Westinghouse 1.L.41-973.5M
INSTALLATION o 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 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 transformer second-
ary windings as shown in Figs. 25 through 31.

Each circuit requires the following:

At one end to introduce monitoring current
One of the following:

For ac SUEEIX
PMA PMD
PMA-1 PMD-1
PM-13 or PMG-13 (ac) PM-13 or PMG-13 (dc)
At the other end to receive monitoring current (two-
terminal line)

Fordc sugglx

One PM-23 or PM-2 or PM-4

At the other ends to receive monitoring current (three-
terminal line

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

CONSTRUCTION

PM relays consist of the following:

PMA PMA-1

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

SUPERSEDES L.L. 41-973.5L, dated March 1976
© Denotes change from superseded Issue.

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

PMD

1-Polar Alarm Unit (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
{~-Tapped Transformer
(A.C. Relay only)
{-Full-wave Rectifier
(A.C. Relay only)
1-Blocking Rectifier
2-Remote Trip Resistors
13-4 mfd. Capacitors
(A-C Relay)
9-4 mfd. Capacitors
(D-C Relay)

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)

{-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

further information is

should be contacted.

All possible contingencies
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to be covered by these instructions. If
desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative

which may arise during

EFFECTIVE MARCH 1978
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PM-23

1-Polar Alarm

PM-2 PM-3 PM-4.

Unit (2) 1-Polar Alarm Unit (2) 1-Polar Trip Unit (3) 1-Blocking Rectifier

1=Polar Trip Unit (3) I-Milliammeter, 5,0 ma, 1-Resistor 1-Set of Adjustable &

I-Indicating ¢
Switch (ICS)

ontactor 1-Set of Adjustable 1-Blocking Rectifier Fixed Resistors
Resistors 1-Indicating Contactor PM-5

I-Milliammeter, 5.0 ma. 1-Blocking Rectifier Switch (ICS) .
1-Set of Adjustable and 1—Polar Ground Unit (5)

Fixed Resis

tors 2—4 mfd. Capacitors

2-Blocking Rectifiers TABLE | 1-Fixed Resistor

FUNCTION [ PMA & PMD | PMA-1 & PMD-1 PM-13 | PMG-13 | PM.23 PM-2 | PM-3 | PM-4 PM-S*E

Monitoring
Current
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits
Trip
Signal

Receives
Trip
Signal

Sensitive
Ground
Detection

Measures

Monitoring
Current

X X
With Externa

t 1 Resistors
SHUNT
—— l,_._._ - h
—_—— == D__- —— j Lo
} ! (Y
| PERMANENT

VLI - — MAGNET t
¢ s ) :

— 4 ARMATURE a— ADDITIONAL
L —N §—J FLUX PATH

—=—  MOVING CONTACT
BALANCED AIR GAPS UNBALANCED AIR GAPS

1834062

Fig. 1. Polar Unit Permanent Magnet Flux Paths.

i
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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 drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

PMD & PMG13 with Tel. Relay: In the relays type
PMD and PMG13 where they are energized with DC
power supply, the ground polar unit (#5) could
momentarily close its contact (for about 10 m.s.) if
either positive or negative supply is grounded. To
eliminate this momentary operation, a telephone
relay with a nominal operating time 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 contact output of the “5' unit. This
type of relay should be used where the DC power
supply is subjected to short to the ground.

OPERATION

Pilot Wire Monitoring

Monitoring current is introduced into the pilot
wire as shown in the external schematics, figures
25 to 31, by the monitoring current source. External
schematics showing other combinations are available
on request. A nominal 20 volts is impressed across
the 10 mfd. capacitor at the left-hand line terminal
in Figures 25 to 31.This voltage produces a current
circulating through one 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 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-
rent. In 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
unitof the monitoring current sourcerelay is adjusted
to float between the high and low current 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.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contacts to close.
The resulting current decrease in the PM-23 relay
closesthe alarm contact. Short circuits of 5000 ohms
or less will be detected.

Open Circuits

current decreases to zero in all relays. Low-
current alarm contact of the current source relay
closes. 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.

If the pilot wire should be opened, the low-
current contacts of the (2) unit will close. If the
pilot wire is then reconnected with reversed con-
nections, the (2) unit low-current contacts will re-
main closed. The capacitor at the sending end dis-
charges through the pilot wire and the trip unit (3)
circuit when the pilot wire is connected reversed.
This would momentarily operate the trip unit 3)
contact which would cause an incorrect trip; how-
ever, this is prevented by the (2) unit low-current
contacts which connect a 2.25K resistor across the
trip unit (3) coil. The 2.25K resistor remains con-
nected across the trip-unit (3) coil until the pilot
wire is connected properly.

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-13 source relays has its midpoint grounded
through a current-limiting resistor. Thus, a pilot-wire
ground will cause an increase in current in one coil
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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 whichpilot
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
showninfigure 30. 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 25 to 31. 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. at all 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 pull the armature to the right.
Similarly, reducing the right hand gap will make the
armature a south pole and produce a force tending to
pull the armature to the left.

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. The PM-5 is
adjusted so that the moving contact floats when the
relay is deenergized.

CHARACTERISTICS

Nominal Calibration Valves

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 current are
as follows:

DC - 48, 125, and 250 volts
AC — 120 volts, 60 hertz (Primary taps 100,
110, 120 & 130)
Voltage impressed on the pilot wire is a nominal
20 volts for monitoring, and 48 volts fortripping.
Supply voltage ratings to obtain remote tripping
are: 48, 125, and 250 volts d-c.

Coil Resistance (each winding)

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

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm 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
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.

e
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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-28& PM-3or| PM-28&PM-3or
TERMINALS | VOLTAGE [PMA or PMA-1 | PMD or PMD-1| PM-23 or PM-4| PM-23 or PM-4| TO OPERATE
2 48 200 200 - — PM-23 or PM-3
125 3550 3550 — - ”
250 9300 9300 - - ”
3 48 200 200 — — i
125 2000 2000 - - "
250 5600 5600 — - i
TABLE A
PMG-13 AND PM-13 (D.C. SUPPLY) APPLICATIONS
RESISTORS FOR D.C. REMOTE TRIPPING
(2 REQUIRED PER STATION)
k # 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 + 2120 - "
250 5600 + 5600 - "
3 48 200 200 200 "
125 1500 ¥ 1500 1500 i
250 4000 t 4000 4000 ’”
+ Mounted in Relay TABLE 1IIB
PMG-13 AND PM-13 (A.C. SUPPLY) APPLICATIONS
(2 REQUIRED PER STATION)
RESISTORS FOR D.C. REMOTE TRIPPING
# 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 + 200 - PMG-13 or PM-13
and PM-23 or PM-3
125 2120 2120 - "
250 5600 t 5600 - "
3 48 200 ¢t 200 200 "
125 1500 t 1500 1500 i
250 4000 1 4000 4000 "

+ Mounted in Relay
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TABLE IV

NOMINAL CALIBRATION YALUES ~ TWO TERMINAL LINES

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

PMD or PMD-1 0.7

PM-5 -

PMG-13 or PM-13 0.7 t1

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

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

HIGH CURRENT ALARM 2 M
1.3 ma -
1.3 -
+0.3 -

1.3 +t 14 v,

- 14 V.

1—Left-hand contacts, front view.
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 t -

PMG-13 or PM-13 1.7 11

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

t Same relay as for two-terminal lines
11t These are pilot-wire current values

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

cating contactor switch will safely carry this current
long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

SETTING THE RELAY

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

HIGH CURRENT ALARM TRIP
2.3 ma -
2.3 -
+0.3 -

2.3 t1 14 V.

- 14 V.

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 receiving relays 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
when making the final adjustment of 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 output 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 means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information, refer to I.L.
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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
Wire Circuits, AIEE Committee Report, paper 58-1190,
AIFE Transactions, 1959, Volume 78, Part 111 B pp.
205-212. Also, see AIEE Special Publication 5-117,
Applications and Protection 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 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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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

Alam Unit (1)

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
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 current to check
the calibration values listed in Tables IV and V.

E}round Unit()S)

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. Wwith 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-¢ 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.

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

_Alarm Unit (2)

Apply a variable d-¢ 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 for the PM-
23 relay, or terminal 9 positive for the PM-3 relay.
When checking the pickup of the PM-23 trip unit
block open the alarm unit contacts (2) so as to re-
move the shunt resistor from around the trip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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
‘“‘Routine Maintenance’’. If an ohmmeter is used, the
difference in forward and reverse resistance readings
obtained will be dependent on the current flowing
through the diode.

PM-5 Relay

Apply 5 volts d.c. in series with a 0-1 d.c. mil-
liammeter and a 20,000-chm variable resistor to
terminals 6 and 7 with positive on terminal §. 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. and D.C.

Alarm Unit (1)

Connect a variable 20,000-ohm resistor (10,000
ohms for a 3-terminal-line relay)in series with a d-¢
milliammeter across terminals 8 and 9 with the in-
strument positive on terminal 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of 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-
pingpolar 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 III B)can be checked with
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 (5)

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 Figures 27 and 29.

Routine Maintenance

CAUTION - Do not make any performance check,
calibration 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.

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 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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relaysdo not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If thereis suspicion of a rectifier (diode) failure,
apply 30 voltsd.c. 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-
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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best be done with
the polarunit removed from the relay.) Then retighten
the core screw and replace the permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 polar unit 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 | PM3 | PM4 | PM5 | PM13 PMGI13| PM23
AND UNIT PMD | PMD-1 i
Alarm for p.w. open, short or reversal X X X | ' X X X
(1) (2) !
I
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 and contact
stop screws until they just touch the moving contact.
Advance the screws to hold the armature in 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.) Now back off all the con-
tact and contact stop screws one full turn. This will
give a total contact travel of 0.050 inch. When the
relay is properly calibrated, 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 operation.

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

10

give a total moving contact travel of approximately
0.0251inch. In operation of the tripping unit, the mov-
ing contact will normally rest against the contact
stop screws, and will pick up only for a transferred-
tripping operation.

For the 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 0.050 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 (ll

Connecttherelay 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
aly 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 terminals of the
relay, as indicated in the following table.

Relay Terminals for Momentary Application
of 48 V. d.c.
POS. NEG.
PMA, PMA-1 6 7
PMD, PMD-1f
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 explained, recheck the calibration of
the monitoring alarm unit (1).If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alarm
unit (1) after the transfer-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
test as the 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 left-hand con-
tact at 0.7 ma. d.c. The moving contact should 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 unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If there is any change,
touch up the shunt adjustments until there is no
change in calibration after 48 v. d.c. has been applied.

Tripping Unit (3)

To calibrate the tripping unit of the PM-3, PM-13,
PMG-13, or 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 S

Momentarily (one second or so) apply 48 volts
de to the terminals shown inthe chart. Then starting
with both shunts all the way in, turn out the right-
hand shunt screw until the relay closes its right-
hand trip contact at 14 volts dc. Note: In the cali-
bration of a PM-23 the .alarm unit (2) contact must
be blocked open so as not to affect the tripping unit
pickup. (This will give approximately 2 ma. through
the relay coil.) Now draw out the left-hand shunt
until the relay resets with toggle action (not gradu-
ally) at not less than 10 volts dc. When the calibra-
tion is approximately correct, again apply 48 volts
de 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 dc
will not change the pickup or dropout voltage points.
The relay should trip and reset with toggle action
in this application. This will require both shunt
screws to be withdrawn farther than for floating
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.

L
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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.

1CS 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 through the relay trip circuitto close the contacts
of the ICS unit. This value of current should not be
greater than the ICS tap setting 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. The bridging moving contact
should touch both stationary contacts simultaneously.

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.

Ground Alarm (5) Calibration

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

+ Milliammeter positive to this terminal

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

Fig. 3. Internal schematic of type PMA-1 relay in the
FT 21 case — 120 volts, 60 hertz supply — For
two terminal lines.
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Fig. 4. Internal schematic of type PMA relay in FT 31
case — 120 volt, 60 hertz 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 hertz 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 schemotic of the type PMD-1 relay in

the FT 11 case — DC supply — For three terminal
lines.
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Fig. 10. Internal schematic of the type PM-2 relay in the
FT 21 case.

Fig. 11. Internal schematic of the type PM-3 relay in the
FT 11 case.
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Fig. 12. Internal schematic 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.
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Fig. 16. 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 three terminal FT 32 case — 120 volt, 60 hertz supply — For two
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or three terminal lines.
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Fig. 18. Internal schematic of the type PMG-13 relay in
the FT 32 case — DC supply — For two terminal

lines.
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Fig. 19. Internal schematic of the type PMG-13 relay in Fig. 20. Internal schematic of the type PMG-13 relay in the

the FT 32 case — DC supply — For three terminal

lines.
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FT 32 case — 120 volt, 60 hertz supply — For two

or three terminal lines.
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1.L.41-973.5M
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Fig. 21. PMG-13 Relay with Ground Alarm and Remote
Trip — Two Terminal Lines with Telephone
Relay Output. FT-32 Case.

Fig. 22. PMG-13 Relay with Ground Alarm and Remote
Trip — Three Terminal Lines with Telephone
Relay Output — FT-32 Case.
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Fig. 23. PMD Relay — Ground Alarm, D.P.D.T. Contacts,
Two Terminal Lines with Telephone Relay
Output — FT-21 Case.

Fig. 24. PMD Relay — Ground Alarm, D.P.D.T. Contacts,
Three Terminal Lines with Telephone Relay
Output — FT-21 Case.
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Fig. 25. External schematic of the type PMD relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 26. External schematic of the type PMA relay

with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 27. 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. 28. External schematic of the type PMD relay with type PM-23 and PM-4 relays — Three terminal lines.
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Fig. 29. External schematic of the AC type PMG-13 with type PM-23 relay — Two terminal lines.
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Fig. 30. External schematic of the DC type PM-13 and PM-5 relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 31. 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. 33. Outline and Drilling Plan for External Remote
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Fig. 34. Outline and Drilling Plan for the type PM-4 Aux-

iliary unit in the projection molded case.
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Fig. 35. Outline and Drilling Plan for the type PM-4 Aux-
iliary unit in the Semi-Flush molded cose.
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Fig. 36. Outline and Drilling Plan for the type PM-3, PM-5, & PMD-1 Relays in the type FT 11 case

25



TYPE PM MONITORING RELAYS

- fe—.563
(14.30) e 5,563 (g%%)om 4 HOLES FOR
1594 —+  « 6,063+ (141,30) .190-32 MTG, SCREWS
] (40.49) 154,00) 2.78| ~—e e
( I W f mll y (70.64) {9— .<
}
£ (l:ir)éztls%) 9,063 9.688
| * B (230.188) p (246,08)
) £ - ' ¥ TE
10,438 B 4.53| £ 4.844
(265.13) L i=a (us.oﬁe) (123.04)
— vy * e /
']. I |25 ﬂ
- 375 (80.98) \ 5.875 -] (74.63)
(161.93) (149.23)

PANEL LOCATION

SEMI-FLUSH MTG.
PROJECTION MTG.

DIMENSIONS IN INCHES
DIMENSIONS IN MM

PANEL CUTOUT 8 DRILLING
FOR SEMI- FLUSH MTG.

N

LARGE lNTE;?EAL\\ (-—\/—\_\\,1
. TOOTH WASHER \ 1344 h—— 2.688 o “sg3
- SMAL L (34.14) (68.2 8) ¢ (3.39) DA 2 HOLES
EXTERNAL 5 .
TOOTHED P (l36 53) |
i WASHERS. } )R 250 -—;:8|s( 397)
190-32 SCREW 1344 I ®. 38)

SPACERS FOR (34.14)
THIN PANELS ;

5/i6-18 SCREW

594
(FOR THICK PANELS
USE 5/16-18 STUDS)(I5 09)

INTERNAL -EXTERNAL
TOOTHED WASHERS | g3

W.lso-sz SCREw (46.05)

FOR THICK PANELS
USE_.i190-32 STUDS ;

PANEL _~

1t

(

1,031 4= 103! —1= .03 = 375
Ezb 2 Toaie) Zoie) peds) | (953) R
v-—\—‘w

750 TERMINAL
______ (19.05) DIA. NUMBER
(IJST%%I:I’ES OR (26.19) (26.19) '(26.19) '(26.19)
l | 6.1 6.19
TERMINAL AND
16.28) OIA PANEL DRILLING OR CUTOUT FOR
(16.28) MOUNTING DETAILS PROJECTION MTG.(FRONT VIEW)
57-D-T7901

Fig. 37. Outline and Drilling Plan for the type PM-2, PM-23, PMA-1 and PMD relays in the type FT 21 case.
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Fig. 38. Outline and Drilling Plan for the type PMA relay in the type FT 31 case.
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INSTALLATION

Westinghouse

OPERATION o

I.L. 41-973.5L
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, thake 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 with each
reiay. A 10 mfd. capacitor is supplied with each PM
relay. This capacitor provides an a-c path between
the two halves of the insulating transformer second-

© ary windings as shown in Figs. 25 through 31.

Each circuit requires the following:

At one end to introduce monitoring current

One of the following:
For a:LSupplg

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

For d-c Supply

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

At the oth»elend to receive monitoring current (two-

terminal line)

One PM-23 or PM-2 or PM-4

Atthe other ends to receive monitoring current (three-

terminal line)

One PM-23 or one PM-4 or one PM-2 for each

remote terminal.

CONSTRUCTION

PM relays consist of the following:

PMA

1-Polar Alarm Unit (1)

SUPERSEDES |.L. 41.973.5K, dated October 1974

PMA-1
1-Polar Alarm Unit

© Denotes change from superseded issue.

