring current sourcerelay is adjusted
to float between the high and low clirrenf, contacts
with normal monitoring current. The PM=23, receiving-
end alarm relay, is adjusted to float between the
low-current alarm contact and a contact stop with 1
ma. flowing,

A complete or paftial ‘Short circuit on the pilot
wires increases the cufrentrin the current-source re-
lay, causingthe high-currént alarm contactsto close.
The resulting,current, decrease in the PM-23 relay
closesthe alarm‘@entact. Short circuits of 5000 ohms
or less will be“detected.

Open Cirgeuits

Current decreases to zero in all relays. Low-
current@alarm contact of the current source relay
closes. Alarm contact of PM-23 relay closes.

On applications using the PM-23 relay, current
increases in the sending end relay to close the high-
current alarm contacts. Current drops to zero in the
PM-23 relay monitoring coil to close the low-current
alarm contacts.

If the pilot wire should be opened and reclosed
with reversed connections when the PM-23 relay is
in service, the alarm contact (2) in the PM-23 drops
out. The alarm contact dropping out shunts the trip
unit coil (3), and prevents the trip unit contact (3)
from operating momentarily. The trip unit contact is
prevented fromoperating because the capacitor at the
sending end discharges threugh the pilot wire and
the trip unit (3) circuit. This will have no effect on
remote trip operation.

The current decreases in both sending and re-
ceiving end relays when the PM-2, or PM-4 relays
are used. Low current alarm contacts close.

The voltage-divider circuit of the PMA, PMD,
and PMG-13 source relays has its midpoint grounded
through a current-limitingresistor. Thus, a pilot-wire
ground will cause an increase in current in one coil
circuit, and a decrease in the other one. This un-
balance in the current flowing through the two wind-
ings (5) of the ground alarm relay unit will cause it
to closeone of its contacts (depending on which pilot
wire isgrounded)to give an alarm. Grounds of 10,000
ohms or less will be detected.
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For adding the sensitive ground detection where
PMA-1, PMD-1, or PM-13 relays have been installed,
the PM-5 relay can be added to the circuitry, as
shownin figure 24. This relay also has a 10,000-ohm
ground sensitivity.

Transferred Tripping

Breakers located at the PMG-13 or PM-13 and
PM-3 or PM-23 stations can be tripped by the appli-
cation of a d-c voltage to the pilot wires at remote
locations, as shown in figures 21 to 27. Transferred
tripping can be effected from any location by apply-
ing 48 volts d-c (through dropping resistors when re-
quired) to the pilot wire with polarity opposite to
that of the monitoring voltage. When tripping the PM
-23,the current is increased above 2.0 ma, in reverse
direction, to close the trip contact. When tripping
the PMG-13 or PM-13, the reversed d.c. voltage oper-
ates the trip unit (3).

See Tables II and III for tripping resistor values.
Nominal tripping currents is 5ma. at all rated voltages.

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 forcedthrough the armature, making it a north
pole. Thus, reducing the left hand rear gap will pro-
duce a forcetending to pull the armature to the right.
Similarly, reducing the right hand gap will make the
armature a south pole and produce a force téndingyto
pull the armature to the left.

The alarm unit contacts of the sending“and re-
ceiving end relays are biased to méve tagthe left
when the relayis deenergized. The BMG-13 or PM-13
and PM-23 trip unit contact is biased%efmove to the
left when the relay is deenergized: The PM-5 is
adjusted so that the movingycontactffloats when the
relay is deenergized.

CHARACTERISTICS

Nominal Calibration Values

Nominal current values to close contacts are
listed in Tables'lV and V.

Voltage Ratings

Supply voltage ratings of the monitoring source

relays to obtain continuous monitoring 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
20 volts for monitoring, and 48 volts for tripping.
Supply voltage ratings to obtain remot€8tripping
are: 48, 125, and 250 volts d-e»

Coil Resistance (each winding)

Alarm coil (1)
two terminal line
three terminal ling

Alarmcoil (2)

1050- 1250 ohms
700-900 ohms

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm,coil(8) 5200-5800 ohms

PM-4 and PM:.23"Resistance

Nominal PM-4 and PM-23 total resistance when
adjusted for service is 20,000 ohms less pilot wire
loopiresistance at 1 ma.

PMA, PMA-1 and AC PMG-13, PM-13 Burden

0.5 VA at tap voltage —
1.0 VA at tap voltage -

2-terminal line relay
3-terminal line relay

Approximate forward resistance - 560 ohms at 1 ma
300 ohms at 2 ma

Rating

Continuous forward
current - amperes - 1

Continuous back
voltage-rms volts - 200

Remote trip resistors are listed in Table II and
IIT 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
5.0 MA d-c with 48, 125, and 250 volts d-c supply
and a 2000-ohm pilot wire.



TYPE PM MONITORING RELAYS

I1.L.@41-973.5

TABLE I

PMA, PMA-1, PMD, AND PMD-1 APPLICATIONS
EXTERNAL RESISTORS FOR D.C. REMOTE TRIPPING
(2 REQUIRED PER STATION)

# LINE D.C. STATION A STATION A STATION B STATION C
PM-2&PM-3or| PM-28PM-3or
TERMINALS | VOLTAGE |PMA or PMA-1 | PMD or PMD-1| PM-23 or PM-4| PM-23'%¢f PM{4 | TO OPERATE
2 48 200 200 — — PM-23 or PM-3
125 3550 3550 —_ - "
250 9300 9300 - —_ "
3 48 200 200 - — ”
125 2000 2000 — - ”
250 5600 5600 — - "
TABLE IIIA
PMG-13 AND PM-13 (D.C. SUPPLY),APPLICATIONS
RESISTORS FOR D.C,.REMOTE TRIPPING
(2 REQUIRED PER,STATION)
# LINE D.C. STATION A STATION B STATION C
PM-2 & PM-3 or PM-2 & PM-3 or
TERMINALS VOLTAGE PMG-13 or PM-13 PM-23 or PM-4 PM-23 or PM-4 TO OPERATE
2 48 200 t 200 — PMG-13 or PM-13
and PM-23 or PM-3
125 2120 t 2120 — "
250 o600 T 5600 —_ "
3 48 200 t 200 200 "
125 1500 + 1500 1500 i
250 4000 f 4000 4000 .
t Mounted in Relay TABLE 1lIB

(2 REQUIRED PER STATION)

RESISTORS FOR D.C. REMOTE TRIPPING

PMG-13 AND PM-13 (A.C. SUPPLY) APPLICATIONS

# LINE D.C. STATION A STATION B STATION C
PM-2 & PM-3 or | PM-2 & PM-3 or
TERMINALS 4" VOLTAGE PMG- 13 or PM-13 PM-23 or PM-4 PM-23 or PM-4 TO OPERATE
2 48 200 t 200 - PMG-13 or PM-13
and PM-23 or PM-3

125 2120 t 2120 —_ ”
250 5600 t 5600 — "

3 48 200 t 200 200 "
125 1500 t 1500 1500 "
250 4000 t 4000 4000 "

1t Mounted in Relay
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TABLE IV

NOMINAL CALIBRATION VALUES - TWO TERMINAL LINES

2

RELAY LOW CURRENT AL ARM ! HIGH CURRENT ALARM TRIP
PMA or PMA-1 0.7 ma 1.3 ma -
PMD or PMD-1 0.7 1.3 —
PM-5 t - +0.3 -
PMG-13 or PM-13 0.7tt 1.3 tt 14 V.
PM-23 or PM-2 & PM-3 1 0.7 — 14 V.
t Same relay as for three-terminal lines 1—Left-hand contacts, front view.
tt These are pilot-wire current values 2 —Right-hand contacts, front view,
TABLE V

NOMINAL CALIBRATION VALUES - THREE TERMINAL LINES
RELAY LOW CURRENT ALARM HIGH " CURRENT ALARM TRIP
PMA or PMA-1s 1.7 ma 2.3 ma —
PMD or PMD-1 1.7 2.3 -
PM-5 t - +0.3 -
PMG-13 or PM-13 1.7 tt 2.3 1% 14 V.
PM-23 or PM-2 & PM-3 t 0.7 - 14 V.

t Same relay as for two-terminal lines
tt These are pilot-wire current values

The main contacts will safely close 30 ampere$
at 250 volts d-c and the seal-in contacts ofghedindic
catingcontactor switch will safely carry this eurrent
long enough to trip a circuit breaker.

The indicating contactor switchghasytwo taps
that provide a pickup setting of 0.2 or 2 @mperes. To
change taps requires connecting_thedlead located in
front of the tapblock to the deSired setting by means
of a screw connection.

Trip Circuit Constant,

Indicating ContacterSwiteh (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c resistance

SETTRING THE RELAY

Operatingyunits of all relays are adjusted in the
factory to,the*values listed in Tables IV and V to a
toleranee, 0f +5%. No settings are required on these
units.

For all 48/125-volt d.c, relays, connect jumpers
acrossresistors as shownon theinternal schematics.

PM-4, PM-2, and PM-23 Relays

Adjust the resistors in the PM-4, PM-2, or PM-23
relay or relays to a value of 1 MA d-c with the moni-
toring circuits connected for service. Use the mil-
liammeter in the PM-23 for this purpose or use a
portable milliammeter with a resistance of less than
200 ohms. Where it is not practical on three-terminal
lines to adjustboth receivingrelays simultaneously,
set one receiving relay for 18,000 ohms total resis-
tance (including relay coil and resistors) by measure-
ment prior to final adjustment of the other receiving
relay. This procedure will minimize the change in
monitoring current in the first relay to be adjusted
whenmakingthe final adjustment of the second relay.

PMA, PM#i-1, PMG-13 and PM-13 Relays

Select the transformer tap nearest to expected
normal a-c supply vol tage. The full wave rectifier is
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connected to a secondary transformer tap. Where de-
sired, the eutput voltdge 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 the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tapblock to the desired setting by means
of the connecting 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 utilizedfor 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 withthe relay for thick pasel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information, ‘teferde I.L.
41-076.

Where the potential to ground impressed on the
relays can exceed 700 volts, a drainagefreactor in
conjunction with a KX-642 tube, or the reactor in
conjunction with 700 volt carben-blec¢k arresters, is
recommended. For details,,See Proetection of Pilot-
Wire Circuits, AIEE ComindtteelReport, paper 58-1190,
AIEE Transactions, 1959, Wolume 78, Part III B pp.
205-212. Also, see AIEE Special Publication S-117,
Applications and Protection of Pilot-Wire Circuits
for Protective Relaying, July 1960.

ADJUSTMENTS AND MAINTENANCE

The“proper ddjustments to insure correct opera-
tion of this'relay have been made at the factory and
should not be disturbed afterreceipt by the customer.
If the adjustments have been changed, the relay
taken apart for repairs, or if it isdesired to check the
adjustments at regular maintenance periods, the in-
strietions in the succeeding sections should be
followed.

Acceptance Tests

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

Indicating Contactor Switch (ICS)

Close the contact of thé*tripping unit and pass
sufficient direct current throfigh the trip circuit to
close the contactsgef theyICS unit. This value of
current should not/be/greater than the particular ICS
tap setting being uSed{(0.2 or 2.0). The indicator
target should drop“freely.

PMA and PMA-1 Relays

Alarm Unify(1)

Set gheyprimary tap on 120 volts. Connect a vari-
able resistor of approximately 20,000 ohms in series
with%a, low-range d-c¢ milliammeter across terminals
6_apnd 7 with the instrument positive connected to
terminal 7. Apply 120 volts at rated frequency to
terminals 4 and 5. Adjust the 20,000-ohm resistor to
obtaina current of one ma. d.c. For a three-terminal
line relay, use a 10,000-ohm resistor and set the
current to 2 ma. d.c. At this value, the moving con-
tact of the alarm or monitoring relay unit (1) should
float between the two sets of stationary contacts. In
the PMA relay, the ground alarm unit (5) contact
should also float. (This contact will also float when
the relay is de-energized.) Increase and decrease
theoneortwo-milliampere monitoring current to check
the calibration values listed in Tables IV and V.

Reconnect the 20,000-ohm resistor. For the PMA
relay only, short terminals 7 and 3. The contact of
the ground alarm unit (5) should close to the right
when the relay is energized. Remove the short, and
connect it between terminals 6 and 3. The ground
alarm unit (5) should close to the left. The action of
the monitoring unit (1) contact is of no significance
in this simulatedpilot-wire groundtest. To check the
pickup current of the ground detector, first remove
the 20,000-ohm resistor from terminals 6 and 7. Con-
nect a 0-1 d.c. milliammeter in series with a variable
resistor of about 50,000 ohms between terminals 3
and 6. The ground unit should close its left-hand
contact at approximately 0.3 ma. d.c. With the mil-
liammeter and resistor connected between terminals
3 and 7, the right-hand contact should close at 0.3
ma. d.c.
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PMD and PMD-1 Relays

Alarm and Ground Units

Connect an adjustable 20,000-ohm resistor (or
10,000-ohms for a 3-terminal relay) in series with a
d-c milliammeter across terminals 6 and 7 with the
instrument positive connected to terminal 7. Apply
rated d-c voltage to terminals 8 and 9 with positive
onterminal 9. Now check the PMD and PMD-1 relays,
following the proceduregiven in the previous section
for the PMA and PMA-1 relays, respectively. Note,
however, that terminal 5 of the PMD relay corres-
ponds to terminal 3 of the PMA relay.

PM-2, PM-3, and PM-23 Relays

Alarm Unit (2)

Apply a variable d-c voltage of approximately
20 volts torelay terminals 8 and 9 (terminal 9 posi-
tive) of the PM-2 or PM-23 relay. Adjust the voltage
to obtain a reading of one ma. on the relay milliam-
meter, The monitoring polar unit (2) contacts should
float. Reduce the current gradually. The monitoring
alarm contacts shouldclose at 0.7 ma. d.c. The trip-
ping unit (3) of the PM-23 relay should not move
during this test. The milliammeter has beenadjusted
to read 1 ma. *5%. As a result the pointer may not
read zero for a zero current condition.

Tripping Unit (3)

To check the PM-3 relay or the tripping unit of
the PM-23 relay, apply the variable d-c voltage in
series with an external milliammeter to relay ter-
minals 8 and 9 with terminal 8 positive for theé PM-
23 relay, or terminal 9 positive for the PM-3 relay.
When checking the pickup of the PM-23¢trip, unit
contacts (2) so as to remove the shunt résistor from
around the trip coil (3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. andWshould drop out
at approximately 10 volts. The @lamm unit of the PM-
23 relay will not operate duringthis test.

PM-4 Relay

This device is simply a set of resistors and a
diode to connectinto the pilet- wire circuit to provide
a path for the monitoring current. The resistors can
be checked with an ohmmeter, and the diode can be
checked eithergwith an ohmmeter, or as explained in
the section_ entitled ‘‘Rectifier Check’’ under
‘“‘Routine Maintenance’’. If an ohmmeter is used, the
difference infienward andreverseresistance readings
obtained will be dependent on the current flowing
throughtthe*diode.

PM-5 Relay

Apply 5 volts d.c. in series with a 0-1 d.c. mil-
liammeter and a 20,000-ohm variable resistor fo
terminals 6 and 7 with positive on terminal 6. The
left-hand contact should close at approximately 0.3
ma. Now apply the same circuit to terminals 8 and 9
with positive on terminal 9. The right-hand contact
should close at approximately 0.3 ma.

PM 13 Relays - A.C. ang,D. @«

Alarm Unit (1)

Connect a variable 20,000-ohm{resistor (10,000
ohms for a 3-terminal-line relay)in ‘series with a d-c
milliammeter across terminals 8 and 9 with the in-
strument positive on terminal“9uwfFor the a-c relay,
set the primary tap on 120 volts. Now apply the rated
supply voltage to terminals,4 and 5. This will be 48,
125, or 250 volts d.€., om0l20 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a currentyof one ma. for a 2-terminal line
relay, or 2'ma. for a 3-terminal relay. At this value,
the moving“@entaéts of the alarm or monitoring (1)
relay unit(the upper polar unit) should float between
the two setsWodf stationary contacts. Increase and
decreasethe one or 2 ma. monitoring current to check
the calibration values listed in Tables IV and V.

Tripping Unit (3)

To check the operation of the tripping unit 3
¢the lower polar unit), apply a d.c. potential across
terminals 16 (positive) and 20 (negative). The trip-
ping polar unit should pick up at 14 volts, and should
dropout at approximately 10 volts. The resistance of
the series dropping resistors for transferred tripping
(listed in TablesIII A and III BYcan be checked with
an ohmmeter. The circuit location of these resistors
can readily be seen from the external schematic,
Figure 217.

PMG-13 Relays - A.C. and D.C.

Alarm and Tripping Units

Follow the procedure given in the previous sec-
tion for the a-c. and d-c. PM-13 relays.

Ground Unit (5)

Connect the 20,000-ohm (or 10,000-ohm) resistor
and milliammeter across terminals 8 and 9. Withrated
voltage applied and one ma. (or 2 ma.) flowing, suc-
cessively short circuit terminals 3 and 8, then 3 and
9. The ground alarm unit 5 (lower polar unit) should
move first to the left, then to the right. To check the
pickup current of the ground detector, first remove
the 20,000-ohm resistor from terminals 8 and 9. Con-
nect a 0-1d.c. milliammeter in series with a variable
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resistor of about 50,000 ohms between terminals 3
and 8. The left-hand contact should close at approxi-
mately 0.3 ma. d.c. With the milliammeter resistor
connected between terminals 3 and 9, the right-hand
contact should close at 3.0 ma. d.c. The external
schematic diagrams for these relays are shown in
Figure 23 and 25.

Routine Maintenance

CAUTION - Do not makeanyperformance check,
calibration tests, or adjustments while the PM relays
are energized or connected to the pilot wires, to pre-
vent the possibility of inadvertently causing a break
operation. The PM relays may be removed from ser-
vice for testing, without jeopardizing HCB relay
protection, providing that the connections between
the 10-mfd capacitor and the HCB insulating trans-
former are not disturbed.

Contacts

All contacts should be periodically cleaned. 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
danger of embedding small particles in the faceqof
the soft silver and thus impairing the contact.

Operational Check

In addition to cleaning contactsit Is recom-
mended that an operational check be“performed
periodically by opening and short-circititing the pilot
wires, as well as grounding them ab the relay ter-
minals. Note: These pilot-wire faults should not be
applied Eirectly to the pilotewires,when the HCB re-
lays are in service. It is alsg recommended that the
trip circuits of the PM relays be opened (where trip-
ping is used), to prevent the possibility of inadvert-
ently tripping the assoeiatedygircuit breaker during
testing. If the relaysdo not‘perform as expected, and
diode failure is suspectedgthe diode tests described
in the following secfion may be performed.

If there i$ suspicion of a rectifier (diode) failure,
apply 30 valts d.€. reverse voltage (positive on arrow-
head) throughi"a 300-ohm resistance to the diode.
Measure the voltage across the diode. If this voltage
is not esgsentially 30 volts, the diode is short-
Circuited. Now apply 30 volts d.c. in the forward
direction through the 300-ohm resistor, and measure
the voltage across the resistor. If the voltage is not
essentially 30 volts, the diode may have a high for-
ward resistance. If the voltage is zero, the diode is
open-circuited.

Calibration

If the relay has been dismantled or the calibra-
tion has been disturbed, use the following/procedure
for calibration.

With the permanent magnet remoyped, see that the
moving armature floats in the central area of the air-
gap between the poles @f thehpolar unit frame. If
necessary, loosen the“gore screw in the center rear
of the unit and shiftgthe ‘€ore and contact assembly
until the armature floats."("Fhis can best be done with
the polarunitremevedfrom the relay.) Then retighten
the core screw andyreplace the permanent magnet
with the dimpletmorth pole)on the magnet to the left
when viewged frem the front.

Polar Units-General

The following mechanical adjustments are given
as\a guide, and some deviation from them may be
necessary to obtain proper electrical calibration.

Méagnetic Shunt Adjustment

The sensivity of the polar unit is adjusted by
meansof two magnetic, screw-type shunts at the rear
of the unit, as shown in Fig. 1. These shunt screws
are held in proper adjustment by a flat strip spring
acrossthe back of the polarunit frame, so no locking
screws are required. Looking at the relay, front view
turning out the right-hand shunt to open the right-
hand air gap decreases the amount of current required
to close the right-hand contact. Conversely, drawing
out the left-hand shunt increases the amount of cur-
rent required to close the right-hand contact, or
decreases the amount of current required to close the
left-hand contact (with the proper direction of current
flow). Also, if a relay trips to the right at the proper
current, the dropout current can be raised by turning
in the right-hand shunt. The two shunt-screw adjust-
ments are not independent, however, and a certain
amount of trimming adjustment of both shunt screws
is generally necessary to obtain the desired pickup
and dropout calibration.

In general, the farther out the two shunt screws
are turned, the greater the toggle action will be, and
as a result, the lower the dropout current. For the
tripping units (3) of the PM-3, PM-13, and PM-23 re-
lays, toggle action is desirable, with a dropout cur-
rent around 75 percent of the pickup current. For the
monitoring alarm relay units, toggle action is not
desired. Instead, the armature is adjusted to float
between the pole faces at a given current (1 or 2
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The following chart indicates the units present in each relay.

FUNCTION PMA | PMA-1 pyo  pym3 | PM4 | PM5 | PM13 PMG13| PM23
AND UNIT PMD | PMD-1
Alarm for p.w. open, short or reversal x X X X e %
() (2)
Transfer- Trip Unit (3) X X X X
Alarm for p.w. ground (5) X X X
D.C. Path for Monitoring Current X

ma.), and to move gradually toward the high or low-
current alarm as the coil current is increased or
or decreased. Similarly, the floating adjustment of
of the armature of the ground alarm unit (5) requires
that both shunt screws be turned in relatively far.
Then the armature will move gradually to the left or
right as the current through the two #5 coils is
unbalanced.

The electrical calibration of the polar unit is
also affected by the contact adjustment as this
changes the position of the polar unit armature. Do
not change the contact adjustment without rechecking
the electrical calibration.

Contact Adjustment - All Relays

For all monitoring alarm units, designated 1) or
(2), turn in all the stationary contact amnd contact
stop screws until they just touch the moving centaect.
Advance the screws to hold the armature4in the cen-
tral portion of the magnetic air gap befween<the two
pole faces. (The stationary contactgserewsphave a
round silver contact face; the stop scrfews do not
have this silver facing.) Now back“offall the con-
tact and contact stop screws ofie fitllaturn. This will
give a total contact travelfef 08050/inch. When the
relay is properly calibfated, seme touch-up adjust-
ment may be necessafy softhat double contacts will
both close at the same)current value. The contact
gap between the floating“imoving contact and the
right-hand or left-hand stationary contacts or contact
stops will be approximately 0.025 inch when the re-
lay is in operation.

For the tripping (3) units of the PM-3, PM-13,
PMG-13,%and "PM-23 relays, adjust the contacts as
descrided. in, the previous paragraph, except back off
the 4qeontact and stop screws one-half turn each to
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give a total moving contaet travel of approximately
0.025 inch. In operation“ef the tripping unit, the mov-
ing contact will nogmally rest against the contact
stop screws, andwill pick up only for a transferred-
tripping operation.

Forthe pilet-wire ground alarm unit (5) of the
PMA, PMDMNPM5, and PMG-13 relays, follow the
same general procedure except back off both station-
ary’contact’screws two turns each. This will give a
contact gap of 0.050 on each side of the moving con-
tact ‘'when it is its normal central position.

Electrical Calibration - All Relays

In the following sections, the calibration in-
structions are given for the polar unit which performs
a certain function, such as alarm (1) or (2), ground
(5), or trip (3), rather than giving calibration in-
structions for each complete relay. In this way, con-
siderable duplication of instructions has been elim-
inated.

Alarm Unit (1)

Connect therelay as described under Acceptance
Tests for the particularrelay involved. Screw the two
magnetic shunts all the way in, then back them out
five turns each. With the relay energized at rated
voltage, set the monitoring current at 1.3 or 2.3 ma.
d.c. for 2 or 3-terminal relay respectively, by adjust-
ing the external resistor. If the relay does not close
its right-hand contact, turn in the left shunt screw
until the right-hand contact just closes. If the right-
hand contact is closed at 1.3 ma., turn in the right
shunt until a point is reached when the right-hand
contact is just closed at 1.3 ma.

Now drop the current to 0.7 ma. and adjust the
opposite shunt until the left-hand contact just closes
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at 0.7 ma. d.c. At 1.0 ma. d.c., the moving contact
should float half waybetween the two sets of station
ary contacts with a 0.025-inch gap on each side. Re-
check the high and low current calibration several
times, touching up the shunt adjustments as required
to obtain the desired calibration.

Polarization Check

For all the source relays, which are listed be-
low, make the followingadditional calibration check:

PMA PM-13 (a.c. and d.c.)
PMA-1 PMG-13 (a.c. and d.c.)
PMD

PMD-1

After calibration as described in the previous
sections, connect a 20,000 ohm resistor (or 10,000
ohms for 3-terminal applications) across the output
terminals, and energize the relay at its rated supply
voltage. With these connections, approximately one
(or two) milliamperes d.c. will flow through the
monitor relay coils and external resistor, thus rep-
resenting normal operating conditions.

Now momentarily (one second or so) apply 48
volts d.c. directly to the pilot-wire terminalssyof“th'e
relay, as indicated in the following table{

Relay Terminals for Momentary Application
of 48 V. d.gs
POS. NEG.
PMA, PMA-1) 6 7
PMD, PMD-1J
PM-13 (a.c. or d.c.) } 8 9
PMG-13 (a.c. or d.c.)}

After momentary application of the transfer-trip
voltage as just explainedsfecheck the calibration of
the monitoring alarmdunit (1). If it has changed, make
necessary trimming.adjustments of the shunt screws
until there is_no“ehange in calibrating of the alarm
unit (1) after the transfer-trip voltage has been
applied. “The pufpose of this test is to compensate
for the smalliresidual magnetism in the relay unit.
The ground alarm unit (5) will not be affected by this
test as the ampere-turns of the two windings cancel
éach other.

For the alarm unit of the PM-2 or PM-23 relays,
adjust the shunts so that the relay moving contact

floats at one ma. d.c., and closes the left-hand con-
tact at 0.7 ma. d.c. The moving contaety sheudd float
midway between the contact and contact Stop at 1.0
ma. d.c. There is no high-current calibration for this
relay unit.

Now apply 48 volts d.c. momentdrily (one second
or so) across the alarm undt¥coil-circuit terminals in
a direction to operate,thejalarm relay. Then recheck
the alarm unit calibratien. 4f"there is any change,
touch up the shunt™adjustments until there is no
changein calibration after 48 v. d.c. has been applied.

Tripping Unit (3)

To calibrateithe tripping unit of the PM-3, PM-13,
PMG-13,0or"BM-23 relays apply a d.c. voltage as ex-
plaingd /below, to the following relay terminals:

D.C. | Voltage |
Relays Pos. Neg.
PM-3 g 8
PM-13 (a.c. or d.c.) 16 20
PMG-13 (a.c. or d.c.)] 8 9
PM-23 s | 9

Momentarily (one second or so) apply 48 volts
d.c. to the terminals shown in the chart. Then starting
with both shunts all the way in, turn out the right-
hand shunt screw until the relay closes itsright-hand
tripcontact at 14 volts d.c. (This will give approxi-
mately 2 ma. through the relay coil.) Now draw out
the left-hand shuntuntil the relay resets with toggle
action (not gradually) at not less than 10 volts d.c.
When the calibration is approximately correct, again
apply 48 volts d.c. to the indicated terminals, then
recheck the pickup and dropout voltage, making any
necessary trimming adjustments of the shunts. When
the relay is properly adjusted, the application of 48
volts.d.c. will not changethe pickup or dropout volt-
age points. The relay should trip and reset with tog-
gle action in this application. This will require both
shunt screws to be withdrawn farther than for float-
ing action.

Ground Alarm Unit (5)

For the PM-5 relay, turn both shunt screws all
the way in, then back them out five turns each. Pass
a current of 0.3 ma. d.c. in terminal 6 and out ter-
minal 7. Following the same general procedure as
described previously in the section entitled ‘“Alarm
Unit (1),”” adjust the shunt screws so that the left-
hand contactcloses at 0.3 ma. Nowpass 0.3 ma. d.c.

n
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in terminal 9 and out terminal 8, and adjust for clos-
ingof the right-hand contact at 0.3 ma. Recheck both
pickup points several times, and make trimming ad-
justments of both shunts as required to obtain con-
tact closing at 0.3 ma. d.c. in each direction.

For the ground unit (5) of the PMA, PMD, and
PMG-13 relays, connect a variable resistance of
about 50,000 ohms in series with a.0-1 d.c. milliam-
meter between the terminals indicated in the follow-
ing table:

Turn the shunts all the way in, then back them
out five turns each. With the relay connected as
shown in the left-hand column of the table, apply
rated voltage to the relay and adjust the 50,000-ohm
resistor for 0.3 ma.d.c. Now following the procedure
in the previous paragraph for the PM-5 relay, adjust
the shunts until the left-hand contact closes at 0.3
ma. d.c. Change the connections as indicated in the
right-hand column, and adjust the opposite shunt un-
til the right-hand contact closes. Recheck back and
forth several times and make necessary trimming
adjustments to obtain pickup at 0.3 ma. In each
direction. The armature will move gradually as the

current is changed for this relay unit.

Close the main relay tripping contact circuit with
a jumper connected directly across the contact ter-
minals of the polar unit. Pass sufficient direct €ur-
rent through the relay trip circuit to closefthe contacts
of the ICS unit. This value of curtentishould not be
greater than the ICS tap setting being used (0.2 or
2.0). The indicator target shouwl@“dropfreely. The
contact gap should be approximately /07047 inch be-
tween the bridging moving contact ‘and the adjustable
stationary contacts. Thegbridging moving contact
should touch both stationary comtacts simultaneously.

RENEWAL PARTS

Repair workjcampbe done most satisfactorily at
the factory, However, interchangeable parts can be
furni sh'ed” to%the customers who are equipped for
doing répaipwoerk. When ordering parts, always give
the complete nameplate data.

Ground Alarm (5) Calibration

Relay Terminals
Relay L. H. Contact/Check R.H. Contact Check
PMA 3tand 6 3and 7t
PMD 5 *4nd 6 5and 7%
PMG-13 3%tand 8 3and9t

+ Milliammeter positive to this ferminal

12
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INTERWAL SCHEMATIC
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Fig. 2. Internal schematic of the type PMA relay in FT
31 case - 120 volt, 60 cycle supply — For two
terminal lines.

Fig. 3. “Internal schematic of type PMA-1 relay in the
FTW21 case — 120 volts, 60 cycle supply —~ For
two terminal lines.
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Fig. 4. Idfernal) schematic of type PMA relay in FT 31
case - 120 volt, €0 cycle supply — For three
terminal lines.

14

Fig. 5. Internal schematic of type PMA-1 relay in FT 21
case — 120 volt, 60 cycle supply — For three
terminal lines.
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Fig. 6. Internal schematic of the type PMD relay in FT
21 case — DC supply — for two terminal lines:

Fig. 7. Internal schematic of the type PMD-1 relay in the
FT 11 case - DC supply — For two terminal lines.
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‘Fig. 8. Internal schematic of the type PMD relay in the
FT 21 case — DC supply — For three terminal
lines.

Fig. 9. Internal schematic of the type PMD-1 relay in
the FT 11 case — DC supply — For three terminal
lines.
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INTERNAL SCHEMATIC
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Fig. 10. Internal schematic of the type PM-2 relay in the

Fig. 11."Internal schematic of the type PM-3 relay in the
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Fig. 12. Internal hschematic of the type PM-4 Auxiliary

Unit in the small molded case.
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Fig. 13. Internal schematic of the type PM-5 ground
detector relay in the FT 11 case.

e 4



TYPE PM MONITORING RELAYS I.L. 41-973.5

INTERNAL SCHEMATIC

A~ 4
COINECT THIS LEAD AS %250 0 Fos 128 ¥,
INTERNAL SCHEMATIC 34ux DOTTED FOR 48 D.C. &
INDICATING ¥.0.C. OPERATION. (BIPASSED FoR &3 v,
CONTACTOR

SWITCR ——-

5.c. BEUAY.)

220 @ FOR uluo v.
i " s 8 ro: ngn.:i " o For W8/125
5060 9 | UPPER (XN 200 0 FOR A/126 V.
— A PouR U 8.C. RELAY

(MONITORING)Y LOwER POLAD DNiT 12000 0 FOR 250 ¥,
LowER (a1 Peine) 0.6, aQLAY
POLAR URIT z ] ”-

N noICATING
{TRiprias) HILLAETER coNTACTOR o e FOR WA/ 25 v.0.C.
/‘” 1 iTen h I:Lﬁ’,’g! :;m
- )
] i 0 0,

280 ‘ 5000 0 — 1,1 tes U*r

10000 ¢ T .

3

2120 0
UPPER
{mnmm’f-
- A
|- RED WANDLE WA 5000 0
- - TEST SWITCh H
 CURRENT
Test
JACK
" TERMINAL
FRONT VIEW
REQ MARDLE
1— TEST swifck
- TEmiIAL

f”? ¥l El

187A87h 184ak9s

Fig. 14. Internal schematic of the type PM-23 relay in
the FT 21 case.

Fig. 15, Internal schematic of the type PM-13 relay in the
FT 32 case ~ DC supply ~ For two terminal

lines.
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Fig.)l6. Internal schematic of the type PM-13 relay in the

Fig. 17. Internal schematic of the type PM-13 relay in the
FT 32 case — DC supply ~ For two terminal lines.

FT 32 case — 120 volt, 60 cycle supply ~ For
two ¢r three terminal lines.
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INSTALLATION

Westinghouse 1.L. 41.973.5E

OPERATION o

MAINTENANCE

INSTRUCTIOMNS

TYPE PM LINE OF RELAYS FOR PILOT-WIRE
MONITORING AND TRANSFERRED TRIPPING

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 movingparts 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 PM Monitoring Relays provide continuous
monitoring of a bilot-wire circuit to detect open cir-
cuits, short circuits, grounds, and wire reversal. In
addition, transferred tripping can be effected wheré
the PM-3, PM-13, PMG-13 or PM-23 relays are used
Tablel illustrates the functions available with each
relay. A 10 mfd. capacitor is supplied with each PM
relay. This capacitor provides an a-c p@ath between
the two halves of the insulating transfermer‘second-
ary windings as shown in Figs. 21 throughy27.

Each circuit requires the following:

At one end to introduce monitoringseurrent
One of the following:

PMA PMD
PMA-1 PMD-1
PM-13 or PMG-13 (a.c#) BM-13 or PMG-13 (d.c.)

At the other end to reeeive monitoring current (two-

One PM-23%r1 PM=2 or PM-4

At the otherefids to’receive monitoring current (three-
terminal®line

Two PM-23 or two PM-4 or two PM-2 or any com-
bination of two of these relays.

CONSTRUCTION

PM relays consist of the following:

PMA PMA-1

1-Polar Alarm Unit (1) 1-Polar Alarm Unit

SUPERSEDES I.L. 41-973.5D

*Denotes change from superseded issue.

1-Polar Ground, Unit(5)
1-Tapped Transfommer
1-Full-Wave Rectifier
3-4 mfd. @apacitors
1-Set offRotential
Dividing Resistors

PMD

1=Polar Alarm Unit (1)
I=Pelar Ground Unit (5)
2-4 mfd. Capacitors
1-Set of Potential
Divider Resistors

PMG-13

1-Polar Alarm Unit (1)

1-Polar Ground Unit (5)

1-Polar Trip Unit (3)

1-Indicating Contactor
Switch

1-Set of Potential
Divider Resistors
1-Tapped Transformer
(A.C. Relay only)
1-Full-Wave Rectifier
(A.C. Relay only)
1-Blocking Rectifier
2-Remote Trip Resistors
3-4 mfd. Capacitors
(A-C Relay)
2-4 mfd. Capacitors
(D-C Relay)

PM-23

1-Polar Alarm Unit (2)
1-Polar Trip Unit (3)
1-Indicating Contactor
Switch (ICS)
1-Milliammeter, 5.0 ma.
1-Set of Adjustable and
Fixed Resistors
2-Blocking Rectifiers

1-Tapped Transformer
1-Full-Wave Rectifier
1-4 mfd. Capacitor
1-Set of Potential
Dividing Resistors

PMD-1

1-Polar Alarm Unit
1-Set of Potential
Divider Resistors

PM-13

1-Polar Alarm Unit (1)
1-Polar Trip Unit (3)
1-Indicating Contactors
Switch
1-Set of Potential
Divider Resistors
1-Tapped Transformer
(A.C. Relay only)
1-Full-Wave Rectifier
(A.C. Relay only)
1-Blocking Rectifier
2-Remote Trip Resistor
1-4 mfd. Capacitor

PM-2

1-Polar Alarm Unit (2)
1-Milliammeter, 5.0 ma.
1-Set of Adjustable
Resistors
1-Blocking Rectifier

EFFECTIVE JUNE 1969
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PM-3 PM-4

1—-Polar Trip Unit (3)
1—Resistor
1-Blocking Rectifier

1-Indicating Contactor
Switch (ICS)

1-Blocking Rectifier
1—Set of Adjustable &
Fixed Resistors

TABLE |

PM-5

1—Polar Ground Unit (5)

2—4 mfd. Capacitors
1-Fixed Resistor

FUNCTION

PMA & PMD | PMA-1 & PMD-1 | PM-13

PMG-13

PM-23 | PM-2 | PM-3 [\RM-4 PM-5

Monitoring
Current
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits
Trip
Signal

% [ xt] x

t xt

Receives
Trip
Signal

Sensitive
Ground
Detection

Measures
Monitoring
Current

t With External Resistors

]

' 1
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Polar Unit

The polar unit consists of a rectangular shaped
magnetic frame, an electromagnet, a permanent mag-
net, 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
winding or windings are wound around a magnetic
core. The armature is fastened to this core and is
freeto 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
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic core upon energization of the switch.
When the switch closes, the moving contacts bridge
two stationary contacts, completing the trip circuit.
Also during this operation two fingers on the arma-
turedeflect a springlocated on the front of the switch,
which allows the operation indicator target to®drop.
The targetis reset from the outside of the gase by a
push rod located at the bottom of the coyer.