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

PMD

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

PMG-13

i-Polar Alarm Unit (1)

1-Polar Ground Unit (5)

i-Polar Trip Unit (3)

1-Indicating Contactor
Switch

1~Set of Potential
Divider Resistors
1-Tapped Transformer
(A.C. Relay unly)
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

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

PMD-1

1-Polar Alarm Unit
i-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-wWave Rectifier
(A.C. Relay only)
1-Blocking Rectifier
o-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 MARCH 1976
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PM-3

1—-Polar Trip Unit (3)

1—Resistor

1-Blocking Rectifier
1-Indicating Contactor
Switch (ICS)

PM-4 PM-5

1-Blocking Rectifier 1-Polar Ground Unit (5)

1-Set of Adjustable & 2—4 mfd. Capacitors
Fixed Resistors 1-Fixed Resistor

TABLE |

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 X x 1 x| x

Receives
Trip
Signal

Sensitive
Ground
Detection

Measures
Monitoring
Current

t With External Resistors

SHUNT

r-

g: ] D:I:: -

tL | LU MAGNET

| PERMANENT t

3
t .
f —= —5— ] ARMATURE I _J-IUP-S—-.]

pa—— ADDITIONAL
FLUX PATH

— N PA-S—J NN-I:S-»—-)‘
d

MOYING CONTACT J\N

BALANCED AIR GAPS UNBALANCED AIR GAPS

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 frontofthe switch,
which allows the operation indicator target to drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

PMD & PMG13 with Tel. Relay: In the relays type
PMD and PMG13 where they are energized with DC
power supply, the ground polar unit (#5) could
momentarily close its contact (for about 10 m.s.) if
either positive or negative supply is grounded. To
eliminate this momentary operation, a telephone
relay with a nominal operating time 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 contact output of the ‘5’ unit. This
type of relay should be used where the DC power
supply is subjected to short to the ground.

OPERATION
Pilot Wire Monitoring

Monitoring current is introduced into the pilot
wire as shown in the external schematics, figures
25 to 31, by the monitoring current source. External
schematics showing other combinations are available
on request. A nominal 20 volts is impressed across
the 10 mfd. capacitor at the left-hand line terminal
in Figures 25 to 31.This voltage produces a current
circulating through one winding of the HCRBinsulating
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 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-
rent. In 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 sourcerelay is adjusted
to float between the high and low current 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.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contacts to close.
The resulting current decrease in the PM-23 relay
closesthe alarm contact. Short circuits of 5000 ohms
or less will be detected.

Open Circuits

current decreases to zero in all relays. Low-
current alarm contact of the current source relay
closes. 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.

If the pilot wire should be opened, the low-
current contacts of the (2) unit will close. If the
pilot wire is then reconnected with reversed con-
nections, the (2) unit low-current contacts will re-
main closed. The capacitor at the sending end dis-
charges through the pilot wire and the trip unit (3)
circuit when the pilot wire is connected reversed.
This would momentarily operate the trip unit (3)
contact which would cause an incorrect trip; how-
ever, this is prevented by the (2) unit low-current
contacts which connect a 2.25K resistor across the
trip unit (3) coil. The 2.25K resistor remains con-
nected across the trip-unit (3) coil until the pilot
wire is connected properly.

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-13 source relays has its midpoint grounded
through a current-limiting resistor. Thus, a pilot-wire
ground will cause an increase in current in one coil
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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 whichpilot
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
showninfigure 30.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 25 to 31. 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

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

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. 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 current are
as follows:

DC - 48, 125, and 250 volts
AC - 120 volts, 60 hertz (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-c.

Coil Resistance (each winding)

Alarm coil (1)
two terminal line
three terminal line

1050-1250 ohms
700-900 ohms

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm 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-28PM-3or
TERMINALS | VOLTAGE |{PMA or PMA-T1 | PMD or PMD-1} PM-23 or PM-4 PM-23 or 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 - — i
TABLE I1A
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 + 2120 — "
250 5600 t 5600 - "
3 48 200 1 200 200 "
125 1500 ¢ 1500 1500 "
250 4000 t 4000 4000 "
+ Mounted in Relay TABLE B

(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 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 - "

3 48 200 1 200 200 "
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

M 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 +t

PM-23 or PM-2 & PM-3 ¢ 0.7

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

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.

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 tt

PM-23 or PM-2 & PM-3 ¢ 0.7

t Same relay as for two-terminal lines
1t These are pilot-wire current values

Trip Circuit

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

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

SETTING THE RELAY

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

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

2.3 11 14 V.

— 14 V.

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-¢ 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
when making the final adjustment of 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 output 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 their equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information, refer to I.L.
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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
Wire Circuits, AIEE Committee Report, paper 58-1190,
AIEE Transactions, 1959, Volume 78, Part III B pp.
205-212. Also, see AIEE Special Publication $-117,
Applications and Protection 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 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 isdesired 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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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 Relayj

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
theone ortwo-milliampere monitoring current to 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 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

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 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.

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 for the PM-
23 relay, or terminal 9 positive for the PM-3 relay.
When checking the pickup of the PM-23 trip unit
block open the alarm unit contacts (2) so as to re-
move the shunt resistor from around the ftrip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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 circuitto 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
‘““Routine Maintenance’’. If an ohmmeter is used, the
difference in forward and reverseresistance readings
obtained will be dependent on the current flowing
through the 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 ma.

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

Alarm Unit (1)

Connect a variable 20,000-chm 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 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of 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
drop out at approximately 10 volts. The resistance of
the series dropping resistors for transferred tripping
(listed in TablesIII A and III B)can 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. 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 refove the 20,000-ohm resistor from terminals
8 and 9. Connect a 0-1 d.c. milliammeter in series

gt
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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 Figures 27 and 29.

Routine Maintenance

CAUTION - Do not make any performance check,
calibration 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.

Contacts

All contacts should be periodically cleaned. A
contact burnisher $#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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relaysdo not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If thereis suspicion of a rectifier (diode) failure,
apply 30 volts d.c. 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-
circuited. Now apply 30 volts d.c. in the forward
direction through the 300-chm 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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best be done with
the polarunit removed from the relay.) Then retighten
the core screw and replace the permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 polar unit 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 Jhe amount of current required to close the
left-Liand 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.

I i

FUNCTION PMA | PMA-1] pyo | pM3 | 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

D.C. Path for Monitoring Current

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 and contact
stop screws until they just touch the moving contact.
Advance the screws to hold the armature in 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.) Now back off all the con-
tact and contact stop screws one full turn. This will
give a total contact travel of 0.050 inch. When the
relay is properly calibrated, 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 operation.

For the tripping (3) units of the PM-3, PM-13,
PMG-13, and PM-23 relays, adjust the contacts as
described in the previous paragraph, except back off
the contact and stop screws one-half turn each to
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give a total moving contact travel of approximately
0.0251inch. In operation of the tripping unit, the mov-
ing contact will normally rest against the contact
stop screws, and will pick up only for a transferred-
tripping operation.

For the pilot-wire ground alarm unit (5) of the
PMA, PMD, PMb5, 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 0.0500n 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.

Alarm Unit (1)

Connecttherelay 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

i,
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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 setsof 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 terminals of the
relay, as indicated in the following table.

Relay Terminals for Momentary Application
of 48 V. d.c.
POS. NEG.
PMA, PMA-1} 6 7
PMD, PMD-1f
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 explained, recheck the calibration of
the monitoring alarm unit (1). If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alarm
unit (1) after the transfer-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
test as the 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 left-hand con-
tact at 0.7 ma. d.c. The moving contact should 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 so0) across the alarm unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If there is any change,
touch up the shunt adjustments until there is no
change in calibration after 48 v. d.c. has been applied.

Tripping Unit (3)

To calibrate the tripping unit of the PM-3, PM-13,
PMG-13, or PM-23 relays apply a d.c. voltage as ex-
plained below, to the following relay terminals;

D.C. Voltage
Relays Pos. Nesg.
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
dc to the terminals shown inthe chart. Then starting
with both shunts all the way in, turn out the right-
hand shunt screw until the relay closes its right-
hand trip contact at 14 volts dc. Note: In the cali-
bration of a PM-23 the aiarm unit (2) contact must
be blocked open so as not to affect the tripping unit
pickup. (This will give approximately 2 ma. through
the relay coil.) Now draw out the left-hand shunt
until the relay resets with toggle action (not gradu-
ally) at not less than 10 volts dc. When the calibra-
tion is approximately correct, again apply 48 volts
de 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 dc
will not change the pickup or dropout voltage points.
The relay should trip and reset with toggle action
in this application. This will require both shunt
screws to be withdrawn farther than for floating
action.

Ground Alarm Unit (5)

For the PM-5 relay, turn both shunt screws all
the way in, then back them outf 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 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-
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 through the relay trip circuit to clgse the contacts
of the ICS unit. This value of current should not be
greater than the ICS tap setting 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. The bridging moving contact
should touch both stationary contacts simultaneously.

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.

Ground Alarm (5) Calibration

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

+ Milliammeter positive to this terminal

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

o Fig. 3. Internal schematic of type PMA-1 relay in the

FT 21 case — 120 volts, 60 hertz supply — For
two terminal lines.
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Fig. 4. Internal schematic of type PMA relay in FT 31
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terminal lines.
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(3 Fig. 5. Internal schematic of type PMA-1 relay in FT 21

case — 120 volt, 60 hertz supply — For three
terminal lines.
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10
I e WOVING CONTACTS
-
LLT#‘ LLll;ﬁl + jz
TO STATIONARY = = T IT 1]
CONTACTS e . v
ey 2120 ¢
UPPER POLAR UNIT
LOWER POLAR UNIT
5000 0
T '
' L—TesT switew
| é i
LeXu-F-—-Et--C Y F——F -V -
ACOMECT THIS LEAD AS 1 s s
SHOWN DOTTED FOR %8 ——
¥.D.C. OPERATION. 2 10

t-4250 0 FOR ¥8/125 ¥.D.C. RELAY
(BYPASSED FOR Y8 ¥.0.C. OPERATION,
OMITTED IN 250 ¥.D.C. OPERATION.)

T1-800 @ FOR 48/125 V.D.C. RELAY
12000 2 FOR 250 ¥.D.C. RELAY

184AkoT

INTERNAL SCHEMATIC

To
MOV NG CONTACTS <
l 4 1
'[l’tl ] !
S
TO STATIONARY ~——{—>] +H
CONTACTS Iy
— 2120 o
POLAR UNIT —
5600 1
RIS W
' |—TEST SwiTcu
N i 4
CONNECT THIS LEAD AS |"~-K--F--K--
SHOWN DOTTED FOR 43
V.D.C. OPERATION | TERs naL

t- 4250 0 FOR 48/125 ¥.0.C. RELAY
(8YPASSED FOR 48 V.D.C. OPERATION.
ONITTED iN 250 V.0.C. OPERATION)

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

184a408

Fig. 6. Internal schematic of the type PMD relay in FT
2] 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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Fig. 10. Internal schematic of the type PM-2 relay in the

FT 21 case.

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

lines.

INTERNAL SCHEMATIC

£s~CONNECT THIS LEAD AS 3150 0 FOR 48/125 Y.
SHOWN DOTTED FOR 48 0.C. RELA
¥.D.C. OPERATION. (DYPASSED FOR 48 ¥,
0.C. OPERATION.)

250 ¥,
100 0 FOR 48/125 Y. 8500 2 FoR 250 ¥

D.C. RELAY 7] D.C. RELAY
4000 0 FOR 250 ¥, n-

0.C. RELAY

FOR 48/ 125 ¥.0.C.
LOWER POLAR UNIT- . _ | ReLAY. RESISTOR
(TRIPPING) IS TAPPED AT

INDICATING -~ — — 200 Q.
CONTACTOR
SwWITCH

/ 7

5000 0

2120 0
[ UPPER POLAR UMIT
(WO | TORING)
By | 5600 @
at2 (e —~
rd o 0 d 6 6 0 {—RED HANDLE
: 9 9 © HTEST SmTcH
L. 09 @ 9 0 0. L
) TERMINAL
Y @ m.@
FRONT VIEW

18LA650

INTERNAL SCHEMATIC

2 TERMINAL LINE

2120 0 FOR ¥8/125 Y.
D.C. RELAY

5600 0 FOR 250 V.
0.C.RELAY

3 TERMINAL LINE

1500 0 FOR 48/125 V.
.C.RELAY ‘

W00 0 FOR 250 V.
D.C. RELAY _

LOWER POLAR UMIT

(TRIPPING)

NDICATING
CONTACTOR
W TCH

FULL WAYE
RECTIFIER

TRANSFORMER

L

o o
I

0.9
__®@

COMNECT THIS LEAD A3
SHOWN DOTTED FOR 48
¥.0.C. OPERATION.
n_

FOR 48/125 v.0.C.
RELAY, RESISTOR

IS TAPPED AT

200 0.

_.— 800 o

2120 0

UPPER POLAR URIT
{HONITORING)

FRONT VIEW

1 - COMNECTED AS
SHOWM DOTTED FOR
3 TERMWINAL LINE RELAY

{— RED HANDLE
t—- TEST SWITCH

/TERNI MAL

18LA512

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 hertz supply — For two
or three terminal lines.
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TYPE PM MONITORING RELAYS

INTERNAL SCHEMATIC

£Lo-
CONNECT TniS LEAD AS
SHOWN DOTTED FOR 48
¥.0.C. OPERATION.

+-

4250 R FOR 48/125 v,

.C. RELAY
(BYPASSED FOR 48 v.
0.C. OPERATION.
OMITTED IN 250 v.
D.C. RELAY.)

tt-
800 0 FOR 48/125 v,
D.C. RELAY
INDICATING 12000 2 FOR 250 V.
CONTACTOR ———____| D.C. RELAY
SWITCH
!]_.
FOR 48/125 ¥.D.C..
RELAY, RESISTOR
IS TAPPED AT
20 0
2120 0
UPPER POLAR UNIT
(MO TOR ING)
5000 0
T 11 1 LOWER GROUND ALARM
| 5000 @
|— MIDDLE POLAR UNIT
2120 0 FOR 48/125 V.. {TRIPPING)
D.C., RECAY
580G N FUR 250 V.
D.Co RELAY RED NANDLE
TEST SWiTCh
|- TERAINAL
FRONT VIEW h
Fig. 18. Internal schematic of the type PMG-13 relay in

the FT 32 case ~ DC supply — For two terminal
lines.

INTERNAL SCHEMATIC

INTERNAL SCHEMATIC

CB CD

SOMNICT THIS LEAD AS
SHOWN JOTTED FOR 48

Jay
\ CONNECT Tr 15 LEAD A8
SHOWN DOTTED FOR 48
¥.D.C. OPERATION.

. /TD
3150 0 FOR 48/125 V. n-

D.C. RELAY

¥.0.0. OPERATION. (BYPASSED FOR U8 v,
D.C. QPERATION)

BS00 0 FOR 250 V.

NEG. )
FRONT VIEW

18LA658

FOR 48/125 V.D.C.
RELAY,RESISTOR

FRONT VIEW

IS TAPPED AT
5.0, RELAY 208 = CONNECTED AS SHOWN
DOTTED FOR 3 TERM.
n- LINE RELAY
FOR 48/ 125 v.0.C. i
RELAY, RESISTOR ég:}:e}é:“
15 TAPPED AT SWITCH —
w0 Q. e
INDYCATING L 800 0
CONTACTOR - — - 25 FULL WAV |
Swl TCH Saespe RECTIFIER 2120 9
r*—
-/ A -
1." D
= 3jm >
™ “ TRANSFORMER 1 - UPPER POLAR UNIT
i {MON I TORING)
T 2 TERMINAL LINE
210 9 . | 2120 0 FOR 48/125 ¥
UPPER POLAR UNIT D.C. RELAY -
~ (MONITORIRG) 5600 0 FOR 250 ¥. - LOWER GROUND ALARM
e
P, m, 0.C. RELAY 4-
X :
<3 3 TERMINAL LINE
K06 i | LOWER GROUND ALARM 100 @ 08 “ié‘&: v ‘ 5000 0
o
: 4000 1 FoR 250 ¥. l R A%N | miooLe poLar uniT
L D.C. RELAY A (TRIPPING)
L' . - 5000 0 T
AT MIDDLE POLAR UNIT 0
1500 G FOR 48,125 V. {TRIPPING) 5000 4 -
5.0, RELAY | —
WO 1 FOR 250G v, _ O ¢ — RED HANDLE
D.C. RELAY ~RED HANDLE b~ TEST swiTen
- TEST SaiTCH
7 | TERMINAL
- TERMINAL

1844513

Fig. 19. Internal schematic of the type PMG-13 relay in
the FT 32 case — DC supply — For three terminal

lines.
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QFig. 20. Internal schematic of the type PMG-13 relay in the

FT 32 case — 120 volt, 60 hertz supply — For two
or three terminal lines.




TYPE PM MONITORING RELAYS

1.L.41-973.5L

INTERNAL SCHEMATIC

t-42500 FOR
48/125 V.D.C. RELAY
{BYPASSED FOR
48 V.D.C. OPERATION.
OMITTED FOR
250 v.D.C. RELAY).
+-800 1L FOR
48/125 V.D.C. RELAY|
12000 FOR
250 V.0.C. RELAY

INDICATING —_—
CONTACTOR
SwiTen FOR 48V.- IK 3W
|- FOR 125 V.- 3K 5w
FOR 250 V.- 10K 25W
10K {OW
UPPER PCLAR UNIT
{MONITORING)
5000 .1
21200 -]
— MIDDLE POLAR UNIT
I
50000 - __I-LOWER GROUND
™ i ALARM
A -CONNECT THIS 21200 F
- oR
II;YE)‘T\'DTE}:)S Fsg:WN | 48/125 v.0.c. RELAY
48 V.0.C. OPERATION oo e AY
[d- FOR 48/125 V.D.C.
RELAY,RESISTOR (S 1~ RED HANDLE
TAPPED AT 2000 — TEST SWITCH
|~ TERMINAL

FRONT VIEW

3490459

INTERNAL SCHEMATIC
t-3150N0 FOl
48/125 v.0.C. RELAY
(BYPASSED FOR
48 V.D.C. OPERATION)
850000 FOR
250 v.D.C. REL&Y).

INDICATING
oo T FOR 48V.- (K 3W
L FOR 125 V. - 3K 5W
FOR 250V.- IOK 25W
10K oW
L-UPPER POLAR UNIT
LT (moniTorING)
L5000 .0
21200 -
MIDOLE POLAR UNIT
50000 — | LOWER GROUND
ALARM
A-CONNECT THIS I~ 15001 FOR
LEAD AS SHOWN 48/125 V.0.C. RELAY
DOTTED FOR 4000 N FOR
48 V.D.C. OPERATION 250 V.D.C. RELAY
@ - FOR 48/125 V.D.C.
RELAY,RESISTOR (S " RED HANDLE
TAPPED AT 20011. 1~ TEST swiTcH
|- TERMINAL

FRONT VIEW

3490460

Fig. 21. PMG-13 Relay with Ground Alarm and Remote

Trip -~ Two Terminal Lines with Telephone
Relay Output. FT-32 Case.

Fig. 22. PMG-13 Relay with Ground Alarm and Remote
Trip — Three Terminal Lines with Telephone
Relay Output — FT-32 Case.

TO MOVING CONTACTS

21200
INTERNAL SCHEMATIC

TR /
M R
V| r¥ea | - UPPER POLAR UNIT
H + H{1r
) R
Rl
FOR 48 V.- IK 3W m
FOR 125 V.-3k 5w | + I | - LOWER POLAR UNIT
FOR 230 V.- 10K 25W TR sl
5)(s !
72 5 L4 A~ CONNECT THIS
| M;D 1| A | LEAD AS SHOWN
— DOTTED FOR 48 AND
oK 10w HEt 5 250 V.0.C. OPERATIONS
TR MFD
0 MovING —— | 1€ s
CONTACTS |
{
|1
TO STATIONARY —=<f——7] ! |—{5
CONTACTS
| = X L-TEST swiTcH
5000.0 ¢ Q il
H |
L9 9 9 €. 9 0 9 0 9 9
1 7
- A
@ 565 (i TERMINAL
FRONT VIEW NEG
t-42500

tt- 8000 FOR 48 AND 125 V.D.C. RELAY
12000 N FOR 250 V.D.C. RELAY

3490a61

TO MOVING CONYACTS\

212000
INTERNAL SCHEMATIC
TR A
e !
I r (-—1 | - UPPER POLAR UNIT
- 3
[}
Rl
FOR 48 V.- IK 3w
FOR 25 V.-3K SW "] U |- Lower POLAR UNIT
FOR 250 V.- 10K 25W TR L1
5 5 |
1
R2 5 4“\ A - CONNECT THIS
| WrD -4 | A | LEAD as sHown
— DOTTED FOR 48 V.O.C.
fox 1ow ’_‘H 4 5 OPERATION
TR MFO H
T0 MOVING — | 1€ s
CONTACTS | K
d
T0 STATIONARY —=F=—] | 5
CONTACTS }_4
[
" 1
5000 .0 /4:’ I I () I I 1 I/TESY SWITCH
H I
RCINCINCIRCPRCI N
é @ é é) POS @ }- TERMINAL

FRONT VIEW NEG

t- 31501 FOR 48/125 V.0.C. RELAY
{BYPASSED FOR 48 v.D.C. OPERATION }
8500 N1 FOR 250 v.D.C. RELAY

3490A62

Fig. 23. PMD Relay — Ground Alarm, D.P.D.T. Contacts,
Two Terminal Lines with Telephone Relay
Output — FT-21 Case.

Fig. 24. PMD Relay — Ground Alarm, D.P.D.T. Contacts,
Three Terminal Lines with Telephone Relay
Output — FT-21 Case.
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TYPE PM MONITORING RELAYS

POS. NEG REMOTE TRIP

ff - 200 1 - 48 V.D.C

3550 (0 - 125 v.D.C.

9300 N -250 v.D.C
PILOT

fo o
9

‘L]O L 10

ATMFD AR wro.

Ry —10 K ft ADJUSTABLE

[ e =l
WIRE

1 - SHORTED - 48 V.D.C. !
- 4 - 125 v.D.C.
| OMITTED - 250 V.D.C. @
| ®- HCB RELAY
41 tt-soa - 48/125 vD.C. INSULATING TRANS— —
1200000 — 250 V.D.C. FORMER SECONDARY
IONAL
/A~ REQUIRED ONLY WHEN OFTION
HCB RELAY IS USED
ALARM Ri- 48 VvDC-I KN
125 V.D.C.-3 KQ POS. gg
250 V.D.C.-10 KQ =

1 OPTIONAL
— DEVICE_NUMBER CHART
74— TYPE PMD RELAY
[ 74X
85 - TYPE PM-23 RELAY
MA

— TYPE PM-4 AUX. UNIT
— TYPE RX-351 MILLIAMMETER

7.1K

USE EVTHER
BUT NOT BOTH

719B530

Fig. 25. External schematic of the type PMD relay with type PM-23 or PM-4 relay — Two terminal lines.

POS.NEG.  REMOTE TRIP
7 CONTACTS ++ tt 200 0 - 48 v.D.C.
{ — 3550 @ - 125 V.0.C.
1 9300 0 - 250 V.D.C.
tt
1 + g —
120 VOLTS PILOT
50-60HERTZ
7 7 ltm LEI
Y 7 | 9
o
7 |
3
L 10 10 |2
= 2 Tupp. wep. |
74 74 B !
| T
800 0 ]‘gﬂ & H i
g WIRE L
R - HCB RELAY INSULATING
TRANSFORMER SECONDARY JT°_
£ - REQUIRED ONLY WHEN
HCB RELAY (S 9SED USE EITHER
OPTIONAL BUT NOT 80TH
pos. 5
I PoS.
Bty Y
X et ,_\2, DEVICE NUMBER CHART ¥ —O—— ALARM
L 74 - TYPE PMA RELAY
HE 74 ALARM 74X - TYPE PM-4 AUK. UNIT 3 %
. ! 85 - TYPE PM-23 RELAY rIP
R C MA — TYPE RX-35( MILLIAMMETER cs °
| |— P_*E(;q
e ] i
,_{}5__

290B2LT7

) Fig. 26. External schematic of the type PMA relay with type PM-23 or PM-4 relay — Two terminal lines.
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TYPE PM MONITORING RELAYS

l1.L.41-973.5L

REMOTE TRIP _ POS. NEG.
POS. NEG. 4CONTACTS LGSS # - 200 0 - 48 V.D.C i+
— 2120 O - 125 V.D.C — |
2 74—85 5600 0 — 250 V.D.C
" g_*_é #F - 200 0 - 48 V.DC _.—i—’,f__.%_
T8 2120 O - 125 V.D.C
5 5600 1 250 V.D.C REMOTE TRIP
¢ CONTACTS
PILOT
74-85 H% & = ;”
N
1. "
3
R2 MFD
5
4 74-85
T MFO 3
s g 75 -O-
- SHORTED - 48 V.D.C.
- 22500 - 125 V.D.C.
i OMITTED — 250 V.D.C. 8- HCB RELAY @
- i -
74485 ] t1- 8000 ~ 48/125 V.D.C. INSULATING TRANS— o
v 120000 - 250 V.D.C. FORMER SECONDARY 7.1K
K 5X OPTIONAL
/\- REQUIRED ONLY WHEN USE EITHER
74-85 1) 74-85 HCB RELAY IS USED BUT NOT BOTH
12 1 ol Ry-— _
o v 1- 48V.DC— 1KQ
PR ALARM 125 V.D.C.— 3K 85
74-85 74-85 250 V.D.C.— 10K Q =
0 1cs) v L TRIP Ry~ 10K Q- ADJUSTABLE X » ALARM
74-85 1 E%
4
—o. DEVICE NUMBER CHART TRIP
OPTIONAL 74X - TYPE PM—4 AUX. UNIT
74-85 — TYPE PMG—13 RELAY 85
85 - TYPE PM—23 RELAY 4
MA - TYPE RX-351 MILLIAMMETER 7198528

) Fig. 27. External schematic of the DC type PMG-13 relay with type PM-23 or PM-4 relay — Two terminal lines.
POS. NEG. REMOTE_TRIP o
,700NTACTS ¥ ¥F- 2000- 4 =
1t — 2000 Q- 12 ¥ » ALARM
‘[ " 5600 01— 25 85
+—t  — 5 TRIP
74
74 8
5, 8
X PILQT
[l] 1
5 Lo 's 3 li= | =

1 - SHORTED - 48

30000
85000

- 125
- 250

Ry — 48
125
250

—» ALARM Ry - 10K

v 7 E 74X +
— o PM—23 RELAY MAY BE
la)
71K 71K |a” USED IN PLACE OF
3 PM—4 AUX. UNIT
A 10 Ax 10
4 74 “T"MFD. T MFD.
o 74X _
% b &~ HCB INSULATING
71K

DEVICE NUMBER CHART

TRANSFORMER
SECONDARY

/\- REQUIRED ONLY

§ WHEN HCB RELAY
v.D.C
V.D.C [ " IS USED
v.D.C

PM-4 AUX. UNIT MAY BE
v.D.C.— | KO USED IN PLACE OF
v.D.C.- 3 KQ PM-23 RELAY
V.D.C. - 10 KO
0 ADJUSTABLE

74 - TYPE
74X~ TYPE
85 — TYPE

PMD RELAY
PM—-4 AUX. UNIT
PM-23 RELAY

719B529

Fig. 28. External schematic

of the type PMD relay with type PM-23 and PM-4 relays — Three terminal lines.
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TYPE PM MONITORING RELAYS

POs. NEG. REMOTE TRIP 74-85 + i
- t- 2000 - 48 V.D.C.
\(/ CONTACTS M‘ 2120 0~ 125 V.0.C. ,_é,_,”__
v 5600 0 - 250 V.D.C.
I tH- 2000 - 48 v.0.C. bk
i 2120 0 - 125 V.0.C.
5600 0 -~ 250 V.D.C. .
CONTACTS
120 VOLTS Pilot
50-BOHERTZ
74-85 ” 5 4 H 85
9 K}
¥ o L ! -
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= 106 10K
i1 11, 3
A T MED. & Twed, -
74-85 8% 5K
3 3
% 2
[ ||
WIRE
R - HCB RELAY INSULATING
TRANSFORMER SECONDARY
A - REQUIRED ONLY WHEN
HCB RELAY (S USED
POS. 5
5
74-85 74-85
u‘r‘ ALARM _DEVIGE NUMBER CHART ALARM
N 1 _ 74-85 - TYPE PMG-13 RELAY
Llsob Z‘“Tﬂ a5 ~ TYPE PM~23 RELAY
4 3 TRIP TRIP
1cs

€ Fig. 29. External schematic of the AC type PMG-13 with type PM-23 relay — Two terminal lines.

POS. NEG. POS. NG,
REMOTE TRIP 74-85 . *- 1R - %G
“,//'comcrs 7 2120 0 - 125 ¥.0.C. ks
i , o 3 900 0 - 150 Y.0.C. —
+-85
1 M tomo - s '
i O - 120 0 - 128
T4 5000 0 - 250 ¥ n
5 REMOTE TRIP
o CONTACTS
1
X - CUSTOMER TO MAKE
i THIS CONKECTION. . riLoT
J
74-85
7™
" - ,, = o3
0 " A
2120 0 5600 0 L w746
% O— O ¥4 O0——_ AR
— 14
x 7485 N6 Aiwp, TS T * ok
3 - %
Dbt
5600 2 Taeds ’ ;H
16
5t - SHORTED - 48 y.D.C WIRE
' 4250 0 - 125 ¥.0.C
! OMITTED - 250 ¥.0.C IR - HCB RELAY INSULATING
N 4 TRANSFORMER SECONDARY
tt- 800 0 - wa/125 ¥.0.C. —
12000 @ - 250 v.D.C. A - REQUIRED ONLY WHEN :

HCB RELAY IS USED USE EITHER
BUT NOT BOTH

T4y 743
2 3 DEVICE NUMBER CHART

746 - TYPE PH-3 RELAY pos.
7»4 -85 74X - TYPE PM-% AUK. UMIT 89 8

74-85 - TYPE PM-13 RELAY 2 2 3

ALARM 8> - TYPE PM-23 RELAY K H—H O+ ALaRM
2t 85 85
10 T

77?0)(—(}?@—)(—0-«- w®ip Em—.mp
S {)—’(——T‘,_T

QP T10MAL

2908253

Fig. 30. External schematic of the DC type PM-13 and PM-5 relay with type PM-23 or PM-4 relay — Two terminal lines.
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TYPE PM MONITORING RELAYS 1.L.41-973.5L

POS. NEG.
POS... NEG. RENOTE TRIP 74-85 ' T - 2000 - 8 vD.C ¢
| JonTAcTs 7 e 2120 @ - 125 V.0.C. hihi |
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tt- 800 0 - w8/L25 V.D.C. - 7.1x
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74-85 L}—IJ T4-85
Bl 3 1
{114 TR1P
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290B258

Fig. 31. 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. 33. Outline and Drilling Plan for Ex
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Fig. 34. Outline and Drilling Plan for the type PM-4 Aux-

iliary unit in the projection molded case.
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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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TYPE PM MONI!TORING RELAYS
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Fig. 36. Outline

and Drilling Plan for the type PM-3, PM-5, & PMD-1 Relays in the type FT 11 case.
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Fig. 37. Outline and Drilling Plan for the type PM-2, PM-23, PMA-1 and PMD relays in the type FT 21 case.
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1.L.41973.5L
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Fig. 38. Outline and Drilling Plan for the type PMA relay in the type FT 31 case.
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Fig. 39. Outline and Drilling Plan for the type PM-13 and PMG-13 relays in the.type FT 32 case.
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INSTALLATION

Westinghouse
MAINTENANCE

OPERATION o

I.L. 41.973.5K

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 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 transformer second-
ary windings as shown in Figs. 21 through 27.

Each circuit requires the following:

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

For d-c Supply

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 receive monitoring current (two-
terminal line)

One PM-23 or PM-2 or PM-4

Atthe otherends to receive monitoring current (three-
terminal line

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

CONSTRUCTION

PM relays 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 Unit (5)
1-Tapped Transformer
1-Full-Wave Rectifier
3-4 mfd. Capacitors
1-Set of Potential
Dividing Resistors

PMD

1-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 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

PM-4

PM-5

Monitoring
Current
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits
Trip
Signal

x 1

xt xt| xt

x 1

Receives
Trip
Signal

Sensitive
Ground
Detection

Measures
Monitoring
Current

T With External Resistors

=l Jee0]

x
_—

BALANCED AIR GAPS

PERMANENT
S H MAGNET

1 —— ARMATURE

MOVING CONTACT

SHUNT

r -

UNBALANCED AIR GAPS

FLUX PATH

1834062

J.——-—— ADDITIONAL

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 spring located on the front of the switch,
which allows the operation indicator target to drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

PMD & PMG13 with Tel. Relay: In the relays type
PMD and PMG13 where they are energized with DC
power supply, the ground polar unit (#5) could
momentarily close its contact (for about 10 m.s.) if
either positive or negative supply is grounded. To
eliminate this momentary operation, a telephone
relay with a nominal operating time 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 contact output of the ‘5’ unit. This
type of relay should be used where the DC power
supply is subjected to short to the ground.

OPERATION

Pilot Wire Monitoring

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
on request. 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 through one 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 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-
rent. In 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 sourcerelay is adjusted
to float between the high and low current 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.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contactsto close.
The resulting current decrease in the PM-23 relay
closesthe alarm contact. Short circuits of 5000 ohms
or less will be detected.

Open Circuits

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

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-13 source 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 close one of its contacts (depending on whichpilot
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wire is grounded)to give an alarm. Grounds of 10,000
chms 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 currents is 5ma. at all 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 pull the armatureto the right.
Similarly, reducing the right hand gap will make the
armature a south pole and produce a force tending to
pull the armature to the left.

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. 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 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-c.

Coil Resistance (each winding)

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

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm 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 |l

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 or PM-4| TO OPERATE
2 48 200 200 - - PM-23 or PM-3
125 3550 3550 — - ”
250 9300 9300 - - "
3 48 200 200 - - i
125 2000 2000 - - i
250 5600 5600 — - "
TABLE IHHA
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 + 2120 - "
250 5600 t 5600 - "
3 48 200 200 200 ”
125 1500 + 1500 1500 i
250 4000 + 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.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 + 2120 - "
250 5600 + 5600 - "
3 48 200 t 200 200 "
125 1500 + 1500 1500 "
250 4000 ¥ 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 ¥ -

PMG-13 or PM-13 0.7 tt

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

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

HIGH CURRENT ALARM 2 _T&P
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.

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 1.7t

PM-23 or PM-2 & PM-3 ¢ 0.7

+ Same relay as for two-terminal lines
+1 These are pilot-wire current values

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

cating contactor switch will safely carry this current
long enough to trip a circuit breaker.