The front spring, in addition to holding the, tar-

get, providesrestraint for the armaturefand thias con-
trols the pickup value of the switchs

OPERATLOW

Pilot Wire Monitoring

Monitoring current ismintradiiced into the pilot
wire as shown in the externalischematics, figures 21
to 27, by the monitesingWmedrrent source. External
schematics showing othierfcombinations are available
on request. A neminal 209 volts is impressed across
the 18 mfddcapaciter at the left-hand line terminal
in Figure§ 21 o 27,.This voltage produces a current
circulatingthroughione winding of the HCB insulating
transformer, oneypilot wire, the PM-23, PM-2, or PM-4,
and back through the other pilot wire and the other
winding of HCB insulating transformer.

Adjustment of the resistors of the PM-23, PM-2
or'"PM-4 relay at the other end of the pilot wire pro-
vides a normal one-milliampere d-c circulating cur-
pent. [n the case of three-terminal lines, the monitoring
source relay output current is 2 ma. in order to pro-

vide each receiving end relay with 1 ma.{The alarm
unit of the monitoring current source rel ay®i s“adgttsted
to float between the high and low currenticontacts
with normal monitoring current. The PM-23mp€ceiving-
end alarm relay, is adjusted to float between the
low-current alarm contact and a contact stop with 1
ma. flowing.

Short Circuits

A complete or partialyshort circuit on the pilot
wires increases the cufrent in the current-source re-
lay, causing the highaeurrent alarm contactsto close.
The resulting current! decrease in the PM-23 relay
closesthe al@rmcontact. Short circuits of 5000 ohms
or less willi'be detected.

Open Cirguits

Current decreases to zero in all relays. Low-
cuntent, alarm contact of the current source relay
cleses. Alarm contact of PM-23 relay closes.

Reversed Wires

On applications using the PM-23 relay, current
increases in the sending end relay to close the high-
current alarm contacts. Current drops to zero in the
PM-23 relay monitoring coil to close the low-current
alarm contacts.

[f the pilot wire should be opened and reclosed
with reversed connections when the PM-23 relay is
in service, the alarm contact (2} in the PM-23 drops
out. The alarm contact dropping out shunts the trip
unit coil (3), and prevents the trip unit contact (3)
from operating momentarily. The trip unit contact is
prevented from operating because the capacitor at the
sending end discharges through the pilot wire and
the trip unit (3) circuit. This will have no effect on
remote trip operation.

The current decreases in both sending and re-
ceiving end frelays when the PM-2, or PM-4 relays
are used. Liow current alarm contacts close.
Grounds

The voltage-divider circuit of the PMA, PMD,
and PMG-13source relays has its midpoint grounded
through a current-limitingresistor. Thus, a pilot-wire
ground will cause an increase in current in one coil
circuit, and a decrease in the other one. This un-
balance in the current flowing through the two wind-
ings (5) of the ground alarm relay unit will cause it
to closeone of itscontacts(dependingon whichpilot
wire isgroundedyto give an alarm. Grounds of 10,000
ohms or less will be detected.
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For adding the sensitive ground detection where
PMA-1, PMD-1, or PM-13 relays have been installed,
the PM-5 relay can be added to the circuitry, as
shown in figure 24. This relay also has a 10,000-ohm
ground sensitivity.

Transferred Tripping

Breakers located at the PMG-13 or PM-13 and
PM-3 or PM-23 stations can be tripped by the appli-
cation of a d-c voltage to the pilot wires at remote
locations, as shown in figures 21 to 27. Transferred
tripping can be effected from any location by apply-
ing 48 volts d-c (through dropping resistors when re-
quired) to the pilot wire with polarity opposite to
that of the monitoring voltage. When tripping the PM
-23, the current is increased above 2.0 ma, in reverse
direction, to close the trip contact. When tripping
the PMG-13 or PM-13, the reversed d.c. voltage oper-
ates the trip unit (3).

See Tables II and III for tripping resistor values.
Nominal tripping currents is 5ma. atallrated voltages.

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 polesy
as shown. By turning the left shunt in, some of the
flux is forcedthrough the armature, making it a nosth
pole. Thus, reducing the left hand rear gap will pro#
duce a force tending to pull the armature to thefright.
Similarly, reducing the right hand gap will make the
armature a south pole and produce a force téendingsto
pull the armature to the left.

The alarm unit contacts of the sending¥%and re-
ceiving end relays are biased togmove 10 the left
when the relayis deenergized. The PMG113 or PM-13
and PM-23 trip unit contact isbi@sed™® move to the
left when the relay is ,deenergized. The PM-5 is
adjusted so that the moyingycontact floats when the
relay is deenergized,

CHARACTERISTICS

Nominal Calibration Values

Nominal ‘eurrent values to close contacts are
listed in T@blkeSNMV and V.

Voltage Ratings

Supply voltage ratings of the monitoring source

relays to obtain continuous monitoring current are
as follows:

DC - 48, 125, and 250 volts
AC— 120 volts, 60 cycles (Primary taps 100,
110, 120 & 130)
Voltageimpressed on the pilot wire is a nom#nal
20 volts for monitoring, and 48 volis,for tripping.
Supply voltage ratings to obtain remeétestripping
are: 48, 125, and 250 volts d-e.

Coil Resistance (each winding)

Alarm coil (1)
two terminal line
three terminal line

Alarm coil (2)

1850-1250 ohms
700-900 ohms

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alatm coilg(5) 5200-5800 ohms

PM-4 and PM-23"Resistance

Nominal, PM-4 and PM-23 total resistance when
adjusted for service is 20,000 ohms less pilot wire
lo6ppesistance at 1 ma.

PMA, PMA-1 and AC PMG-13, PM-13 Burden

0.5 VA at tap voltage -
1.0 VA at tap voltage -

2-terminal line relay
3-terminal line relay

Rectifiers

Approximate forward resistance- 560 ohms at 1 ma
300 ohms at 2 ma

Rating

Continuous forward
current - amperes - 1

Continuous back
voltage- rms volts - 200

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
5.0 MA d-c with 48, 125, and 250 volts d-c supply
and a 2000-ohm pilot wire.

’N«ﬁ\
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TABLE Il

PMA, PMA.1, PMD, AND PMD-1 APPLICATIONS
EXTERNAL RESISTORS FOR D.C. REMOTE TRIPPING
(2 REQUIRED PER STATION)

# LINE D.C. STATION A STATION A STATION B STATION C
PM-2& PM-3or| PM-2 &PM-3or
TERMINALS | VOLTAGE |PMA or PMA-1 | PMD or PMD-1| PM-23 or PM-4 | PM=23"6f PM-4 | TO OPERATE
2 48 200 200 . - PM-23 or PM-3
125 3550 3550 -— - i
250 9300 9300 ~ - "
3 48 200 200 — — "
125 2000 2000 — - "
250 5600 5600 - - ’
TABLE IlIA
PMG-13 AND PM-13 (D.C. SUPPRLYWAPPLICATIONS
RESISTORS FOR D.C.4REMOTE TRIPPING
(2 REQUIRED PER\STATION)
# LINE D.C. STATION A STATION B STATION C
PM-2 & PM-3 or PM-2 & PM-3 or
TERMINALS VOLTAGE PMG-13 or PM-13 PM-23 or PM-4 PM-23 or PM-4 TO OPERATE
2 48 200 t 200 — PMG-13 or PM-13
and PM-23 or PM-3
125 2120, t 2120 - "
250 5600, t 5600 - ”
3 48 200 200 200 v
125 1500 1 1500 1500 i
250 4000 t 4000 4000 i
t Mounted in Relay TABLE IlIB

(2 REQUIRED PER STATION)
RESISTORS FOR D.C. REMOTE TRIPPING

PMG-13 AND PM-13 (A.C. SUPPLY) APPLICATIONS

~ #LINE D.Ce STATION A STATION B STATION C
PM-2 & PM-3 or | PM-2 & PM-3 or
TERMINALS VOLTAGE PMG-13 or PM-13 PM-23 or PM-4 PM-23 or PM-4 TO OPERATE
2 48 200 t 200 - PMG-13 or PM-13
and PM-23 or PM-3
125 2120 t 2120 - "
250 5600 t 5600 - "
3 48 200 t 200 200 ”
125 1500 t 1500 1500 i
250 4000 t 4000 4000 "

t Mounted in Relay
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TABLE IV

NOMINAL CALIBRATION VALUES - TWO TERMINAL LINES

RELAY LOW CURRENT ALARM !
PMA or PMA-1 0.7 ma

PMD or PMD-1 0.7

PM-5 t -

PMG-13 or PM-13 0.7 tt

PM-23 or PM-2 & PM-3 t 0.7

t Same relay as for three-terminal lines
tt These are pilot-wire current values

TABLE V

HIGH CURRENT ALARM 2

NOMINAL CALIBRATION VALUES — THREE TERMINAL LINES

RELAY LOW CURRENT ALARM
PMA or PMA-1+ 1.7 ma

PMD or PMD-1 1.7

PM-5 ¢ -

PMG-13 or PM-13 1.7 t1

PM-23 or PM-2 & PM-3 t 0.7

t Same relay as for two-terminal lines
tt These are pilot-wire current values

Trip Circuit

The main contacts will safely close 30 amperés
at 250 volts d-c and the seal-in contacts of,theyindi-
cating contactor switch will safely carry this“eurrent
long enough to trip a circuit breakerm

The indicating contactor switely haggtwo taps
thatprovide a pickup setting of 0.2 or 2{amperes. To
change taps requires connecting,thenlead located in
front of the tap block to the desigedésetting by means
of a screw connection.

Trip Circuit Constant

Indicating Contacter Switeh (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c resistance

SETTING THE RELAY

Openatingunits of all relays are adjusted in the
factory te the*values listed in Tables IV and V to a
toleranee of +5%. No settings are required on these
units.

TRIP
1.3 ma -
1.3 -
+0.3 —
1.3 tt 14 V.
— 14 V.
1~-Left-hand contacts, front view.
2~ Right-hand contacts, front view.
HIGH'CGURRENT ALARM T_Rli
2.3 ma -
2.3 -
+0.3 -
2.3 tt 14 V.
— 14 V.

For all 48/125-volt d.c. relays, connect jumpers
acrossresistors as shownon theintemal schematics.

PM-4, PM-2, and PM-23 Relays

Adjust the resistors in the PM-4, PM-2, or PM-23
relay or relays to a value of 1 MA d-c with the moni-
toring circuits connected for service. Use the mil-
liammeter in the PM-23 for this purpose or use a
portable milliammeter with a resistance of less than
200 ohms. Where it is not practical on three-terminal
lines to adjust both receivingrelays simultaneously,
set one receiving relay for 18,000 ohms total resis-
tance(including relay coil and resistors) by measure-
ment prior to final adjustment of the other receiving
relay. This procedure will minimize the change in
monitoring current in the first relay to be adjusted
whenmakingthe final adjustmentof the second relay.

PMA, PMA-1, PMG-13 and PM-13 Relays

Select the transformer tap nearest to expected
normal a-c supply voltage. The full wave rectifier is
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connected to a secondary transformer tap. Where de-
sired, the eutput voltdge 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 the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tapblock to the desired setting by means
of the connecting 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 theirequivalent 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-flushmounting 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 groundingtherelay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished withthe relayfor thick panel
mounting. The terminal studs may be easilyemoved
or inserted by locking two nuts on the stud and#ghen
turning the proper nut with a wrench.

For detailed FT case information, referf@o I.L.
41-076.

Where the potential to ground impressed on the
relays can exceed 700 volts, a drainage reactor in
conjunction with a KX-642 tube, om.the reactor in
conjunction with 700 volt carbon-bleck arresters, is
recommended. For details,gseepProtection of Pilot-
Wire Circuits, AIEE Committee ®Report, paper 58-1190,
AJEE Transactions, 1989, Velume 78, Part I1I B pp.
205-212. Also, see AIEB, Spec¢ial Publication $-117,
Applications and Protéction of Pilot-Wire Circuits
for ProtectivegRel ayifig, July 1960.

ADJUSTMENTS AND MAINTENANCE

The propenddjustments to insure correct opera-
tion of this relay have been made at the factory and
should not be disturbedafterreceipt by the customer.
Ifothe adjustments have been changed, the relay
taken apart for repairs, or if it is desired tocheck the
adjustments at regular maintenance periods, the in-
stractions in the succeeding sections should be
followed.

Acceptance Tests

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

Indicating Contactor Switch™(ICS)

Close the contact“ef the tripping unit and pass
sufficient direct current theough the trip circuit to
close the contacts fof /the, ICS unit. This value of
current should not be greater than the particular ICS
tap setting being used (0.2 or 2.0). The indicator
target should drop freely.

PMA and PMA-1 Relays

Set the primary tap on 120 volts. Connect a vari-
able resistor of approximately 20,000 ohms in series
with%a low-range d-c¢ milliammeter across terminals
6, and”7 with the instrument positive connected to
terminal 7. Apply 120 volts at rated frequency to
terminals 4 and 5. Adjust the 20,000-ohm resistor to
obtaina current of one ma. d.c. For a three-terminal
line relay, use a 10,000-ohm resistor and set the
current to 2 ma. d.c. At this value, the moving con-
tact of the alarm or monitoring relay unit (1) should
float between the two sets of stationary contacts. In
the PMA relay, the ground alarm unit (5) contact
should also float. (This contact will also float when
the relay is de-energized.) Increase and decrease
the one ortwo-milliampere monitoring currentto check
the calibration values listed in Tables IV and V.

Reconnect the 20,000-ohm resistor. For the PMA
relay only, short terminals 7 and 3. The contact ef
the ground alarm unit (5) should close to the right
when the relay is energized. Remove the short, and
connect it between terminals 6 and 3. The ground
alarm unit (5) should close to the left. The action of
the monitoring unit (1) contact is of no significance
in this simulatedpilot-wire groundtest. To check the
pickup current of the ground detector, first remove
the 20,000-ohm resistor from terminals 6 and 7. Con-
nect a 0-1 d.c. milliammeterin series with a variable
resistor of about 50,000 ohms between terminals 3
and 6. The ground unit should close its left-hand
contact at approximately 0.3 ma. d.c. With the mil-
liammeter and resistor connected between terminals
3 and 7, the right-hand contact should close at 0.3
ma. d.c.
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PMD and PMD-1 Relays

Alarm and Ground Units

Conpect an adjustable 20,000-ohm resistor (or
10,000-ohms for a 3-terminal relay) in series with a
d-c milliammeter across terminals 6 and 7 with the
instrument positive connected to terminal 7. Apply
rated d-c voltage to terminals 8 and 9 with positive
onterminal 9. Now check the PMD and PMD-1 relays,
followingthe proceduregiven in the previous section
for the PMA and PMA-1 relays, respectively. Note,
however, that terminal 5 of the PMD relay corres-
ponds to terminal 3 of the PMA relay.

PM-2, PM-3, and PM-23 Relays

Alarm Unit (2)

Apply a variable d-c voltage of approximately
20 volts to relay terminals 8 and 9 (terminal 9 posi-
tive) of the PM-2 or PM-23 relay. Adjust the voltage
to obtain a reading of one ma. on the relay milliam-
meter. The monitoring polar unit (2) contacts should
float. Reduce the current gradually. The monitoring
alarm contacts should close at 0.7 ma. d.c. The trip-
ping unit (3) of the PM-23 relay should not move
during this test. The milliammeter has been adjusted
to read 1 ma. +5%. As a result the pointer may not
read zero for a zero current condition.

Tripping Unit (3)

To check the PM-3 relay or the tripping unit_of
the PM-23 relay, apply the variable d-c voltage in
series with an external milliammeter to relay ter-
minals 8 and 9 with terminal 8 positive forfthe RM-
23 relay, or terminal 9 positive for th® PM=3 relay.
When checking the pickup of the PM#23Wtrip unit
block open the alarm unit contacts (2))so as“to re-
move the shunt resistor frum arcund, theptrip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.emapd“S™ould drop out
at approximately 10 volts. The alarm unit of the PM-
23 relay will not operate duringathis test.

PM-4 Relay

This device is simply@ set of resistors and a
diode to connectinto the pilot- wire circuit to provide
a path for the monitoring current. The resistors can
be checked with an shmmeter, and the diode can be
checked eitherwith an ohmmeter, or as explained in
the sectiofng,entitled ‘‘Rectifier Check’' under
‘““RoutigegpMaintenance’’. If an ohmmeter is used, the
differen¢e in forward andreverseresistance readings
obtainedywill be dependent on the current flowing
tiréughiythe diode.

PM-5 Relay

Apply 5 volts d.c. in series with a 0-1 d.c. mil*
liammeter and a 20,000-ohm variable resistor, to
terminals 6 and 7 with positive on terminal 6. The
left-hand contact should close at approximately 0.3
ma. Now apply the same circuit to terminals 8 and 9
with positive on terminal 9. The right-hand contact
should close at approximately 0.3 mal

PM 13 Relays - A.C. an@yD.Cs

Connect a variable 20,000-ohm fesistor (10,000
ohms for a 3-terminal-line,relayjin series with a d-c
milliammeter across terminals 8 and 9 with the in-
strument positive on terminal 9. For the a-c relay,
set the primarytap on120 volts. Now apply the rated
supply voltage to germinals 4 and 5. This will be 48,
125, or 250 velts'd.¢., ar'120 volts a.c. as indicated
on the relay nameplaté. Adjust the variable resistor
to obtain_a currentyof one ma. for a 2-terminal line
relay, or2,mamfor a 3-terminal relay. At this value,
the mowing ‘€entacts of the alarm or monitoring (1)
relay @mit'(the, upper polar unit) should float between
the twe sets of stationary contacts. Increase and
décreasethe one or 2 ma.monitoringcurrent to check
thefcalibration values listed in Tables IV and V.

Tripping Unit (3)

To check the operation of the tripping unit 3
¢the lower polar unit), apply a d.c. potential across
terminals 16 (positive) and 20 (negative). The trip-
ping polar unit should pick up at 14 volts, and should
drop out at approximately 10 volts. The resistance of
the series dropping resistors for transferred tripping
(listed in TablesIII A and IIIB)can be checkedwith
an ohmmeter. The circuit location of these resistors
can readily be seen from the external schematic,
Figure 27.

PMG-13 Relays - “A.C. and D.C.

Alarm and Tripping Units

Follow the procedure given in the previous sec-
tion for the a-c. and d-c. PM-13 relays.

Connect the 20,000-ohm (or 10,000-ohm) resistor
and milliammeter across terminals 8 and 9. With
rated voltage applied and one ma. (or 2 ma.) flowing,
successively short circuit terminals 3 and 8, then 3
and 9. The ground alarm unit 5 (lower polar unit)
should move first to the left, then to the right. To
check the pickup current of the ground detector,
first remove the 20,000-ohm resistor from terminals
8 and 9. Connect a 0-1 d.c. milliammeter in series
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with a variable resistor of about 50,000 ohms be-
tween terminals 3 and 8. The left-hand contact
should close at approximately 0.3 ma. d.c. With the
milliammeter resistor connected, between terminals
3 and 9, the right-hand contact should close at 0.3
ma. d.c. The external schematic diagrams for these
relays are shown in Figure 23 and 25.

Routine Maintenance

gg&r\i - Do not make any performance check,
calibration tests, or adjustments while the PMrelays
are energiéed or connected to the pilot wires, to pre-
vent the possibility of inadvertently causing a break
operation. The PM relays may be removed from ser-
vice for testing, without jeopardizing HCB relay
protection, providing that the connections between
the 10—mfd capacitor and the HCB 1nsulat1ng trans-
former are not disturbed.

Contacts

All contacts should be periodically cleaned. 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
danger of embedding small particles in the face 6f
the soft silver and thus impairing the contact.

Operational Check - . '

-In addition to cleaning contacts, 1tis recom-
mended that an -operational check be performed
periodically by opening and short-circditingithe pilot
wires, as well as grounding them at“the relay ter-
minals. Note: These pilot-wire faults should not be
applied directly to the pilot wires‘when/the HCB re- )
lays are in service. It is alsofrecommended that the.
trip circuits of the PM relays‘be opened (where trip-—
ping is used), to prevent theypossibility of inadvert-
ently tripping the assoéiated “€ircuit breaker during
testing. If the relays do not perform as expected, and
diode failure is suspeeted®the diode tests described
in the following sectionjmay be performed.

Rectifier (Diode) Check

If thepe is suspicion of a rectifier (diode) failure,
apply 30 voltsd.cei reverse voltage (positive on arrow-
head) through a 300-ohm resistance to the diode.
Measure the voltage acrossthe diode. If this voltage
is, not essentially 30 volts, the diode is short-
cireuited. Now apply 30 volts d.c. in the forward
ditection through the 300-ohm resistor, and measure
the, voltage across the resistor. If the voltage is not
essentially 30 volts, the diode may have a high for-
ward resistance. If the voltage is zero, the d10de is
open-circuited.

Cohbrohon

If the relay has been dismantled/or thé\calibra-
tion has been disturbed, use the followingsrocedure
for calibration.

With the permanent magnet removed, see that the
moving armature floats in thewscentral area of the air-
gap between the poles of tlie polar unit frame. If
necessary, loosen the core seréw in the center rear
of the unit and shift4he,core and contact assembly
until the armature floats. (This can best be done with
the polar unit remowed frem the relay.) Then retighten
the core screw and feplace the permanent magnet
with the dimple (n@ith pole) on the magnet to the left
when viewed from,the front.

Polar Units-General

The following mechanical adjustments are given
as ajguide, and some deviation from them may be
neceéssary to obtain proper electrical calibration.

Magnetic Shunt Adjustment

The sensivity of the polar unit is adjusted by
means of twomagnetic, screw-type shunts at the rear
of the unit, as shown in Fig. 1. These shunt screws
are held in proper adjustment by a flat strip spring
acrossthe back of the polarunit frame, so no locking
screws are required. Looking at the relay, front view
turning out the right-hand shunt to open the right-
hand air gap decreases the amount of currentrequi-red
to close the right-hand contact. Conversely, drawing
out the left-hand shunt increases the amount of cur-
rent required to close the right-hand contact, or
decreases the amount of current required to close the
left-hand contact (with the properdirection. of current
flow). Also, if a relay trips to the right at the proper
current, the dropout current can be raised by turning

in the right-hand shunt. The two shunt-screw adjust-
ments are not independent, however, and a certain

amount of trimming adjustment of both shunt screws
is generally necessary to obtain the desired pickup
and dropout calibration.

In general, the farther out the two shunt screws
are turned, the greater the toggle action will be, and
as a result, the lower the dropout current. For the
tripping units (3) of the PM-3, PM-13, and PM-23 re-
lays, toggle action is desirable, with a dropout cur-
rent around 75 percent of the pickup current. For the
monitoring alarm relay units, toggle action is not
desired. Instead, the armature is adjusted to float
between the pole faces at a given current (1 or 2
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The following chart indicates the units present in each relay.

FUNCTION PMA |PMA-1| pys | py3 | PM4 | PM5 | PM13 PMG13| PM23
AND UNIT PMD  PMD-1
Alarm for p.w. open, short or reversal X X X X X X
(1 (2)
Transfer- Trip Unit (3) X X X X
Alarm for p.w. ground (5) X § X X
D.C. Path for Monitoring Current l X

ma.), and to move gradually toward the high or low-
current alarm as the coil current is increased or
or decreased. Similarly, the floating adjustment of
of the armature of the ground alarm unit (5) requires
that both shunt screws be turned in relatively far.
Then the armature will move gradually to the left or
right as the current through the two #5 coils is
unbalanced.

The electrical calibration of the polar unit is
also affected by the contact adjustment as this
changes the position of the polar unit armature. Do
not change the contact adjustment without rechecking
the electrical calibration.

Contact Adjustment - All Relays

For all monitoring alarm units, designated (1) or
(2), turn in all the stationary contact ‘@nd centact
stop screws until they just touch the moving@entact.
Advance the screws to hold the armature in the“cen-
tral portion of the magnetic air gap betweenythe two
pole faces. (The stationary contagt®screws have a
round silver contact face; the stop sctews do not
have this silver facing.) Nowback“eff all the con-
tact and contact stop screws (one'full turn. This will
give a total contact travelypof“0:050 inch. When the
relay is properly calibrated, ‘Seme touch-up adjust-
ment may be necessary 8o that double contacts will
both close at the same,cument value. The contact
gap between the floating"moving contact and the
right-hand or left-hand stationary contacts or contact
stops will be approxifately 0.025 inch when the re-
lay is in operation.

For he tripping (3) units of the PM-3, PM-13,
PMG-13j5and PM-23 relays, adjust the contacts as
described in the previous paragraph, except back off
thémeontact and stop screws one-half turn each to

10

give a total movinggcontact travel of approximately
0.025inch. In operatiomyef the tripping unit, the mov-
ing contact{will normally rest against the contact
stop screws, andWwill pick up only for a transferred-
tripping{operation.

For the pilot-wire ground alarm unit (5) of the
PMA,( PMDy#PM5, and PMG-13 relays, follow the
same general procedure except back off both station-
afy contact screws two turns each. This will give a
contact gap of 0.050 on each side of the moving con-
tact®When it is its normal central position.

Electrical Calibration - All Relays

In the following sections, the calibration in-
structions are given for the polar unit which performs
a certain function, such as alarm (1) or (2), ground
(5), or trip (3), rather than giving calibration in-
structions for each complete relay. In this way, con-
siderable duplication of instructions has been elim-
inated.

Connecttherelay as described under Acceptance
Tests for theparticularrelay involved. Screw the two
magnetic shunts all the way in, then back them out
five turns each. With the relay energized at rated
voltage, set the monitoring current at 1.3 or 2.3 ma.
d.c. for 2 or 3-terminal relay respectively, by adjust-
ing the external resistor. If the relay does not close
its right-hand contact, turn in the left shunt screw
until the right-hand contact just closes. If the right-
hand contact is closed at 1.3 ma., turn in the right
shunt until a point is reached when the right-hand
contact is just closed at 1.3 ma.

Now drop the current to 0.7 ma. and adjust the
opposite shunt until the left-hand contact just closes
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at 0.7 ma. d.c. At 1.0 ma. d.c., the moving contact
should float half way between the two sets of station
ary contacts with a 0.025-inch gap on each side. Re-
check the high and low current calibration several
times, touchingup the shunt adjustments as required
to obtain the desired calibration.

Polarization Check

For all the source relays, which are listed be-
low, make the followingadditional calibration check:

PMA PM-13 (a.c. and d.c.)
PMA-1 PMG-13 (a.c. and d.c.)
PMD

PMD-1

After calibration as described in the previous
sections, connect a 20,000 ohm resistor (or 10,000
ohms for 3-terminal applications) across the output
terminals, and energize the relay at its rated supply
voltage. With these connections, approximately one
(or two) milliamperes d.c. will flow through the
monitor relay coils and external resistor, thus rep-
resenting normal operating conditions.

Now momentarily (one second or so) apply/48
volts d.c. directly to the pilot-wire terminal’'s“of the
relay, as indicated in the following tables

Relay Terminals for Momentary Application
of 48 V. d.gr
. POS. NEG.
PMA, PMA-1| 6 7
PMD, PMD-1
PM-13 (a.c. ord.c.) | 8 9

PMG-13 (a.c. or d.c.)f

After momentary application of the transfer-trip
voltage as just expl@ined,recheck the calibration of
the monitoring alatmdunit (1). If it has changed, make
necessary trimming adjustments of the shunt screws
until there is o change in calibrating of the alarm
unit (1), after the transfer-trip voltage has been
applied. The pufpose of this test is to compensate
for the small ‘residual magnetism in the relay unit.
The ground alarm unit(5) will not be affected by this
test as th® ampere-turns of the two windings cancel
each other.

Alarm Unit (2)

For the alarm unit of the PM-2 or PM-23 relays,
adjust the shunts so that the relay moving contact

floats at one ma. d.c., and closes the leftshand con-
tact at 0.7 ma. d.c. The moving conta¢t“shotld float
midway between the contact and contact stop at 1.0
ma.d.c. There is no high-current calibration for this
relay unit.

Now apply 48 volts d.c. momentarily (one second
or so) across the alarm undt coil-circuit terminals in
a direction to operate“the ‘alarm/relay. Then recheck
the alarm unit calibratioms, If"there is any change,
touch up the shuntfadjustments until there is no
change in calibrationafterd48 v. d.c. hasbeen applied.

Tripping Unit (3)

To calibratethe tripping unit of the PM-3, PM-13,
PMG-13g50r PM-23 relays apply a d.c. voltage as ex-
plained pbelew, to the following relay terminals:

D.C. Voltage
Relays Pos. Neg.
PM-3 9 8
PM-13 (a.c. or d.c.) 16 20
PMG-13 (a.c. or d.c.yi 8 9
PM-23 8 9

Momentarily (one second or so) apply 48 volts
d.c. to theterminals shown in thechart. Then starting
with both shunts all the way in, turn out the right-
hand shunt screw untilthe relay closes itsright-hand
trip contact at 14 volts d.c. (This will give approxi-
mately 2 ma. through the relay coil.) Now draw out
the left-hand shunt until the relay resets with toggle
action (not gradually) at not less than 10 volts d.c.
When the calibration is approximately correct, again
apply 48 volts d.c. to the indicated terminals, then
recheck the pickup and dropout voltage, making any
necessary trimming adjustments of the shunts. When
the relay is properly adjusted, the application of 48
volts.d.c. will not change the pickup or dropout volt-
age points. The relay should trip and reset with tog-
gle action in this application. This will require both
shunt screws to be withdrawn farther than for float-
ing action.

Ground Alarm Unit (5)

For the PM-5 relay, tutn both shunt screws all
the way in, then back them out five turns each.Pass
a current of 0.3 ma. d.c. in terminal 6 and out ter-
minal 7. Following the same general procedure as
described previously in the section entitled ‘‘Alarm
Unit (1),’” adjust the shunt screws so that the left-
hand contact closes at0.3 ma. Nowpass 0.3 ma. d.c.

n
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in terminal 9 and out terminal 8, and adjust for clos-
ing of the right-hand contact at 0.3 ma. Recheck both
pickup points several times, and make trimming ad-
justments of both shunts as required to obtain con-
tact closing at 0.3 ma. d.c. in each direction.

For the ground unit (5) of the PMA, PMD, and
PMG-13 relays, connect a variable resistance of
about 50,000 ohms in series with a.0-1 d.c. milliam-
meter between the terminals indicated in the follow-
ing table:

Turn the shunts all the way in, then back them
out five turns each. With the relay connected as
shown in the left-hand column of the table, apply
rated voltage to the relay and adjust the 50,000-ohm
resistor for 0.3 ma. d.c. Now following the procedure
in the previous paragraph for the PM-5 relay, adjust
the shunts until the left-hand contact closes at 0.3
ma. d.c. Change the connections as indicated in the
right-hand column, and adjust the opposite shunt un-
til the right-hand contact closes. Recheck back and
forth several times and make necessary trimming
adjustments to obtain pickup at 0.3 ma. In each
direction. The armature will move gradually as the

current is changed for this relay unit.

ICS Unit

Close the main relay tripping contact circuit with
a jumper connected directly across the contact ter-
minals of the polar unit. Pass sufficient direct cur-
rent throughthe relay trip circuitto close thescontacts
of the ICS unit. This value of current “should not be
greater than the ICS tap setting_beingyused (0.2 or
2.0). The indicator target should /dtep freely. The
contact gap should be approximately/0.047 inch be-
tween the bridgingmoving contaet and the adjustable
stationary contacts. The “bridging moving contact
should touch both statioffarycontacts simultaneously.

REWEWAL PARTS

Repaimwork\can be done mest satisfactorily at
the factoryjHowever, interchangeable parts can be
furnishedyto the customers who are equipped for
doingyrepairwork. When ordering parts, always give
the.complete nameplate data.

Ground Alarm (5) Calibration

Relay Terminals
Relay L.H. Contact'Check R.H. Contact Check
PMA 3t and 6 3and 77t
PMD 5¢tand, 6 5and 7+
PMG-13 3%and 8 3and9 *

+ Milliammeter positive to thisfterminal

12
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INTERNAL SCHEMATIC
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Fig. 2. Internal schematic of the type PMA relay in FT
31 case — 120 volt, 60 cycle supply — For two
terminal lines.

Fig. 3. laternal schematic of type PMA-1 relay in the
FT 21 case ~ 120 volts, 60 cycle supply — For

two terminal lines.
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Fig. 4. lnternal )schematic of type PMA relay in FT 31
case — 120 volt, €0 cycle supply — For three
teeminal lines.
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Fig. 5. Internal schematic of type PMA-1 relay in FT 21
case ~ 120 volt, 60 cycle supply — For three
terminal lines.
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I.L. 41.973.5E
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T0
s HOYING CONTACTS
I T 3
5 -[1 # LL 1 1 t }X
T0 STATIONARY L - I TT ]
CONTACTS ™1 o '
2120 o
UPPER POLAR UNIT
1
5
LOWER POLAR UNIT
5000 0 ]
e 2
; I TEST SWiTCH
! ¢
L9 0.9 Q. 2.9_9_
A-COMMECT THIS LEAD A f S
SHOWN DOTTED FOR
V.D.C. OPERATION. 2 @ - TERMIAAL
FROMY VIEW

t-4250 0 FOR #8/125 V.D.C. RELAY
(8YPASSED FOR 48 ¥.D.C. OPERATION,
OMITTED iM 250 ¥.0.C. OPERATION.)

11-800 0 FOR 48/125 ¥.0.C. RELAY
12000 0 FOR 250 ¥.D.C. RELAY

18LAL9T

INTERNAL SCHEMATIC

To
MOYiNG CONTACTS —
J» 1
17 i
X
TO STATIONARY —t—"1
conracts || tt
— 120 0
POLAR UNIT -
5600 0
i
; |—1est smrcn
- L Q
CONRECT THIS LEAD AS AT AT T
SHOWK DOTTED FOR W8
¥.0.C. OPERATION | —TERMINAL

t- 4250 0 FQR YB/125 V.0.C. RELAY
(8YPASSED FOR 48" v.0.C. OPERATION.
ONITTEO/IN 250 ¥.D.C. OPERATION)

T4~ 800 0 FORIYB/125 v.0.C. RELAY
12000,0 FOR 250 V.D.C. RELAY

184AL08

Fig. 6. Internal schematic of the type PMD relay in FI
21 case — DC supply — for two terminal linfes.

Fig. 7. Internal schematic of the type PMD-1 relay in the
FT 11 case —DC supply — For two terminal lines.
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Fig) 8. Internal schematic of the type PMD relay in the

FT 21 case — DC supply ~ For three terminal
lines.

Fig. 9. Internal schematic of the type PMD-1 relay in

the FT 11 case ~ DC supply — For three terminal
lines.
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INTERNAL SCHEMATIC
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Fig. 10. Internal schematic of the type PM-2 relay in the

Fig, /1. Internal schematic of the type PM-3 relay in the

FT 21 case. ET 11 case.
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Fig. 12. Internal’ schematic of the type PM-4 Auxiliary
Unit in the small molded cose.
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Fig. 13. Internal schematic of the type PM-5 ground
detector relay in the FT 11 case.
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Fig.“16. Internal schematic of the type PM-13 relay in the
FT 32 case - DC supply - For three terminal

lines.

Fig.17. Internal schematic of the type PM-13 relay in the

FT 32 case — 120 volt,
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60 cycle supply — For
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Fig. 19. dnternal)schematic of the type PMG-13 relay in
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Fig. 20. Internal schematic of the type PMG-13 relay in

the FT 32 case ~ 120 volt, 60 cycle supply — For

two or three terminal lines.
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Fig. 23. External schematic of the DC type PMG-13 relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 25. External schematic of the AC type PMG-13 with type PM-23 relay — Two terminal lines.
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Fig. 27. External schematic of the DC type PM-13 relay with'type PM-23 or PM-4 relay — Two terminal lines.
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Fig.29. Outline and Drilling Plan for External Remote

trip Resistor Assembly.
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INSTALLATION

Westinghouse 1.L. 41.973.5D

OPERATION o

MAINTENANCE

INSTRUCTIONS

TYPE PM LINE OF RELAYS FOR PILOT-WIRE
MONITORING AND TRANSFERRED TRIPPING

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 movingparts 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 PM Monitoring Relays provide continuous
monitoring of a pilot-wire circuit to detect open cir-
cuits, short circuits, grounds, and wire reversal. In
addition, transferred tripping can be effected where
the PM-3, PM-13, PMG-13 or PM-23 relays are used.
Tablel illustrates the functions available witli®each
relay. A 10 mfd. capacitor is supplied withdeach/PM
relay. This capacitor provides an a-c path between
the two halves of the insulating transformersecond-
ary windings as shown in Figs. 21 throughy2.

Each circuit requires the following:

PMA PMD
PMA-1 PMD-1
PM-13 or PMG-13 (a.c.) PM-13 or PMG-13 (d.c.)

At the other end to z€€eive monitoring current (two-

terminal line)

One PMA23 or PM-2 or PM-4

terminal line’

Two PM-23 or two PM-4 or two PM-2 or any com-
bination,of two of these relays.

CONSTRUCTION
PM'relays consist of the following:

PMA PMA-1

1-Polar Alarm Unit (1) 1-Polar Alarm Unit

SUPERSEDES I.L. 41-973.5C

*Denotes change from superseded issue.