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

SETTING THE RELAY

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

HIGH CURRENT ALARM TRIP_
2.3 ma —
2.3 -
+0.3 -

2.3 t1 14 V.

- 14 V.

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 1MA d-c with the moni-
toring circuits connected for service. Use the mil-
liammeter in the PM-23 for this purpose oI 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
when making the final adjustment of the second relay.

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

gelect the transformer tap nearest to expected
normal a-c supply voltage. The full wave rectifier is

Ay,

A

AT
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connected to a secondary transformer tap. Where de-
sired, the output 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 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 directlyto 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 and then
turning the proper nut with a wrench.

For detailed FT case information, refer to 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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
Wire Circuits, AIEE Committee Report, paper 58-1190,
AIEE Transactions, 1959, Volume 78, Part III B pp.
205-212. Also, see AIEE Special Publication $-117,
Applications and Protection 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 made at the factory and
should not be disturbed afterréceipt 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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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.

ELMA and PMA-1 Relays

Alarm Unit (1)

Set the primary tap on 120 volts. Connect a vari-
able resistor of approximately 20,000 ohms in series
with a low-range d-¢ 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
theoneortwo-milliampere monitoring current to check
the calibration values listed in Tables IV and V.

VGround 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.

[
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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.

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
geries with an external milliammeter to relay ter-
minals 8 and 9 with terminal 8 positive for the PM-
93 relay, or terminal 9 positive for the PM-3 relay.
When checking the pickup of the PM-23 trip unit
block open the alarm unit contacts (2) so as to re-
move the shunt resistor frum arocund the trip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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
“Routine Maintenance’’.If an ohmmeter is used, the
difference in forward andreverseresistance readings
obtained will be dependent on the current flowing
through the 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 ma.

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

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 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of stationary contacts. Increase and
decrease the 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
drop out at approximately 10 volts. The resistance of
the series dropping resistors for transferred tripping
(listed in TablesIII A and III B) can be checked with
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 (5)

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

CAUTION - Do not make any performance check,
calibration 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.

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 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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relays do not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If there is suspicion of a rectifier (diode) failure,
apply 30 volts d.c. 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-
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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best be done with
the polarunitremoved from the relay.) Then retighten
the core screw and replace the permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 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 currentrequired to closethe
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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PMG-13, and PM-23 relays, adjust the contacts as
described in the previous paragraph, except back off
the contact and stop screws one-half turn each to

10

Now drop the current to 0.7 ma. and adjust the
opposite shunt until the left-hand contact just closes

The following chart indicates the units present in each relay. A
FUNCTION PMA | PMA-1| pys | pym3 | PM4 | PM5 | PMI3 |PMG13| PM23
AND UNIT PMD | PMD-1
Alarm for p.w. open, short or reversal X X X X X X
() (2)
Transfer- Trip Unit (3) X “ X X X
Alarm for p.w. ground (5) X \ X X
o !
D.C. Path for Monitoring Current ‘ X
]
ma.), and to move gradually toward the high or low- give a total moving contact travel of approximately
current alarm as the coil current is increased or 0.025inch. In operation of the tripping unit, the mov-
or decreased. Similarly, the floating adjustment of ing contact will normally rest against the contact
of the armature of the ground alarm unit (5) requires stop screws, and will pick up only for a transferred-
that both shunt screws be turned in relatively far. tripping operation.
Then the armature will move gradually to the left or
right as the current through the two #5 coils is For the pilot-wire ground alarm unit (5) of the
unbalanced. PMA, PMD, PM5, and PMG-13 relays, follow the
same general procedure except back off both station-
The electrical calibration of the polar unit is ary contact screws two turns each. This will give a
also affected by the contact adjustment as this contact gap of 0.0500n each side of the moving con- i
changes the position of the polar unit armature. Do tact when it is its normal central position.
not change the contact adjustment without rechecking
the electrical calibration. Electrical Calibration - All Relays
Contact Adjustment - All Relays In. the foll(.Jwing sections, th.e cal.ibration in-
structions are given for the polarunit which performs
For all monitoring alarm units, designated (1) or a certain function, such as alarm (1) or (2), ground
(2), turn in all the stationary contact and contact (5), or trip (3), rather than giving calibration in-
stop screws until they just touch the moving contact. structions for each complete relay. In this way, con-
Advance the screws to hold the armature in the cen- siderable duplication of instructions has been elim-
tral portion of the magnetic air gap between the two inated.
pole faces. (The stationary contact screws have a
round silver contact face; the stop screws do not Alarm Unit (1)
have this silver facing.) Now back off all the con- Connecttherelay as described under Acceptance
tact and contact stop screws one full turn. This will Tests for the particularrelay involved. Screw the two
give a total contact travel of 0.050 inch. When the magnetic shunts all the way in, then back them out
relay is properly calibrated, some touch-up adjust- five turns each. With the relay energized at rated
ment may be necessary so that double contacts will voltage, set the monitoring current at 1.3 or 2.3 ma.
both close at the same current value. The contact d.c. for 2 or 3-terminal relay respectively, by adjust-
gap between the floating moving contact and the ing the external resistor. If the relay does not close
right-hand or left-hand stationary contacts or contact its right-hand contact, turn in the left shunt screw
stops will be approximately 0.025 inch when the re- until the right-hand contact just closes. If the right-
lay is in operation. hand contact is closed at 1.3 ma., turn in the right
shunt until a point is reached when the right-hand
For the tripping (3) units of the PM-3, PM-13, contact is just closed at 1.3 ma. .
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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 setsof 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 terminals of the
relay, as indicated in the following table.

Relay Terminals for Momentary Application
of 48 V. d.c.
POS. NEG.
PMA, PMA-1| 6 7
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 explained, recheck the calibration of
the monitoring alarm unit (1). If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alarm
unit (1) after the transfer-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
test as the 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 left-hand con-
tact at 0.7 ma. d.c. The moving contact should 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 unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If there is any change,
touch up the shunt adjustments until there is no
changeincalibration after48 v. d.c. has been applied.

Tripping Unit (3)

To calibrate the tripping unit of the PM-3, PM-13,
PMG-13, or 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 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
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, 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.

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 through the relay trip circuit to close the contacts
of the ICS unit. This value of current should not be
greater than the ICS tap setting 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. The bridging moving contact
should touch both stationary contacts simultaneously.

RENEWAL PARTS

Repair work can be done gost 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.

Ground Alarm (5) Calibration

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

+ Milliammeter positive to this terminal

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. Internal schematic of type PMA-1 relay in the
FT 21 case — 120 volts, 60 cycle supply — For
two terminal lines.
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INTERNAL SCHEMATIC
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Fig. 4. Internal 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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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
FT 21 case.

Fig. 11. Internal schematic of the type PM-3 relay in the
FT 11 case.
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Fig. 12. Internal schematic 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.
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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. 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. 18. Internal schematic of the type PMG-13 relay in
the FT 32 case — DC supply — For two terminal

lines.
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D.C. RELAY | REO HANDLE | TesT switen
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TERMINAL
L TERMINAL -
FRONT ViEW
FRONT VIEW 81‘- 6 8 8)4_
Fig. 19. Internal schematic of the type PMG-13 relay in Fig. 20. Internal schematic of the type PMG-13 relay in .
the FT 32 case — DC supply — For three terminal the FT 32 case — 120 volt, 60 cycle supply — For
lines. two or three terminal lines.
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INTERNAL SCHEMATIC
t-42500 FOR
48/125 V.0.C. RELAY
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48 V.D,C. OPERATION.
OMITTED FOR
250 v.D.C. RELAY}.
+-800 .0 FOR
48/125 V.D.C. RELAY]
120001 FOR
250 v.D.C. RELAY
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CONTACT:
CONTACTOR T FOR 48V.~ 1K 3W
|- FOR 125 V.~ 3K SW
FOR 250V,- 10K 25W
10K low
UPPER POLAR UNIT
(MONITORING)
L 5000 A
21200 -
|~ MIDDLE POLAR uNIT
50000 | | LOWER GROUND
A-CONNECT THIS |- 2120 0 FOR
LEAD AS SHOWN 48/125 v.0.C. RELAY
DOTTED FOR 4000 N FOR
48 V.D.C. OPERATION 250 V.D.C. RELAY
@ - FOR 48/125 V.D.C.
RELAY,RESISTOR IS = RED HANDLE
TAPPED AT 2000 t— TEST SWITCH

|- TERMINAL

FRONT VIEW

3490A59

INTERNAL SCHEMATIC

t-31500 FOR
48/125 V.D.C. RELAY

{BYPASSED FOR

48 v.D.C. OPERATION)

85000 FOR

250 V.D.C. RELAY).

INDICATING
CONTACTOR ] FOR 48V.- |
SWITCH AR
| FOR 125 V.- 3K 5W
FOR 250 V.- 10K 25W
| 10k 10w
UPPER POLAR UNIT
(MONITORING )
| 5000 L
21200 -
—— |- MIDDLE POLAR UNIT
50004 | |- LOWER GROUND
ALARM
A -CONNECT THIS |- 1500 0 FOR
Bgﬁ;’s Shown 46/125 V,D.C. RELAY
48 V.0.C. OPERATION 2D LAy
@ - FOR 48/125 V.0.C.
RELAY,RESISTOR IS [~ RED HANOLE
TAPPED AT 20041. |- TEST swiTcH
| -TERMINAL

FRONT VIEW

3490260

Fig. 21. PMG-13 Relay with Ground Alarm and Remote

Trip — Two Terminal Lines with Telephone
Relay Output. FT-32 Case.

Fig. 22. PMG-13 Relay with Ground Alarm and Remote
Trip ~ Three Terminal Lines with Telephone
Relay Output — FT-32 Case.

TO MOVING CONTACYS—\ 21200

INTERNAL SCHEMATIC

|~ UPPER POLAR UNIT

L1

FOR 48 V.- IK 3W
FOR 125 v.-3K 5W -

FOR 220 v 10w 25 ||~ LowER POLAR uMIT
V.- 10K 25W -

A- CONNECT THIS
LEAD AS SHOWN
DOTTED FOR %8 AND
250 V.D.C. OPERATIONS

10K |OW ——1

TO MOVING ——

CONTACTS
TO STATIONARY —=
CONTACTS
50000 —1 - TEST SWITCH
{- TERMINAL
FRONT VIEW NEG
t-42500

tt- 8000 FOR 48 AND 125 V.D.C. RELAY
12000 . FOR 250 v.D.C. RELAY

3490Aa61

TO MOVING CONTACTS\

21200,
INTERNAL SCHEMATIC

my 4

apTas

| - UPPER POLAR UNIT
/

FOR 48 V.- K 3w
FOR 125 V.- 3K 5w

~ |- LOWER POLAR UNIT
FOR 250 V.- 10K 25W

A~ CONNECT THIS
LEAD AS SHOWN
DOTTED FOR 48 V.0.C.
OPERATION

IOK [OW ]

TO MOVING ———
CONTACTS

TO STATIONARY —=j
CONTACTS

50000 ] f~ TEST SWITCH

FRONT VIEW NEG

t- 315001 FOR 48/125 V.0D.C. RELAY
(BYPASSED FOR 48 v.0.C. OPERATION)
8500 L FOR 250 V.D.C. RELAY

3490762

Fig. 23. PMD Relay — Ground Alarm, D.P.D.T. Contacts,

Two Terminal Lines with Telephone Relay
Output — FT-21 Case.

*

Fig. 24. PMD Relay ~ Ground Alarm, D.P.D.T. Contacts,

Three Terminal Lines with Telephone Relay
Output — FT-21 Case.
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REMOTE TRIP

POS. NEG. CONTACTS

200 0 - 48

T -

OPTIONAL

‘- SHORTED - 48 V.D
42500 - 125 VD
OMITTED - 250 V.D.C.

t1- 8000

12000

3550 1 - 125
9300 N - 250

PILOT

74 ” =

L 10
A “T"MFD.

A7

®- HCB RELAY
INSULATING TRANS—
FORMER SECONDARY

/\- REQUIRED ONLY WHEN
HCB RELAY IS USED

(o, o
B< ” WIRE

¢

\

- 48/125
n - 250 V.D.C.

R1- 48 V.DC-1 KQ
125 V.D.C.—3 K
250 V.D.C.—10 K

Ry - 10 K ft ADJUSTABLE

DEVICE NUMBER CHART
74 - TYPE PMD RELAY
— TYPE PM—-4 AUX. UNIT
85 - TYPE PM-23 RELAY
MA - TYPE RX-351 MILLIAMMETER

OPT!ONAL

POS. 85

7.1K

USE EITHER

B8UT NOT BOTH

7198530

x Fig. 25. External schematic of the type PMD relay with type PM-23 or PM-4 relay — Two terminal lines.

(REWITE TRIP
7 conTacTs

7

4}
H

120 ¥OLTS

60 CYCLES

7%
5
&

POS.

" T 2080 - % v..C
P 3550 0 - 125 1.0.C
9300 9 - 250 ¥.0.C
T
o
PILOT
¥ |
T
1 s y——xo
T o 3
S alo Al 10
N . weD.
[ o, =
wo. 7§
1 (s * —

I . =l

" - #CB RELAY INSULATING MA] 4% _

£ - REQUIRED OMLY WHEN
WCB RELAY S ySED

DEVICE NUMBER CHART

ALARM 79x
85 - TYPE PW-23 RELAY
MA - TYPE RX-35] MILLIAMMETER

I—opTioNAL

USE EITHER
BUT NOT BOTH

290B2LT

Fig. 26. External schematic of the type PMA relay with type PM-23 or PM-4 relay — Two terminal lines.
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REMOTE TRIP
POS. NEG. 74— . NEG.
CONTACTS —55 ¥ F- 200 0~ 48 VDC. ¥ POS. NEG
i} 2120 Q - 125 V.D.C. — i
J 7488 g 5600 0 — 250 V.D.C. "
7
\ — 200 0 - 48 V.D.C. — .
7a-8% X Tt 2120 Q - 125 V.D.C. — !
= 5600 0 — 250 V.D.C. REMOTE TRIP
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Q 2500 -
| OMITTED — - HCB RELAY
_ i _
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/\- REQUIRED ONLY WHEN USE EITHER
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13+@_E :E—)(—é—uw Ry — 10K Q- ADJUSTABLE
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12 F NER
DEVICE_NUMBER CHART
OPTIONAL 74X~ TYPE PM—4 AUX. UNIT
74-85 — TYPE PMG—13 RELAY
85  — TYPE PM—23 RELAY
MA - TYPE RX-351 MILLIAMMETER
* Fig. 27. External schematic of the DC type PMG-13 relay with type PM-23 or PM-4 relay — Two terminal lines.
POS. NEG. REMOTE TRIP
CONTACTS ¥ F¥- 2000- 48 v.DC
2000 0- 125 V.D.C
5600 01— 250 V.D.C
PILOT
e
74X
—_— +
g PM-23 RELAY MAY BE
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PM—4 AUX. UNIT
10 10
OFwro. [ D Twro,
74X _
- [ — HCB INSULATING
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= = SECONDARY
WIRE
/\- REQUIRED ONLY
WHEN HCB RELAY
t - SHORTED — 48 V.DC
30000 - 125 V.D.C & IS USED
850000 -~ 250 V.D.C
PM—4 AUX. UNIT MAY BE
Ry— 48 v.D.C.— | KQ USED IN PLACE OF
74 1 74 125 V.D.C. - 3 KO PM~23 RELAY
o [—< T T 250 V.D.C. - 10 KQ
7‘(1 N ALARM Ry — 10K fL ADJUSTABLE

DEVICE NUMBER CHART

74 — TYPE PMD RELAY
74X— TYPE PM~-4 AUX. UNIT
85 — TYPE PM-23 RELAY

7198529

* Fig. 28. External schematic of the type PMD relay with type PM-23 and PM-4 relays — Three terminal lines.
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Pes. NEQ.
REMOTE TRIP
CONTACTS
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290B250

Fig. 29. External schematic of the AC type PMG-13 with type PM-23 relay — Two terminal lines.
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Fig. 30. External schematic of the DC type PM-13 and PM-5 relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 31. 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. 32. Outline and Drilling Plan for 10 mfd. capacitor —

For reference only.

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-

iliary unit in the projection molded case.
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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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INSTALLATION

Westinghouse |.L. 41-973.5)

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 circuifs, 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.
TableI 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 transformer second-
ary windings as shown in Figs. 21 through 27.

Each circuit requires the following:

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

For d-c Supply

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 receive monitoring current (two;

terminal line)

One PM-23 or PM-2 or PM-4

Atthe otherends 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. 41-973.5H

*Denotes change from superseded issue.

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

PMD

1-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
Sswitch

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 AUGUST 1973
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ey
PM-3 PM-4 PM-5_
1-Polar Trip Unit (3) 1-Blocking Rectifier 1--Polar Ground Unit (5)
1-Resistor 1-Set of Adjustable & 2—4 mfd. Capacitors
1-Blocking Rectifier Fixed Resistors 1~Fixed Resistor
1-Indicating Contactor
Switch (ICS)
TABLE |
FUNCTION || PMA & PMD | PMA-1 & PMD-1 PM-13 PMG-13 PM-23 PM-2 | PM-3 | PM-4 PM-5
Monitoring
Current X X X X
Source
Receives
Monitoring X X X
Current
Trouble
Alarm X X X X X X X
Transmits
Trip x 1 x T X X xt | xt] xt| xt
Signal
Receives
Trip X X X X .
Signal
Sensitive
Ground X X X
Detection
Measures
Monitoring X X
Current
t With External Resistors
SHUNT
- -— D____"- AN -
—_— — T — = ‘\ Lo — o
* PERMANENT |
N IL IR N S ) MAGNET th N I .
\ 3 ARMATURE 3 |)
L ——— wt _)"" ADDITIONAL
N 1L _ FLUX PATH
N s —- N[{Fs =
MOYING CONTACT J\N
BALANCED AIR GAPS URBALANCED AIR GAPS
1834062 #HE,

Fig. 1. Polar Unit Permanent Magnet Flux Paths.
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1.L. 41-973.5J

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 spring located on the front of the switch,
which allows the operation indicator target to drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-
get, providesrestraint for the armature and thus con-
trols the pickup value of the switch.