1-Polar Ground Unity(5)
1-Tapped Transformer
1-Full-Wave Rectifier
3-4 mfd. Capacitors
1-Set of Potential
Dividing Resistors

PMD

I=Polar Alarm Unit (1)
1=Polar Ground Unit (5)
2-4"mfd. Capacitors
1=Set of Potential
Divider Resistors

PMG-13

1-Polar Alarm Unit (1)

1-Polar Ground Unit (5)

1-Polar Trip Unit (3)

1-Indicating Contactor
Switch

1-Set of Potential
Divider Resistors
1-Tapped Transformer
(A.C. Relay only)
1-Full-wave Rectifier
(A.C. Relay only)
1-Blocking Rectifier
2-Remote Trip Resistors
3-4 mfd. Capacitors
(A-C Relay)
2-4 mfd. Capacitors
(D-C Relay)

PM-23

1-Polar Alarm Unit (2)
1-Polar Trip Unit (3)
1-Indicating Contactor
Switch (ICS)
1-Milliammeter, 5.0 ma.
1-Set of Adjustable and
Fixed Resistors
2-Blocking Rectifiers

1-Tapped Transformer
1-Full-Wave Rectifier
1-4 mfd. Capacitor
1-Set of Potential
Dividing Resistors

PMD-1

1-Polar Alarm Unit
1-Set of Potential
Divider Resistors

PM-13

1-Polar Alarm Unit (1)

1-Polar Trip Unit (3)

1-Indicating Contactors
Switch

1-Set of Potential

Divider Resistors
1-Tapped Transformer
(A.C. Relay only)
1-Full-Wave Rectifier
(A.C. Relay only)

1-Blocking Rectifier
2-Remote Trip Resistor
1-4 mfd. Capacitor

PM-2

1-Polar Alarm Unit (2)
1-Milliammeter, 5.0 ma.
1-Set of Adjustable
Resistors
1-Blocking Rectifier

EFFECTIVE NOVEMBER 1968
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PM-3

1—-Polar Trip Unit (3)

1—-Resistor

1-Blocking Rectifier

1-Indicating Contactor
Switch (ICS)

PM-4

1-Blocking Rectifier
1-Set of Adjustable &

Fixed Resistors

PM-5

1—Polar Ground Unit (5)
2—4 mfd. Capacitors
1-Fixed Resistor

TABLE |

FUNCTION || PMA & PMD | PMA-1 & PMD-1 | PM-13

PMG-13 | PM-23 | PM-2 | PM3 NPM-4 | PM.5

Monitoring
Current X
Source

i Monitoring

Receives

Current

Trouble
Alarm

Transmits n
Trip X
Signal

Receives
Trip
Signal

Sensitive
Ground X
Detection

Measures
Monitoring
Current

t with External Resistors

-—.—w—‘M o ———
Iy —= gj‘

] v _g—
3
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:
1
J

BALANCED AIR GAPS

PERMANENT
MAGNET

ARMATURE
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1834062

Fig. 1. Polar Unit Permanent Magnet Flux Paths.
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I.L. 41.973.5D

The polar unit consists of a rectangular shaped
magnetic frame, an electromagnet, a permanent mag-
net, 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
winding 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
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic core upon energization of the switch.
When the switch closes, the moving contacts bridge
two stationary contacts, completing the trip circuit.
Also during this operation two fingers on the arma-
turedeflect a springlocated on the front of the switch,
which allows the operation indicator target tef'drop.
The target is reset from the outside of the case by a
push rod located at the bottom of the covem

The front spring, in addition to holdinghthetar-
get, providesrestraint for the armature and/Ahus“con-
trols the pickup value of the switch.

OPERATION

Pilot Wire Monitoring

Monitoring current isfintroduced into the pilot
wire as shown in the extepnal sehematics, figures 21
to 27, by the monitering current source. External
schematics showing Qth€r combinations are available
on request. Agnominal“20°volts is impressed across
the 10 mfd.4eapagitoriat the left-hand line terminal
in Figures®l to 27. Dhis voltage produces a current
circulating threugh®ne winding of the HCB insulating
transformer, one pilotwire, the PM-23, PM-2, or PM-4,
and back through the other pilot wire and the other
winding of HEB insulating transformer.

A@justment of the resistors of the PM-23, PM-2
ormPM-4 relay at the other end of the pilot wire pro-
vides a normal one-milliampere d-c¢ circulating cur-
rent. Inthe case of three-terminal lines, the monitoring
source relay output current is 2 ma. in order to pro-

vide each receiving end relay with 1 ma. The alarm
unit of the monitoring current sourcerelay1s adjusted
to float between the high and low curfent contacts
with normal monitoring current. The PM-23, Teceiving-
end alarm relay, is adjusted to float between the
low-current alarm contact and a contadb stop with 1
ma. flowing.

Short Circuits

A complete or partial shert circuit on the pilot
wires increases theqeurrentfin the current-source re-
lay, causing the high-cupgent alarm contactsto close.
The resulting current decrease in the PM-23 relay
closesthe aldarm c@ntact. Short circuits of 5000 ohms
or less will beydetected.

Currenty decreases to zero in all relays. Low-
currentpalarm contact of the current source relay
closes. Alarm contact of PM-23 relay closes.

On applications using the PM-23 relay, current
increases in the sending end relay to close the high-
current alarm contacts. Current drops to zero in the
PM-23 relay monitoring coil to close the low-current
alarm contacts.

If the pilot wire should be opened and reclosed
with reversed connections when the PM-23 relay is
in service, the alarm contact (2) in the PM-23 drops
out. The alarm contact dropping out shunts the trip
unit coil (3), and prevents the trip unit contact (3)
from operating momentarily. The trip unit contact is
prevented from operating because the capacitor at the
sending end discharges through the pilot wire and
the trip unit (3) circuit, This will have no effect on
remote trip operation.

The current decreases in both sending and re-
ceiving end’relays when the PM-2, or PM-4 relays
are used. Loow current alarm contacts close.
Grounds

The voltage-divider circuit of the PMA, PMD,
and PMG-13source relays has its midpoint grounded
through a current-limiting resistor. Thus, a pilot-wire
ground will cause an increase in current in one coil
circuit, and a decrease in the other one. This un-
balance in the current flowing through the two wind-
ings (5) of the ground alarm relay unit will cause it
to closeone of itscontacts(dependingon which pilot
wire isgrounded)to give an alarm. Grounds of 10,000
ohms or less will be detected.
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For adding the sensitive ground detection where
PMA-1, PMD-1, or PM-13 relays have been installed,
the PM-5 relay can be added to the circuitry, as
shownin figure 24. This relay also has a 10,000-ohm
ground sensitivity.

Transferred Tripping

Breakers located at the PMG-13 or PM-13 and
PM-3 or PM-23 stations can be tripped by the appli-
cation of a d-c voltage to the pilot wires at remote
locations, as shown in figures 21 to 27. Transferred
tripping can be effected from any location by apply-
ing 48 volts d-c(through dropping resistors when re-
quired) to the pilot wire with polarity opposite to
that of the monitoring voltage. When tripping the PM
-23, the current is increased above 2.0 ma, in reverse
direction, to close the trip contact. When tripping
the PMG-13 or PM-13, the reversed d.c. voltage oper-
ates the trip unit (3).

See Tables II and III for tripping resistor values.
Nominal tripping currentsis5ma. atall rated voltages.

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 forcedthrough the armature, making it a north
pole. Thus, reducing the left hand rear gap will pro-
duce a forcetending to pullthe armature to the right.
Similarly, reducing the right hand gap will make the
armature a south pole and produce a for€e tending to
pull the armature to the left.

The alarm unit contacts of thepsending and re-
ceiving end relays are biased to moVe to the left
when the relay is deenergized, ThelRMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay iSWdeenérgized. The PM-5 is
adjusted so that thegnovingieontact floats when the
relay is deenergized.

CHARACTERISTICS

Nominal Calibration®Values

Nominal ‘eurrent values to close contacts are
listed in Tables' IV and V.

Voltage, Ratings

Supply voltage ratings of the monitoring source

relays to obtain continuous monitoring 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
20 volts for monitoring, and 48 volts for tripping.
Supply voltage ratings to obtain“remote tripping
are: 48, 125, and 250 volts d-e3

Alarm coil (1)
two terminal line
three terminalgline

Alarm coil (2)

1050-1250 ohms
700-300 ohms

2200-2600 ohms
1800-2200 ohms
Ground Alarmycoll (5) 5200-5800 ohms

Trip caiby(3)

PM-4%and PM;23 Resistance

Nominal"PM-4 and PM-23 total resistance when
adjusted for service is 20,000 ohms less pilot wire
loop tesistance at 1 ma.

PMA, PMA-1 and AC PMG-13, PM-13 Burden

0.5 VA at tap voltage —
1.0 VA at tap voltage -

2-terminal line rel ay
3-terminal line relay

Rectifiers

Approximate forward resistance- 560 ohms at 1 ma
300 ohms at 2 ma

Continuous forward
current - amperes -~ 1

Continuous back
voltage-rms volts - 200

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
5.0 MA d-c with 48, 125, and 250 volts d-c supply
and a 2000-ohm pilot wire.
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TABLE Il

PMA, PMA-1, PMD, AND PMD-1 APPLICATIONS
EXTERNAL RESISTORS FOR D.C. REMOTE TRIPPING
(2 REQUIRED PER STATION)

# LINE D.C. STATION A STATION A STATION B STATION,C
PM-2& PM-30or! PM-2 & RM-30or
TERMINALS | VOLTAGE {PMA or PMA-1 | PMD or PMD-1| PM-23 or PM-4 | PM-23%¢ PM-4| TO OPERATE
2 48 200 200 — - PM-23 or PM-3
125 3550 3550 — — i
250 9300 9300 - -~ "
3 48 200 200 — —_ ”
125 2000 2000 — - ”
250 5600 5600 —_ - "
TABLE IHIA
PMG-13 AND PM-13 (D.C. SUPPLY)APPLICATIONS
RESISTORS FOR D.C. REMOTETRIPPING
(2 REQUIRED PER STATION)
# LINE D.C. STATION A STATION B STATION C
PM-2 & PM-3 or PM-2 & PM-3 or
TERMINALS VOLTAGE PMG-13 or PM-13 PM-23 or PM-4 PM-23 or PM-4 TO OPERATE
2 48 200( 1 200 - PMG-13 or PM-13
and PM-23 or PM-3
125 2120 t 2120 — "
250 5600 + 5600 - "
3 48 2004F 200 200 "
125 1500 t 1500 1500 "
250 4000 t 4000 4000 "
t Mounted in Relay TABLE IIIB

RMG-13 AND PM-13 (A.C. SUPPLY) APPLICATIONS

(2 REQUIRED PER STATION)
RESISTORS FOR D.C. REMOTE TRIPPING

# LINE D.Cy ‘ STATION A STATION B STATION C
PM-2 & PM-3 or | PM-2 & PM-3 or
TERMINALS VOWUTAGE PMG-13 or PM-13 PM-23 or PM-4 PM-23 or PM-4 TO OPERATE
2 48 k 200 200 - PMG-13 or PM-13
and PM-23 or PM-3

125 2120 t 2120 — "
250 5600 t 5600 - "

3 48 200 t 200 200 "
125 1500 t 1500 1500 "
250 4000 * 4000 4000 »

t)Mounted in Relay
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TABLE IV

NOMINAL CALIBRATION VALUES - TWO TERMINAL LINES

Rt

RELAY LOW CURRENT AL ARM
PMA or PMA-1 0.7 ma

PMD or PMD-1 0.7

PM-5 ¥ -

PMG-13 or PM-13 0.7+t

PM-23 or PM-2 & PM-3 1 0.7

t+ Same relay as for three-terminal lines
t1 These are pilot-wire current values

TABLE V

NOMINAL CALIBRATION VALUES - THREE TERMINAL LINES

RELAY LOW CURRENT ALARM
PMA or PMA-1 1.7 ma

PMD or PMD-1 1.7

PM-5 t —

PMG-13 or PM-13 1.7+t

PM-23 or PM-2 & PM-3 ¥ 0.7

t Same relay as for two-terminal lines
t1 These are pilot-wire current values

I_r_ipﬁCircuit

The main contacts will safely cloge 30 \amperes
at 250volts d-c and the seal-in contacts“ef thesindi-
cating contactor switch will safelycarnry this%eurrent
long enough to trip a circuit breaker

The indicating contactor switch hds two taps
that provide a pickup setting of Q.2 or)2 amperes. To
change taps requires connectifg,the“lead located in
front of the tap block tg theldeSired settingby means
of a screw connection.

Trip Circvit Constant

Indicating Contaeter Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c resistance

SETNTING THE RELAY

Operating units of all relays are adjusted in the
factoryato the values listed in Tables IV and V to a
tolepanee)of +5%. No settings are required on these
units.

HIGH CURRENT ALARM 2 TRIP
1.3 ma —
1.3 —
0.3 -
1.3 1t 14 V.
_ 14 V.
1—Left-hand contacts, front view.
2—Right-hand contacts, front view.
HIGHW CURRENT ALARM TRIP
2.3 ma —
2.3 —
+0.3 —
2.3 1t 14 V.
— 14 V.

For all 48/125-volt d.c. relays, connect jumpers
acrossresistors as shownon theinternal schematics.

Adjust the resistors in the PM-4, PM-2, or PM-23
relay or relays to a value of 1t MA d-c¢ with the moni-
toring circuits connected for service. Use the mil-
liammeter in the PM-23 for this purpose or use a
portable milliammeter with a resistance of less than
200 ohms. Where it is not practical on three-terminal
lines to adjust both receivingrelays simultaneously,
set one receiving relay for 18,000 ohms total resis-
tance (including relay coil and resistors) by measure-
ment prior to final adjustment of the other receiving
relay. This procedure will minimize the change in
monitoring current in the first relay to be adjusted
whenmakingthe final adjustment of the second relay.

Select the transformer tap nearest to expected
normal a-c supply voltage. The full wave rectifier is
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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 the 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
of the connecting 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 withthe relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud @nd then
turning the proper nut with a wrench.

For detailed FT case information, refer tOW.L.
41-076.

Where the potential to ground impressedfon the
relays can exceed 700 volts, a,drainage jfeactor in
conjunction with a KX-642 tube%er the reactor in
conjunction with 700 volt carben-blocky arresters, is
recommended. For details, “s€e Pretection of Pilot-
Wire Circuits, AIEE Committee Repert, paper 58-1190,
AIEE Transactions, 1959, Voldme 78, Part III B pp.
205-212. Also, see AIEE ‘Special Publication S-117,
Applications and Protegtion of Pilot-Wire Circuits
for Protective Relaying, July 1960.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been madé at the factory and
should not be,disturbed afterreceipt by the customer.
If the adjustments have been changed, the relay
taken apart for repairs, or if it isdesired tocheck the
adjustments at regular maintenance periods, the in-
strietions in the succeeding sections should be
followed.

Acceptance Tests

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

Indicating Contactor Switch {ICS)

Close the contact of the tripping unit and pass
sufficient direct currentythrough the trip circuit to
close the contacts of the 1@S unit. This value of
current should not be greater than the particular ICS
tap setting being usedn(0.2 or 2.0). The indicator
target should drop ‘freely.

Set,. the primary tap on 120 volts. Connect a vari-
able resistor of approximately 20,000 ohms in series
withya low-range d-c milliammeter across terminals
6 ‘@nd 7 with the instrument positive connected to
terminal 7. Apply 120 volts at rated frequency to
terminals 4 and 5. Adjust the 20,000-ohm resistor to
obtain a current of one ma. d.c. For a three-terminal
line relay, use a 10,000-ohm resistor and set the
current to 2 ma. d.c. At this value, the moving con-
tact of the alarm or monitoring relay unit (1) should
float between the two sets of stationary contacts. In
the PMA relay, the ground alarm unit (3) contact
should also float. (This contact will also float when
the relay is de-energized.) Increase and decrease
theoneortwo-milliampere monitoring currentto check
the calibration values listed in Tables IV and V.

Reconnect the 20,000-ohm resistor. For the PMA
relay only, shert terminals 7 and 3. The contact of
the ground alarm unit (5) should close to the right
when the relay is energized. Remove the short, and
connect it between terminals 6 and 3. The ground
alarm unit (5) should close to the left. The action of
the monitoring unit (1) contact is of no significance
in this simulatedpilot-wire ground test. To check the
pickup current of the ground detector, first remove
the 20,000-ohm resistor from terminals 6 and 7. Con-
nect a 0-1 d.c. milliammeter in series with a variable
resistor of about 50,000 ohms between terminals 3
and 6. The ground unit should close its left-hand
contact at approximately 0.3 ma. d.c. With the mil-
liammeter and resistor connected between terminals
3 and 7, the right-hand contact should close at 0.3
ma. d.c.
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PMD and PMD-1 Relays

Alarm and Ground Units

Conpect an adjustable 20,000-ohm resistor (or
10,000-ohms for a 3-terminal relay) in series with a
d-c milliammeter across terminals 6 and 7 with the
instrument positive connected to terminal 7. Apply
rated d-c voltage to terminals 8 and 9 with positive
onterminal 9. Now check the PMD and PMD-1 relays,
followingthe proceduregiven in the previous section
for the PMA and PMA-1 relays, respectively. Note,
however, that terminal 5 of the PMD relay corres-
ponds to terminal 3 of the PMA relay.

PM-2, PM-3, and PM-23 Relays

Alarm Unit (2)

Apply a variable d-c voltage of approximately
20 volts to relay terminals 8 and 9 (terminal 9 posi-
tive) of the PM-2 or PM-23 relay. Adjust the voltage
to obtain a reading of one ma. on the relay milliam-
meter. The monitoring polar unit (2) contacts should
float. Reduce the current gradually. The monitoring
alarmcontacts should close at 0.7 ma. d.c. The trip-
ping unit (3) of the PM-23 relay should not move
during this test. The milliammeter has beenadjusted
toread 1 ma. #5%. As a result the pointer may not
read zero for a zero current condition.

Tripping Unit (3)

To check the PM-3 relay or the tripping ufit of
the PM-23 relay, apply the variable d-c voltage in
series with an external milliammeter togrelay,ter-
minals 8 and 9 with terminal 8 positiveffor the, PM-
23 relay, or terminal 9 positive for the, PM=3frelay.
When checking the pickup of the  PM-23ytrip unit
block open the alarm unit contaets (2),so as to re-
move the shunt resistor frum arcund ,the trip coil
(3.

The tripping relay unit (3)“shoudd pick up with
positive action at 14 voltsfd.e.” and should drop out
at approximately 10 vOlts. Bhe alarm unit of the PM-
23 relay will not operate“during this test.

PM-4 Relay

This device is simply a set of resistors and a
diode to connectinto the pilot-wire circuit to provide
a path for the monitoring current. The resistors can
be checked with an ohmmeter, and the diode can be
checked,either with an ohmmeter, or as explained in
the section) entitled ‘‘Rectifier Check’’ under
‘‘RoutinesMaintenance'’. If an ohmmeter is used, the
difference in forward and reverse resistance readings
obtained will be dependent on the current flowing
thréugh the diode.

PM-5 Relay

Apply 5 volts d.c. in series with a 0-1 d.¢. mils
liammeter and a 20,000-ohm variable resister to
terminals 6 and 7 with positive on terminal 6. The
left-hand contact should close at approximately 0.3
ma. Now apply the same circuit to terminals 8”and 9
with positive on terminal 9. The right-hand contact
should close at approximately40.3 ‘maf

PM 13 Relays - A.C. and,D.C.

Alarm Unit (1)

Connect a variable 20;000-alim resistor (10,000
ohms for a 3-terminal-line relay)in series with a d-c
milliammeter acrossgterminals 8 and 9 with the in-
strument positive @n terminal 9. For the a-c relay,
set the primary tap on#.20 volts. Now apply the rated
supplyvoltage/fo terminals 4 and 5. This will be 48,
125, or 250%Wolts(d.c., or 120 volts a.c. as indicated
on the relayynameplate. Adjust the variable resistor
to obta@im,a current of one ma. for a 2-terminal line
relay, om2 mafor a 3-terminal relay. At this value,
the moving“eontacts of the alarm or monitoring (1)
relay unitithe upper polar unit) should float between
the two sets of stationary contacts. Increase and
decrease the one or 2 ma. monitoringcurrent to check
the /calibration values listed in Tables IV and V.

To check the operation of the tripping unit 3
(the lower polar unit), apply a d.c. potential across
terminals 16 (positive) and 20 (negative). The trip-
ping polar unit should pick up at 14 volts, and should
drop out at approximately 10 volts. The resistance of
the series dropping resistors for transferred tripping
(listed in TablesIII A and IIIB)can be checkedwith
an ohmmeter. The circuit location of these resistors
can readily be seen from the external schematic,
Figure 27.

PMG-13 Relays - A.C. and D.C.

Alarm and Tripping Units

Follow the procedure given in the previous sec-
tion for the a-c. and d-c. PM-13 relays.

Ground Unit (%)

Connect the 20,000-ohm (or 10,000-ohm) resistar
and milliammeter across terminals 8 and 9. With
rated voltage applied and one ma. (or 2 ma.) flowing,
successively short circuit terminals 3 and 8, then 3
and 9. The ground alarm unit 5 (lower polar unit)
should move first to the left, then to the right. To
check the pickup current of the ground detector,
first remove the 20,000-ohm resistor from terminals
8 and 9. Connect a 0-1 d.c. milliammeter in series
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with a variable resistor of about 50,000 ohms be-
tween terminals 3 and 8. The left-hand contact
should close at approximately 0.3 ma. d.c. With the
milliammeter resistor connected, between terminals
3 and 9, the right-hand contact should close at 0.3
ma. d.c. The external schematic diagrams for these
relays are shown in Figure 23 and 25.

Routine Maintenance

calibration tests, or adjustments while the PM relays
are energized or connected to the pilot wires, to pre-
vent the possibility of inadvertently causing a break
operation. The PM relays may be removed from ser-
vice for testing, without jeopardizing HCB relay
protection, providing that the connections between
the 10-mfd capacitor and the HCB insulating trans-
former are not disturbed.

All contacts should be periodically cleaned. 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
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Operational Check

In addition to cleaning contacts, it “is, recom-
mended that an operational check be_gperfarmed
periodically by opening and short-circuiting/fhe,pilot
wires, as well as grounding them at_the(relay ter-
minals. Note: These pilot-wire faulfs sheuld not be
applied directly to the pilot wires,when the HCB re-
lays are in service. It is also réecommended that the
trip circuits of the PM relays,belepened (where trip-
ping is used), to prevent thé pessibility of inadvert-
ently tripping the associdted cireuit breaker during
testing. If the relaysdo not perform as expected, and
diode failure is suspected, the diode tests described
in the following,sectioft may be performed.

Rectifier (DiQde) Check

If therelis suispicion of a rectifier (diode) failure,
apply 30 volts'dye. reverse voltage (positive on arrow-
head) through a "300-ohm resistance to the diode.
Measure the voltage acrossthe diode. If this voltage
is not esséntially 30 volts, the diode is short-
circuited. Now apply 30 volts d.c. in the forward
direétion through the 300-ohm resistor, and measure
the voltage across the resistor. If the voltage is not
essentially 30 volts, the diode may have a high for-
ward resistance. If the voltage is zero, the diode is
open-circuited.

If the relay has been dismantled or the éalibra-
tion has been disturbed, use the followingWprocedure
for calibration.

With the permanent magnet removed;’see that the
moving armature floats in thegs€€ntral area of the air-
gap between the polesqof thefpolar unit frame. If
necessary, loosen the coredscréwin the center rear
of the unit and shift the“c¢ere “and contact assembly
until the armature floats. (This can best be done with
the polar unit remo vedyfromathe relay.) Then retighten
the core screw and replace the permanent magnet
with the dimpl e¢northypole)on the magnet to the left
when viewed, from the front.

Polar Units-General

Thedfollowing mechanical adjustments are given
as_a guide] and some deviation from them may be
necessary to obtain proper electrical calibration.

Magnetic Shunt Adjustment

The sensivity of the polar unit is adjusted by
means of two magnetic, screw-type shunts at the rear
of the unit, as shown in Fig. 1. These shunt screws
are held in proper adjustment by a flat strip spring
acrossthe back of the polarunitframe, so no locking
screws are required. Looking at the relay, front view
turning out the right-hand shunt to open the right-
hand air gap decreases the amount of currentrequired
to close the right-hand contact. Conversely, drawing
out the left-hand shunt increases the amount of cur-
rent required to close the right-hand contact, or
decreases the amount of currentrequired to close the
left-hand contact (with the properdirection of current
flow). Also, if a relay trips to the right at the proper
current, the dropout current can be raised by turning

in the right-hand shunt. The two shunt-screw adjust-
ments are not independent, however, and a certain

amount of trimming adjustment of both shunt screws
is generally necessary to obtain the desired pickup
and dropout calibration.

In general, the farther out the two shunt screws
are turned, the greater the toggle action will be, and
as a result, the lower the dropout current. For the
tripping units (3) of the PM-3, PM-13, and PM-23 re-
lays, toggle action is desirable, with a dropout cur-
rent around 75 percent of the pickup current. For the
monitoring alarm relay units, toggle action is not
desired. Instead, the armature is adjusted to float
between the pole faces at a given current (1 or 2
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The following chart indicates the units present in each relay.

) — l

FUNCTION PMA | PMA-1l pys | pv3 | PM4 | PM5 | PM13 |PMG13| PM23
AND UNIT PMD | PMD-1 |

Alarm for p.w. open, short or reversal X X X e X e

(1) (2) 1 |

Transfer- Trip Unit (3) X | X X X

Alarm for p.w. ground (5) X X X

D.C. Path for Monitoring Current X

ma.), and to move gradually toward the high or low-
current alarm as the coil current is increased or
or decreased. Similarly, the floating adjustment of
of the armature of the ground alarm unit (5) requires
that both shunt screws be turned in relatively far.
Then the armature will move gradually to the left or
right as the current through the two #5 coils is
unbalanced.

The electrical calibration of the polar unit is
also affected by the contact adjustment as this
changes the position of the polar unit armature. D@
not change the contactadjustment withoutrechecking
the electrical calibration.

Contact Adjustment -~ All Relays

For all monitoring alarm units, designated (1)\or
(2), turn in all the stationary contact and“¢eatact
stop screws until they just touch the m@vingeontact.
Advance the screws to hold the armatureyin the cen-
tral portion of the magnetic air gap between the two
pole faces. (The stationary contact screws have a
round silver contact face; the ‘stop /Screws do not
have this silver facing.) New back off all the con-
tact and contact stop serews, one full turn. This will
give a total contactdtravelyof 0.050 inch. When the
relay is properly galibr@ted, “Some touch-up adjust-
ment may be necessary so that double contacts will
both close at the same,current value. The contact
gap between the floating moving contact and the
right-hand or left-hand stationary contacts or contact
stops will be approximately 0.025 inch when the re-
lay is in opetation.

For the tripping (3) units of the PM-3, PM-13,
PMG-13) and PM-23 relays, adjust the contacts as
descnbedin the previous paragraph, except back off
the“eontact and stop screws one-half turn each to

10

give a total movingycontact travel of approximately
0.025 inch.Jdn operation’of the tripping unit, the mov-
ing contactywill nmermally rest against the contact
stop screws,Nandiwill pick up only for a transferred-
trippingyeperation.

Formthe pilot-wire ground alarm unit (5) of the
PMA, PMD, PM5, and PMG-13 relays, follow the
same general procedure except back off both station-
ary contact screws two turns each. This will give a
contact gap of 0.050on eachside of the moving con-
tact when it is its normal central position.

Electrical Calibration - All Relays

In the following sections, the calibration in-
structions are given for the polarunit which performs
a certain function, such as alarm (1) or (2), ground
(5), or trip (3), rather than giving calibration in-
structions for each complete relay. In this way, con-
siderable duplication of instructions has been elim-
inated.

Alarm Unit (_L)

Connect therelay as described under Acceptance
Tests for the particularrelay involved. Screw the two
magnetic shunts all the way in, then back them out
five turns each. With the relay energized at rated
voltage, set the monitoring current at 1.3 or 2.3 ma.
d.c. for 2 or 3-terminal relay respectively, by adjust-
ing the external resistor. If the relay does not close
its right-hand contact, turn in the left shunt screw
until the right-hand contact just closes. If the right-
hand contact is closed at 1.3 ma., turn in the right
shunt until a point is reached when the right-hand
contact is just closed at 1.3 ma.

Now drop the current to 0.7 ma. and adjust the
opposite shunt until the left-hand contact just closes
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at 0.7 ma. d.c. At 1.0 ma. d.c., the moving contact
should float half way between the two sets of station
ary contacts with a 0.025-inch gap on each side. Re-
check the high and low current calibration several
times, touchingup the shunt adjustments as required
to obtain the desired calibration.

For all the source relays, which are listed be-
low, make the followingadditional calibration check:

PMA PM-13 (a.c. and d.c.)
PMA-1 PMG-13 (a.c. and d.c.)
PMD

PMD-1

After calibration as described in the previous
sections, connect a 20,000 ohm resistor (or 10,000
ohms for 3-terminal applications) across the output
terminals, and energize the relay at its rated supply
voltage. With these connections, approximately one
(or two) milliamperes d.c. will flow through the
monitor relay coils and external resistor, thus rep-
resenting normal operating conditions.

Now momentarily (one second or so) apply, 48
volts d.c. directly to the pilot-wire terminal§ of the
relay, as indicated in the following table.

Relay Terminals for Momentary Awpli€ation
of 48 V. d.cf
POS. NEG.
PMA, PMA-1| 8 7
PMD, PMD-1/
PM-13 (a.c. or d.c.) l 8 9

PMG-13 (a.c. or d.c.)f

After momentary applieation of the transfer-trip
voltage as just explainédgrecheck the calibration of
the monitoring alarmWinit (1). If it has changed, make
necessary tiimmingfadjustments of the shunt screws
until therefis n6 change in calibrating of the alarm
unit (1) after theftransfer-trip voltage has been
applied. The purpose of this test is to compensate
for the small residual magnetism in the relay unit.
The ground alarm unit(5) will not be affected by this
testyas the ampere-turns of the two windings cancel
eachother.

For the alarm unit of the PM-2 or PM-23 relays,
adjust the shunts so that the relay moving contact

floats at one ma. d.c., and closes the lefishand,eon-
tact at 0.7 ma. d.c. The moving contact should float
midway between the contact and contactistop at 1.0
ma. d.c. There is no high-current calibration for this
relay unit.

Now apply 48 volts d.c. momentarily (one second
or so) across the alarm aniticoil-circuit terminals in
a direction to operate the ‘@larmar€lay. Then recheck
the alarm unit calibration. If9there is any change,
touch up the shunt adj@#stments until there is no
changein calibratiomaftend8 v. d.c. has been applied.

To calibratethe tripping unit of the PM-3, PM-13,
PMG-13,0t1 PM-23 relays apply a d.c. voltage as ex-
plained “below,” to the following relay terminals:

D.C. | Voltage |
Relays Pos. Neg.
PM-3 9 8
PM-13 (a.c. or d.c.) 16 | 20
PMG-13 (a.c. or d.c.)| 8 : 9
PM-23 8 | 9

Momentarily (one second or so) apply 48 volts
d.c. to theterminals shown in the chart. Then starting
with both shunts all the way in, turn out the right-
hand shunt screw until the relay closes itsright-hand
trip contact at 14 volts d.c. (This will give approxi-
mately 2 ma. through the relay coil.) Now draw out
the left-hand shunt until the relay resets with toggle
action (not gradually) at not less than 10 volts d.c.
When the calibration is approximately correct, again
apply 48 volts d.c. to the indicated terminals, then
recheck the pickup and dropout voltage, making any
necessary trimming adjustments of the shunts. When
the relay is properly adjusted, the application of 48
volts.d.c. will not changethe pickup or dropout volt-
age points. The relay should trip and reset with tog-
gle action in this application. This will require both
shunt screws to be withdrawn farther than for float-
ing action.

Ground Alarmr Unit (5)

For the PM-5 relay, tuin both shunt screws all
the way in, then back them out five turns each. Pass
a current of 0.3 ma. d.c. in terminal 6 and out ter-
minal 7. Following the same general procedure as
described previously in the section entitled ‘*Alarm
Unit (1),”’ adjust the shunt screws so that the left-
hand contactcloses at 0.3 ma. Nowpass 0.3 ma. d.c.

1
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in terminal 9 and out terminal 8, and adjust for clos-
ingof the right-hand contact at 0.3 ma. Recheck both
pickup points several times, and make trimming ad-
justments of both shunts as required to obtain con-
tact closing at 0.3 ma. d.c. in each direction.

For the ground unit (5) of the PMA, PMD, and
PMG-13 relays, connect a variable resistance of
about 50,000 ohms in series with a 0-1 d.c. milliam-
meter between the terminals indicated in the follow-
ing table:

Turn the shunts all the way in, then back them
out five turns each. With the relay connected as
shown in the left-hand column of the table, apply
rated voltage to the relay and adjust the 50,000-chm
resistor for 0.3 ma. d.c. Now following the procedure
in the previous paragraph for the PM-5 relay, adjust
the shunts until the left-hand contact closes at 0.3
ma. d.c. Change the connections as indicated in the
right-hand column, and adjust the opposite shunt un-
til the right-hand contact closes. Recheck back and
forth several times and make necessary trimming
adjustments to obtain pickup at 0.3 ma. In each
direction. The armature will move gradually as the

current is changed for this relay unit.

ICS Unit

Close the main relay tripping contact circuit with
a jumper connected directly across the contagt ter-
minals of the polar unit. Pass sufficient direct cur-
rent through the relay trip circuitto clos€the contacts
of the ICS unit. This value of curent should not be
greater than the ICS tap settimg, being used (0.2 or
2.0). The indicator target should\drop freely. The
contact gap should be approximately 0.047 inch be-
tween the bridging moving contact and the adjustable
stationary contacts. Theljbridging moving contact
should touch both stdtionary contacts simultaneously.

RENEWAL PARTS

Repaimgwork can be done most satisfactorily at
the faetory, However, interchangeable parts can be
furniShed to“the customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.

Ground Alarm (5) Calibration

Relay Terminals
Relay L.H. Contact Check R.H. Contact Check
PMA 3 tand € 3and 7%
PMD 5 %and 6 5and 7+
PMG-13 3yt and 8 3and 9%

+ Milliammeter positive to this terminal

12

£
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Fig. 2. Internal schematic of the type PMA relay in FT
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two terminal lines.

INTERNAL SCHEMATIC

KIQHT WABD -

FULL WAYE
HECTIFIER -~

TN

o= f) UPPER POLAR DMIT
{WORITORING }

TRANY FORMER -1 - I\_L‘if}w ——~ —LONER POLAR UNIT
| Lo g (BROUND)

00 § ”“J L :FB:;%L

p—TEST SWITLH

- TERMIRAL

WOTE: ERONT WiEW
WHER NORMALLY ERERQIZER.CUSRENT

FLOWING 06T OF TERMIBAL 7 AXD N

AT TERMINAL & TENDS TD CLOSE THE

4.8 (FIONT VIEW} CONTACTS.

187A191

INTERNAL SCHEMATIC

RIGHT AAND ~--—-I_{ ,ﬁv . ij

200
R
FOLL WAVE oot -
RECTIFIER
PoLaz UmiT
L~ (HONITORING}

TRANSFORMER ! T |]—— 5600 0

TesT snrTeH

. TERMINAL

NOTE:
WHEN NORMALLY ENERGIZED, CURRERT
FLOXING OUT OF TERMINAL 7 AND I¥
AT TERMINAL € TERDS TO CLOSE THE
R.K. (FRONT VIEW) CONTACTS.

187A192

Fig. 4.\3Internal schematic of type PMA relay in FT 31
case — 120 volt, £0 cycle supply ~ For three
terminal lines.

14

Fig. 5. Internal schematic of type PMA-1 relay in FT 21
case — 120 volt, 60 cycle supply ~ For three
terminal lines.
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Fig. 13. Internal schematic of the type PM-5 ground
detector relay in the FT 11 case.
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Fig.29. Outline and Drilling Plan for External Remote

trip Resistor Assembly.
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INSTALLATION

Westinghouse
MAINTENANCE

OPERATION o

I.L. 41.973.5K

INSTRUCTI O NS

TYPE PM LINE OF RELAYS FOR PILOT-WIRE
MONITORING AND TRANSFERRED TRIPPING

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 PM Monitoring Relays provide continuous
monitoring of a pilot-wire circuit to detect open cir-
cuits, short circuits, grounds, and wire reversal. In
addition, transferred tripping can be effected where
the PM-3, PM-13, PMG-13 or PM-23 relays are used.
Tablel illustrates the functions available with each
relay. A 10 mfd. capacitor is supplied with each PM
relay. This capacitor provides an a-c path between
the two halves of the insulating transformen,second-
ary windings as shown in Figs. 21 through 27:

Each circuit requires the following:

At one end to introduce monitoring cursent
One of the following:
For a-c Supply

Bor daesSupply

PMA PMD
PMA-1. PMD-1
PM-13 or PMG-13 (a.c.) PM-33”or PMG-13 (d.c.)

At the other end to receivg,monitoring current (two-

terminal line)
One PM-23 or BM-2 et PM-4

Atthe othergénds 4o receive monitoring current (three-

% One PM-23 orione PM-4 or one PM-2 for each
remote terminal.

CONSTRUCTION
BM nelays consist of the following:

PMA PMA-1

1=Polar Alarm Unit (1) 1-Polar Alarm Unit

SUPERSEDES I.L. 41-973.5)

*Denotes change from superseded issue.