PMD & PMGI3 with Tel. Relay: In the relays type
PMD and PMG13 where they are energized with DC
power supply, the ground polar unit (#5) could
momentarily close its contact (for about 10 m.s.) if
either positive or negative supply is grounded. To
eliminate this momentary operation, a telephone
relay with a nominal operating time 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 contact output of the ‘5’ unit. This
type of relay should be used where the DC power
supply is subjected to short to the ground.

OPERATION

Pilot Wire Monitoring

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
on request. 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 through one 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 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-
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 sourcerelay is adjusted
to float between the high and low current 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.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contactsto close.
The resulting current decrease in the PM-23 relay
closesthe alarm contact. Short circuits of 5000 ohms
or less will be detected.

Open Circuits

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

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. Low current alarm contacts close.
Grounds

The voltage-divider circuit of the PMA, PMD,
and PMG-13 source 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 its contacts (depending on whichpilot
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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
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 voltagé 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

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

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. The PM-5 is
adjusted so that the moving contact floats when the
relay is deenergized.

CHARACTERISTICS

Nominal Calibration Vafues

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 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-c.

Coil Resistance (each winding)

Alarm coil (1)
two terminal line
three terminal line

1050-1250 ohms
700-900 ohms

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm 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.

o,
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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-28& PM-3or| PM-28&PM-3or
TERMINALS | VOLTAGE [(PMA or PMA-1 | PMD or PMD-1| PM-23 or PM-4| PM-23 or PM-4| TO OPERATE
2 48 200 200 — - PM-23 or PM-3
125 3550 3550 - - "
250 9300 9300 - — ”
3 48 200 200 - — i
125 2000 2000 - - ”
250 5600 5600 — — "
TABLE 1lHA
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 ¢ 2120 — "
250 5600 5600 - "
3 48 200 t 200 200 ”
125 1500 t 1500 1500 "
250 4000 4000 4000 "
+ Mounted in Relay TABLE 111B

PMG-13 AND PM-13 (A.C. SUPPLY) APPLICATIONS
(2 REQUIRED PER STATION)

RESISTORS FOR D.C. REMOTE TRIPPING

# 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 5600 — "

3 48 200 1 200 200 "
125 1500 + 1500 1500 i
250 4000 1 4000 4000 "

+ Mounted in Relay
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TABLE IV

NOMINAL CALIBRATION VALUES - TWO TERMINAL LINES

M 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 t1

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 M
1.3 ma -
1.3 -
+0.3 -

1.3 1t 14 Vv,

- 14 v,

1—Left-hand contacts, front view.
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 ¢ ~

PMG-13 or PM-13 1.7t

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

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

SETTING THE RELAY

Obperating units of all relays are adjusted in the
factory to the values listed in Tables IV .and Vto a
tolerance of +5%. No settings are required on these
units.

HIGH 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.

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 receiving relays 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
whenmaking the final adjustment of 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 output 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 their equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information, refer to I.L.
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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
Wire Circuits, AIEE Committee Report, paper 58-1190,
AIEE Transactions, 1959, Volume 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 adjustments 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-
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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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
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 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. 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-¢ 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.

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 for the PM-
23 relay, or terminal 9 positive for the PM-3 relay.
When checking the pickup of the PM-23 trip unit
block open the alarm unit contacts (2) so as to re-
move the shunt resistor frum around the trip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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
‘““Routine Maintenance’’.If an ohmmeter is used, the
difference in forward and reverse resistance readings
obtained will be dependent on the current flowing
through the 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 ma.

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

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 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of 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 ftripping 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 III B)can 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. 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

By
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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

CAUTION - Do not make any performance check,
calibration 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.

Contacts

All contacts should be periodically cleaned. A
contact burnisher $#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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relays do not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If there is suspicion of a rectifier (diode) failure,
apply 30 voltsd.c. reverse voltage (positive on arrow-
head) through a 300-ohm resistance to the diode.
Measure the voltage across the diode. If this voltage
is not essentially 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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best be done with
the polarunit removed from the relay.) Then retighten
the core screw and replace the permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 polar unit 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 closethe
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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PMG-13, and PM-23 relays, adjust the contacts as
described in the previous paragraph, except back off
the contact and stop screws one-half turn each to

10

Now drop the current to 0.7 ma. and adjust the
opposite shunt until the left-hand contact just closes

The following chart indicates the units present in each relay. g
FUNCTION PMA |\ PMA-1l pyy | pM3 | PM4 | PM5 | PMI3 |PMG13| PM23
AND UNIT PMD | PMD-1
Alarm for p.w. open, short or reversal X X X ‘ X X X
(L) (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- give a total moving contact travel of approximately
current alarm as the coil current is increased or 0.025inch. In operation of the tripping unit, the mov-
or decreased. Similarly, the floating adjustment of ing contact will normally rest against the contact
of the armature of the ground alarm unit (5) requires stop screws, and will pick up only for a transferred-
that both shunt screws be turned in relatively far. tripping operation.
Then the armature will move gradually to the left or
right as the current through the two #5 coils is For the pilot-wire ground alarm unit (5) of the
unbalanced. PMA, PMD, PM5, and PMG-13 relays, follow the
same general procedure except back off both station-
The electrical calibration of the polar unit is ary contact screws two turns each. This will give a
also affected by the contact adjustment as this contact gap of 0.050 on each side of the moving con- -
changes the position of the polar unit armature. Do tact when it is its normal central position.
not change the contact adjustment without rechecking
the electrical calibration. Electrical Calibration - All Relays
Contact Adjustment — All Relays In. the foll(?wing sections, th.e cal'ibration in-
structions are given for the polarunit which performs
For all monitoring alarm units, designated (1) or a certain function, such as alarm (1) or (2), ground
(2), turn in all the stationary contact and contact (5), or trip (3), rather than giving calibration in-
stop screws until they just touch the moving contact. structions for each cocmplete relay. In this way, con-
Advance the screws to hold the armature in the cen- siderable duplication of instructions has been elim-
tral portion of the magnetic air gap between the two inated.
pole faces. (The stationary contact screws have a
round silver contact face; the stop screws do not Alarm Unit (1)
have this silver facing.) Now back off all the con- Connecttherelay as described under Acceptance
tact and contact stop screws one full turn. This will Tests for the particularrelay involved. Screw the two
give a total contact travel of 0.050 inch. When the magnetic shunts all the way in, then back them out
relay is properly calibrated, some touch-up adjust- five turns each. With the relay energized at rated
ment may be necessary so that double contacts will voltage, set the monitoring current at 1.3 or 2.3 ma.
both close at the same current value. The contact d.c. for 2 or 3-terminal relay respectively, by adjust-
gap between the floating moving contact and the ing the external resistor. If the relay does not close
right-hand or left-hand stationary contacts or contact its right-hand contact, turn in the left shunt screw
stops will be approximately 0.025 inch when the re- until the right-hand contact just closes. If the right-
lay is in operation. hand contact is closed at 1.3 ma., turn in the right
shunt until a point is reached when the right-hand
For the tripping (3) units of the PM-3, PM-13, contact is just closed at 1.3 ma. L
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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 setsof 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 terminals of the
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 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 unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If 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)

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

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

After momentary application of the transfer-trip
voltage as just explained, recheck the calibration of
the monitoring alarm unit (1).If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alarm
unit (1) after the transfer-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
test as the 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

To calibratethe tripping unit of the PM-3, PM-13,
PMG-13, or 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 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, 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 contact closes at 0.3 ma. Nowpass 0.3 ma. d.c.

1
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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 reloy in the

FT 21 case — 120 volts, 60 cycle supply — For
two terminal lines.
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Fig. 4. Internal 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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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

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

FT 21 case.

FT 11 case.
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Fig. 12. Internal schematic of the type PM-4 Auxiliary
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Unit in the small molded case.

Fig. 13. Internal schematic of the type PM-5 ground
detector relay in the FT 11 case.
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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. 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. 18. Internal schematic of the type PMG-13 relay in
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Fig. 19. Internal schematic of the type PMG-13 relay in Fig. 20. Internal schematic of the type PMG-13 relay in AT,
the FT 32 case — DC supply — For three terminal the FT 32 case — 120 volt, 60 cycle supply — For
lines. two or three terminal lines.
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* Fig. 22. PMG-13 Relay with Ground Alarm and Remote
Trip ~— Three Terminal Lines with Telephone
Relay Output — FT-32 Case.

Fig. 21. PMG-13 Relay with Ground Alarm and Remote
Trip ~ Two Terminal Lines with Telephone

Relay Output. FT-32 Case.
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Fig. 23. PMD Relay — Ground Alarm, D.P.D.T. Contacts,

T wo

Output — FT-21 Case.

Terminal Lines with Telephone Relay

Fig. 24. PMD Relay — Ground Alarm, D.P.D.T. Contacts,
Three Terminal Lines with Telephone Relay

Ovutput — FT-21 Case.
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Fig. 25. External schematic of the type PMD relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 26. External schematic of the type
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PMA relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 27. 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. 28. External schematic of the type PMD relay with type PM-23 and PM-4 relays — Three terminal lines.
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Fig. 29. External schematic of the AC type PMG-13 with type PM-23 relay — Two terminal lines.
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Fig. 30. External schematic of the DC type PM-13 and PM-5 relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 31. 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. 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-
iliary unit in the projection molded case.
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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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INSTALLATION

Westinghouse 1.L. 41-973.5H

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.
TableI 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 transformer second-
ary windings as shown in Figs. 21 through 27.

Each circuit requires the following:

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

For d-c Supply

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

At the other enid}o recieiﬁnﬂiioring current (two-

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

Atthe otherends to receive monitoriLngrent (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

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

SUPERSEDES I.L. 41-973.5G

*Denotes change from superseded issue.

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

PMD

1-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
9-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

i-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 1972
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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 | PM-3 | PM-4 | PM-5

Monitoring
Current X
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits +
Trip X
Signal

x T

Receives
Trip
Signal

Sensitive
Ground X
Detection

Measures
Monitoring
Current

1 With External Resistors

[_]
‘q—"

r— 4 —>

=
mten e
=

BALANCED AIR GAPS

|
]

s 1] ARMATURE
J

PERMANENT
MAGNET

————— MOVING CONTACT
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FLUX PATH
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1834062

Fig. 1. Polar Unit Permanent Magnet Flux Paths.

P

e

Sy,



TYPE PM MONITORING RELAYS

l.i. 41-973.5H

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 frontofthe switch,
which allows the operation indicator target to drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

PMD & PMG13 with Tel. Relay: In the relays type
PMD and PMG13 where they are energized with DC
power supply, the ground polar unit (#5) could
momentarily close its contact (for about 10 m.s.) if
either positive or negative supply is grounded. To
eliminate this momentary operation, a telephone
relay with a nominal operating time 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 contact output of the ‘5’ unit. This
type of relay should be used where the DC power
supply is subjected to short to the ground.

OPERATION
Pilot Wire Monitoring

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
on request. 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 through one winding of the HCBinsulating
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 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-
rent. In 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 relay is adjusted
to float between the high and low current contacts
with normal monitoring current. The PM-23, receiving-
end alarm relay, is adjusted to float between the
Jow-current alarm contact and a contact stop with 1
ma. flowing.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contactsto close.
The resulting current decrease in the PM-23 relay
closesthe alarm contact. Short circuits of 5000 ohms
or less will be detected.

Open Circuits

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

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. Low current alarm contacts close.
Grounds

The voltage-divider circuit of the PMA, PMD,
and PMG-13 source 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 close one of its contacts (depending on whichpilot
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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 IIT for tripping resistor values.
Nominal tripping currents is 5ma. at all 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 pull the armature to the right.
Similarly, reducing the right hand gap will make the
armature a south pole and produce a force tending to
pull the armature to the left.

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. 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 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-c.

Coil Resistance (each winding)

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

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm 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 ochms 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
111 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,

S
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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 or PM-4| TO OPERATE
2 48 200 200 - — PM-23 or PM-3
125 3550 3550 - - "
250 9300 9300 — - "
3 48 200 200 - - i
125 2000 2000 — - "
250 5600 5600 - - i
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 2120 - "
250 5600 t 5600 —_ i
3 48 200 t 200 200 "
125 1500 t 1500 1500 i
250 4000 t 4000 4000 "
+ Mounted in Relay TABLE B
PMG-13 AND PM-13 (A.C. SUPPLY) APPLICATIONS
(2 REQUIRED PER STATION)
RESISTORS FOR D.C. REMOTE TRIPPING
# 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 48 200 200 - PMG-13 or PM-13
and PM-23 or PM-3
125 2120 t 2120 - "
250 5600 5600 - "
3 48 200 t 200 200 "
125 1500 t 1500 1500 i
250 4000 * 4000 4000 ”

t+ Mounted in Relay
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TABLE tV

NOMINAL CALIBRATION VALUES — TWO TERMINAL LINES

RELAY LOW CURRENT AL ARM L HIGH CURRENT ALARM 2 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 0.7 +t 1.3 t1 14 Vv,
PM-23 or PM-2 & PM-3 t 0.7 - 14 v.
t Same relay as for three-terminal lines 1—Left-hand contacts, front view.
t1 These are pilot-wire current values 2—Right-hand contacts, front view.
TABLE Vv

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 tt 14 V.
PM-23 or PM-2 & PM-3 t 0.7 — 14 V.

t Same relay as for two-terminal lines
1t These are pilot-wire current values

Trip Circuit

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

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes, To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

SETTING THE RELAY

Operating units of all relays are adjusted in the
factory to the values listed in Tables IV and Vitoa
tolerance of +5%. No settings are required on these
units.

For all 48/125-volt d.c. relays, connect jumpers
acrossresistors as shown on 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 receiving relays 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
when makingthe final adjustment of the second relay.

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

Select the transformer tap nearest to expected
normal a-¢ supply voltage. The full wave rectifier is
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connected to a secondary transformer tap. Where de-
sired, the output 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 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 meansof
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information, refer to I.L.
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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
Wire Circuits, AIEE Committee Report, paper 58-1190,
AIEE Transactions, 1959, Volume 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 adjustments 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-
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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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.

ilra}rm Unjt (1)

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
theoneortwo-milliampere monitoring current to check
the calibration values listed in Tables IV and V.
Ground Unit (35)

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.
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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.

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 for the PM-
23 relay, or terminal 9 positive for the PM-3 relay.
When checking the pickup of the PM-23 trip unit
block open the alarm unit contacts (2) so as to re-
move the shunt resistor frum around the trip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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
‘““Routine Maintenance’’. If an ohmmeter is used, the
difference in forward andreverse resistance readings
obtained will be dependent on the current flowing
through the 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 ma.

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

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 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of stationary contacts. Increase and
decrease the 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-
pingpolar 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 III B)can be checked with
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 (5)

Connect the 20,000-ohm (or 10,000-0bm) 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

Pl e
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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,
calibration 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.

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 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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relays do not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If thereis suspicion of a rectifier (diode) failure,
apply 30 volts d.c. 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-
circuited. Now apply 30 volts d.c. in the forward
direction through the 300-chm 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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best be done with
the polarunit removed from the relay.) Then retighten
the core screw and replace the permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 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 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.

FUNCTION PMA  PMA-1 pyo | pM3 | Pma © PM5 | PMI3 PMGIS| PM23
AND UNIT PMD | PMD-1
Alarm for p.w. open, short or reversal X e 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 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 and contact
stop screws until they just touch the moving contact.
Advance the screws to hold the armature in 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.) Now back off all the con-
tact and contact stop screws one full turn. This will
give a total contact travel of 0.050 inch. When the
relay is properly calibrated, 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 operation.

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

10

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

For the 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 0.050 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)

Connecttherelay 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

Ny,
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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 setsof 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 terminals of the
relay, as indicated in the following table.

Relay Terminals for Momentary Application
of 4§ V. d.c.
POS. NEG.
PMA, PMA-1} 6 7
PMD, PMD-1{
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 explained, recheck the calibration of
the monitoring alarm unit (1). If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alarm
unit (1) after the transfer-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
test as the 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 left-hand con-
tact at 0.7 ma. d.c. The moving contact should 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 s0) across the alarm unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If there is any change,
touch up the shunt adjustments until there is no
change in calibration after 48 v. d.c. has been applied.

Tripping Unit (3)

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

| D.C. VoltageT
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 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
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 Alarm 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 contact closes at 0.3 ma. Nowpass 0.3 ma. d.c.

n
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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
FT 21 case — 120 volts, 60 cycle supply —~ For
two terminal lines.
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Fig. 4. Internal 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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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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Fig. 10. Internal schematic of the type PM-2 relay in the
FT 21 case.