1-Polar Ground Unity(5)
1-Tapped Transformer
1-Full-Wave Rectifier
3-4 mfd. Capagitots
1-Set of Poténtial
DividingfResisters

PMD

1-Polar Alarm Unit (1)
1=Pélar_ Ground Unit (5)
2-4“mfd. Capacitors
I=Set of Potential
Divider Resistors

PMG-13

1-Polar Alarm Unit (1)

1-Polar Ground Unit (5)

1-Polar Trip Unit (3)

1-Indicating Contactor
Switch

1-Set of Potential
Divider Resistors
1-Tapped Transformer
(A.C. Relay only)
1-Full-Wave Rectifier
(A.C. Relay only)
1-Blocking Rectifier
2-Remote Trip Resistors
3-4 mfd. Capacitors
(A-C Relay)
2-4 mfd. Capacitors
(D-C Relay)

PM-23

1-Polar Alarm Unit (2)
1-Polar Trip Unit (3)
1-Indicating Contactor
Switch (ICS)
1-Milliammeter, 5.0 ma.
1-Set of Adjustable and
Fixed Resistors
2-Blocking Rectifiers

1-Tapped Transformer
1-Full-Wave Rectifier
1-4 mfd. Capacitor
1-Set of Potential
Dividing Resistors

1-Polar Alarm Unit
1-Set of Potential
Divider Resistors

PM-13

1-Polar Alarm Unit (1)
1-Polar Trip Unit (3)
1-Indicating Contactors
Switch
1-Set of Potential
Divider Resistors
1-Tapped Transformer
(A.C. Relay only)
1-Full-Wave Rectifier
(A.C. Relay only)
1-Blocking Rectifier
2-Remote Trip Resistor
1-4 mfd. Capacitor

PM-2

1-Polar Alarm Unit (2)
1-Milliammeter, 5.0 ma.
1-Set of Adjustable
Resistors
1-Blocking Rectifier

EFFECTIVE OCTOBER 1974
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PM-3

1-Polar Trip Unit (3)

1—-Resistor

1-Blocking Rectifier

1-Indicating Contactor
Switch (ICS)

PM-4

1—-Blocking Rectifier
1-Set of Adjustable &
Fixed Resistors

TABLE |

PM-5

1-Polar Ground Unit (5)
2—4 mfd. Capacitors

1-Fixed Resistor

FUNCTION || PMA & PMD | PMA-1 & PMD-1 | PM-13

PMG-13

PM-23

PM-2

PM-3%, PMi4 | PM-5

Monitoring
Current X
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits t
Trip X
Signal

x 1 X

x 1

x 1

x T x T

Receives
Trip
Signal

Sensitive
Ground X
Detection

Measures
Monitoring
Current

1t With External Resistors

Ol s (]

| PERMANENT

) MAGNET

] ARMATURE

r— i~
i
e |

—N _|..'ﬂ; [
d MOVING CONTACT

BALANCED AIR GAPS

UKT

B

gt ]

|

r—’.——
Iz

S

L

S b

o —— ADDITIONAL
J‘ FLUX PATH

UNBALANCED AIR GAPS

A"

1834062

Fig. 1. Polar Unit Permanent Magnet Flux Paths.
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Polar Unit

The polar unit consists of a rectangular shaped
magnetic frame, an electromagnet, a permanent mag-
net, 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
winding 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
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attracted
to the magnetic core upon energization of the switch.
When the switch closes, the moving contacts bridge
two stationary contacts, completing the trip circuit.
Also during this operation two fingers on the arma-
ture deflect a springlocated on the front of the switch,
which allows the operation indicator target to drop4
The target is reset from the outside of the case byfa
push rod located at the bottom of the cover.

The front spring, in addition to holdingitheftar-
get, provides restraint for the armature and¥%hus<eon-
trols the pickup value of the switch.

PMD & PMGI13 with Tel. Relay: In the rélays type
PMD and PMG13 where they are energized #ith DC
power supply, the ground polar{unit{(#5) could
momentarily close its contact (for, about” 10 m.s.) if
either positive or negative supply s, grounded. To
eliminate this momentarypperation, a telephone
relay with a nominal operatingytime of 25 m.s. was
connected in series with contact of the *‘‘5'' unit,
and the contact of the telephone relay is used as
an overall contactfoutput of the *5'' unit. This
type of relay §hould¢be msed where the DC power
supply is subjectedyto short to the ground.

OPERATION
Pilot Wire Monitorifg

Monitoring current is introduced into the pilot
wire as shown in the external schematics, figures 21
to 27, by the monitoring current source. External
schematics showing other combinations are available
omyrequest. A nominal 20 volts is impressed across
the, 10 mfd. capacitor at the left-hand line terminal
in Figures 21 to 27. This voltage produces a current
circulating throughone winding of the HCB insulating
transformer, one pilot wire, the PM-23, PM-2, or PM-4,

and back through the other pilot wire and the other
winding of HCB insulating transformer.

Adjustment of the resistors of the BM-23, PM-2
or PM-4 relay at the other end of the pilot wire pro-
vides a normal one-milliampere d-c circulating cur-
rent. In the case of three-terminal lines, the monitoring
source relay output current is®2 ma. in order to pro-
vide each receiving endyrelayswith 1 ma. The alarm
unitof the monitoring current,source relay is adjusted
to float between the highyandylow current contacts
with normal monitoringcufrent. The PM-23, receiving-
end alarm relay, iSpadjusted to float between the
low-current alarmy,contaet and a contact stop with 1
ma. flowing.

Short Circuits

A completeyor partial short circuit on the pilot
wires in€reases the current in the current-source re-
lay{ eausing the high-current alarm contactsto close.
The“resulting current decrease in the PM-23 relay
elosesithe alarm contact. Short circuits of 5000 ohms
omyless*will be detected.

OpeniCircuits

Current decreases to zero in all relays. Low-
ceurrent alarm contact of the current source relay
closes. Alarm contact of PM-23 relay closes.

On applications using the PM-23 relay, current
increases in the sending end relay to close the high-
current alarm contacts. Current drops to zero in the
PM-23 relay monitoring coil to close the low-current
alarm contacts.

If the pilot wire should be opened and reclosed
with reversed connections when the PM-23 relay is
in service, the alarm contact (2) in the PM-23 drops
out. The alarm contact dropping out shunts the trip
unit coil (3), and prevents the trip unit contact (3)
from operating momentarily. The trip unit contact is
prevented fromoperatingbecause the capacitor at the
sending end discharges through the pilot wire and
the trip unit (3) circuit. This will have no effect on
remote trip operation.

The current decreases in both sending and re-
ceiving end relays when the PM-2, or PM-4 relays
are used. Low current alarm contacts close.

Grounds

The voltage-divider circuit of the PMA, PMD,
and PMG-13source relays has its midpoint grounded
through a current-limiting resistor. Thus, a pilot-wire
ground will cause an increase in current in one coil
circuit, and a decrease in the other one. This un-
balance in the current flowing through the two wind-
ings (5) of the ground alarm relay unit will cause it
to closeone of itscontacts (depending on which pilot
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wire is grounded)to give an alarm. Grounds of 10,000
ohms or less will be detected.

For adding the sensitive ground detection where
PMA-1, PMD-1, or PM-13 relays have been installed,
the PM-5 relay can be added to the circuitry, as
shownin figure 24. This relay also has a 10,000-ohm
ground sensitivity.

Transferred Tripping

Breakers located at the PMG-13 or PM-13 and
PM-3 or PM-23 stations can be tripped by the appli-
cation of a d-c voltage to the pilot wires at remote
locations, as shown in figures 21 to 27. Transferred
tripping can be effected from any location by apply-
ing 48 volts d-c (through dropping resistors when re-
quired) to the pilot wire with polarity opposite to
that of the monitoring voltage. When tripping the PM
-23, the current is increased above 2.0 ma, in reverse
direction, to close the trip contact. When tripping
the PMG-13 or PM-13, the reversed d.c. voltage oper-
ates the trip unit (3).

See Tables II and III for tripping resistor values.
Nominal tripping currentsis 5ma. atallrated voltages.

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 iny some of the
flux is forcedthrough the armature, makingWt a north
pole. Thus, reducing the left hand, redt gap will pro-
duce a forcetending to pull the armature todthe right.
Similarly, reducing the right hand®8ap will make the
armature a south pole and produce a farce tending to
pull the armature to the left.

The alarm unit contacts),of the sending and re-
ceiving end relays Ate biased to move to the left
when the relay is deenergized:"The PMG-13 or PM-13
and PM-23 trip unitdeagntactfis biased to move to the
left when the relay isydeenergized. The PM-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 in Tables IV and V.

Voltage Ratings

Supply voltage ratings of the monitoring source
relays to obtain continuous monitoring currentyjare
as follows:

DC - 48, 125, and 250 volts
AC— 120 volts, 60 cycles (Primary taps 100,
110, 120 & 130)
Voltage impressed on the pilet wire is' a nominal
20 volts for monitoring, and48%Welts for tripping.
Supply voltage ratings tg obfaim remote tripping
are: 48, 125, and 250,volts d-c.

Alarm coil (1)
two termipdlyline 1050-1250 ohms
three terminal lime 700-900 ohms

2200-2600 ohms
Tripeeoil (8) 1800-2200 ohms
GroundpAlarm coil (5) 5200-5800 ohms

Alarm coil%2)

PM-4%and PM-23 Resistance

Nominal PM-4 and PM-23 total resistance when
adjusted for service is 20,000 ohms less pilot wire
loop resistance at 1 ma.

PMA, PMA-1 and AC PMG-13, PM-13 Burden

0.5 VA at tap voltage -
1.0 VA at tap voltage -

2-terminal line relay
3-terminal line relay

Rectifiers

Approximate forward resistance- 560 ohms at 1 ma
300 ohms at 2 ma

Rating

Continuous forward
current - amperes - 1

Continuous back
voltage- rms volts - 200

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
5.0 MA d-c with 48, 125, and 250 volts d-c¢ supply
and a 2000-ohm pilot wire.
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TABLE Il

PMA, PMA-1, PMD, AND PMD-1 APPLICATIONS
EXTERNAL RESISTORS FOR D.C. REMOTE TRIPPING
(2 REQUIRED PER STATION)

# LINE D.C. STATION A STATION A STATION B STATION C
PM-2& PM-3or| PM-2 & PM-3or
TERMINALS | VOLTAGE |PMA or PMA-1 | PMD or PMD-1| PM-23 or PM-4| PM-23.0r PM-4| TO OPERATE
2 48 200 200 — - PM-23 or PM-3
125 3550 3550 -_ — i
250 9300 9300 - - "
3 48 200 200 - - "
125 2000 2000 — - i
250 5600 5600 — — "
TABLE IlIA
PMG-13 AND PM-13 (D.C. SUPPLY) APPLICATIONS
RESISTORS FOR D.C. REMOT E\TRIPPING
(2 REQUIRED PER STATION)
# LINE D.C. STATION A STATION B STATION C
PM=2 8& PM-3 or PM-2 & PM-3 or
TERMINALS VOLTAGE PMG-13 or PM-13 PM-23 or PM-4 PM-23 or PM-4 TO OPERATE
2 48 20041 200 - PMG-13 or PM-13
and PM-23 or PM-3
125 2120% 2120 — "
250 5600 4 5600 - i
3 48 200 4 200 200 "
125 1500 t 1500 1500 i
250 4000 f 4000 4000 '
+ Mounted in Relay TABLE IlIB
PMG-13 AND PM-13 (A.C. SUPPLY) APPLICATIONS
(2 REQUIRED PER STATION)
RESISTORS FOR D.C. REMOTE TRIPPING
[
# LINE D.E. STATION A STATION B STATION C
PM-2 & PM-3 or | PM-2 & PM-3 or
TERMINALS VOLTAGE PMG- 13 or PM-13 PM-23 or PM-4 PM-23 or PM-4 TO OPERATE
2 48 200 t 200 — PMG-13 or PM-13
and PM-23 or PM-3
125 2120 2120 - "
250 5600 5600 - i
3 48 200 f 200 200 '’
125 1500 t 1500 1500 i
250 4000 t 4000 4000 "

% Mounted in Relay
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TABLE IV

NOMINAL CALIBRATION VALUES - TWO TERMINAL LINES

RELAY LOW CURRENT AL ARM !
PMA or PMA-1 0.7 ma

PMD or PMD-1 0.7

PM-5 t —

PMG-13 or PM-13 0.7 tf

PM-23 or PM-2 & PM-3 t 0.7

t Same relay as for three-terminal lines
t1 These are pilot-wire current values

HIGH CURRENT ALARM 2 TRIP
1.3 ma -
1.3 -
+0.3 —

1.3 t1 14 V.

—_ 14 V.

1—Left-hand contacts, front viewy
2—Right-hand contacts, front view.

TABLE V

NOMINAL CALIBRATION VALUES - THREE TERMINAL LINES

RELAY LOW CURRENT ALARM
PMA or PMA-1 1.7 ma

PMD or PMD-1 1.7

PM-5 1 -

PMG-13 or PM-13 1.7 t#

PM-23 or PM-2 & PM-3 ¢ 0.7

t Same relay as for two-terminal lines
tt These are pilot-wire current values

Trip Circuit
The main contacts will safely close 30fampeges
at 250 volts d-c and the seal-in contacts of the indi-

cating contactor switch will safely carrypthis, current
long enough to trip a circuit breaker.

The indicating contactor switch“has, two taps
that provide a pickup setting of 0.2 or€ 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 Constapt

Indicating Contaetor Switch (ICS)

0.2 ampere tap 6.57 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c resistance

SETWRTING THE RELAY

Operating units of all relays are adjusted in the
factoryto the values listed in Tables IV and V to a
tolérance of +*5%. No settings are required on these
uRits:

HIGH, CURRENT ALARM TRIP
2.3 ma —
2.3 —_
+0.3 -

2.3 1 14 V.

— 14 V.,

For all 48/125-volt d.c. relays, connect jumpers
acrossresistors as shownon theinternal schematics.

Adjust the resistors in the PM-4, PM-2, or PM-23
relay or relays to a value of 1 MA d-¢ with the moni-
toring circuits connected for service. Use the mil-
liammeter in the PM-23 for this purpose or use a
portable milliammeter with a resistance of less than
200 ohms. Where it is not practical on three-terminal
lines to adjust both receivingrelays simultaneously,
set one receiving relay for 18,000 ohms total resis-
tance (including relay coil andresistors) by measure-
ment prior to final adjustment of the other receiving
relay. This procedure will minimize the change in
monitoring current in the first relay to be adjusted
when making the final adjustment of the secondrelay.

PMA, PMA-1, PMG-13 and PM-13 Relays

Select the transformer tap nearest to expected
normal a-c supply voltage. The full wave rectifier is
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connected to a secondary transformer tap. Where de-
sired, the sutput voltdge 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 the 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
of the connecting 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 theirequivalent 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 meansof
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 withthe relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud @nd then
turning the proper nut with a wrench.

For detailed PT case information, refer topl.L.
41-076.

Where the potential to ground impresseddon the
relays can exceed 700 volts, a drainageSreactor in
conjunction with a KX-642 tubefyor<thefreactor in
conjunction with 700 volt carbon-bloek arresters, is
recommended. For details,Wsée Protection of Pilot-
Wire Circuits, AIEE Committee'Report, paper 58-1190,
AIEE Transactions, 1959, Volaume 78, Part III B pp.
205-212. Also, see AIEE ‘Special Publication S-117,
Applications and Prgtection of Pilot-Wire Circuits
for Protective Relaying, July 1960.

ADJUSTMENTS AND MAINTENANCE

The proper-adgustments to insure correct opera-
tion 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 in-
structions in the succeeding sections should be
followed.

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.

Indicating Contactor Switch (ICS)

Close the contact of@%he tripping unit and pass
sufficient direct currentpthreugh the trip circuit to
close the contacts of the“I€S unit. This value of
current should not be greater than the particular ICS
tap setting being used, (0.2 or 2.0). The indicator
target should dropifreely.

PMA and lfMA‘l Relays

Set the primary tap on 120 volts. Connect a vari-
able‘tesistor of approximately 20,000 ohms in series
With a‘low-range d-c milliammeter across terminals
6and 7 with the instrument positive connected to
terminal 7. Apply 120 volts at rated frequency to
terminals 4 and 5. Adjust the 20,000-ohm resistor to
obtain a current of one ma. d.c. For a three-terminal
line relay, use a 10,000-ohm resistor and set the
current to 2 ma. d.c. At this value, the moving con-
tact of the alarm or monitoring relay unit (1) should
float between the two sets of stationary contacts. In
the PMA relay, the ground alarm unit (5) contact
should also float. (This contact will also float when
the relay is de-energized.) Increase and decrease
the one or two-milliampere monitoring currentto check
the calibration values listed in Tables IV and V.

Ground Unit (5)

Reconnect the 20,000-ohm resistor. For the PMA
relay only, short terminals 7 and 3. The contact of
the ground alarm unit (5) should close to the right
when the relay is energized. Remove the short, and
connect it between terminals 6 and 3. The ground
alarm unit (5) should close to the left. The action of
the monitoring unit (1) contact is of no significance
in this simulatedpilot- wire ground test. To check the
pickup current of the ground detector, first remove
the 20,000-ohm resistor from terminals 6 and 7. Con-
nect a 0-1 d.c. milliammeterin series with a variable
resistor of about 50,000 ohms between terminals 3
and 6. The ground unit should close its left-hand
contact at approximately 0.3 ma. d.c. With the mil-
liammeter and resistor connected between terminals
3 and 7, the right-hand contact should close at 0.3
ma. d.c.

‘o
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PMD and PMD-1 Relays

Alarm and Ground Units

Conpect an adjustable 20,000-ohm resistor (or
10,000-ohms for a 3-terminal relay) in series with a
d-c milliammeter across terminals 6 and 7 with the
instrument positive connected to terminal 7. Apply
rated d-c voltage to terminals 8 and 9 with positive
onterminal 9. Now check the PMD and PMD-1 relays,
following the procedure given in the previous section
for the PMA and PMA-1 relays, respectively. Note,
however, that terminal 5 of the PMD relay corres-
ponds to terminal 3 of the PMA relay.

Apply a variable d-c voltage of approximately
20 volts to relay terminals 8 and 9 (terminal 9 posi-
tive) of the PM-2 or P*1-23 relay. Adjust the voltage
to obtain a reading of one ma. on the relay milliam-
meter. The monitoring polar unit (2) contacts should
float. Reduce the current gradually. The monitoring
alarm contacts should close at 0.7 ma. d.c. The trip-
ping unit (3) of the PM-23 relay should not move
during this test. The milliammeter has been adjusted
to read 1 ma. +5%. As a result the pointer may not
read zero for a zero current condition.

Tripping Unit (3)

To check the PM-3 relay or the tripping unitgof
the PM-23 relay, apply the variable d-c voltage An
series with an external milliammeter to relay ter-
minals 8 and 9 with terminal 8 positivefor the BM-
23 relay, or terminal 9 positive for the PM=3, relay.
When checking the pickup of the PM=23Wtrip unit
block open the alarm unit contacts (2)yso as to re-
move the shunt resistor frum around, thevtrip coil
(3).