Fig. 11. Internal schematic of the type PM-3 relay in the
FT 11 case.
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Fig. 12. Internal schematic 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.
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f.L. 41-973.5H
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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. 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. 18. Internal schematic of the type PMG-13 relay in
the FT 32 case — DC supply —~ For two terminal

lines.
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Fig. 19. Internal schematic of the type PMG-13 relay in
the FT 32 case - DC supply ~ For three terminal

lines
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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.

e



TYPE PM MONITORING RELAYS

l.L. 41-973.5H
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Fig. 21. PMG-13 Relay with Ground Alarm and Remote
Trip — Two Terminal Lines with Telephone
Relay Output. FT-32 Case.

Fig. 22. PMG-13 Relay with Ground Alarm and Remote
Trip — Three Terminal Lines with Telephone
Relay Output — FT-32 Case.
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Fig. 23. PMD Relay — Ground Alarm, D.P.D.T. Contacts,
Two Terminal Lines with Telephone Relay
Output — FT-21 Case.

Fig. 24. PMD Relay — Ground Alarm, D.P.D.T. Contacts,
Three Terminal Lines with Telephone Relay
Output — FT-21 Case.
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Fig. 25. External schematic of the type PMD relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 26. External schematic of the type PMA relay with type PM-23 or PM-4 relay ~ Two terminal lines.
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Fig. 27. 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. 28. External schematic of the type PMD relay with type PM-23 and PM-4 relays — Three terminal lines.
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Fig. 30. External schematic of the DC type PM-13 and PM-5 relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 31. 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. 32. Outline and Drilling Plan for 10 mfd. capacitor —

For reference only.

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-
iliary unit in the projection molded case.
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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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INSTALLATION

Westinghouse 1.L. 41-973.5E

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 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 transformer second-
ary windings as shown in Figs. 21 through 27.

Each circuit requires the following:

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

For d-c¢ Supply

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 receive monitoring current (two-
terminal line)

One PM-23 or PM-2 or PM-4

Atthe otherends 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 issve.

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

PMD

1-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-wWave 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

1-Polar Trip Unit (3)

1-Resistor

1-Blocking Rectifier
1-Indicating Contactor
Switch (ICS)

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

PM-4

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

PM-3

PM-4 | PM-5

Monitoring
Current
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits
Trip
Signal

xt

x 1

x 1

Receives
Trip
Signal

Sensitive
Ground
Detection

Measures
Monitoring
Current

1 With External

Resistors

-]

I

=i

BALANCED AIR GAPS

PERMANENT
MAGNET

3 l_——— ARMATURE

MOVING CONTACT

i
(B K
PN

r.-
Iz
=
o |

4

—t

UNBALANCED AIR GAPS

J‘.-.-’-— ADDITIONAL

FLUX PATH

1834062

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

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 drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-
get, providesrestraint for the armature and thus con-
trols the pickup value of the switch.

OPERATION

Pilot Wire Monitoring

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
on request. 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 through one 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 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-
rent. Inthe caseof 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
unitof the monitoring current sourcerelay is adjusted
to float between the high and low current 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.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contactsto close.
The resulting current decrease in the PM-23 relay
closesthe alarm contact. Short circuits of 5000 ohms
or less will be detected.

%en Circuits

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

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 endfrelays 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-13 source 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 its contacts (depending on whichpilot
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-ochm
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

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

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. 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 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 nominal
20 volts for monitoring, and 48 volts for tripping.
Supply voltage ratings to obtain remote tripping
are: 48, 125, and 250 volts d-c.

Coil Resistance (each winding)

Alarm coil (1)
two terminal line
three terminal line

1050-1250 ohms
700-900 ohms

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm 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 frip 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.

/ e
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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 or 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 IlIA
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 + 200 - PMG-13 or PM-13
and PM-23 or PM-3
125 2120 + 2120 - &
250 5600 t 5600 - "
3 48 200 1 200 200 ”
125 1500 + 1500 1500 _ '
250 4000 + 4000 4000 ”
t+ 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.C. STATION A STATION B STATION C
PM-2 & PM-3 or | PM-2 & PM-3 or
TERMINALS YOLTAGE 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 t 5600 - "
3 48 200 t 200 200 ”
125 1500 + 1500 1500 "
250 4000 f 4000 4000 '

t Mounted in Relay
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TABLE tV

NOMINAL CALIBRATION VALUES - TWO TERMINAL LINES

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

PMD or PMD-1 0.7

PM-5 t -

PMG-13 or PM-13 0.7 t1

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

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

HIGH CURRENT ALARM 2 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.

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 ¢ -

PMG-13 or PM-13 1.7 1+t

PM-23 or PM-2 & PM-3 ¢ 0.7

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

Trip Circuit

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

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

SETTING THE RELAY

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

HIGH CURRENT ALARM TRIP
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 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 1MA 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 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

Pl
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I.L. 41-973.5E

connected to a secondary transformer tap. Where de-
sired, the output 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 their equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information, refer to I.L.
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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
Wire Circuits, AIEE Committee Report, paper 58-1190,
AIEE Transactions, 1959, Volume 78, Part III B pp.
205-212. Also, see AIEE Special Publication $-117,
Applications and Protection 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 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 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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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

Alarm Unit (1)

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 oneortwo-milliampere monitoring current to 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.
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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-¢ 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.

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 for the PM-
23 relay, or terminal 9 positive for the PM-3 relay.
When checking the pickup of the PM-23 f{rip unit
biock open the alarm unit contacts (2) so as to re-
move the shunt resistor frum around the trip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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 circuitto 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
““Routine Maintenance’’. If an ohmmeter is used, the
difference in forward and reverseresistance readings
obtained will be dependent on the current flowing
through the 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 ma.

PM 13 Relays — A.C. and D.C.

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 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of 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-
pingpolar 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 TablesIIl A and III B) can be checked with
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 (5)

Connect the 20,000-chm (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

CAUTION - Do not make any performance check,
calibration 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. '

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 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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relaysdo not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If thereis suspicion of a rectifier (diode) failure,
apply 30 volts d.c. 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-
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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best be done with
the polarunit removed from the relay.) Then retighten
the core screw and replace the permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 polar unit 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 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 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 pyo | 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 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 and contact
stop screws until they just touch the moving contact.
Advance the screws to hold the armature in 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.) Now back off all the con-
tact and contact stop screws one full turn. This will
give a total contact travel of 0.050 inch. When the
relay is properly calibrated, 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 operation.

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

10

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

For the 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 0.050 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 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 (1)

Connecttherelay 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 setsof 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 terminals of the
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 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 unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If there is any change,
touch up the shunt adjustments until there is no
change in calibration after 48 v. d.c. has been applied.

Tripping Unit (3)

Relay Terminals for Momentary Application
of 483 V. d.c.
POS. NEG.
PMA, PMA-1| 6 7
PMD, PMD-1f
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 explained, recheck the calibration of
the monitoring alarm unit (1). If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alamm
unit (1) after the transfer-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
test as the ampere-turns of the two windings cancel
each other.

Alarm Uﬂnit (2)

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

To calibrate the tripping unit of the PM-3, PM-13,
PMG-13, or 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 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 contact closes 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-
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 (3) 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 through the relay trip circuitto clgse the contacts
of the ICS unit. This value of current should not be
greater than the ICS tap setting 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. The bridging moving contact
should touch both stationary contacts simultaneously.

RENEWAL PARTS

Repair work can be done mgost 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.

Ground Alarm (5) Calibration

Relay Terminals
Relay L.H. Contact Check R.H. Contact Check
PMA 3tand 6 3and 7%
PMD 5 *and 6 5and 7+
PMG-13 3tand 8 3and9*t

+ Milliammeter positive to this terminal

12
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INTERNAL SCHEMATIC

RIGHT MAND -
l N
NIV T T T
H 5
o [ ]
JE
T -T-- 800 1
FulL WAYE
RECTIFIER 1 —4—]_ 2120 9
UPPER POLAR LNIT
(MONITORING)
TRANSFORMER LO'(ER POLAR UNIT
GROUND)

5000 —Jlj

PR i [ S M R SR S —

H ¢ 1 — TEST SWITCH

1

L9 Q9 9. 9.9

1
2 I— TERMINAL

NOTE:

WHEN NORMALLY ENERGIZED, CUMRENT
FLOWING OUT OF TERMINAL 7 AND IN
AT TERMINAL 6 TENDS TO CLOSE THE
R.H. (FRONT YIEW) COMTACTS.

184A500

INTERNAL SCHEMATIC

I l L %
« 14
L 7 K 800 0
RIGHT HAND AKJ
| 2120 @
FULL WAYE ——— ]
RECTIFIER
—roLan vt
(woniTORING)
TRANSFORMER — 5600 1
| ——TesT sWiTcH
| TERMINAL
NOTE: FRONT VIEW

JWHEN NORMALLY ENERGIZED, CURRENT
FLOWING OUT OF TERMINAL 7 AND i
AT TERMINAL 6 TENDS TO CLOSE THE
R.M. (FRONT VIEW) CONTACTS.

184A514

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
FT 21 case — 120 volts, 60 cycle supply — For
two terminal lines.
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Fig. 4. Internal 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.

INTERNAL SCHEMATIC

— _ T0
I £~ P T MOVING CONTACTS
L I Id‘l ls Lll;il
0 STATIONARY I I I
CONTACTS —=——1 "] °
L]
T e-n209
UPPER POLAR UNIT
5
LOWER POLAR UNIT |.— f
) hoynt
5000 0 — - 6
WFD | NFD
: Q
A= i ¢
CONNECT THiS LEAD AS|--—E--F-—K--T--X--F-2
SHOWN DOTTED FOR 48 3 s
¥.0.C. OPERATION. 2 @
FRONT VIEW

T= 3150 0 FOR 48/125 V.D.C. RELAY
(BYPASSED FOR 48 ¥.D.C. OPERATION.)
8500 0 FOR 250 ¥.D.C RELAY

18L4A583

INTERNAL SCHEMATIC

MOVINGTgOI TACTS —»—‘\

[
1#1 71 q
" ]
+
i
T0 STATIONARY —ct—1 j\
CONTACTS N
~— a9
POLAR UNIT ——__| -
5600 0 . _ __|

}———TEST SWITCH
A:

CONNECT THIS LEAD AS
SHOWN DOTTED FOR 48

¥.D.C. OPERATION | . TERMINAL

FRONT VIEW
++ 3150 0 FOR 48/125 v.D.C. RELAY
(BYPASSED FOR 48 V.D.C. OPERATION)

8500 0 FOR 250 V.D.C. RELAY

184A582

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

FT 21 case.

Fig. 11. Internal schematic of the type PM-3 relay in the
FT 11 case.
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Fig. 12. Internal schematic 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.
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INTERNAL SCHEMATIC
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Fig. 14. Internal schematic of the type PM-23 relay in Fig. 15. Internal schematic of the type PM-13 relay in the
the FT 21 case. 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. 18. Internal schematic of the type PMG-13 relay in
the FT 32 case — DC supply — For two terminal
lines.
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Fig. 19. Internal schematic of the type PMG-13 relay in
the FT 32 case — DC supply — For three terminal

lines.
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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. 21. External schematic of the type PMD relay with type PM-23 or PM-4 relay — Two terminal lines.
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Fig. 22. External schematic of the type PMA relay with type PM-23 or PM-4 relay — Two 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. 26. External schematic of the DC type PM-13 and PM-5 relay with type PM-23 or PM-4 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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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, hake 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 transformer second-
ary windings as shown in Figs. 21 through 27.

Each circuit requires the following:

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

For d-c Supply

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 receive monitoring current (two-
terminal line)

One PM-23 or PM-2 or PM-4

At the otherends 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. 41-973.5C

*Denotes change from superseded issue.

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

PMD

1-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

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

xt xT{ xT x 1

Receives
Trip
Signal

Sensitive
Ground
Detection

Measures
Monitoring
Current

1 With External Resistors

PERMANENT
MAGNET

|
]

s 1) ARMATURE
J

BALANCED AIR GAPS

MOVING CONTACT

SHUNT

e EW| g ]
2 L)

FLUX PATH

J,p»——-— ADDITIONAL

UNBALANCED AIR GAPS

183A062

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 spring located on the front of the switch,
which allows the operation indicator target to drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-

get, providesrestraint for the armature and thus con-
trols the pickup value of the switch.,

OPERATION

Pilot Wire Monitoring

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
on request. 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 through one 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 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-
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 sourcerelay is adjusted
to float between the high and low current 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.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contactsto close.
The resulting current decrease in the PM-23 relay
closesthe alarm contact. Short circuits of 5000 ohms
or less will be detected.

gaen Circuits

Current decreases to zero in all relays. Loow-
current alarm contact of the current source relay
closes. 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.

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 endfrelays 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-13 source 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 its contacts (depending on whichpilot
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

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

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. 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 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 nominal
20 volts for monitoring, and 48 volts for tripping.
Supply voltage ratings to obtain remote tripping
are: 48, 125, and 250 volts d-c.

Coil Resistance (each winding)

Alarm coil (1)
two terminal line
three terminal line

1050-1250 ohms
700-900 ohms

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm 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 ochms 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.



TYPE PM MONITORING RELAYS

L.L. 41-973.5D

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 or PM-4| TO OPERATE
2 48 200 200 - - PM-23 or PM-3
125 3550 3550 - - ”
250 9300 9300 - - ”
3 48 200 200 - - i
125 2000 2000 — - ”
250 5600 5600 - - "
TABLE 1A
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 1 200 - PMG-13 or PM-13
and PM-23 or PM-3
125 2120 ¢ 2120 — "
250 5600 5600 - "
3 48 200 t 200 200 "
125 1500 t 1500 1500 "
250 4000 t 4000 4000 "
t+ Mounted in Relay TABLE 11IB

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

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

# 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 ¢ 2120 - ”
250 5600 1 5600 - "”

3 48 200 200 200 ”
125 1500 + 1500 1500 ”
250 4000 4000 4000 "

t Mounted in Relay
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TABLE tv

NOMINAL CAL!BRATION VALUES ~ TWO TERMINAL LINES

R_EL_AY 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 t1

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

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
1t These are pilot-wire current values

Trip Circuit

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

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

SETTING THE RELAY

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

HIGH CURRENT ALARM 2 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 CURRENT ALARM TRIP
2.3 ma -
2.3 -
+0.3 — e
2.3 1 14 V.
— 14 V.

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 finall 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 second relay.

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

Select the transformer tap nearest to expected
normal a-¢ supply voltage. The full wave rectifier is
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connected to a secondary transformer tap. Where de-
sired, the output 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 their equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information, refer to 1.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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
Wire Circuits, AIEE Committee Report, paper 58-1190,
AIEE Transactions, 1959, Volume 78, Part III B pp.
205-212. Also, see AIEE Special Publication $-117,
Applications and Protection 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 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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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 RelaE

Alarm Unit (1)

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
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 current to check
the calibration values listed in Tables IV and V.

Ground U_nit (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 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-chm 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.

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 for the PM-
23 relay, or terminal 9 positive for the PM-3 relay.
When checking the pickup of the PM-23 trip unit
block open the alarm unit contacts (2) so as to re-
move the shunt resistor frum around the trip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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 circuitto 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
‘‘Routine Maintenance’’. If an ohmmeter is used, the
difference in forward and reverse resistance readings
obtained will be dependent on the current flowing
through the 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 ma.

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

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 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of 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
drop out at approximately 10 volts. The resistance of
the series dropping resistors for transferred tripping
(listed in TablesIII A and III B)can be checked with
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

CAUTION - Do not make any performance check,
calibration 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.

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 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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relaysdo not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If thereis suspicion of a rectifier (diode)failure,
apply 30 volts d.c. reverse voltage (positive on arrow-
head) through a 300-ohm resistance to the diode.
Measure the voltage across the diode. If this voltage
is not essentially 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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best be done with
the polarunitremoved from the relay.) Then retighten
the core screw and replace the permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 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 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.

FUNCTION PMA | PMA-11 pyo | pM3 | 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 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 and contact
stop screws until they just touch the moving contact.
Advance the screws to hold the armature in 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.) Now back off all the con-
tact and contact stop screws one full turn. This will
give a total contact travel of 0.050 inch. When the
relay is properly calibrated, 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 operation.

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

10

give a total moving contact travel of approximately
0.0251inch. In operation of the tripping unit, the mov-
ing contact will normally rest against the contact
stop screws, and will pick up only for a transferred-
tripping operation.

For the 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 0.050 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 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 (1)

Connecttherelay 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, 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 terminals of the
relay, as indicated in the following table.

Relay Terminals for Momentary Application
of 48 V. d.c.
POS. NEG.
PMA, PMA-1| 6 7
PMD, PMD-1f
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 explained, recheck the calibration of
the monitoring alarm unit (1). If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alarm
unit (1) after the transfer-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
test as the ampere-turns of the two windings cancel
each other.

Alarm Unit @

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 contact should 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 unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If 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 calibratethe tripping unit of the PM-3, PM-13,
PMG-13, or 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 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
trip contact 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 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, 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-
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 through the relay trip circuitto clgse the contacts
of the ICS unit. This value of current should not be
greater than the ICS tap setting 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. The bridging moving contact
should touch both stationary contacts simultaneously.

RENEWAL PARTS

Repair work can be done igost 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.

-
Ground Alarm (5) Calibration
Relay Terminals
Relay L.H. Contact Check R.H. Contact Check
PMA 3tand 6 Sand 7+t
PMD 5*and 6 5and 7+
PMG-13 3*and 8 3and 9 7t

+ Milliammeter positive to this terminal

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. Internal 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. Internal 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-T1 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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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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Fig. 10. Internal schematic of the type PM-2 relay in the

FT 21 case.

Fig. 11. Internal schematic of the type PM-3 relay in the

FT 11 case.
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Fig. 12. Internal schematic of the type PM-4 Auxiliary

Unit in the small molded case.
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Fig. 13. Internal schematic of the type
detector relay in the FT 11 case.
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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. 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. 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. 24. External schematic of the type PMD relay with type PM-23 and PM-4 relays — Three 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
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INSTALLATION

Westinghouse |[.L. 41-973.5C

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, ake 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 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 transformer second-
ary windings as shown in Figs. 21 through 27.

Each circuit requires the following:

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

For d-c Supply

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 receive monitoring current_ (two-
terminal line)

One PM-23 or PM-2 or PM-4

Atthe otherends 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. 41-973.5B

*Denotes change from superseded issue.

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

PMD

1-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 MARCH 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

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 X
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits ¥
Trip X
Signal

xt X X

x 1 xt| xt

x 1

Receives
Trip
Signal

Sensitive
Ground X
Detection

Measures
Monitoring
Current

t With External Resistors

SHUNT

PERMANENT
MAGNET

ARMATURE

r— N -~

BALANCED AIR GAPS

] [Heafa e

'r-’_
Iz

|
e
J

MOVING CONTACT

N

UNBALANCED AIR GAPS

FLUX PATH

S
ADDITIONAL
N HFS . J‘k’
d

183A062

Fig. 1. Polar Unit Permanent Magnet Flux Paths.




TYPE PM MONITORING RELAYS
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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 drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

OPERATION

Pilot Wire Monitoring

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
on request. 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 through one 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 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-
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 sourcerelay is adjusted
to float between the high and low current 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.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contactsto close.
The resulting current decrease in the PM-23 relay
closesthe alarm contact. Short circuits of 5000 ohms
or less will be detected.

Open Circuits

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

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. 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-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 its contacts (depending on whichpilot
wire isgrounded)to give an alarm. Grounds of 10,000
ohms or less will be detected.



TYPE PM MONITORING RELAYS

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 alsc 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

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 force tending to
pull the armature to the left.

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. 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 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 nominal
20 volts for monitoring, and 48 volts for tripping.
Supply voltage ratings to obtain remote tripping
are: 48, 125, and 250 volts d-c.

Coil Resistance (each winding)

Alarm coil (1)
two terminal line
three terminal line

1050-1250 ohms
700-900 ohms

Alarm coil (2) 2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm coil (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
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.



TYPE PM MONITORING RELAYS

l.L. 41-973.5C

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 or 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 A
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 ¢ 2120 - r
250 5600 + 5600 - "
3 48 200 1 200 200 i
125 1500 t 1500 1500 i
250 4000 t 4000 4000 "
+ 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.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 + 200 - PMG-13 or PM-13
and PM-23 or PM-3

125 2120 t 2120 - "
250 5600 + 5600 - "

3 48 200 1 200 200 ”
125 1500 t 1500 1500 "
250 4000 t 4000 4000 ”

t Mounted in Relay
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TABLE tV

NOMINAL CALIBRATION YALUES —- TWO TERMINAL LINES

RELAY LOW CURRENT AL ARM ! HIGH CURRENT ALARM 2 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 0.7 t¢ 1.3 t¢ 14 V.
PM-23 or PM-2 & PM-3 t 0.7 - 14 V.

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

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

TABLE V

NOMINAL CALIBRATION YALUES — THREE TERMINAL LINES

RELAY LOW CURRENT ALARM HIGH CURRENT ALARM TRIP
PMA or PMA-1+ 1.7 ma 2.3 ma -
PMD or PMD-1 1.7 2.3 -
PM-5 1 - 0.3 -
PMG-13 or PM-13 L7 tt 2.3 tt 14 V.
PM-23 or PM-2 & PM-3 0.7 - 14 V.

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

Trip Circuit

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

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes. To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

SETTING THE RELAY

Operating units of all relays are adjusted in the
factory to the values listed in Tables IV and V to a
tolerance of +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 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
when making the final adjustment of 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 output 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 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 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 with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information, refer to 1.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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
Wire Circuits, AIEE Committee Report, paper 58-1190,
AIEE Transactions, 1959, Volume 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 adjustments 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-
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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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

Alarm Unit (1)

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
theoneortwo-milliampere monitoring current to 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.
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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 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.

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 for the PM-
23 relay, or terminal 9 positive for the PM-3 reiay.
When checking the pickup of the PM-23 ftrip unit
block open the alarm unit contacts (2) so as to re-
move the shunt resistor frum around the trip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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 circuitto 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
““Routine Maintenance’’. If an ohmmeter is used, the
difference in forward andreverseresistance readings
obtained will be dependent on the current flowing
through the 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 ma.

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

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 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of 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
drop out at approximately 10 volts. The resistance of
the series dropping resistors for transferred tripping
(listed in TablesIII A and III B)can be checked with
an ochmmeter. 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.

E}Eund Unit (5)

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

L,
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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

CAUTION - Do not make any performance check,
calibration 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.

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 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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relaysdo not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If thereis suspicion of a rectifier (diode) failure,
apply 30 voltsd.c. 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-
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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best bedone with
the polarunitremoved from the relay.) Then retighten
the core screw and replace the ‘permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 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 closethe
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



TYPE PM MONITORING RELAYS

The following chart indicates bthe units present in each relay.

FUNCTION PMA | PMA-1| pyo | pM3 | PM4 | PM5 | PMI3 | 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 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 and contact
stop screws until they just touch the moving contact.
Advance the screws to hold the armature in 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.) Now back off all the con-
tact and contact stop screws one full turn. This will
give a total contact travel of 0.050 inch. When the
relay is properly calibrated, 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 operation.

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

10

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

For the 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 0.050 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)

Connecttherelay 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 setsof 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 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 terminals of the
relay, as indicated in the following table.

Relay Terminals for Momentary Application
of 48 V. d.c.
POS. NEG.
PMA, PMA-1} 6 7
PMD, PMD-1f
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 explained, recheck the calibration of
the monitoring alarm unit (1). If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alarm
unit (1) after the transfer-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
test as the 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 left-hand con-
tact at 0.7 ma. d.c. The moving contact should 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 unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If there is any change,
touch up the shunt adjustments until there is no
changeincalibration after48 v. d.c. has been applied.

Tripping Unit (3)

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

D.C. VoltageT
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 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, 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 contact closes at 0.3 ma. Nowpass 0.3 ma. d.c.

11



TYPE PM MONITORING RELAYS

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 through the relay trip circuit to clgse the contacts
of the ICS unit. This value of current should not be
greater than the ICS tap setting 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. The bridging moving contact
should touch both stationary contacts simultaneously.

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.

Ground Alarm (5) Calibration

Relay Terminals
Relay L.H. Contact Check R.H. Contact Check
PMA 3tand 6 3and 7t
PMD 5*and 6 5and 7t
PMG-13 3 *and 8 3and 9t

+ Milliammeter positive to this terminal

12
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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.




l.L. 41-973.5C

TYPE PM MONITORING RELAYS

INTERNAL SCHEMATIC

0
2 NOVING CONTACTS

Lk [T5
TO STATIONARY 4]7.' I IT

CONTACTS ———— 1 "] |

G
P
25
-
[

| —1-2120 @

-

UPPER POLAR UNIT

LOWER POLAR UNIT

5000 0 {
o 2l }
i - TEST swiTew
.. 9.2 0. 9. Q @ 90 9 ©_ J
A-COMNECT THIS LEAD AS S . .
SHOWN DOTTED FOR 48 TERMIRAL
¥.0.C. OPERATION. 2 @ 6 e (0 "
FRONT VIEW

t-4250 0 FOR %8/125 ¥.D.C. RELAY
(BYPASSED FOR 48 ¥.D.C. OPERATION.
OMITTED IN 250 ¥.D.C. OPERATION.)}

T1-800 0 FOR 48/125 ¥.9.C. RELAY
12000 @ FOR 250 ¥.D.C. RELAY

18Lakg7

INTERNAL SCHEMATIC

T
MOYING COMTACTS —] N

-

T0 STATIONARY
coNTACTS

I~ 2120 ¢

POLAR UNIT

5600 0

——TEST SwiTCH

[

4

CONNECT THIS LEAD AS
SHOWN DOTTED FOR 48
V.0.C. OPERATION

+- 4250 0 FOR 8/125 ¥.0.C. RELAY FRONT ViEW
(BYPASSED FOR 48 V.D.C. OPERATION.
ONITTED IN 250 V,0.C. OPERATION)

Tt~ 800 0 FOR 48/125 ¥.D.C. RELAY
12000 0 FOR 250 V¥.D.C. RELAY

184aL98
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Fig. 8. Internal schematic of the type PMD relay in the
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Fig. 13. Internal schematic of the
detector relay in the FT 11 case.

type PM-5 ground
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Fig. 16. Internal schematic of the type PM-13 relay in the
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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. 32. Outline and Drilling Plan for the type PM-3, PM-5, & PMD-1 Relays in the type FT 11 case.
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Outline and Drilling Plan for the type PMA relay in the type FT 31 case.
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INSTALLATION

Westinghouse
MAINTENANCE

OPERATION o

I.L. 41-973.5A

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 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 transformer second-
ary windings as shown in Figs. 21 through 27.

Each circuit requires the following:

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

For d-c Supply

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 receive monitoring current (two-
terminal line)

One PM-23 or PM-2 or PM-4

Atthe other ends to receive monitoring current (three-
terminal line

Two PM-23 or two PM-4 or two PM-2 ot 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. 41-973.5

*Denotes change from Superseded Issue

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

PMD

1-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)
i-Indicating Contactor
Switch (ICS)
1-Milliammeter, 5.0 ma.
1-Set of Adjustable and
Fixed Resistors
2-Blocking Rectifiers

1-Tapped Transformer
1-Full-wWave 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 1966
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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 | PM-4 | PM.5

Monitoring
Current X
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits +
Trip X
Signal

x 1

x 1 xt| xt x 1

Receives
Trip
Signal

Sensitive
Ground X
Detection

Measures
Monitoring
Current

T Wwith External Resistors

;;BQJ":% ]

| PERMANENT

—FV MAGNET

)

BALANCED AIR GAPS

3 ] ARMATURE
—N S —J

SHUNT

I Lo

L=
J_p—-— ADDITIONAL
"]H‘IZS‘* FLUX PATH

MOVING CONTACT

A

UNBALANCED AIR GAPS

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 drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-
get, providesrestraint for the armature and thus con-
trols the pickup value of the switch.

OPERATION

Pilot Wire Monitoring

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
on request. 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 through one 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 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-
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 sourcerelay is adjusted
to float between the high and low current 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.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contactsto close.
The resulting current decrease in the PM-23 relay
closesthe alarm contact. Short circuits of 5000 chms
or less will be detected.

Open Circuits

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

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. 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-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 its contacts (depending on whichpilot
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
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. at all 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 pull the armature to the right.
Similarly, reducing the right hand gap will make the
armature a south pole and produce a force tending to
pull the armature to the left.

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. 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 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 nominal
20 volts for monitoring, and 48 volts for tripping.
Supply voltage ratings to obtain remote tripping
are: 48, 125, and 250 volts d-c.

Coil Resistance (each winding)

Alarm coil (1)
two terminal line
three terminal line

1050-1250 ohms
700-900 ohms

2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm 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
I1I 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 or PM-4| TO OPERATE
2 48 200 200 — - PM-23 or PM-3
125 3550 3550 - - ”
250 9300 9300 - - "
3 48 200 200 - - i
125 2000 2000 - - "
250 5600 5600 — - i
TABLE Il1A
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 5600 1 5600 - "
3 48 200 ¢t 200 200 i
125 1500 ¢ 1500 1500 '
250 4000 t 4000 4000 "
1t Mounted in Relay TABLE IIIB
PMG-13 AND PM-13 (A.C. SUPPLY) APPLICATIONS
(2 REQUIRED PER STATION)
RESISTORS FOR D.C. REMOTE TRIPPING
# 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 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 AL ARM ] HIGH CURRENT ALARM 2 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 0.7 t1 1.3 +1 14 V.
PM-23 or PM-2 & PM-3 0.7 - 14 V.

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

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

TABLE V

NOMINAL CALIBRATION VALUES - THREE TERMINAL LINES

RELAY LOW CURRENT ALARM HIGH CURRENT ALARM TRIP
PMA or PMA-1+s 1.7 ma 2.3 ma —
PMD or PMD-1 1.7 2.3 —
PM-5 ¢ - £0.3 —
PMG-13 or PM-13 17+t 2.3 tf 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

Trip Circuit

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

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes, To
change taps requires connecting the lead located in
front of the tap block to the desired setting by means
of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

SETTING THE RELAY

Operating units of all relays are adjusted in the
factory to the values listed in Tables IV and V to a
tolerance of +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 1MA 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 adjustboth 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
whenmaking the final adjustment of 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 output volidge 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 directlylto the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed FT case information, refer to I.L.
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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
Wire Circuits, AIEE Committee Report, paper 58-1190,
AIEE Transactions, 1959, Volume 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 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 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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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 VPMA—I Relays

Alarm Unit (1)

Set the primary tap on 120 volts. Connect a vari-
able resistor of approximately 20,000 ochms 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 or two-milliampere monitoring current to 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 17, 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,
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.

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 for the PM-
23 relay, or terminal 9 positive for the PM-3 relay.
When checking the pickup of the PM-23 trip unit
block open the alarm unit contacts (2) so as to re-
move the shunt resistor frum arcund the trip coil
(3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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
‘“‘Routine Maintenance’’. If an ohmmeter is used, the
difference in forward andreverseresistance readings
obtained will be dependent on the current flowing
through the 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 ma.

PM 13 Relays — A.C. and D.C.

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 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of stationary contacts. Increase and
decrease the 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:
pingpolar 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 TablesIIiI A and III B)can be checked with
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.

@Eﬂj Unit (5)

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

CAUTION - Do not make any performance check,
calibration 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.

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 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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relaysdo not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If thereis suspicion of a rectifier (diode) failure,
apply 30 volts d.c. reverse voltage (positive on arrow-
head) through a 300-ohm resistance to the diode.
Measure the voltage across the diode. If this voltage
is not essentially 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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best be done with
the polarunit removed from the relay.) Then retighten
the core screw and replace the permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 polar unit 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 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.

FUNCTION PMA | PMA-1| pyo | pyM3 | PM4 | PM5 | PMI3 |[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 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 and contact
stop screws until they just touch the moving contact.
Advance the screws to hold the armature in 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.) Now back off all the con-
tact and contact stop screws one full turn. This will
give a total contact travel of 0.050 inch. When the
relay is properly calibrated, 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 operation.

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

10

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

For the pilot-wire ground alarm unit (5) of the
PMA, PMD, PM5, and PMG-13 relays, follow the
same general procedure except back off both statjon-
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 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 (1)

Connecttherelay 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 setsof 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 terminals of the
relay, as indicated in the following table.

Relay Terminals for Momentary Application
of 48 V. d.c.
POS. NEG.
PMA, PMA-1] 6 7
PMD, PMD-1{
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 explained, recheck the calibration of
the monitoring alarm unit (1).If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alarm
unit (1) after the transfer-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
test as the 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 left-hand con-
tact at 0.7 ma. d.c. The moving contact should 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 unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If there is any change,
touch up the shunt adjustments until there is no
change in calibration after 48 v. d.c. has been applied.

Tripping Unit (3)

To calibratethe tripping unit of the PM-3, PM-13,
PMG-13, or 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 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
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, 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 contact closes 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

current is changed for this relay unit.

1CS 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 through the relay trip circuit to clgse the contacts
of the ICS unit. This value of current should not be
greater than the ICS tap setting 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. The bridging moving contact
should touch both stationary contacts simultaneously.

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.

Ground Alarm (5) Calibration

Relay Terminals
Relay L.H. Contact Check R.H. Contact Check
PMA 3tand 6 3and7t
PMD 5 *and 6 5and 7+
PMG-13 3*and 8 3and 9t

+ Milliammeter positive to this terminal

12




TYPE PM MONITORING RELAYS

FIG. NO.

© 0 -1 O O W W N

DD b= b b e e e e e e e
© O 010U W = O

21
22
23
24
25
26
27

28
29
30
31
32
33
34
35

I.L. 41-973.5A

INDEX TO FIGURES

INTERNAL SCHEMATICS

Polar Unit Permanent Magnet FIUX Paths oot
PMA Relay - AC supply - two terminal 1iNe eeeeeeeeeeereremmmmemmineroniii e
PMA-1 Relay - AC supply - two terminal 1ine «reeeereeemmemmimmmererinee et
PMA Relay - AC supply - three terminal line ......c.ccoovmiiiiniiinccrii e e,

PMA-1 Relay - AC supply - three

PMD Relay - DC supply - two terminal line

PM-13 Relay - AC supply - two or three terminal line
PMG-13 Relay - DC supply - two terminal line

terminal line .....ooooiiiiiiiiiicicee e e

EXTERNAL SCHEMATICS

PMD relay with PM-23 or PM-4, two terminal 1Ne ...ooooviiriiiiie e eeeeeeeveeeeeteeseenns
PMA relay with PM-23 or PM-4, two terminal Line ..o.oooiiiiiiiiiiiiiiee e,
DC type PMG-13 with PM-23 or PM-4, two terminal line . ...