The tripping relay unit (3) sheuld /pick up with
positive action at 14 volts d4€.“@nd s“ould drop out
at approximately 10 volts. The alamm unit of the PM-
23 relay will not operate during®his test.

PMA4 Relay

This device is simplyfa set of resistors and a
diode to connectinto the pilot-wire circuitto provide
a path for the monitoring current. The resistors can
be checked with an 6hmmeter, and the diode can be
checked either with an ohmmeter, or as explained in
the sectionwgentitled ‘‘Rectifier Check’’ under
‘“‘RoutinéaMaintenance’’. If an ohmmeter is used, the
differenee in forwardandreverseresistance readings
obtaineduwill be dependent on the current flowing
throughithe diode.

Apply 5 volts d.c. in series with a 0-1 d.c. smil-
liammeter and a 20,000-ohm variable resistor, to
terminals 6 and 7 with positive on terminal 6. Thé
left-hand contact should close at approximately 0.3
ma. Now apply the same circuit to terminals 8 and 9
with positive on terminal 9. The rightshand contact
should close at approximately 0.3 ma.

PM 13 Relays ~ A.C. andyD.@x

Alarm Unit (1)

Connect a variable 20,000-ohmgresistor (10,000
ohms for a 3-terminal-line,relayyin series with a d-c
milliammeter across terminals 8 and 9 with the in-
strument positive on fermimal 9. For the a-c relay,
set the primary tap on120 volts. Now apply the rated
supply voltage togterminals 4 and 5. This will be 48,
125, or 250 welts'd.€., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtajm,a currentbof one ma. for a 2-terminal line
relay, or'gyma™for a 3-terminal relay. At this value,
the moving €entacts of the alarm or monitoring (1)
relay(unit'(the upper polar unit) should float between
the twe sets of stationary contacts. Increase and
decreasethe one or 2 ma. monitoring current to check
thel calibration values listed in Tables IV and V.

Tripping Unit (3)

To check the operation of the tripping unit 3
(the lower polar unit), apply a d.c. potential across
terminals 16 (positive) and 20 (negative). The trip-
ping polar unit should pick up at 14 volts, and should
dropout at approximately 10 volts. The resistance of
the series dropping resistors for transferred tripping
(listed in TableslIll A and I1I B)can be checked with
an ohmmeter. The circuit location of these resistors
can readily be seen from the external schematic,
Figure 217.

Alarm and Tripping Units

Follow the procedure given in the previous sec-
tion for the a-c. and d-c. PM-13 relays.

Connect the 20,000-ohm (or 10,000-ohm) resistor
and milliammeter across terminals 8 and 9. With
rated voltage applied and one ma. (or 2 ma.) flowing,
successively short circuit terminals 3 and 8, then 3
and 9. The ground alarm unit 5 (lower polar unit)
should move first to the left, then to the right. To
check the pickup current of the ground detector,
first remove the 20,000-ohm resistor from terminals
8 and 9. Connect a 0-1 d.c. milliammeter in series
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with a variable resistor of about 50,000 ohms be-
tween terminals 3 and 8. The left-hand contact
should close at approximately 0.3 ma. d.c. With the
rilliammeter resistor connected, between terminals
3 and 9, the right-hand contact should close at 0.3
ma. d.c. The external schematic diagrams for these
relays are shown in Figure 23 and 25.

Routine Maintenance

CAUTION - Do not make any performance check,
cali_t;ration tests, or adjustments while the PMrelays
are energized or connected to the pilot wires, to pre-
vent the possibility of inadvertently causing a break
operation. The PM relays may be removed from ser-
vice for testing, without jeopardizing HCB relay
protection, providing that the connections between
the 10-mfd capacitor and the HCB insulating trans-
former are not disturbed.

All contacts should be periodically cleaned. 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
danger of embedding small particles in the face ¢f
the soft silver and thus impairing the contacte

Operational Check

In addition to cleaning contacts, it™is, recoem-
mended that an operational check bemperformed
periodicallyby opening and short-circuiting the pilot
wires, as well as grounding them .atythe,relay ter-
minals. _Note: These pilot-wire faults should not be
applied directly to the pilot wirés whensfthe HCB re-
lays are in service. It is alsglrecommended that the
trip circuits of the PM relays be€yopened (where trip-
ping is used), to prevent the“pessibility of inadvert-
ently tripping the assogiatedgcircuit breaker during
testing. If the relaysdo net perform as expected, and
diode failure is suspected, the diode tests described
in the following, seetion may be performed.

Rectifier (Diode) Check

If therejis suspicion of a rectifier (diode) failure,
apply 30 volts‘daé. reverse voltage (positive on arrow-
head) through a 300-ohm resistance to the diode.
Measure the voltage across the diode. If this voltage
isqnot essentially 30 volts, the diode is short-
gircuited. Now apply 30 volts d.c. in the forward
direction through the 300-ohm resistor, and measure
the voltage across the resistor. If the voltage is not
essentially 30 volts, the diode may have a high for-
ward resistance. If the voltage is zero, the diode is
open-circuited.

If the relay has been dismantled or thej¢alibra-
tion has been disturbed, use the followingsprocedure
for calibration.

With the permanent magnet removed, see that the
moving armature floats in thé central area of the air-
gap between the pole§yof@the polar unit frame. If
necessary, loosen the corepscrew in the center rear
of the unit and shift ghe  eore’and contact assembly
untilthe armature floatst (This can best be done with
the polarunitremo ved.from the relay.) Then retighten
the core screw@Qand replace the permanent magnet
with the dimplenorth"pole)on the magnet to the left
when viewed from“he front.

Polar Units-General

Theyfollowing mechanical adjustments are given
as, a guide, and some deviation from them may be
necessary to obtain proper electrical calibration.

Magnetic Shunt Adjustment

The sensivity of the polar unit is adjusted by
means of two magnetic, screw-type shunts at the rear
of the unit, as shown in Fig. 1. These shunt screws
are held in proper adjustment by a flat strip spring
across the back of the polarunitframe, so no locking
screws are required. Looking at the relay, front view
turning out the right-hand shunt to open the right-
hand air gap decreases the amount of currentrequired
to close the right-hand contact. Conversely, drawing
out the left-hand shunt increases the amount of cur-
rent required to close the right-hand contact, or
decreases the amount of currentrequired to close the
left-hand contact (with the proper direction of current
flow). Also, if a relay trips to the right at the proper
current, the dropout current can be raised by turning

in the right-hand shunt. The two shunt-screw adjust-
ments are not independent, however, and a certain

amount of trimming adjustment of both shunt screws
is generally necessary to obtain the desired pickup
and dropout calibration.

In general, the farther out the two shunt screws
are turned, the greater the toggle action will be, and
as a result, the lower the dropout current. For the
tripping units (3) of the PM-3, PM-13, and PM-23 re-
lays, toggle action is desirable, with a dropout cur-
rent around 75 percent of the pickup current. For the
monitoring alarm relay units, toggle action is not
desired. Instead, the armature is adjusted to float
between the pole faces at a given current (1 or 2
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The following chart indicates the units present in each relay.

r I
FUNCTION PMA | PMA-1| pyo | py3 | PM4 | PM5 | PMI3 !PMGIB PM28
AND UNIT PMD PMD-1 l
Alarm for p.w. open, short or reversal X X X X X X
(1) (2)
Transfer- Trip Unit (3) X | X X X
[ —
Alarm for p.w. ground (5) X i X X
D.C. Path for Monitoring Current 1 X
L

ma.), and to move gradually toward the high or low-
current alarm as the coil current is increased or
or decreased. Similarly, the floating adjustment of
of the armature of the ground alarm unit (5) requires
that both shunt screws be turned in relatively far.
Then the armature will move gradually to the left or
right as the current through the two #5 coils is
unbalanced.

The electrical calibration of the polar unit is
also affected by the contact adjustment as this
changes the position of the polar unit armature. D@
not change the contact adjustment withoutrechecking
the electrical calibration.

For all monitoring alarm units, designated (1§\or
(2), turn in all the stationary contact @nd“eentact
stop screws until they just touch the m@vingieontact.
Advance the screws to hold the armatureyin the cen-
tral portion of the magnetic air gap between the two
pole faces. (The stationary comtact screws have a
round silver contact face; the “stop /Screws do not
have this silver facing.) Now back off all the con-
tact and contact stop serews©ne full turn. This will
give a total contactdtravehof“0.050 inch. When the
relay is properly £alibpated,“some touch-up adjust-
ment may be necessary sothat double contacts will
both close at the same,current value. The contact
gap between the floating moving contact and the
right-hand or left-hand stationary contacts or contact
stops will be approximately 0.025 inch when the re-
lay is in operation.

For the tripping (3) units of the PM-3, PM-13,
PMG-13;, and PM-23 relays, adjust the contacts as
deseribédin the previous paragraph, except back off
the®eontact and stop screws one-half turn each to

10

give a total moyvingycontact travel of approximately
0.025 inch.In operatiow of the tripping unit, the mov-
ing contact 'will ‘nermally rest against the contact
stop screws,Jandywill pick up only for a transferred-
trippingyopenation.

Forythe “pilot-wire ground alarm unit (5) of the
PMA, PMD, PM5, and PMG-13 relays, follow the
same general procedure except back off both station-
ary contact screws two turns each. This will give a
contact gap of 0.050on each side of the moving con-
tact when it is its normal central position.

Electrical Calibration -~ All Relays

In the following sections, the calibration in-
structions are given for the polarunit which performs
a certain function, such as alarm (1) or (2), ground
(5), or trip (3), rather than giving calibration in-
structions for each complete relay. In this way, con-
siderable duplication of instructions has been elim-
inated.

ilarm Unit (ll

Connect therelay as described under Acceptance
Tests for theparticularrelay involved. Screw the two
magnetic shunts all the way in, then back them out
five turns each. With the relay energized at rated
voltage, set the monitoring current at 1.3 or 2.3 ma.
d.c. for 2 or 3-terminal relay respectively, by adjust-
ing the external resistor. If the relay does not close
its right-hand contact, turn in the left shunt screw
until the right-hand contact just closes. If the right-
hand contact is closed at 1.3 ma., turn in the right
shunt until a point is reached when the right-hand
contact is just closed at 1.3 ma.

Now drop the current to 0.7 ma. and adjust the
opposite shunt until the left-hand contact justcloses
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at 0.7 ma. d.c. At 1.0 ma. d.c., the moving contact
should float half way between the two sets of station
ary contacts with a 0.025-inch gap on each side. Re-
check the high and low current calibration several
times, touching up the shunt adjustments as required
to obtain the desired calibration.

Polarization Check

For all the source relays, which are listed be-
low, make the following additional calibration check:

PMA PM-13 (a.c. and d.c.)
PMA-1 PMG-13 (a.c. and d.c.)
PMD

PMD-1

After calibration as described in the previous
sections, connect a 20,000 ohm resistor (or 10,000
ohms for 3-terminal applications) across the output
terminals, and energize the relay at its rated supply
voltage. With these connections, approximately one
(or two) milliamperes d.c. will flow through the
monitor relay coils and external resistor, thus rep-
resenting normal operating conditions.

Now momentarily (one second or so) apply 48
volts d.c. directly to the pilot-wire terminal§ ofathe
relay, as indicated in the following table.

floats at one ma. d.c., and closes the left-hand con-
tact at 0.7 ma. d.c. The moving contact'should*float
midway between the contact and contagt stop at 1.0
ma. d.c. There is no high-current calibratién for this
relay unit.

Now apply 48 volts d.c. momentarily (one second
or so) across the alarm unitfcoidseircuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration®§if there is any change,
touch up the shunt @djuStments until there is no
changein calibration after48 v. d.c. hasbeen applied.

Tripping Unit (3)

Relay Terminals for Momentary Apphication
of 48 V. d.cy
POS. (NEG.
PMA, PMA-1] 6 d
PMD, PMD-1f
PM-13 (a.c. or d.c.) 1 8 9

PMG-13 (a.c. or d.c.)f

After momentary application of the transfer-trip
voltage as just expl@ined, recheck the calibration of
the monitoringgalarm unit)(1). If it has changed, make
necessary tramming adjustments of the shunt screws
until therefis ne chamge in calibrating of the alarm
unit (1)@after theptransfer-trip voltage has been
applied. Thejpurpose of this test is to compensate
for the small residual magnetism in the relay unit.
The ground alarm unit(5) will not be affected by this
test as the®ampere-turns of the two windings cancel
each other.

For the alarm unit of the PM-2 or PM-23 relays,
adjust the shunts so that the relay moving contact

To calibrate théytripping unit of the PM-3, PM-13,
PMG-13, e, PM=23 relays apply a d.c. voltage as ex-
plained! bglow, to the following relay terminals:

bD.C. Voltage
Relays Pos. Neg.
PM-3 9 8
PM-13 (a.c. or d.c.) 16 20
PMG-13 (a.c. or d.c.hi 8 9
PM-23 8 9

Momentarily (one second or so) apply 48 volts
d.c. to theterminals shown in the chart. Then starting
with both shunts all the way in, turn out the right-
hand shunt screw until the relay closes itsright-hand
trip contact at 14 volts d.c. (This will give approxi-
mately 2 ma. through the relay coil.) Now draw out
the left-hand shunt until the relay resets with toggle
action (not gradually) at not less than 10 volts d.c.
When the calibration is approximately correct, again
apply 48 velts d.c. to the indicated terminals, then
recheck the pickup and dropout voltage, making any
necessary trimming adjustments of the shunts. When
the relay is properly adjusted, the application of 48
volts.d.c. will not changethe pickup or dropout volt-
age points. The relay should trip and reset with tog-
gle action in this application. This will require both
shunt screws to be withdrawn farther than for float-
ing action.

Ground Alarm Unit (5)

For the PM-5 relay, turn both shunt screws all
the way in, then back them out five turns each. Pass
a current of 0.3 ma. d.c. in terminal 6 and out ter-
minal 7. Following the same general procedure as
described previously in the section entitled ‘“Alarm
Unit (1),”” adjust the shunt screws so that the left-
hand contactcloses at 0.3 ma. Nowpass 0.3 ma. d.c.

1
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in terminal 9 and out terminal 8, and adjust for clos-
ing of the right-hand contact at 0.3 ma. Recheck both
pickup points several times, and make trimming ad-
justments of both shunts as required to obtain con-
tact closing at 0.3 ma. d.c. in each direction.

For the ground unit (5) of the PMA, PMD, and
PMG-13 relays, connect a variable resistance of
about 50,000 ohms in series with a.0-1 d.c. milliam-
meter between the terminals indicated in the follow-
ing table:

Turn the shunts all the way in, then back them
out five turns each. With the relay connected as
shown in the left-hand column of the table, apply
rated voltage to the relay and adjust the 50,000-ohm
resistor for 0.3 ma. d.c. Now following the procedure
in the previous paragraph for the PM-5 relay, adjust
the shunts until the left-hand contact closes at 0.3
ma. d.c. Change the connections as indicated in the
right-hand column, and adjust the opposite shunt un-
til the right-hand contact closes. Recheck back and
forth several times and make necessary trimming
adjustments to obtain pickup at 0.3 ma. In each
direction. The armature will move gradually as the

Ground

Relay L.H. Cont

current is changed for this relay unit. O

Close the main relay tripping contact circuit with
a jumper connected directly across the contact ter-
minals of the polar unit. Pass sufficient direct cur-
rent through the relay trip circuit to
of the ICS unit. This value of
greater than the ICS tap setti
2.0). The indicator target shou
contact gap should be appro
tween the bridging movingc
stationary contacts.
should touch both st T

ing used (0.2 or
rop freely. The
y 0.047 inch be-
and the adjustable
ing moving contact
ntacts simultaneously.

bri

(DAL PARTS

R ir w n be done igost satisfactorily at
the fa . ever, interchangeable parts can be
furni the customers who are equipped for
doing re work. When ordering parts, always give

t lete nameplate data.

5) Calibration

Relay Terminals

R.H. Contact Check

PMA 43tand 6

3and 77t
Sand 7%
3and 0 *

PMD
PMG-13 *and 8
+ Milliammeter positive to t@ al
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INTERNAL SCHEMATIC
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Fig. 2. Internal schematic of the type PMA relay in FT
31 case — 120 volt, 60 cycle supply — For two
terminal lines.

Fig. 3 Qlnternal schematic of type PMA-1 relay in the
FT 21 case — 120 volts, 60 cycle supply — For

fwo terminal lines.
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Fig. 4.4 /ntétnal schematic of type PMA relay in FT 31
case — 120 volt, €0 cycle supply — For three
terminal lines.
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Fig. 5. Internal schematic of type PMA-1 relay in FT 21
case — 120 volt, 60 cycle supply —~ For three
terminal lines.
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INTERNAL SCHEMATIC
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Fig. 6. Internal schematic of the type PMD relay in FT
21 case — DC supply — for two terminal lines

Fig. 7. Internal schematic of the type PMD-1 relay in the
FT 11 case —DC supply — For two terminal lines.
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Figm8) Internal schematic of the type PMD relay in the
FT 21 case — DC supply — For three terminal
lines.

Fig. 9. Internal schematic of the type PMD-1 relay in
the FT 11 case — DC supply — For three terminal
lines.

15



TYPE PM MONITORING RELAYS

INTERNAL SCHEMATIC

POLAR UNIT

——TEST SWiTCH

- TERMINAL

FRONT VIEW

MILLIAMMETER

184AL89

INTERRAL SCHEMATIC

INDICATING
CONTACTOR ~ e
WITON

—POLAR UMY

Lorem S000 §

-——RED MANOLE

TEST SWITCH

oo T ERMINAL

184AL8Y

Fig. 10. Internal schematic of the type PM-2 relay in the

FT 21 case.

Fig:11lnternal schematic of the type PM-3 relay in the
FT 11 case.
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Fig. 13. Internal
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Fig. 14. Internal schematic of the type PM-23 relay in
the FT 21 case.
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Eig. 15. Internal schematic of the type PM-13 relay in the
FT 32 case - DC supply — For two terminal

lines.
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Fig-%16) Internal schematic of the type PM-13 relay in the

FT 32 case - DC supply -~ For three terminal
lines.

Fig. 17. Internal schematic of the type PM-13 relay in the
FT 32 case - 120 volt, 60 cycle supply — For
two or three terminal lines.
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Fig.19. “Internal schematic of the type PMG-13 relay in
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Fig. 20. Internal schematic of the type PMG-13 relay in
the FT 32 case — 120 volt, 60 cycle supply — For

two or three terminal lines.
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Trip — Three Terminal Lines with Telephone
Relay Output — FT-32 Case.
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Fig. 33. Outline and Drilling Plan for External Remote
trip Resistor Assembly.
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Fig. 34. Outline and Drilling Plan for the type PM-4 Aux-
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Fig. 35. Outline and Drilling Plan for the type PM-4 Aux-

iliary unit in the Semi-Flush molded case.
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