PMD relay with PM-23 & PM-4, three terminal line

AC type PMG-13 relay with PM-23, two terminal 1ine .. ........cccooommiiviociieereecreereeennn,

DC type PM-13 & PM-5 with PM-23 or PM-4, two terminal line
DC type PM-13 relay with PM-23 or PM-4, two terminal line

CUTLINE

10 mfd. capacitor

Remote trip resistor ...cceoeeveennennans

PM-4 projection molded case
PM-4 semi-flush molded case

& DRILLING PLANS

PM-3, PM-5, & PMD-1 0N FT11 CASE L. ittt nee e et s e s eebeaateeeeesee e
PM-2, PM-23, PMA-1, & PMD 1n FT21 CASE .. i

PMA in FT31 case .....ccoceeeveevveen.nn.

PAGE NO.

14
14
14
14
15
15
15
15
16
16
16
16
17
17
17
17
18
18
18

19
19
20
20
21
21
22

23
23
23
23
24
25
26
217

13



TYPE PM MONITORING RELAYS

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

two terminal lines.

WNEN WORMALLY EWERQIZED,CURRENT

AT TERMIRAL € TENDS TO CLOSE TNE
R.4. (FRONT VIEW) CONTACTS.

INTERNAL SCHEMATIC

RIGHT HAND - — —
' “ * e *
P 1 = ! £ 1 £
L's B T s = 11
o7 1]
FULL WAVE I I |
RECTIFIER ~—.__ . ;
™ — ~2120 0
UPPER POLAR UNIT
(MO I TORING)
TRANSFORMER — | ~1=——-LOWER POLAR UNIT
{orouNd)
5000 0
TEST SWITCH
t——TERMINAL
WOTE:

FRONT VIEW
FLOWING OUT OF TERMIRAL 7 ARD IN

187A191

INTERNAL SCHEMATIC

RIGHT HAMD -- - -
21200
FULL WAYE -
RECTIFIER
POLAR UMIT
(MONITORING)
TRANSFORMER 5600 0
--TEST SWiTCH
TERMINAL
NOTE: FRONT VIEW

WHEN NORMALLY ENERGIZED, CURRENT
FLOWING OUT OF TERMINAL 7 AND IN
AT TERMINAL 6 TENDS TO CLOSE THE
R.H- {FROMT YIEW} CONTACTS.

187A192

Fig. 4. Internal schemoatic of type PMA relay in FT 31
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case — 120 volt, 60 cycle supply — For three
terminal lines.

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
0
I Ve WOYING CONTACTS
=
LLFJ& LLll;fl t }A
70 STATIONARY L e I T}' 1]
CONTACTS e °
2120 0
UPPER POLAR UNIT
LOWER POLAR UNIT
5000 0 {
:"“ oY
H —TEST SwiTCh
H
L2909 0.9 0 9
A-COMMECT THIS LEAD ‘ss 3 A
SHOWN DOTTED FOR
¥.D.C. OPERATION, 2 @ [ TERMINAL
FRONT VIEW
t-4250 0 FOR ¥8/125 ¥.D.C. RELAY
(BYPASSED FOR 48 ¥.D.C. OPERATION,
OMITTED iN 250 ¥.0.C. OPERATION.)
t1-800 0 FOR 48/125 V.D.C. RELAY
12000 1 FOR 250 ¥.D.C. REWAY

INTERNAL SCHEMATIC

T0
HOYING CONTACTS —

|
i

T STATIONARY ~
CONTACTS

= 2120 @

POLAR UNIT

5600 0 -

1
—TEST SWiTCM
1

pay
COMNECT THIS LEAD AS
SHOWN DOTTED FOR 48

¥.0.C. OPERATION TERMINAL

t- 4250 0 FOR 48/125 ¥.0.C. RELAY
(BYPASSED FOR 48 ¥.D.C. OPERATION.
OMITTED IN 250 V.0.C. OPERATION)

1t~ 800 0 FOR 48/125 ¥.0.C. RELAY
12000 N FOR 250 ¥.D.C. RELAY

1844498

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

Fig. 15. Internal schematic of the type PM-13 relay in the
the FT 21 case.
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% Fig. 16. Internal schematic of the type PM-13 relay in the Fig. 17. Internal schematic of the type PM-13 relay in the
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Fig. 18. Internal schematic of the type PMG-13 relay in
the FT 32 case ~ DC supply — For two terminal

lines.
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t— TEST SHITCH

k | . TERMINAL
- TERMINAL
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18LA658 18LA513
Fig. 19. Internal schematic of the type PMG-13 relay in Fig. 20. Internal schematic of the type PMG-13 relay in ey
the FT 32 case ~ DC supply — For three terminal the FT 32 case — 120 volt, 60 cycle supply ~ For
lines.

two or three terminal lines.
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Fig. 21. External schematic of the type PMD relay with type PM-23 or PM-4 relay — Two terminal lines.

MNEG.

Pos.
REMOTE TRIP
CONTACTS
] el M,
/ "
i —
120 YOLTS
60 CYCLES
7
T
O
O
PoS. 5
2
U R ST I S
0. ] 2
* +E %
et 7 \LALARM o9
1 1
O 'J 85
TR
5
b
[ 5]

PiLoT

I - HCB RELAY INSULATING

A - REQUIRED OMLY WHEN

DEVICE WUMBER CHART

= TYPE PMA RELAY

= TYPE Pa=# AUX. UNIT
= TYPE PM-23 RELAY

e e =l

TRANSFORMER SECONDARY

HCB RELAY IS USED USE EITHER

BUT NOT BOTH

ALARM

TRIP

290B2L47

Fig. 22. External schematic of the type PMA relay with type PM-23 or PM-4 relay — Two 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. 24. External schematic of the type PMD relay with type PM-23 and PM-4 relays —~ Three 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. 26. External schematic of the DC type PM-13 and PM-5 relay with type PM-23 or PM-4 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. 28. Outline and Drilling Plan for 10 mfd. capacitor —
For reference only.

Fig.29. Outline and Drilling Plan for External Remote
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Fig.31. Outline and Drilling Plan for the type PM-4 Aux-
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Fig. 34. Outline and Drilling Plan for the type PMA relay in the type FT 31 case.
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INSTALLATION

Westinghouse
MAINTENANCE

OPERATION o

I.L. 41-973.5

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 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.
TableI 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 transformer second-
ary windings as shown in Figs. 21 through 27.

Each circuit requires the following:

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

For d-c¢ Supply

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 receive monitoring current (two-
terminal line)

One PM-23 or PM-2 or PM-4

Atthe other ends 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

NEW INFORMATION

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

PMD

1-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

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

1-Tapped Transformer
1-Full-wWave 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-wWave 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 PM-4
1—-Polar Trip Unit (3) 1-Blocking Rectifier
1-Resistor 1-Set of Adjustable &

1-Blocking Rectifier Fixed Resistors
1-Indicating Contactor
Switch (ICS)

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 | PM-3 | PM-4

PM-5

Monitoring
Current
Source

Receives
Monitoring
Current

Trouble
Alarm

Transmits
Trip
Signal

Receives
Trip
Signal

Sensitive
Ground
Detection

Measures
Monitoring
Current

t With External Resistors

-

r— S~
1
o |
| Wy B S v

PERMANENT
MAGNET

-
!
|

ARMATURE

MOVING CONTACT

BALANCED AIR GAPS

UNBALANCED AIR GAPS

ba—— ADDITIONAL

0 s»--r FLUX PATH

183A062

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 drop.
The targetis reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the tar-

get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

OPERATION

Pilot Wire Monitoring

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
on request. 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 through one 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 HCRB 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-
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 sourcerelay is adjusted
to float between the high and low current 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.

Short Circuits

A complete or partial short circuit on the pilot
wires increases the current in the current-source re-
lay, causing the high-current alarm contacts to close.
The resulting current decrease in the PM-23 relay
closesthe alarmcontact. Short circuits of 5000 ohms
or less will be detected.

Open Circuits

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

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. LLow 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 close one of its contacts (depending on whichpilot
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 currentsis 5ma. at all 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 pull the armature to the right.
Similarly, reducing the right hand gap will make the
armature a south pole and produce a force tending to
pull the armature to the left.

The alarm unit contacts of the sending and re-
ceiving end relays are biased to move to the left
when the relayis deenergized. The PMG-13 or PM-13
and PM-23 trip unit contact is biased to move to the
left when the relay is deenergized. 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 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 fortripping.
Supply voltage ratings to obtain remote tripping
are: 48, 125, and 250 volts d-c.

Coil Resistance (each winding)

Alarm coil (1)
two terminal line
three terminal line

Alarm coil (2) 2200-2600 ohms
Trip coil (3) 1800-2200 ohms
Ground Alarm coil (5) 5200-5800 ohms

1050-1250 ohms
700-900 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
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.

e,

it
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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 or PM-4| TO OPERATE
2 48 200 200 — — PM-23 or PM-3
125 3550 3550 - - '
250 9300 9300 - — "
3 48 200 200 - — e
125 2000 2000 — - "
250 5600 5600 - - "
TABLE llIA
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 + 2120 — "
250 5600 t 5600 - "
3 48 200 t 200 200 i
125 1500 * 1500 1500 ”
250 4000 t 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.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 ¢ 2120 - "
250 5600 5600 - »

3 48 200 t 200 200 "
125 1500 t 1500 1500 "
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 ! HIGH CURRENT ALARM 2 M
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 0.7t . 1.3 tt 14 V.
PM-23 or PM-2 & PM-3 0.7 — 14 V.

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

1—Left-hand contacts, front view.
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-1+s 1.7 ma 2.3 ma -

PMD or PMD-1 1.7 2.3 -

PM-5 ¢ - 0.3 —

PMG-13 or PM-13 1.7 t1 2.3 t1 14 V. oo
PM-23 or PM-2 & PM-3 0.7 - 14 V.

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

Trip Circuit

For all 48/125-volt d.c. relays, connect jumpers

acrossresistors as shownon theinternal schematics.

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

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

Adjust the resistors in the PM-4, PM-2, or PM-23

The indicating contactor switch has two taps
that provide a pickup setting of 0.2 or 2 amperes, To
change taps requires connecting the lead located in

relay or relays to a value of 1 MA d-c with the moni-
toring circuits connected for service. Use the mil-

front of the tap block to the desired setting by means

of a screw connection.

Trip Circuit Constant

Indicating Contactor Switch (ICS)

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

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 receiving relays simultaneously,
set one receiving relay for 18,000 ohms total resis-
tance (including relay coil and resistors) by measure-
ment prior to finalv 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 second relay.

SETTING THE RELAY

Operating units of all relays are adjusted in the
factory to the values listed in Tables IV and Vitoa

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

tolerance of +5%. No settings are required on these

Select the transformer tap nearest to expected

units. normal a-c supply voltage. The full wave rectifier is



TYPE PM MONITORING RELAYS

L. 41-973.5

connected to a secondary transformer tap. Where de-
sired, the output 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 their equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the proper nut with a wrench.

For detailed F'T case information, refer to 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, or the reactor in
conjunction with 700 volt carbon-block arresters, is
recommended. For details, see Protection of Pilot-
wire Circuits, AIEE Committee Report, paper 58-1190,
AIEE Transactions, 1959, Volume 78, Part III B pp.
205-212. Also, see AIEE Special Publication $-117,
Applications and Protection 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 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 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 the tripping unit and pass
sufficient direct current through the trip circuit to
close the contacts of 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

ilarm Unit (1)

Set the primary tap on 120 volts. Connect a vari-
able resistor of approximately 20,000 ohms in series
with a low-range d-¢ 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
obtain a current of one ma. d.c. For a three-terminal
line relay, use a 10,000-chm 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 current to 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 simulated pilot-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

Connect an adjustable 20,000-ohm resistor (or
10,000-ohms for a 3-terminal relay) in series with a
d-¢ 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.

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 for the 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 resistor from
around the trip coil (3).

The tripping relay unit (3) should pick up with
positive action at 14 volts d.c. and should drop out
at approximately 10 volts. The 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
‘‘Routine Maintenance’’. If an ohmmeter is used, the
difference in forward andreverseresistance readings
obtained will be dependent on the current flowing
through the 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 ma.

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

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 9. For 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.c., or 120 volts a.c. as indicated
on the relay nameplate. Adjust the variable resistor
to obtain a current of one ma. for a 2-terminal line
relay, or 2 ma. for a 3-terminal relay. At this value,
the moving contacts of the alarm or monitoring (1)
relay unit (the upper polar unit) should float between
the two sets of 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-
pingpolar 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 III B)can be checked with
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 (5)

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, 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 make any performance 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 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 performed
periodically by opening and short-circuiting the 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 also 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 associated circuit breaker during
testing. If the relaysdo not perform as expected, and
diode failure is suspected, the diode tests described
in the following section may be performed.

Rectifier (Diode) Check

If thereis suspicion of a rectifier (diode) failure,
apply 30 volts d.c. reverse voltage (positive on arrow-
head) through a 300-ohm resistance to the diode.
Measure the voltage across the diode. If this voltage
is not essentially 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 removed, see that the
moving armature floats in the central area of the air-
gap between the poles of the polar unit frame. If
necessary, loosen the core screw in the center rear
of the unit and shift the core and contact assembly
until the armature floats. (This can best be done with
the polarunit removed from the relay.) Then retighten
the core screw and replace the permanent magnet
with the dimple (north pole)on the magnet to the left
when viewed from 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.

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 polar unit 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 closethe
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 pyy | Pu3 | PMa | PM5 | PM13 |PMG13| Pyo3

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 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 and contact
stop screws until they just touch the moving contact.
Advance the screws to hold the armature in 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.) Now back off all the con-
tact and contact stop screws one full turn. This will
give a total contact travel of 0.050 inch. When the
relay is properly calibrated, 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 operation.

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

10

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

For the 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 0.050 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)

Connecttherelay 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, 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 terminals of the
relay, as indicated in the following table.

Relay Terminals for Momentary Application
of 48 V. d.c.
POS. NEG.
PMA, PMA-1 6 7
PMD, PMD-1
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 explained, recheck the calibration of
the monitoring alarm unit (1). If it has changed, make
necessary trimming adjustments of the shunt screws
until there is no change in calibrating of the alarm
unit (1) after the transfer-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
test as the 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 left-hand con-
tact at 0.7 ma. d.c. The moving contact should 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 unit coil-circuit terminals in
a direction to operate the alarm relay. Then recheck
the alarm unit calibration. If there is any change,
touch up the shunt adjustments until there is no
change in calibration after 48 v. d.c. has been applied.

Tripping Unit (3)

To calibrate the tripping unit of the PM-3, PM-13,
PMG-13, or 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
B PM-23 8 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
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, 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 contact closes 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

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 through the relay trip circuit to clgsethe contacts
of the ICS unit. This value of current should not be
greater than the ICS tap setting 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. The bridging moving contact
should touch both stationary contacts simultaneously.

RENEWAL PARTS

Repair work can be done gost 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.

Ground Alarm (5) Calibration

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

+ Milliammeter positive to this terminal

12
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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
FT 21 case — 120 volts, 60 cycle supply — For
two terminal lines.
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Fig. 4. Internal schematic of type PMA relay in FT 31
case — 120 volt, 60 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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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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Fig. 10. Internal schematic of the type PM-2 relay in the
FT 21 case.

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

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

FT 32 case — 120 volt, 60 cycle supply — For
3 two or three terminal lines.
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Fig. 18. Internal schematic of the type PMG-13 relay in
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Fig. 19. Internal schematic of the type PMG-13 relay in
the FT 32 case — DC supply — For three terminal

lines.
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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. 24. External schematic of the type PMD relay with type PM-23 and PM-4 relays — Three terminal lines.



I1.L. 41-973.5

TYPE PM MONITORING RELAYS

Pes. aco. REWOTE TRIP Tors . POS. NEG.
1485 t- 2000 - 43 v.0.C.
I O/ CONTACTS 2120 0 - 125 V.D.C. — 4%'7—*4&
" 5600 0 - 250 ¥.0.C.
tP- 2000 - w3 v.D.C. Tt
L — 2120 0 - 125 V.0.C. =X
5600 0 - 250 V.D.C REMOTE TRIP
CONTACTS
120 VOLTS PALOT
80 CYCLES

e
v (] VI o
wFo T 2% = L
10K 10K

10 1], 3
A T MFD. A TMED.,
74-85 85
1485 % 5K
% + 2 :}—
[E= nd]
WIRE

® - HCB RELAY INSULATING
TRANSFORMER SECONDARY

A = REQUIRED ONLY WHEN
HCB RELAY IS USED

POS.
85 85
7 3
ALARN _DEVICE_NUMBER CHART % O—— ALARM
T4-85 - TYPE PMG-13 RELAY 85
85 - TYPE PM~23 RELAY %g 3 Y
TRIP TRIP
ICS
P20
8
[}

290B250

Fig. 25. External schematic of the AC type PMG-13 with type PM-23 relay — Two terminal lines.
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Fig. 26. External schematic of the DC type PM-13 and PM-5 relay with type PM-23 or PM-4 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. 28. Outline and Drilling Plan for 10 mfd. capacitor —
For reference only.

Fig.29. Outline and Drilling Plan for External Remote
trip Resistor Assembly.
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Fig. 30. Outline and Drilling Plan for the type PM-4 Aux-

iliary unit in the projection molded case.

Fig. 31. Outline and Drilling Plan for the type PM-4 Aux-
iliary unit in the Semi-Flush molded case.
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Fig. 32. Outline and Drilling Plan for the type PM-3, PM-5, & PMD-1 Relays in the type FT 11 case.
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Fig. 33. Outline and Drilling Plan for the type PM-2, PM-23, PMA-1 and PMD relays in the type FT 21 case.
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Fig. 34. Outline ond Drilling Plan for the type PMA relay in the type FT 31 case.
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